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(57) ABSTRACT

The invention pertains to the field of adaptive cell immu-
notherapy. It provides with the genetic insertion of exog-
enous coding sequence(s) that help the immune cells to
direct their immune response against infected or malignant
cells. These exogenous coding sequences are more particu-
larly inserted under the transcriptional control of endog-
enous gene promoters that are sensitive to immune cells
activation. Such method allows the production of safer
immune primary cells of higher therapeutic potential.
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TARGETED GENE INSERTION FOR
IMPROVED IMMUNE CELLS THERAPY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 16/340,222 filed on Apr. 8, 2019, which is a U.S.
Natl. Stage of International Application PCT/EP2017/
076798 filed Oct. 19, 2017, which claims the benefit of U.S.
provisional application 62/410,187 filed Oct. 19, 2016, and
Danish Application PA201670840 filed Oct. 27, 2016.

REFERENCE TO SEQUENCE USING
SUBMITTED ELECTRONICALLY

[0002] The instant application contains a Sequence Listing
which has been submitted electronically in XML file format
and is hereby incorporated by reference in its entirety. Said
XML copy, created on Dec. 13, 2023, is named D12016-
11US2_SL.xml and is 215,538 bytes in size.

FIELD OF THE INVENTION

[0003] The invention pertains to the field of adaptive cell
immunotherapy. It aims to enhance the functionality of
primary immune cells against pathologies that develop
immune resistance, such as tumors, thereby improving the
therapeutic potential of these immune cells. The method of
the invention provides with the genetic insertion of exog-
enous coding sequence(s) that help the immune cells to
direct their immune response against infected or malignant
cells. These exogenous coding sequences are more particu-
larly inserted under the transcriptional control of endog-
enous gene promoters that are up or downregulated upon
immune cells activation, upon tumor microenvironment or
life threatening inflammatory conditions or promoters that
are insensitive to immune cells activation. The invention
also provides with sequence-specific endonuclease reagents
and donor DNA vectors, such as AAV vectors, to perform
such targeted insertions at said particular loci. The method
of the invention contributes to improving the therapeutic
potential and safety of engineered primary immune cells for
their efficient use in cell therapy

BACKGROUND OF THE INVENTION

[0004] Effective clinical application of primary immune
cell populations including hematopoietic cell lineages has
been established by a number of clinical trials over a decade
against a range of pathologies, in particular HIV infection
and Leukemia (Tristen S. J. et al. (2011) Treating cancer
with genetically engineered T cells. Trends in Biotechnol-
ogy. 29(11):550-557).

[0005] However, most of these clinical trials have used
immune cells, mainly NK and T-cells, obtained from the
patients themselves or from compatible donors, bringing
some limitations with respect to the number of available
immune cells, their fitness, and their efficiency to overcome
diseases that have already developed strategies to get around
or reduce patient’s immune system.

[0006] As a primary advance into the procurement of
allogeneic immune cells, universal immune cells, available
as “off-the-shelf” therapeutic products, have been produced
by gene editing (Poirot et al. (2015) Multiplex Genome-
Edited T-cell Manufacturing Platform for “Off-the-Shelf”
Adoptive T-cell Immunotherapies Cancer Res. 75: 3853-
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64). These universal immune cells are obtainable by
expressing specific rare-cutting endonuclease into immune
cells originating from donors, with the effect of disrupting,
by double strand-break, their self-recognition genetic deter-
minants.

[0007] Since the emergence of the first programmable
sequence-specific reagents by the turn of the century, ini-
tially referred to as Meganucleases (Smith et al. (2006) A
combinatorial approach to create artificial homing endonu-
cleases cleaving chosen sequences. Nucl. Acids Res. 34
(22):e149), different types of sequence-specific endonu-
cleases reagents have been developed offering improved
specificity, safety and reliability.

[0008] TALE-nucleases (W02011072246), which are
fusions of a TALE binding domain with a cleavage catalytic
domain have been successfully applied to primary immune
cells, in particular T-cells from peripheral blood mononu-
clear cell (PBMC). Such TALE-nucleases, marketed under
the name TALEN®, are those currently used to simultane-
ously inactivate gene sequences in T-cells originating from
donors, in particular to produce allogeneic therapeutic
T-Cells in which the genes encoding TCR (T-cell receptor)
and CDS52 are disrupted. These cells can be endowed with
chimeric antigen receptors (CAR) for treating cancer
patients (US2013/0315884). TALE-nucleases are very spe-
cific reagents because they need to bind DNA by pairs under
obligatory heterodimeric form to obtain dimerization of the
cleavage domain Fok-1. Left and right heterodimer mem-
bers each recognizes a different nucleic sequences of about
14 to 20 bp, together spanning target sequences of 30 to 50
bp overall specificity.

[0009] Other endonucleases reagents have been developed
based on the components of the type II prokaryotic CRISPR
(Clustered Regularly Interspaced Short palindromic
Repeats) adaptive immune system of the bacteria S. pyo-
genes. This multi-component system referred to as RNA-
guided nuclease system (Gasiunas, Barrangou et al. 2012;
Jinek, Chylinski et al. 2012), involves members of Cas9 or
Cpfl endonuclease families coupled with a guide RNA
molecules that have the ability to drive said nuclease to some
specific genome sequences (Zetsche et al. (2015). Cpfl is a
single RNA-guided endonuclease that provides immunity in
bacteria and can be adapted for genome editing in mamma-
lian cells. Cell 163:759-771). Such programmable RNA-
guided endonucleases are easy to produce because the
cleavage specificity is determined by the sequence of the
RNA guide, which can be easily designed and cheaply
produced. The specificity of CRISPR/Cas9 although stands
on shorter sequences than TAL-nucleases of about 10 pb,
which must be located near a particular motif (PAM) in the
targeted genetic sequence. Similar systems have been
described using a DNA single strand oligonucleotide (DNA
guide) in combination with Argonaute proteins (Gao, F. et al.
DNA-guided genome editing using the Natronobacterum
gregoryi Argonaute (2016) doi:10.1038/nbt.3547).

[0010] Other endonuclease systems derived from homing
endonucleases (ex: [-Onul, or I-Crel), combined or not with
TAL-nuclease (ex: MegaTAL) or zing-finger nucleases have
also proven specificity, but to a lesser extend so far.
[0011] In parallel, novel specificities can be conferred to
immune cells through the genetic transfer of transgenic
T-cell receptors or so-called chimeric antigen receptors
(CARs) (Jena et al. (2010) Redirecting T-cell specificity by
introducing a tumor-specific chimeric antigen receptor.
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Blood. 116:1035-1044). CARs are recombinant receptors
comprising a targeting moiety that is associated with one or
more signaling domains in a single fusion molecule. In
general, the binding moiety of a CAR consists of an antigen-
binding domain of a single-chain antibody (scFv), compris-
ing the light and heavy variable fragments of a monoclonal
antibody joined by a flexible linker. Binding moieties based
on receptor or ligand domains have also been used success-
fully. The signaling domains for first generation CARs are
derived from the cytoplasmic region of the CD3zeta or the
Fc receptor gamma chains. First generation CARs have been
shown to successfully redirect T cell cytotoxicity, however,
they failed to provide prolonged expansion and anti-tumor
activity in vivo. Signaling domains from co-stimulatory
molecules including CD28, OX-40 (CD134), ICOS and
4-1BB (CD137) have been added alone (second generation)
or in combination (third generation) to enhance survival and
increase proliferation of CAR modified T cells. CARs have
successfully allowed T cells to be redirected against antigens
expressed at the surface of tumor cells from various malig-
nancies including lymphomas and solid tumors.

[0012] Recently engineered T-cells disrupted in their
T-cell receptor (TCR) using TALE-nucleases, endowed with
chimeric antigen receptor (CAR) targeting CD19 malignant
antigen, referred to as “UCART19” product, have shown
therapeutic potential in at least two infants who had refrac-
tory leukemia (Leukaemia success heralds wave of gene-
editing therapies (2015) Nature 527:146-147). To obtain
such UCART19 cells, the TALE-nuclease was transiently
expressed into the cells upon electroporation of capped
mRNA to operate TCR gene disruption, whereas a cassette
encoding the chimeric antigen receptor (CAR CD19) was
introduced randomly into the genome using a retroviral
vector.

[0013] Inthis later approach, the steps of gene inactivation
and of expressing the chimeric antigen receptor are inde-
pendently performed after inducing activation of the T-Cell
“ex-vivo”.

[0014] However, engineering primary immune cells is not
without any consequences on the growth/physiology of such
cells. In particular one major challenge is to ovoid cells
exhaustion/anergy that significantly reduces their immune
reaction and life span. This is more likely to happen when
the cells are artificially activated ahead of their infusion into
the patient. It is also the case when a cell is endowed with
a CAR that is too reactive.

[0015] To avoid these pitfalls, the inventors have thought
about taking advantage of the transcriptional regulation of
some key genes during T-cell activation to express exog-
enous genetic sequences increasing the therapeutic potential
of'the immune cells. The exogenous genetic sequences to be
expressed or co-expressed upon immune cell activation are
introduced by gene targeted insertion using sequence-spe-
cific endonuclease reagents, so that their coding sequences
are transcribed under the control of the endogenous promot-
ers present at said loci. Alternatively, loci that are not
expressed during immune cell activation can be used as
“safe-harbor loci” for the integration of expression cassettes
without any adverse consequences on the genome.

[0016] These cell engineering strategies, as per the present
invention, tend to reinforce the therapeutic potential of
primary immune cells in general, in particular by increasing
their life span, persistence and immune activity, as well as by
limiting cell exhaustion. The invention may be carried out
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on primary cells originating from patients as part of autolo-
gous treatment strategies, as well as from donors, as part of
allogeneic treatment strategies.

SUMMARY OF THE INVENTION

[0017] Non-homologous end-joining (NHEJ) and homol-
ogy-directed repair (HDR) are the two major pathways used
to repair in vivo DNA breaks. The latter pathway repairs the
break in a template-dependent manner (HDR naturally uti-
lizes the sister chromatid as a DNA repair template).
Homologous recombination has been used for decades to
precisely edit genomes with targeted DNA modifications
using exogenously supplied donor template. The artificial
generation of a double strand break (DSB) at the target
location using rare-cutting endonucleases considerably
enhances the efficiency of homologous recombination (e.g.
U.S. Pat. No. 8,921,332). Also the co-delivery of a rare-
cutting endonuclease along with a donor template containing
DNA sequences homologous to the break site enables HDR-
based gene editing such as gene correction or gene insertion.
However, such techniques have not been widely used in
primary immune cells, especially CAR T-cells, due to sev-
eral technical limitations: difficulty of transfecting DNA into
such types of cells leading to apoptosis, immune cells have
a limited life span and number of generations, homologous
recombination occurs at a low frequency in general.
[0018] So far, sequence specific endonuclease reagents
have been mainly used in primary immune cells for gene
inactivation (e.g. W02013176915) using the NHEJ path-
way.

[0019] In a general aspect, the present invention relies on
performing site directed gene editing, in particular gene
insertion (or multi gene insertions) in a target cell in order
to have the integrated gene transcription be under the control
of an endogenous promoter.

[0020] Ina general aspect the invention relies on perform-
ing gene editing in primary immune cells to have integrated
genes transcription be under the control of an endogenous
promoter while maintaining the expression of the native
gene through the use of cis-regulatory elements (e.g. 2A
cis-acting hydrolase elements) or of internal ribosome entry
site (IRES) in the donor template.

[0021] In a general aspect the invention relies, as non-
limiting examples, on controlling the expression, in primary
T-cells, of chimeric antigen receptors (CAR), of critical
cytokines to drive an anti-tumor response, of stimulatory
cytokines to increase proliferative potential, of chemokine
receptors to encourage trafficking to the tumor, or of differ-
ent protective or inhibitory genes to block the immune
inhibition provided by the tumor. Indeed, one major advan-
tage of the present invention is to place such exogenous
sequences under control of endogenous promoters, which
transcriptional activity is not reduced by the effects of the
immune cells activation.

[0022] By contrast to previous method for engineering
therapeutic immune cells, where for instance an exogenous
coding sequence was integrated and expressed at the TCR
locus for constitutive gene expression, the inventors have
integrated coding sequence at loci, which are specifically
transcribed during T-cells activation, preferably on a CAR
dependent fashion.

[0023] In one aspect, the invention relies on expressing a
chimeric antigen receptor (CAR) at selected gene loci that
are upregulated upon immune cells activation. The exog-
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enous sequence(s) encoding the CAR and the endogenous
gene coding sequence (s) may be co-transcribed, for instance
by being separated by cis-regulatory elements (e.g. 2A
cis-acting hydrolase elements) or by an internal ribosome
entry site (IRES), which are also introduced. For instance,
the exogenous sequences encoding a CAR can be placed
under transcriptional control of the promoter of endogenous
genes that are activated by the tumor microenvironment,
such as HIF 1a, transcription factor hypoxia-inducible factor,
or the aryl hydrocarbon receptor (AhR), which are gene
sensors respectively induced by hypoxia and xenobiotics in
the close environment of tumors.

[0024] The present invention is thus useful to improve the
therapeutic outcome of CAR T-cell therapies by integrating
exogenous genetic attributes/circuits under the control of
endogenous T-cell promoters influenced by tumor microen-
vironment (TME). TME features, including as non-limiting
examples, arginine, cysteine, tryptophan and oxygen depri-
vation as well as extracellular acidosis (lactate build up), are
known to upregulate specific endogenous genes. Pursuant to
the invention, upregulation of endogenous genes can be
“hijacked” to re-express relevant exogenous coding
sequences to improve the antitumor activity of CAR T-cells
in certain tumor microenvironment.

[0025] In preferred embodiments, the method of the
invention comprises the step of generating a double-strand
break at a locus highly transcribed under tumor microenvi-
ronment, by expressing sequence-specific nuclease reagents,
such as TALEN, ZFN or RNA-guided endonucleases as
non-limiting examples, in the presence of a DNA repair
matrix preferably set into an AAV6 based vector. This DNA
donor template generally includes two homology arms
embedding unique or multiple Open Reading Frames and
regulatory genetic elements (stop codon and polyA
sequences) referred to herein as exogenous coding
sequences.

[0026] In another aspect, said exogenous sequence is
introduced into the genome by deleting or modifying the
endogenous coding sequence(s) present at said locus
(knock-out by knock-in), so that a gene inactivation is
combined with transgenesis.

[0027] Depending on the locus targeted and its involve-
ment in immune cells activity, the targeted endogenous gene
may be inactivated or maintained in its original function.
Should the targeted gene be essential for immune cells
activity, this insertion procedure can generate a single
knock-in (KI) without gene inactivation. In the opposite, if
the targeted gene is deemed involved in immune cells
inhibition/exhaustion, the insertion procedure is designed to
prevent expression of the endogenous gene, preferably by
knocking-out the endogenous sequence, while enabling
expression of the introduced exogenous coding sequence(s).

[0028] In more specific aspects, the invention relies on
up-regulating, with various kinetics, the target gene expres-
sion upon activation of the CAR signalling pathway by
targeted integration (with or without the native gene disrup-
tion) at the specific loci such as, as non-limiting example,
PDI1, PDL1, CTLA-4, TIM3, LAG3, TNFa or IFNg.

[0029] In an even more specific aspect, it is herein
described engineered immune cells, and preferably primary
immune cells for infusion into patients, comprising exog-
enous sequences encoding I[-15 or IL-12 polypeptide(s),
which are integrated at the PD1, CD25 or CD69 endogenous
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locus for their expression under the control of the endog-
enous promoters present at these loci.

[0030] The immune cells according to the present inven-
tion can be [CARJ**¢, [CAR]"&“" [TCRF*"**, or
[TCR]*&“"*, depending on the therapeutic indications and
recipient patients. In one preferred aspect, the immune cells
are further made [TCR]"#“*** for allogeneic transplantation.
This can be achieved especially by genetic disruption of at
least one endogenous sequence encoding at least one com-
ponent of TCR, such as TRAC (locus encoding TCRalpha),
preferably by integration of an exogenous sequence encod-
ing a chimeric antigen receptor (CAR) or a recombinant
TCR, or component(s) thereof.

[0031] According to a further aspect of the invention, the
immune cells are transfected with an exogenous sequence
coding for a polypeptide which can associate and preferably
interfere with a cytokine receptor of the IL-6 receptor
family, such as a mutated GP130, In particular, the invention
provides immune cells, preferably T-cells, which secrete
soluble mutated GP130, aiming at reducing cytokine release
syndrome (CRS) by interfering, and ideally block, inter-
leukine-6 (IL-6) signal transduction. CRS is a well-known
complication of cell immunotherapy leading to auto immu-
nity that appears when the transduced immune cells start to
be active in-vivo. Following binding of IL-6 to its receptor
IL-6R, the complex associate with the GP130 subunit,
initiating signal transduction and a cascade of inflammatory
responses. According to a particular aspect, a dimeric pro-
tein comprising the extracellular domain of GP130 fused to
the Fc portion of an IgG1 antibody (sgp130Fc) is expressed
in the engineered immune cells to bind specifically soluble
IL-R/IL-6 complex to achieve partial or complete blockade
of IL-6 trans signaling. The present invention thus refers to
a method for limiting CRS in immunotherapy, wherein
immune cells are genetically modified to express a soluble
polypeptide which can associate and preferably interfere
with a cytokine receptor of the IL-6 receptor family, such as
sgp130Fc. According to a preferred aspect, this sequence
encoding said soluble polypeptide which can associate and
preferably interfere with a cytokine receptor of the IL-6
receptor family, is integrated under control of an endogenous
promoter, preferably at one locus responsive to T-cells
activation, such as one selected from Tables 6, 8 or 9, more
especially PD1, CD25 or CD69. Polynucleotide sequences
of the vectors, donor templates comprising the exogenous
coding sequences and/or sequences homologous to the
endogenous loci, the sequences pertaining to the resulting
engineered cells, as well as those permitting the detection of
said engineered cells are all part of the present disclosure.
[0032] In a general aspect the invention relies, as non-
limiting examples, on controlling the expression of compo-
nents of biological “logic gates” (“AND” or “OR” or “NOT”
or any combination of these) by targeted integration of
genes. Similar to the electronic logic gates, cellular compo-
nents expressed at different loci can exchange negative and
positive signals that rule, for instance, the conditions of
activation of an immune cell. Such component encompasses
as non-limiting examples positive and negative chimeric
antigen receptors that may be used to control T-cell activa-
tion and the resulting cytotoxicity of the engineered T-cells
in which they are expressed.

[0033] According to a preferred embodiment, the inven-
tion relies on introducing the sequence specific endonu-
clease reagent and/or the donor template containing the gene
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of interest and sequences homologous to the target gene by
transfecting ssDNA (oligonucleotides as non-limiting
example), dsDNA (plasmid DNA as non-limiting example),
and more particularly adeno-associated virus (AAV) as
non-limiting example.

[0034] The invention also relates to the vectors, donor
templates, reagents and resulting engineered cells pertaining
to the above methods, as well as their use in therapy.

BRIEF DESCRIPTION OF THE FIGURES AND
TABLES

[0035] FIG. 1: Strategies for engineering hematopoietic
stem cells (HSCs) by introducing exogenous sequences at
specific loci under transcriptional control of endogenous
promoters specifically activated in specific immune cell
types. The figure lists examples of specific endogenous
genes, at which loci the exogenous coding sequence(s) can
be inserted for expression in the desired hematopoietic
lineages as per the present invention. The goal is to produce
ex-vivo engineered HSCs to be engrafted into patients, in
order for them to produce immune cells in-vivo, which will
express selected transgenes while they get differentiated into
a desired lineage.

[0036] FIG. 2: Schematic representation of the donor
sequences used in the experimental section to insert 1[.-15
exogenous coding sequence at the CD25 and PD1 loci and
also the anti-CD22 CAR exogenous coding sequence at the
TRAC locus. A: donor template (designated IL.-15m-CD25)
designed for site directed insertion of IL.-15 at the CD25
locus for obtaining co-transcription of CD25 and IL-15
polypeptides by the immune cell. Sequences are detailed in
the examples. B: donor template (designated IL.-15m-PD1)
designed for site directed insertion of IL.-15 at the PD1 locus
for obtaining transcription of IL-15 under the transcriptional
activity of the promoter of PD1 endogenous gene. The PD1
right and Left border sequences can be selected so as to keep
the PD1 endogenous coding sequence intact or disrupted. In
this later case, PD1 is knocked-out while IL-15 is Knocked-
in and transcribed. C: donor template designed for site
directed insertion of a chimeric antigen receptor (ex: anti-
CD22 CAR) into the TCR locus (ex: TRAC). In general, the
left and right borders are chosen so as to disrupt the TCR in
order to obtain [TCR]"**|CARJ?** engineered immune cells
suitable for allogeneic transplant into patients.

[0037] FIG. 3: Flow cytometry measures of the frequency
of targeted integration of IL-15m at either the PD1 or CD25
locus by using respectively PD1 or CD25 TALEN®, in a
context where an anti-CD22 CAR is also integrated at the
TRAC locus using TRAC TALEN®. These results show
efficient targeted integration of both the CAR anti-CD22 at
the TRAC locus together and the 11.-15 coding sequence at
the PD1 or CD2S5 loci. A: mock transfected primary T-cells.
B: primary T-cells transfected with the donor sequences
described in FIGS. 1 (B and C) and specific TALEN® for the
double integration at the TCR and PDI loci. C: primary
T-cells transfected with the donor sequences described in
FIG. 1 (A and C) and specific TALEN® for the double
integration at the TCR and CD25 loci.

[0038] FIG. 4: Schematic representation of the exogenous
sequences used in the experimental section to transfect the
primary immune cells to obtain the results shown in FIGS.
5 and 6.

[0039] FIGS. 5 and 6: Flow cytometry measures for
LNGFR expression among viable T-cells transfected with
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donor templates of FIG. 4 and specific TALEN® (TCR and
CD25), upon antiCD3/CD28 non-specific activation (Dyna-
beads®) and upon CAR dependent tumor cell activation
(raji tumor cells). As shown in FIG. 6, LNGFR expression
was specifically induced in [CAR anti-CD22P*** cells
upon CAR/tumor engagement.

[0040] FIGS. 7 and 8: Flow cytometry measures for CD25
expression among viable T-cells transfected with donor
templates of FIG. 4 and specific TALEN® (TCR and CD25)
upon antiCD3/CD28 non-specific activation (Dynabeads®)
and Tumor cell activation (raji tumor cells). As shown in
FIG. 8, CD25 expression was specifically induced in [CAR
anti-CD22*"* cells upon CAR/tumor engagement.
[0041] FIG. 9: Schematic representation of the exogenous
sequences used in the experimental section to transfect the
primary immune cells to obtain the results shown in FIGS.
11 and 12.

[0042] FIGS. 10 and 11: Flow cytometry measures for
LNGFR expression among viable T-cells transfected with
donor templates of FIG. 9 and specific TALEN® (TCR and
PD1) upon antiCD3/CD28 non-specific activation (Dyna-
beads®) and Tumor cell activation (raji tumor cells). As
shown in FIG. 11, LNGFR expression was specifically
induced in [CAR anti-CD22*""*¢ cells upon CAR/tumor
engagement.

[0043] FIG. 12: Flow cytometry measures for endogenous
PD1 expression among viable T-cells transfected with donor
templates of FIG. 9 upon antiCD3/CD28 non-specific acti-
vation (Dynabeads®) and Tumor cell activation (raji tumor
cells) with and without using TALEN® (TCR and PD1).
PD1 was efficiently Knocked-out by TALEN treatment (8%
remaining expression of PD1 out of 54%).

[0044] FIG. 13: Diagram showing IL-15 production in
[CARJPP**"™° (CARm) and [CAR]™#*"** engineered
immune cells according to the invention transfected with the
donor template described in FIG. 2 (B) and TALEN® for
insertion of IL-15 exogenous coding sequences into the PD1
locus. IL15, which transcription was under control of endog-
enous PD1 promoter, was efficiently induced upon antiCD3/
CD28 non-specific activation (Dynabeads®) and Tumor cell
activation (raji tumor cells) and secreted in the culture
media.

[0045] FIG. 14: Graph showing the amount of IL-15
secreted over time (days) post activation by the immune
cells engineered according to the invention. A: Cells engi-
neered by integration of the IL-15 coding sequence at the
CD25 locus using the DNA donor templates described in
FIGS. 2A (IL-15m_CD25) and/or 2C (CARm). B: Cells
engineered by integration of the IL.-15 coding sequence at
the PD1 locus using the DNA donor templates described in
FIGS. 2B (IL-15m_PD1) and/or 2C (CARm). Integrations at
both loci show similar I1.-15 secretion profiles. Secretion of
IL-15 is significant increased by tumor specific activation of
CAR.

[0046] FIG. 15: Graph reporting number of Raji-Luc
tumor cells expressing CD22 antigen (luciferase signal) over
time in a survival assay (serial killing assay) as described in
Example 2. The immune cells (PBMCs) have been engi-
neered to integrate 11.-15 coding sequences at the PD1 (A)
or CD25 locus (B) and to express anti-CD22-CAR at the
TCR locus (thereby disrupting TCR expression). In this
assay, tumor cells are regularly added to the culture medium,
while being partially or totally eliminated by the CAR
positive cells. The re-expression of IL.-15 at either PD1 or
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CD25 cells dramatically helps the elimination of the tumor
cells by the CAR positive cells.

[0047] FIG. 16: Schematic representation of the donor
sequences used in the experimental section to insert at the
PD1 locus the exogenous sequences encoding I[.-12 and
gpl30Fc. A: donor template (designated IL-12m-PD1)
designed for site directed insertion of IL.-12a and I1L.-12b
coding sequences (SEQ ID NO:47 and 48) at the PD1 locus
for obtaining co-transcription of I1.-12a and I1L.-12b, while
disrupting PD1 endogenous coding sequence. The right and
left border sequences homologous to the PDI1 locus
sequences are at least 100 pb long, preferably at least 200 pb
long, and more preferably at least 300 pb long and com-
prising SEQ ID NO:45 and 46. Sequences are detailed in
Table 5. B: donor template (designated gpl30Fcm-PD1)
designed for site directed insertion of gpl30Fc coding
sequences (SEQ ID NO:51) for obtaining transcription at the
PD1 locus under PD1 promoter, while disrupting PD1
endogenous coding sequence. The right and left border
sequences homologous to the PD1 locus sequences are at
least 100 pb long, preferably at least 200 pb long, and more
preferably at least 300 pb long and comprising SEQ ID
NO:45 and 46. Sequences are detailed in Table 5.

[0048] Table 1: ISU domain variants from diverse viruses.
[0049] Table 2: Aminoacid sequences of FP polypeptide
from natural and artificial origins.

[0050] Table 3: List of genes involved into immune cells
inhibitory pathways, which can be advantageously modified
or inactivated by inserting exogenous coding sequence
according to the invention.

[0051] Table 4: sequences referred to in example 1.
[0052] Table 5: sequences referred to in example 2.
[0053] Table 6: List of human genes that are up-regulated

upon T-cell activation (CAR activation sensitive promoters),
in which gene targeted insertion is sought according to the
present invention to improve immune cells therapeutic
potential.

[0054] Table 7: Selection of genes that are steadily tran-
scribed during immune cell activation (dependent or inde-
pendent from T-cell activation).

[0055] Table 8: Selection of genes that are transiently
upregulated upon T-cell activation.

[0056] Table 9: Selection of genes that are upregulated
over more than 24 hours upon T-cell activation.

[0057] Table 10: Selection of genes that are down-regu-
lated upon immune cell activation.

[0058] Table 11: Selection of genes that are silent upon
T-cell activation (safe harbor gene targeted integration loci).
[0059] Table 12: List of gene loci upregulated in tumor
exhausted infiltrating lymphocytes (compiled from multiple
tumors) useful for gene integration of exogenous coding
sequences as per the present invention.

[0060] Table 13: List of gene loci upregulated in hypoxic
tumor conditions useful for gene integration of exogenous
coding sequences as per the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0061] Unless specifically defined herein, all technical and
scientific terms used herein have the same meaning as
commonly understood by a skilled artisan in the fields of
gene therapy, biochemistry, genetics, and molecular biology.
[0062] All methods and materials similar or equivalent to
those described herein can be used in the practice or testing
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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. The practice of the present invention will
employ, unless otherwise indicated, conventional techniques
of cell biology, cell culture, molecular biology, transgenic
biology, microbiology, recombinant DNA, and immunology,
which are within the skill of the art. Such techniques are
explained fully in the literature. See, for example, Current
Protocols in Molecular Biology (Frederick M. AUSUBEL,
2000, Wiley and son Inc, Library of Congress, USA);
Molecular Cloning: A Laboratory Manual, Third Edition,
(Sambrook et al, 2001, Cold Spring Harbor, New York: Cold
Spring Harbor Laboratory Press); Oligonucleotide Synthesis
(M. J. Gait ed., 1984); Mullis et al. U.S. Pat. No. 4,683,195
Nucleic Acid Hybridization (B. D. Harries & S. J. Higgins
eds. 1984); Transcription And Translation (B. D. Hames &
S. J. Higgins eds. 1984); Culture Of Animal Cells (R. 1.
Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And
Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To
Molecular Cloning (1984); the series, Methods In ENZY-
MOLOGY (J. Abelson and M. Simon, eds.-in-chief, Aca-
demic Press, Inc., New York), specifically, Vols. 154 and 155
(Wu et al. eds.) and Vol. 185, “Gene Expression Technol-
ogy” (D. Goeddel, ed.); Gene Transfer Vectors For Mam-
malian 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 Experimen-
tal Immunology, 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).

[0063] The present invention is drawn to a general method
of preparing primary immune cells for cell immunotherapy
involving gene targeted integration of an exogenous coding
sequence into the chromosomal DNA of said immune cells.
According to some aspects, this integration is performed in
such a way that said coding sequence is placed under the
transcriptional control of at least one promoter endogenous
to said cells, said endogenous promoter being preferably not
a constitutive promoter, such as the one transcribing T-cell
receptor alpha constant (TRAC—NCBI Gene 1D #28755) A
constitutive promoter as per the present invention is for
instance a promoter that is active independently from CAR
activation—ex: when T-cells are not yet activated.

Improving the Therapeutic Potential of Immune Cells by
Gene Targeted Integration

[0064] Gene editing techniques using polynucleotide
sequence-specific reagents, such as rare-cutting endonu-
cleases, have become the state of the art for the introduction
of genetic modifications into primary cells. However, they
have not been used so far in immune cells to introduce
exogenous coding sequences under the transcriptional con-
trol of endogenous promoters.

[0065] The present invention aims to improve the thera-
peutic potential of immune cells through gene editing tech-
niques, especially by gene targeted integration.
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[0066] By “gene targeting integration” is meant any
known site-specific methods allowing to insert, replace or
correct a genomic sequence into a living cell. According to
a preferred aspect of the present invention, said gene tar-
geted integration involves homologous gene recombination
at the locus of the targeted gene to result the insertion or
replacement of at least one exogenous nucleotide, preferably
a sequence of several nucleotides (i.e. polynucleotide), and
more preferably a coding sequence.

[0067] By “sequence-specific reagent” is meant any active
molecule that has the ability to specifically recognize a
selected polynucleotide sequence at a genomic locus, pref-
erably of at least 9 bp, more preferably of at least 10 bp and
even more preferably of at least 12 pb in length, in view of
modifying said genomic locus. According to a preferred
aspect of the invention, said sequence-specific reagent is
preferably a sequence-specific nuclease reagent.

[0068] By “immune cell” is meant a cell of hematopoietic
origin functionally involved in the initiation and/or execu-
tion of innate and/or adaptative immune response, such as
typically CD3 or CD4 positive cells. The immune cell
according to the present invention can 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-lymphocytes, regulatory T-lym-
phocytes or helper T-lymphocytes. 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 from tumors,
such as tumor infiltrating lymphocytes. In some embodi-
ments, said immune cell can be derived from a healthy
donor, from a patient diagnosed with cancer or from a
patient diagnosed with an infection. In another embodiment,
said cell is part of a mixed population of immune cells which
present different phenotypic characteristics, such as com-
prising CD4, CDS8 and CD56 positive cells.

[0069] By “primary cell” or “primary cells” are intended
cells taken directly from living tissue (e.g. biopsy material)
and established for growth in vitro for a limited amount of
time, meaning that they can undergo a limited number of
population doublings. Primary cells are opposed to continu-
ous tumorigenic or artificially immortalized cell lines. Non-
limiting examples of such cell lines are 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; IMRIO cells; Jurkat cells; HepG2
cells; HeLa cells; HT-1080 cells; HCT-116 cells; Hu-h7
cells; Huvec cells; Molt 4 cells. Primary cells are generally
used in cell therapy as they are deemed more functional and
less tumorigenic.

[0070] In general, primary immune cells are provided
from donors or patients through a variety of methods known
in the art, as for instance by leukapheresis techniques as
reviewed by Schwartz J. et al. (Guidelines on the use of
therapeutic apheresis in clinical practice-evidence-based
approach from the Writing Committee of the American
Society for Apheresis: the sixth special issue (2013) J Clin
Apher. 28(3):145-284).

[0071] The primary immune cells according to the present
invention can also be differentiated from stem cells, such as
cord blood stem cells, progenitor cells, bone marrow stem
cells, hematopoietic stem cells (HSC) and induced pluripo-
tent stem cells (iPS).
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[0072] By “nuclease reagent” is meant a nucleic acid
molecule that contributes to an nuclease catalytic reaction in
the target cell, preferably an endonuclease reaction, by itself
or as a subunit of a complex such as a guide RNA/Cas9,
preferably leading to the cleavage of a nucleic acid sequence
target.

[0073] The nuclease reagents of the invention are gener-
ally “sequence-specific reagents”, meaning that they can
induce DNA cleavage in the cells at predetermined loci,
referred to by extension as “targeted gene”. The nucleic acid
sequence which is recognized by the sequence specific
reagents is referred to as “target sequence”. Said target
sequence is usually selected to be rare or unique in the cell’s
genome, and more extensively in the human genome, as can
be determined using software and data available from
human genome databases, such as ensembl. org/index. html.
[0074] “Rare-cutting endonucleases” are sequence-spe-
cific endonuclease reagents of choice, insofar as their rec-
ognition sequences generally range from 10 to 50 successive
base pairs, preferably from 12 to 30 bp, and more preferably
from 14 to 20 bp.

[0075] According to a preferred aspect of the invention,
said endonuclease reagent is a nucleic acid encoding an
“engineered” or “programmable” rare-cutting endonuclease,
such as a homing endonuclease as described for instance by
Arnould S., et al. (W02004067736), a zing finger nuclease
(ZFN) as described, for instance, by Umov F., et al. (Highly
efficient endogenous human gene correction using designed
zinc-finger nucleases (2005) Nature 435:646-651), a TALE-
Nuclease as described, for instance, by Mussolino et al. (A
novel TALE nuclease scaffold enables high genome editing
activity in combination with low toxicity (2011) Nucl. Acids
Res. 39(21):9283-9293), or a MegaTAL nuclease as
described, for instance by Boissel et al. (MegaTALs: a
rare-cleaving nuclease architecture for therapeutic genome
engineering (2013) Nucleic Acids Research 42 (4):2591-
2601).

[0076] According to another embodiment, the endonu-
clease reagent is a RN A-guide to be used in conjunction with
a RNA guided endonuclease, such as Cas9 or Cpfl, as per,
inter alia, the teaching by Doudna, J., and Chapentier, E.,
(The new frontier of genome engineering with CRISPR-
Cas9 (2014) Science 346 (6213):1077), which is incorpo-
rated herein by reference.

[0077] According to a preferred aspect of the invention,
the endonuclease reagent is transiently expressed into the
cells, meaning that said reagent is not supposed to integrate
into the genome or persist over a long period of time, such
as be the case of RNA, more particularly mRNA, proteins or
complexes mixing proteins and nucleic acids (eg: Ribo-
nucleoproteins).

[0078] In general, 80% the endonuclease reagent is
degraded by 30 hours, preferably by 24, more preferably by
20 hours after transfection.

[0079] An endonuclease under mRNA form is preferably
synthetized with a cap to enhance its stability according to
techniques well known in the art, as described, for instance,
by Kore A. L., et al. (Locked nucleic acid (LNA)-modified
dinucleotidle mRNA cap analogue: synthesis, enzymatic
incorporation, and utilization (2009) J Am Chem Soc. 131
(18):6364-5).

[0080] In general, electroporation steps that are used to
transfect immune cells are typically performed in closed
chambers comprising parallel plate electrodes producing a
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pulse electric field between said parallel plate electrodes
greater than 100 volts/cm and less than 5,000 volts/cm,
substantially uniform throughout the treatment volume such
as described in W(O/2004/083379, which is incorporated by
reference, especially from page 23, line 25 to page 29, line
11. One such electroporation chamber preferably has a
geometric factor (cm™') defined by the quotient of the
electrode gap squared (cm2) divided by the chamber volume
(cm®), wherein the geometric factor is less than or equal to
0.1 cm™, wherein the suspension of the cells and the
sequence-specific reagent is in a medium which is adjusted
such that the medium has conductivity in a range spanning
0.01 to 1.0 milliSiemens. In general, the suspension of cells
undergoes one or more pulsed electric fields. With the
method, the treatment volume of the suspension is scalable,
and the time of treatment of the cells in the chamber is
substantially uniform.

[0081] Due to their higher specificity, TALE-nuclease
have proven to be particularly appropriate sequence specific
nuclease reagents for therapeutic applications, especially
under heterodimeric forms—i.e. working by pairs with a
“right” monomer (also referred to as “5" or “forward”) and
‘left” monomer (also referred to as “3"” or “reverse”) as
reported for instance by Mussolino et al. (TALEN® {facili-
tate targeted genome editing in human cells with high
specificity and low cytotoxicity (2014) Nucl. Acids Res.
42(10): 6762-6773).

[0082] As previously stated, the sequence specific reagent
is preferably under the form of nucleic acids, such as under
DNA or RNA form encoding a rare cutting endonuclease a
subunit thereof, but they can also be part of conjugates
involving polynucleotide(s) and polypeptide(s) such as so-
called “ribonucleoproteins”. Such conjugates can be formed
with reagents as Cas9 or Cpfl (RNA-guided endonucleases)
or Argonaute (DNA-guided endonucleases) as recently
respectively described by Zetsche, B. et al. (Cpfl Is a Single
RNA-Guided Endonuclease of a Class 2 CRISPR-Cas Sys-
tem (2015) Cell 163(3): 759-771) and by Gao F. et al.
(DNA-guided genome editing using the Natronobacterum
gregoryi Argonaute (2016) Nature Biotech), which involve
RNA or DNA guides that can be complexed with their
respective nucleases.

[0083]
nucleic acid sequence that was not initially present at the
selected locus. This sequence may be homologous to, or a
copy of, a genomic sequence, or be a foreign sequence
introduced into the cell. By opposition “endogenous
sequence” means a cell genomic sequence initially present at
a locus. The exogenous sequence preferably codes for a
polypeptide which expression confers a therapeutic advan-
tage over sister cells that have not integrated this exogenous
sequence at the locus. A endogenous sequence that is gene
edited by the insertion of a nucleotide or polynucleotide as
per the method of the present invention, in order to express
a different polypeptide is broadly referred to as an exog-
enous coding sequence The method of the present invention
can be associated with other methods involving physical of
genetic transformations, such as a viral transduction or
transfection using nanoparticles, and also may be combined
with other gene inactivation and/or transgene insertions.

“Exogenous sequence” refers to any nucleotide or
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[0084] According to one aspect, the method according to
the invention comprises the steps of:
[0085] providing a population of primary immune cells;
[0086] introducing into a proportion of said primary
immune cells:

[0087] 1) At least one nucleic acid comprising an
exogenous nucleotide or polynucleotide sequence to
be integrated at a selected endogenous locus to
encode at least one molecule improving the thera-
peutic potential of said immune cells population;

[0088] 1ii) At least one sequence-specific reagent that
specifically targets said selected endogenous locus,

wherein said exogenous nucleotide or polynucleotide
sequence is inserted by targeted gene integration into said
endogenous locus, so that said exogenous nucleotide or
polynucleotide sequence forms an exogenous coding
sequence under transcriptional control of an endogenous
promoter present at said locus.
[0089] According to one aspect of the method, the
sequence specific reagent is a nuclease and the targeted gene
integration is operated by homologous recombination or
NHE/ into said immune cells.
[0090] According to a further aspect of the invention, said
endogenous promoter is selected to be active during immune
cell activation and preferably up-regulated.
More specifically, the invention is drawn to a method for
preparing engineered primary immune cells for cell immu-
notherapy, said method comprising:
[0091] providing a population of primary immune cells;
[0092] introducing into a proportion of said primary
immune cells:

[0093] 1) At least one exogenous nucleic acid com-
prising an exogenous coding sequence encoding at
least one molecule improving the therapeutic poten-
tial of said immune cells population;

[0094] 1ii) At least one sequence-specific nuclease
reagent that specifically targets a gene which is under
control of an endogenous promoter active during
immune cell activation;

wherein said coding sequence is introduced into the primary
immune cells genome by targeted homologous recombina-
tion, so that said coding sequence is placed under the
transcriptional control of at least one endogenous promoter
of said gene.

[0095] By “improving therapeutic potential” is meant that
the engineered immune cells gain at least one advantageous
property for their use in cell therapy by comparison to their
sister non-engineered immune cells. The therapeutic prop-
erties sought by the invention maybe any measurable one as
referred to in the relevant scientific literature.

[0096] Improved therapeutic potential can be more par-
ticularly reflected by a resistance of the immune cells to a
drug, an increase in their persistence in-vitro or in-vivo, or
a safer/more convenient handling during manufacturing of
therapeutic compositions and treatments.

[0097] In general said molecule improving the therapeutic
potential is a polypeptide, but it can also be a nucleic acid
able to direct or repress expression of other genes, such as
interference RNAs or guide-RNAs. The polypeptides may
act directly or indirectly, such as signal transducers or
transcriptional regulators.

[0098] According to one embodiment of the present
method, the exogenous sequence is introduced into the
endogenous chromosomal DNA by targeted homologous
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recombination. Accordingly, the exogenous nucleic acid
introduced into the immune cell comprises at least one
coding sequence(s), along with sequences that can hybridize
endogenous chromosomal sequences under physiological
conditions. In general, such homologous sequences show at
least 70%, preferably 80% and more preferably 90%
sequence identity with the endogenous gene sequences
located at the insertion locus. These homologous sequences
may flank the coding sequence to improve the precision of
recombination as already taught for instance in U.S. Pat. No.
6,528,313. Using available software and on-line genome
databases, it is possible to design vectors that includes said
coding sequence (s), in such a way that said sequence(s) is
(are) introduced at a precise locus, under transcriptional
control of at least one endogenous promoter, which is a
promoter of an endogenous gene. The exogenous coding
sequence(s) is (are) then preferably inserted “in frame” with
said endogenous gene. The sequences resulting from the
integration of the exogenous polynucleotide sequence(s) can
encode many different types of proteins, including fusion
proteins, tagged protein or mutated proteins. Fusion proteins
allow adding new functional domains to the proteins
expressed in the cell, such as a dimerization domain that can
be used to switch-on or switch-off the activity of said
protein, such as caspase-9 switch. Tagged proteins can be
advantageous for the detection of the engineered immune
cells and the follow-up of the patients treated with said cells.
Introducing mutation into proteins can confer resistance to
drugs or immune depletion agents as further described
below.

Conferring Resistance to Drugs or Immune Depletion
Agents

[0099] According to one aspect of the present method, the
exogenous sequence that is integrated into the immune cells
genomic locus encodes a molecule that confers resistance of
said immune cells to a drug.

[0100] Examples of preferred exogenous sequences are
variants of dihydrofolate reductase (DHFR) conferring
resistance to folate analogs such as methotrexate, variants of
inosine monophosphate dehydrogenase 2 (IMPDH2) con-
ferring resistance to IMPDH inhibitors such as mycophe-
nolic acid (MPA) or its prodrug mycophenolate mofetil
(MMF), variants of calcineurin or methylguanine transferase
(MGMT) conferring resistance to calcineurin inhibitor such
as FK506 and/or CsA, variants of mTOR such as mTORmut
conferring resistance to rapamycin) and variants of Lck,
such as Lckmut conferring resistance to Imatinib and
Gleevec.

[0101] The term “drug” is used herein as referring to a
compound or a derivative thereof, preferably a standard
chemotherapy agent that is generally used for interacting
with a cancer cell, thereby reducing the proliferative or
living status of 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™,
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RALTRITREXED™, S-(4-Nitrobenzyl)-6-thioinosine
(NBMPR), 6-benzyguanidine (6-BG), bis-chloronitrosourea
(BCNU) and CAMPTOTHECIN™, or a therapeutic deriva-
tive of any thereof.

[0102] As used herein, an immune cell is made “resistant
or tolerant” to a drug when said cell, or population of cells
is modified so that it can proliferate, at least in-vitro, in a
culture medium containing half maximal inhibitory concen-
tration (IC50) of said drug (said IC50 being determined with
respect to an unmodified cell(s) or population of cells).
[0103] In a particular embodiment, said drug resistance
can be conferred to the immune cells by the expression of at
least one “drug resistance coding sequence”. Said drug
resistance coding sequence refers to a nucleic acid sequence
that confers “resistance” to an agent, such as one of the
chemotherapeutic agents referred to above. A drug resis-
tance coding sequence of the invention can encode resis-
tance to anti-metabolite, methotrexate, vinblastine, cisplatin,
alkylating agents, anthracyclines, cytotoxic antibiotics, anti-
immunophilins, their analogs or derivatives, and the like
(Takebe, N., S. C. Zhao, et al. (2001) “Generation of dual
resistance to 4-hydroperoxycyclophosphamide and metho-
trexate by retroviral transfer of the human aldehyde dehy-
drogenase class 1 gene and a mutated dihydrofolate
reductase gene”. Mol. Ther. 3(1): 88-96), (Zielske, S. P, J.
S. Reese, et al. (2003) “In vivo selection of MGMT(P140K)
lentivirus-transduced human NOD/SCID repopulating cells
without pretransplant irradiation conditioning.” J. Clin.
Invest. 112(10): 1561-70) (Nivens, M. C., T. Felder, et al.
(2004) “Engineered resistance to camptothecin and antifo-
lates by retroviral coexpression of tyrosyl DNA phosphodi-
esterase-I and thymidylate synthase” Cancer Chemother
Pharmacol 53(2): 107-15), (Bardenheuer, W., K. Lehmberg,
et al. (2005). “Resistance to cytarabine and gemcitabine and
in vitro selection of transduced cells after retroviral expres-
sion of cytidine deaminase in human hematopoietic progeni-
tor cells”. Leukemia 19(12): 2281-8), (Kushman, M. E., S.
L. Kabler, et al. (2007) “Expression of human glutathione
S-transferase P1 confers resistance to benzo[a]pyrene or
benzo[a]pyrene-7,8-dihydrodiol mutagenesis, macromo-
lecular alkylation and formation of stable N2-Gua-BPDE
adducts in stably transfected V79MZ cells co-expressing
hCYP1A1"” Carcinogenesis 28(1): 207-14).

[0104] The expression of such drug resistance exogenous
sequences in the immune cells as per the present invention
more particularly allows the use of said immune cells in cell
therapy treatment schemes where cell therapy is combined
with chemotherapy or into patients previously treated with
these drugs.

[0105] Several drug resistance coding sequences have
been identified that can potentially be used to confer drug
resistance according to the invention. One example of drug
resistance coding sequence can be for instance a mutant or
modified form of Dihydrofolate reductase (DHFR). DHFR
is an enzyme involved in regulating the amount of tetrahy-
drofolate 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 clinic. Different mutant
forms of DHFR which have increased resistance to inhibi-
tion by anti-folates used in therapy have been described. In
a particular embodiment, the drug resistance coding
sequence according to the present invention can be a nucleic
acid sequence encoding a mutant form of human wild type
DHFR (GenBank: AAH71996.1), which comprises at least
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one mutation conferring resistance to an anti-folate treat-
ment, such as methotrexate. In particular embodiment,
mutant form of DHFR comprises at least one mutated amino
acid at position G15, 1.22, F31 or F34, preferably at posi-
tions [.22 or F31 (Schweitzer et al. (1990) “Dihydrofolate
reductase as a therapeutic target” Faseb J 4(8): 2441-52;
International application W(094/24277; and U.S. Pat. No.
6,642,043). In a particular embodiment, said DHFR mutant
form comprises two mutated amino acids at position .22
and F31. 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 DHFR polypeptide. 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 embodiment, the phenylala-
nine residue at positions 31 or 34 is preferably replaced with
a small hydrophilic amino acid such as alanine, serine or
glycine.

[0106] Another example of drug resistance coding
sequence can also be a mutant or modified form of ionisine-
5'-monophosphate dehydrogenase 11 (IMPDH2), a rate-lim-
iting enzyme in the de novo synthesis of guanosine nucleo-
tides. The mutant or modified form of IMPDH?2 is a IMPDH
inhibitor resistance gene. IMPDH inhibitors can be myco-
phenolic acid (MPA) or its prodrug mycophenolate mofetil
(MMF). The mutant IMPDH2 can comprises at least one,
preferably two mutations in the MAP binding site of the wild
type human IMPDH2 (Genebank: NP_000875.2) leading to
a significantly increased resistance to IMPDH inhibitor.
Mutations in these variants are preferably at positions T333
and/or S351 (Yam, P., M. Jensen, et al. (2006) “Ex vivo
selection and expansion of cells based on expression of a
mutated inosine monophosphate dehydrogenase 2 after HIV
vector transduction: effects on lymphocytes, monocytes, and
CD34+ stem cells” Mol. Ther. 14(2): 236-44)(Jonnalagadda,
M., et al. (2013) “Engineering human T cells for resistance
to methotrexate and mycophenolate mofetil as an in vivo
cell selection strategy.” PLoS One 8(6): €65519).

[0107] Another drug resistance coding sequence is the
mutant form of calcineurin. Calcineurin (PP2B—NCBI:
ACX34092.1) is an ubiquitously expressed serine/threonine
protein phosphatase that is involved in many biological
processes and which is central to T-cell activation. Calcineu-
rin is a heterodimer composed of a catalytic subunit (CnA;
three isoforms) and a regulatory subunit (CnB; two iso-
forms). After engagement of the T-cell receptor, calcineurin
dephosphorylates the transcription factor NFAT, allowing it
to translocate to the nucleus and active key target gene such
as IL.2. FK506 in complex with FKBP12, or cyclosporine A
(CsA) in complex with CyPA block NFAT access to cal-
cineurin’s active site, preventing its dephosphorylation and
thereby inhibiting T-cell activation (Brewin et al. (2009)
“Generation of EBV-specific cytotoxic T cells that are
resistant to calcineurin inhibitors for the treatment of post-
transplantation lymphoproliferative disease” Blood 114(23):
4792-803). In a particular embodiment, 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, 1.354, K360, preferably double muta-
tions at positions T351 and 1354 or V314 and Y341. In a
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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 phenylala-
nine residue. 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. Corre-
spondence 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 b polypeptide (NCBI: ACX34095.1).

[0108] Another drug resistance coding sequence is 0(6)-
methylguanine methyltransferase (MGMT—UniProtKB:
P16455) encoding human alkyl guanine 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 potentiates 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 highly resistant to inactivation by 6-BG,
but retain their ability to repair DNA damage (Maze, R. et
al. (1999) “Retroviral-mediated expression of the P140A,
but not P140A/G156A, mutant form of O6-methylguanine
DNA methyltransferase protects hematopoietic cells against
O6-benzylguanine sensitization to chloroethylnitrosourea
treatment” J. Pharmacol. Exp. Ther. 290(3): 1467-74). In a
particular embodiment, AGT mutant form can comprise a
mutated amino acid of the wild type AGT position P140. In
a preferred embodiment, said proline at position 140 is
replaced with a lysine residue.

[0109] Another drug resistance coding sequence can be
multidrug resistance protein (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 chemo-
therapy agents. Thus, drug resistance can be conferred to
cells by the expression of nucleic acid sequence that encodes
MDR-1 (Genebank NP_000918).

[0110] Another drug resistance coding sequence can con-
tribute to the production of cytotoxic antibiotics, such as
those from ble or mcrA genes. Ectopic expression of ble
gene or mcrA in an immune cell gives a selective advantage
when exposed to the respective chemotherapeutic agents
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bleomycine and mitomycin C (Belcourt, M. F. (1999) “Mito-
mycin resistance in mammalian cells expressing the bacte-
rial mitomycin C resistance protein MCRA”. PNAS. 96(18):
10489-94).

[0111] Another drug resistance coding sequence can come
from genes encoded mutated version of drug targets, such as
mutated variants of mTOR (mTOR mut) conferring resis-
tance to rapamycin such as described by Lorenz M. C. et al.
(1995) “TOR Mutations Confer Rapamycin Resistance by
Preventing Interaction with FKBP12-Rapamycin” The Jour-
nal of Biological Chemistry 270, 27531-27537, or certain
mutated variants of Lck (Lekmut) conferring resistance to
Gleevec as described by Lee K. C. et al. (2010) “Lck is akey
target of imatinib and dasatinib in T-cell activation”, Leu-
kemia, 24: 896-900.

[0112] 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 coding sequence 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.

Enhancing Persistence of the Immune Cells In-Vivo

[0113] According to one aspect of the present method, the
exogenous sequence that is integrated into the immune cells
genomic locus encodes a molecule that enhances persistence
of the immune cells, especially in-vivo persistence in a
tumor environment.

[0114] By “enhancing persistence” is meant extending the
survival of the immune cells in terms of life span, especially
once the engineered immune cells are injected into the
patient. For instance, persistence is enhanced, if the mean
survival of the modified cells is significantly longer than that
of non-modified cells, by at least 10%, preferably 20%, more
preferably 30%, even more preferably 50%.

[0115] This especially relevant when the immune cells are
allogeneic. This may be done by creating a local immune
protection by introducing coding sequences that ectopically
express and/or secrete immunosuppressive polypeptides at,
or through, the cell membrane. A various panel of such
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polypeptides in particular antagonists of immune check-
points, immunosuppressive peptides derived from viral
envelope or NKG2D ligand can enhance persistence and/or
an engraftment of allogeneic immune cells into patients.

[0116] According to one embodiment, the immunosup-
pressive polypeptide to be encoded by said exogenous
coding sequence is a ligand of Cytotoxic T-Lymphocyte
Antigen 4 (CTLA-4 also known as CD152, GenBank acces-
sion number AF414120.1). Said ligand polypeptide is pref-
erably an anti-CTLA-4 immunoglobulin, such as CTL.A-4a
Ig and CTLA-4b Ig or a functional variant thereof.

[0117] According to one embodiment, the immunosup-
pressive polypeptide to be encoded by said exogenous
coding sequence is an antagonist of PD1, such as PD-L.1
(other names: CD274, Programmed cell death 1 ligand; ref.
UniProt for the human polypeptide sequence QINZQ7),
which encodes a type I transmembrane protein of 290 amino
acids consisting of a Ig V-like domain, a Ig C-like domain,
a hydrophobic transmembrane domain and a cytoplasmic
tail of 30 amino acids. Such membrane-bound form of
PD-L1 ligand is meant in the present invention under a
native form (wild-type) or under a truncated form such as,
for instance, by removing the intracellular domain, or with
one or more mutation(s) (Wang S et al., 2003, J Exp Med.
2003; 197(9): 1083-1091). Of note, PD1 is not considered as
being a membrane-bound form of PD-L.1 ligand according
to the present invention. According to another embodiment,
said immunosuppressive polypeptide is under a secreted
form. Such recombinant secreted PD-L.1 (or soluble PD-L.1)
may be generated by fusing the extracellular domain of
PD-L1 to the Fc portion of an immunoglobulin (Haile S T
et al., 2014, Cancer Immunol. Res. 2(7): 610-615; Song M
Y et al., 2015, Gut. 64(2):260-71). This recombinant PD-L.1
can neutralize PD-1 and abrogate PD-1-mediated T-cell
inhibition. PD-L1 ligand may be co-expressed with CTLA4
Ig for an even enhanced persistence of both.

[0118] According to another embodiment, the exogenous
sequence encodes a polypeptide comprising a viral env
immusuppressive domain (ISU), which is derived for
instance from HIV-1, HIV-2, SIV, MoMuLV, HTLV-I, -1I,
MPMYV, SRV-1, Syncitin 1 or 2, HERV-K or FELV.

[0119] The following Table 1 shows variants of ISU
domain from diverse virus which can be expressed within
the present invention.

TABLE 1

ISU domain variants from diverse viruses

ISU 2mino acids sequences

Virus
Amino acid positions origin

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Origin SEQ ID NO

L Q A RI/VL A V E R Y L K/R/Q D HIV-1 SEQ ID NO: 68

L Q A R V T A I E K Y L K/A/Q D/H HIV-2 SEQ ID NO: 69

L 9 A R L L A V E R Y L K D SsIV SEQ ID NO: 70

L ¢ N R R G L D L L F L K E MoMuLV SEQ ID NO: 71

A Q N R R G L D L L F W E Q HTLV-I, SEQ ID NO: 72
-II

L ¢ N R R G L D L L T A E Q MPMV, SEQ ID NO: 73
SRV-1

L ¢ N R R A L D L L T A E R Synci- SEQ ID NO: 74
tin 1

L ¢ N R R G L D M L T A A Q Synci- SEQ ID NO: 75

tin 2
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ISU domain variants from diverse v
ISU 2Zmino acids sequences

iruses

Amino acid posgitions

Virus
origin
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9 10 11 12 13 14

Origin SEQ ID NO

HERV-K SEQ ID NO: 76
FELV SEQ ID NO: 77

[0120] According to another embodiment, the exogenous
sequence encodes a FP polypeptide such as gp4l. The
following Table 2 represents several FP polypeptide from
natural and artificial origins.

TABLE 2

Amino acid sequences of FP polypeptide from
natural and artificial origins
FP Amino acids sequences

Amino acid posgitiong SEQ ID

1 2 3 4 5 6 7 8 9 Origin NO

G A L F L G F L G HIV-1 gp4lSEQ ID

NO: 78
A G F G L L L G F Synthetic SEQ ID
NO: 79
A G L F L G F L G Synthetic SEQ ID
NO: 80

[0121] According to another embodiment, the exogenous
sequence encodes a non-human MHC homolog, especially a
viral MHC homolog, or a chimeric $2m polypeptide such as
described by Margalit A. et al. (2003) “Chimeric 2 micro-
globulin/CD3C, polypeptides expressed in T cells convert
MHC class I peptide ligands into T cell activation receptors:
a potential tool for specific targeting of pathogenic CD8+ T
cells” Int. Immunol. 15 (11): 1379-1387.

[0122] According to one embodiment, the exogenous
sequence encodes NKG2D ligand. Some viruses such as
cytomegaloviruses have acquired mechanisms to avoid NK
cell mediate immune surveillance and interfere with the
NKG2D pathway by secreting a protein able to bind
NKG2D ligands and prevent their surface expression (Welte,
S. Aet al. (2003) “Selective intracellular retention of virally
induced NKG2D ligands by the human cytomegalovirus
UL16 glycoprotein™. Eur J. Immunol., 33, 194-203). In
tumors cells, some mechanisms have evolved to evade
NKG2D response by secreting NKG2D ligands such as
ULBP2, MICB or MICA (Salih H R, Antropius H, Gieseke
F,Lutz S 7, Kanz L, et al. (2003) Functional expression and
release of ligands for the activating immunoreceptor
NKG2D in leukemia. Blood 102: 1389-1396)

[0123] According to one embodiment, the exogenous
sequence encodes a cytokine receptor, such as an 1[-12
receptor. IL-12 is a well known activator of immune cells
activation (Curtis J. H. (2008) “IL-12 Produced by Dendritic
Cells Augments CD8+ T Cell Activation through the Pro-
duction of the Chemokines CCL1 and CCL171". The Jour-
nal of Immunology. 181 (12): 8576-8584.

[0124] According to one embodiment the exogenous
sequence encodes an antibody that is directed against inhibi-
tory peptides or proteins. Said antibody is preferably be

secreted under soluble form by the immune cells. Nanobod-
ies from shark and camels are advantageous in this respect,
as they are structured as single chain antibodies (Muylder-
mans S. (2013) “Nanobodies: Natural Single-Domain Anti-
bodies” Annual Review of Biochemistry 82: 775-797). Same
are also deemed more easily to fuse with secretion signal
polypeptides and with soluble hydrophilic domains.

[0125] The different aspects developed above to enhance
persistence of the cells are particularly preferred, when the
exogenous coding sequence is introduced by disrupting an
endogenous gene encoding P2m or another MHC compo-
nent, as detailed further on.

Enhancing the Therapeutic Activity of Immune Cells

[0126] According to one aspect of the present method, the
exogenous sequence that is integrated into the immune cells
genomic locus encodes a molecule that enhances the thera-
peutic activity of the immune cells.

[0127] By “enhancing the therapeutic activity” is meant
that the immune cells, or population of cells, engineered
according to the present invention, become more aggressive
than non-engineered cells or population of cells with respect
to a selected type of target cells. Said target cells generally
belong to a defined type of cells, or population of cells,
preferably characterized by common surface marker(s). In
the present specification, “therapeutic potential” reflects the
therapeutic activity, as measured through in-vitro experi-
ments. In general sensitive cancer cell lines, such as Daudi
cells, are used to assess whether the immune cells are more
or less active towards said cells by performing cell lysis or
growth reduction measurements. This can also be assessed
by measuring levels of degranulation of immune cells or
chemokines and cytokines production. Experiments can also
be performed in mice with injection of tumor cells, and by
monitoring the resulting tumor expansion. Enhancement of
activity is deemed significant when the number of develop-
ing cells in these experiments is reduced by the immune cells
by more than 10%, preferably more than 20%, more pref-
erably more than 30%, even more preferably by more than
50%.

[0128] According to one aspect of the invention, said
exogenous sequence encodes a chemokine or a cytokine,
such as I[.-12. It is particularly advantageous to express
IL-12 as this cytokine is extensively referred to in the
literature as promoting immune cell activation (Colombo M.
P. et al. (2002) “Interleukin-12 in anti-tumor immunity and
immunotherapy” Cytokine Growth Factor Rev. 13(2):155-
68).

[0129] According to a preferred aspect of the invention the
exogenous coding sequence encodes or promote secreted
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factors that act on other populations of immune cells, such
as T-regulatory cells, to alleviate their inhibitory effect on
said immune cells.

[0130] According to one aspect of the invention, said
exogenous sequence encodes an inhibitor of regulatory
T-cell activity is a polypeptide inhibitor of forkhead/winged
helix transcription factor 3 (FoxP3), and more preferably is
a cell-penetrating peptide inhibitor of FoxP3, such as that
referred as P60 (Casares N. et al. (2010) “A peptide inhibitor
of FoxP3 impairs regulatory T cell activity and improves
vaccine efficacy in mice.” J Immunol 185(9):5150-9).
[0131] By “inhibitor of regulatory T-cells activity” is
meant a molecule or precursor of said molecule secreted by
the T-cells and which allow T-cells to escape the down
regulation activity exercised by the regulatory T-cells
thereon. In general, such inhibitor of regulatory T-cell activ-
ity has the effect of reducing FoxP3 transcriptional activity
in said cells.

[0132] According to one aspect of the invention, said
exogenous sequence encodes a secreted inhibitor of Tumor
Associated Macrophages (TAM), such as a CCR2/CCL2
neutralization agent. Tumor-associated macrophages
(TAMs) are critical modulators of the tumor microenviron-
ment. Clinicopathological studies have suggested that TAM
accumulation in tumors correlates with a poor clinical
outcome. Consistent with that evidence, experimental and
animal studies have supported the notion that TAMs can
provide a favorable microenvironment to promote tumor
development and progression. (Theerawut C. et al. (2014)
“Tumor-Associated Macrophages as Major Players in the
Tumor Microenvironment” Cancers (Basel) 6(3): 1670-
1690). Chemokine ligand 2 (CCL2), also called monocyte
chemoattractant protein 1 (MCP1—NCBI NP_002973.1), is
a small cytokine that belongs to the CC chemokine family,
secreted by macrophages, that produces chemoattraction on
monocytes, lymphocytes and basophils. CCR2 (C-C chemo-
kine receptor type 2—NCBI NP_001116513.2), is the recep-
tor of CCL2.

Enhancing Specificity and Safety of Immune Cells

[0133] Expressing chimeric antigen receptors (CAR) have
become the state of the art to direct or improve the speci-
ficity of primary immune cells, such as T-Cells and NK-cells
for treating tumors or infected cells. CARs expressed by
these immune cells specifically target antigen markers at the
surface of the pathological cells, which further help said
immune cells to destroy these cells in-vivo (Sadelain M. et
al. “The basic principles of chimeric antigen receptor
design” (2013) Cancer Discov. 3(4):388-98). CARs are
usually designed to comprise activation domains that stimu-
late immune cells in response to binding to a specific antigen
(so-called positive CAR), but they may also comprise an
inhibitory domain with the opposite effect (so-called nega-
tive CAR)(Fedorov, V. D. (2014) “Novel Approaches to
Enhance the Specificity and Safety of Engineered T Cells”
Cancer Joumal 20 (2):160-165. Positive and negative CARs
may be combined or co-expressed to finely tune the cells
immune specificity depending of the various antigens pres-
ent at the surface of the target cells.

[0134] The genetic sequences encoding CARs are gener-
ally introduced into the cells genome using retroviral vectors
that have elevated transduction efficiency but integrate at
random locations. Here, according to the present invention,
components of chimeric antigen receptor (CAR) car be

May 2, 2024

introduced at selected loci, more particularly under control
of endogenous promoters by targeted gene recombination.
[0135] According to one aspect, while a positive CAR 1is
introduced into the immune cell by a viral vector, a negative
CAR can be introduced by targeted gene insertion and
vice-versa, and be active preferably only during immune
cells activation. Accordingly, the inhibitory (i.e. negative)
CAR contributes to an improved specificity by preventing
the immune cells to attack a given cell type that needs to be
preserved. Still according to this aspect, said negative CAR
can be an apoptosis CAR, meaning that said CAR comprise
an apoptosis domain, such as Fasl. (CD95—NCBI:
NP_000034.1) or a functional variant thereof, that trans-
duces a signal inducing cell death (Eberstadt M; et al. “NMR
structure and mutagenesis of the FADD (Mortl) death-
effector domain” (1998) Nature. 392 (6679): 941-5).
[0136] Accordingly, the exogenous coding sequence
inserted according to the invention can encode a factor that
has the capability to induce cell death, directly, in combi-
nation with, or by activating other compound(s).

[0137] As another way to enhance the safety of us of the
primary immune cells, the exogenous coding sequence can
encodes molecules that confer sensitivity of the immune
cells to drugs or other exogenous substrates. Such molecules
can be cytochrome(s), such as from the P450 family (Pre-
issner S et al. (2010) “SuperCYP: a comprehensive database
on Cytochrome P450 enzymes including a tool for analysis
of CYP-drug interactions”. Nucleic Acids Res 38 (Database
issue): D237-43), such as CYP2D6-1 (NCBI—NP_000097.
3), CYP2D6-2 (NCBI—NP_001020332.2), CYP2C9( ),
CYP3A4 (NCBI—NP_000762.2), CYP2C19 (NCBI—NP_
000760.1) or CYP1A2 (NCBI—NP_000752.2), conferring
hypersensitivity of the immune cells to a drug, such as
cyclophosphamide and/or isophosphamide.

[0138] According to a further aspect of the invention, an
exogenous sequence is introduced in the immune cells for its
expression, especially in vivo, to reduce IL-6 or IL-8 trans
signalling in view of controlling potential Cyokine Release
Syndrome (CRS).

[0139] Such an exogenous sequence can encode for
instance antibodies directed against I[.-6 or IL-8 or against
their receptors IL-6R or IL-8R.

According to a preferred aspect said exogenous sequence
can encode soluble extracellular domain of GP130, such as
one showing at least 80% identity with SEQ ID NO:61.
[0140] Such soluble extracellular domain of GP130 is
described for instance by Rose-John S. [The Soluble Inter-
leukine Receptor Advanced Therapeutic Options in Inflam-
mation (2017) Clinical Pharmacology & Therapeutics, 102
(4):591-598] can be fused with fragments of
immunoglobulins, such as sgpl30Fc (SEQ ID NO:62). As
stated before, said exogenous sequence can be stably inte-
grated into the genome by site directed mutagenesis (i.e.
using sequence specific nuclease reagents) and be placed
under the transcriptional activity of an endogenous promoter
at a locus which is active during immune cell activation,
such as one listed in Tables 6, 8 or 9, and preferably
up-regulated upon CAR activation or being CAR dependent.
[0141] According to a more preferred embodiment, the
exogenous sequence is introduced into a CAR positive
immune cell, such as one expressing an anti-CD22 CAR
T-cell polynucleotide sequence such as SEQ ID NO:31.
According to some more specific embodiments, said exog-
enous sequence coding for a polypeptide which can associ-
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ate, and preferably interfere, with a cytokine receptor of the
IL-6 receptor family, such as said soluble extracellular
domain of GP130, is integrated at a PD1, CD25 or CD69
locus. As per the present invention, the endogenous
sequence encoding PD1 locus is preferably disrupted by said
exogenous sequence.

[0142] The invention thus provides with a method for
treating or reducing CRS in cell immunotherapy, wherein
cells or a therapeutic composition thereof are administered
to patients, said cells being genetically modified to secrete
polypeptide(s) comprising a soluble extracellular domain of
GP130, sGP130Fc, an anti-I[.-6 or anti-IL6R antibody, an
anti-IL-8 or anti-IL.8R antibody, or any fusion thereof.
[0143] Examples of preferred genotypes of the engineered
immune cells are:

[0144] [CAR]posiﬁve[GPl30]positive

[0145] [CAR]posiﬁve[GPl30]positive

[0146]ﬁ [CARP[TCR]"#“"**[GP130F**"**[PD1]
negative

[0147]ﬁ [CARP[TCR]"#“"**[GP130F**"**[PD1]
negative

[0148] [CAR]posiﬁve[GPI 30]positive[CD25]negaﬁve

[0149] [CARP“[TCR]"*#“™*[GP130F*""**[CD25]
negative

Improving the Efficiency of Gene Targeted Insertion in
Primary Immune Cells Using AAV Vectors

[0150] The present specification provides with donor tem-
plates and sequence specific reagents as illustrated in the
figures that are useful to perform efficient insertion of a
coding sequence in frame with endogenous promoters, in
particular PD1 and CD25, as well as means and sequences
for detecting proper insertion of said exogenous sequences
at said loci.

[0151] The donor templates according to the present
invention are generally polynucleotide sequences which can
be included into a variety of vectors described in the art
prompt to deliver the donor templates into the nucleus at the
time the endonuclease reagents get active to obtain their site
directed insertion into the genome generally by NHEJ or
homologous recombination,

[0152] Specifically, the present invention provides specific
donor polynucleotides for expression of IL-15 (SEQ ID
NO:59) at the PD1 locus comprising one or several of the
following sequences:

[0153] Sequence encoding IL.-15, such as one present-
ing identity with SEQ ID NO:50;

[0154] Upstream and downstream (also referred to left
and right) sequences homologous to the PD1 locus,
comprising preferably polynucleotide sequences SEQ
ID NO:45 and SEQ ID NO:46;

[0155] optionally, a sequence encoding soluble form of
an IL-15 receptor (sIL-15R), such as one presenting
identity with SEQ ID NO:50;

[0156] optionally, at least one_2A peptide cleavage site
such as one of SEQ ID NO:53 (F2A), SEQ ID NO:54
(P2A) and/or SEQ ID NO:55 (T2A),

[0157] Specifically, the present invention provides spe-
cific donor polynucleotides for expression of 1[.-12
(SEQ ID NO:58) at the PD1 locus comprising one or
several of the following sequences:

[0158] Sequence encoding I[.-12a, such as one pre-
senting identity with SEQ ID NO:47;
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[0159] Upstream and downstream (also referred to
left and right) sequences homologous to the PD1
locus, comprising preferably polynucleotide
sequences SEQ ID NO:45 and SEQ ID NO:46;

[0160] optionally, a sequence encoding IL.-12b, such
as one presenting identity with SEQ ID NO:48;

[0161] optionally, at least one 2A peptide cleavage
site such as one of SEQ ID NO:53 (F2A), SEQ ID
NO:54 (P2A) and/or SEQ ID NO:55 (T2A),

[0162] Specifically, the present invention provides specific
donor polynucleotides for expression of soluble GP130
(comprising SEQ ID NO:61) at the PD1 locus comprising
one or several of the following sequences:

[0163] Sequence encoding soluble GP130, preferably a
soluble gp130 fused to a Fc, such as one presenting
identity with SEQ ID NO:62;

[0164] Upstream and downstream (also referred to left
and right) sequences homologous to the PD1 locus,
comprising preferably polynucleotide sequences SEQ
ID NO:45 and SEQ ID NO:46;

[0165] optionally, at least one_2A peptide cleavage site
such as one of SEQ ID NO:53 (F2A), SEQ ID NO:54
(P2A) and/or SEQ ID NO:55 (T2A),

[0166] Specifically, the present invention provides specific
donor polynucleotides for expression of IL-15 (SEQ ID
NO:59) at the CD25 locus comprising one or several of the
following sequences:

[0167] Sequence encoding IL.-15, such as one present-
ing identity with SEQ ID NO:50;

[0168] Upstream and downstream (also referred to left
and right) sequences homologous to the CD25 locus,
comprising preferably polynucleotide sequences SEQ
ID NO:43 and SEQ ID NO:44;

[0169] optionally, a sequence encoding soluble form of
an I1-15 receptor (sIL-15R), such as one presenting
identity with SEQ ID NO:50;

[0170] optionally, at least one 2A peptide cleavage site
such as one of SEQ ID NO:53 (F2A), SEQ ID NO:54
(P2A) and/or SEQ ID NO:55 (T2A),

[0171] Specifically, the present invention provides specific
donor polynucleotides for expression of IL-12 (SEQ ID
NO:58) at the CD25 locus comprising one or several of the
following sequences:

[0172] Sequence encoding I[.-12a, such as one present-
ing identity with SEQ ID NO:47;

[0173] Upstream and downstream (also referred to left
and right) sequences homologous to the CD25 locus,
comprising preferably polynucleotide sequences SEQ
ID NO:43 and SEQ ID NO:44;

[0174] optionally, a sequence encoding IL.-12b, such as
one presenting identity with SEQ ID NO:48;

[0175] optionally, at least one_2A peptide cleavage site
such as one of SEQ ID NO:53 (F2A), SEQ ID NO:54
(P2A) and/or SEQ ID NO:55 (T2A),

[0176] Specifically, the present invention provides specific
donor polynucleotides for expression of soluble GP130
(comprising SEQ ID NO:61) at the CD25 locus comprising
one or several of the following sequences:

[0177] Sequence encoding soluble GP130, preferably a
soluble gp130 fused to a Fc, such as one presenting
identity with SEQ ID NO:62;

[0178] Upstream and downstream (also referred to
left and right) sequences homologous to the CD25
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locus, comprising preferably polynucleotide
sequences SEQ ID NO:43 and SEQ ID NO:44;
[0179] optionally, at least one_2A peptide cleavage
site such as one of SEQ ID NO:53 (F2A), SEQ ID
NO:54 (P2A) and/or SEQ ID NO:55 (T2A), As
illustrated in the examples herein, the inventors have
significantly improved the rate of gene targeted
insertion into human cells by using AAV vectors,
especially vectors from the AAV6 family.
[0180] One broad aspect of the present invention is thus
the transduction of AAV vectors in human primary immune
cells, in conjunction with the expression of sequence spe-
cific endonuclease reagents, such as TALE endonucleases,
more preferably introduced under mRNA form, to increase
homologous recombination events in these cells.
[0181] According to one aspect of this invention, sequence
specific endonuclease reagents can be introduced into the
cells by transfection, more preferably by electroporation of
mRNA encoding said sequence specific endonuclease
reagents, such as TALE nucleases.
[0182] Still according to this broad aspect, the invention
more particularly provides a method of insertion of an
exogenous nucleic acid sequence into an endogenous poly-
nucleotide sequence in a cell, comprising at least the steps
of
[0183] transducing into said cell an AAV vector com-
prising said exogenous nucleic acid sequence and
sequences homologous to the targeted endogenous
DNA sequence, and
[0184] Inducing the expression of a sequence specific
endonuclease reagent to cleave said endogenous
sequence at the locus of insertion.
[0185] The obtained insertion of the exogenous nucleic
acid sequence may result into the introduction of genetic
material, correction or replacement of the endogenous
sequence, more preferably “in frame” with respect to the
endogenous gene sequences at that locus.
[0186] According to another aspect of the invention, from
10° to 107 preferably from 10° to 107, more preferably about
5-10° viral genomes are transduced per cell.
[0187] According to another aspect of the invention, the
cells can be treated with proteasome inhibitors, such as
Bortezomib to further help homologous recombination.
[0188] As one object of the present invention, the AAV
vector used in the method can comprise a promoterless
exogenous coding sequence as any of those referred to in
this specification in order to be placed under control of an
endogenous promoter at one loci selected among those listed
in the present specification.
[0189] As one object of the present invention, the AAV
vector used in the method can comprise a 2A peptide
cleavage site followed by the cDNA (minus the start codon)
forming the exogenous coding sequence.
[0190] As one object of the present invention, said AAV
vector comprises an exogenous sequence coding for a chi-
meric antigen receptor, especially an anti-CD19 CAR, an
anti-CD22 CAR, an anti-CD123 CAR, an anti-CS1 CAR, an
anti-CCL1 CAR, an anti-HSP70 CAR, an anti-GD3 CAR or
an anti-ROR1 CAR.
[0191] The invention thus encompasses any AAV vectors
designed to perform the method herein described, especially
vectors comprising a sequence homologous to a locus of
insertion located in any of the endogenous gene responsive
to T-cell activation referred to in Table 4.
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[0192] Many other vectors known in the art, such as
plasmids, episomal vectors, linear DNA matrices, etc. . . .
can also be used following the teachings to the present
invention.

[0193] As stated before, the DNA vector used according to
the invention preferably comprises: (1) said exogenous
nucleic acid comprising the exogenous coding sequence to
be inserted by homologous recombination, and (2) a
sequence encoding the sequence specific endonuclease
reagent that promotes said insertion. According to a more
preferred aspect, said exogenous nucleic acid under (1) does
not comprise any promoter sequence, whereas the sequence
under (2) has its own promoter. According to an even more
preferred aspect, the nucleic acid under (1) comprises an
Internal Ribosome Entry Site (IRES) or “self-cleaving” 2A
peptides, such as T2A, P2A, E2A or F2A, so that the
endogenous gene where the exogenous coding sequence is
inserted becomes multi-cistronic. The IRES of 2A Peptide
can precede or follow said exogenous coding sequence.
[0194] Preferred vectors of the present invention are vec-
tors derived from AAV6, comprising donor polynucleotides
as previously described herein or illustrated in the experi-
mental section and figures. Examples of vectors according to
the invention comprise or consist of polynucleotides having
identity with sequences SEQ ID NO:37 (matrix for integra-
tion of sequence coding for IL.-15 into the CD25 locus), SEQ
ID NO:38 (matrix for integration of sequence coding for
IL-15 into the PD1 locus) SEQ ID NO:39 (matrix for
integration of sequence coding for IL-12 into the CD25
locus) and SEQ ID NO:40 (matrix for integration of
sequence coding for I[.-12 into the PD1 locus).
Gene Targeted Integration in Immune Cells Under
Transcriptional Control of Endogenous Promoters

[0195] The present invention, in one of its main aspects, is
taking advantage of the endogenous transcriptional activity
of the immune cells to express exogenous sequences that
improve their therapeutic potential.

[0196] The invention provides with several embodiments
based on the profile of transcriptional activity of the endog-
enous promoters and on a selection of promoter loci useful
to carry out the invention. Preferred loci are those, which
transcription activity is generally high upon immune cell
activation, especially in response to CAR activation (CAR-
sensitive promoters) when the cells are endowed with
CARs.

[0197] Accordingly, the invention provides with a method
for producing allogeneic therapeutic immune cells by
expressing a first exogenous sequence encoding a CAR at
the TCR locus, thereby disrupting TCR expression, and
expressing a second exogenous coding sequence under
transcriptional activity of an endogenous locus, preferably
dependent from either:

[0198] CD3/CD28 activation, such as dynabeads, which
is useful for instance for promoting cells expansion;

[0199] CAR activation, such as through the CD3zeta
pathway, which is useful for instance to activate
immune cells functions on-target;

[0200] Transcriptional activity linked to the appearance
of disease symptom or molecular marker. which is
useful for instance for activating the cells in-situ in ill
organs.

[0201] Cell differentiation, which is useful for confer-
ring therapeutic properties to cells at a given level of
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differentiation or to express protein into a particular
lineage (see FIG. 1), for instance at the time hema-
topoietic cells gain their immune functions; or/and

[0202] TME (Tumor microoenvironment), which is
useful for redirect cells activity and their amplification
to specific tumor conditions (hypoxia, low glucose . . .
), or for preventing exhaustion and/or sustaining acti-
vation;

[0203] CRS (cytokine release syndrome), which is use-
ful to mitigate adverse events related to CAR T-cell
activity

[0204] The inventors have established a first list of endog-
enous genes (Table 6) which have been found to be particu-
larly appropriate for applying the targeted gene recombina-
tion as per the present invention. To draw this list, they have
come across several transcriptome murine databases, in
particular that from the Immunological Genome Project
Consortium referred to in Best J. A. et al. (2013) “Tran-
scriptional insights into the CD8(+) T cell response to
infection and memory T cell formation” Nat. Immunol.
14(4):404-12., which allows comparing transcription levels
of various genes upon T-cell activation, in response to
ovalbumin antigens. Also, because very few data is available
with respect to human T-cell activation, they had to make
some extrapolations and analysis from these data and com-
pare with the human situation by studying available litera-
ture related to the human genes. The selected loci are
particularly relevant for the insertion of sequences encoding
CARs. Based on the first selection of Table 6, they made
subsequent selections of genes based on their expected
expression profiles (Tables 7 to 10).

[0205] On another hand, the inventors have identified a
selection of transcriptional loci that are mostly inactive,
which would be most appropriate to insert expression cas-
sette(s) to express exogenous coding sequence under the
transcriptional control of exogenous promoters. These loci
are referred to as “safe harbor loci” as those being mostly
transcriptionally inactive, especially during T-Cell activa-
tion. They are useful to integrate a coding sequence by
reducing at the maximum the risk of interfering with
genome expression of the immune cells.

Gene Targeted Insertion Under Control of Endogenous
Promoters that are Steadily Active During Immune Cell
Activation

[0206] A selection of endogenous gene loci related to this
embodiment is listed in Table 7.

[0207] Accordingly the method of the present invention
provides with the step of performing gene targeted insertion
under control of an endogenous promoter that is constantly
active during immune cell activation, preferably from of an
endogenous gene selected from CD3G, Rn28sl, Rnl8s,
Rn7sk, Actgl, p2m, Rpl18a, Pabpcl, Gapdh, Rpl17, Rpl19,
Rplp0, Cfi1 and Pfnl.

[0208] By “steadily active” means that the transcriptional
activity observed for these promoters in the primary immune
cell is not affected by a negative regulation upon the
activation of the immune cell.

[0209] As reported elsewhere (Acuto, O. (2008) “Tailor-
ing T-cell receptor signals by proximal negative feedback
mechanisms”. Nature Reviews Immunology 8:699-712), the
promoters present at the TCR locus are subjected to different
negative feedback mechanisms upon TCR engagement and
thus may not be steadily active or up regulated during for the
method of the present invention. The present invention has
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been designed to some extend to avoid using the TCR locus
as a possible insertion site for exogenous coding sequences
to be expressed during T-cell activation. Therefore, accord-
ing to one aspect of the invention, the targeted insertion of
the exogenous coding sequence is not performed at a TCRal-
pha or TCRbeta gene locus.

[0210] Examples of exogenous coding sequence that can
be advantageously introduced at such loci under the control
of steadily active endogenous promoters, are those encoding
or positively regulating the production of a cytokine, a
chemokine receptor, a molecule conferring resistance to a
drug, a co-stimulation ligand, such as 4-1BRL and OX40L,
or of a secreted antibody.

Gene Integration Under Endogenous Promoters that are
Dependent from Immune Cell Activation or Dependent from
CAR Activation

[0211] As stated before, the method of the present inven-
tion provides with the step of performing gene targeted
insertion under control of an endogenous promoter, which
transcriptional activity is preferably up-regulated upon
immune cell activation, either transiently or over more than
10 days.

[0212] By “immune cell activation” is meant production
of an immune response as per the mechanisms generally
described and commonly established in the literature for a
given type of immune cells. With respect to T-cell, for
instance, T-cell activation is generally characterized by one
of the changes consisting of cell surface expression by
production of a variety of proteins, including CD69, CD71
and CD25 (also a marker for Treg cells), and HLA-DR (a
marker of human T cell activation), release of perforin,
granzymes and granulysin (degranulation), or production of
cytokine effectors IFN-y, TNF and LT-alpha.

[0213] According to a preferred embodiment of the inven-
tion, the transcriptional activity of the endogenous gene is
up-regulated in the immune cell, especially in response to an
activation by a CAR. The CAR can be independently
expressed in the immune cell. By “independently expressed”
is meant that the CAR can be transcribed in the immune cell
from an exogenous expression cassette introduced, for
instance, using a retroviral vector, such as a lentiviral vector,
or by transfecting capped messenger RNAs by electropora-
tion encoding such CAR Many methods are known in the art
to express a CAR into an immune cell as described for
instance by (REF.)

[0214] Said endogenous gene whose transcriptional activ-
ity is up regulated are particularly appropriate for the
integration of exogenous sequences to encode cytokine(s),
such as I[.-12 and IL-15, immunogenic peptide(s), or a
secreted antibody, such as an anti-IDO1, anti-I[.10, anti-
PD1, anti-PDL1, anti-IL.6 or anti-PGE2 antibody.

[0215] According to a preferred embodiment of the inven-
tion, the endogenous promoter is selected for its transcrip-
tional activity being responsive to, and more preferably
being dependent from CAR activation.

[0216] As shown herein, CD69, CD25 and PD1 are such
loci, which are particularly appropriate for the insertion of
expression of an exogenous coding sequences to be
expressed when the immune cells get activated, especially
into CAR positive immune cells.

[0217] The present invention thus combines any methods
of expressing a CAR into an immune cell with the step of
performing a site directed insertion of an exogenous coding
sequence at a locus, the transcriptional activity of which is
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responsive to or dependent from the engagement of said
CAR with a tumor antigen. Especially, the method com-
prises the step of introducing into a CAR positive or
Recombinant TCR positive immune cell an exogenous
sequence encoding I[-12 or IL-15 under transcriptional
control of one promoter selected from PD1, CD25 and CD69
promoters.

[0218] In particular, CAR positive cells can obtained by
following the steps of co-expressing into an immune cell,
preferably a primary cell, and more preferably into a primary
T-cell, at least one exogenous sequence encoding a CAR and
another exogenous sequence placed under an endogenous
promoter dependent, which transcriptional activity is depen-
dent from said CAR, such a PD1, CD25 or CD71.

[0219] The expression “dependent from said CAR” means
that the transcriptional activity of said endogenous promoter
is necessary increased by more than 10%, preferably by
more than 20%, more preferably by more than 50% and even
more preferably more than 80%, as a result of the engage-
ment of the CAR with its cognate antigen, in a situation
where, in general, the antigens are exceeding the number of
CARs present at the cell surface and the number of CARs
expressed at the cell surface is more than 10 per cell,
preferably more than 100, and more preferably more than
1000 molecules per cells.

[0220] The present invention thus teaches the expression
of'a CAR sequence, preferably inserted at the TCR locus and
constitutively expressed, whereas another exogenous
sequence integrated at another locus is co-expressed, in
response to, or dependent from, the engagement of said
CAR with its cognate antigen. Said another locus is for
instance CD25, PD1 or CD71 or any loci being specifically
transcribed upon CAR activation.

[0221] In other words, the invention provides the co-
expression of a CAR and at least one exogenous coding
sequence, the expression of said exogenous sequence being
under control of an endogenous promoter the transcriptional
activity of which is influenced by the CAR activity, this
being done in view of obtaining engineered immune cells
offering a better immune response.

[0222] As previously described, this can be performed by
transfecting the cells with sequence-specific nuclease
reagents targeting the coding regions of such loci being
specifically CAR dependent, along with donor templates
comprising sequences homologous to said genomic regions.
The sequence specific nuclease reagents help the donor
templates to be integrated by homologous recombination or
NHE]J.

[0223] According to a preferred embodiment, the exog-
enous coding sequence is integrated in frame with the
endogenous gene, so that the expression of said endogenous
gene is preserved. This is the case for instance with respect
to CD25 and CD69 in at least one example of the experi-
mental section herein.

[0224] According to a preferred embodiment, the exog-
enous sequence disrupts the endogenous coding sequence of
the gene to prevent its expression of one endogenous coding
sequence, especially when this expression has a negative
effect on the immune cell functions, as it the case for
instance with PD1 in the experimental section herein.

[0225] According to an even more preferred embodi-
ments, the exogenous coding sequence, which disrupts the
endogenous gene sequence is placed in frame with the
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endogenous promoter, so that its expression is made depen-
dent from the endogenous promoter as also shown in the
experimental section.

[0226] The present invention is also drawn to the poly-
nucleotide and polypeptide sequences encoding the different
TAL-nucleases exemplified in the present patent application,
especially those permitting the site directed insertion at the
CD25 locus (SEQ ID NO:18 and 19), as well as their
respective target and RVD sequences.

[0227] The present invention also encompasses kits for
immune cells transfection comprising polynucleotides
encoding the sequence-specific endonuclease reagents and
the donor sequences designed to integrate the exogenous
sequence at the locus targeted by said reagents. Examples of
such kits are a kit comprising mRNA encoding rare-cutting
endonuclease targeting PD1 locus (ex: PD1 TALEN®) and
an AAV vector comprising an exogenous sequence encoding
1L-12, a kit comprising mRNA encoding rare-cutting endo-
nuclease targeting PD1 locus (ex: PD1 TALEN®) and an
AAV vector comprising an exogenous sequence encoding
1L-15, a kit comprising mRNA encoding rare-cutting endo-
nuclease targeting CD25 locus (ex: CD25 TALEN®) and an
AAV vector comprising an exogenous sequence encoding
1L-12, a kit comprising mRNA encoding rare-cutting endo-
nuclease targeting CD25 locus (ex: CD25 TALEN®) and an
AAV vector comprising an exogenous sequence encoding
1L-15, a kit comprising mRNA encoding rare-cutting endo-
nuclease targeting PD1 locus (ex: PD1 TALEN®) and an
AAV vector comprising an exogenous sequence encoding
soluble gpl130, a kit comprising mRNA encoding rare-
cutting endonuclease targeting CD25 locus (ex: CD25
TALEN®) and an AAV vector comprising an exogenous
sequence encoding soluble gp130, and any kits involving
endonuclease reagents targeting a gene listed in table 6, and
a donor matrix for introducing a coding sequence referred to
in the present specification.

[0228] According to one aspect of the invention, the
endogenous gene is selected for a weak up-regulation. The
exogenous coding sequence introduced into said endog-
enous gene whose transcriptional activity is weakly up
regulated, can be advantageously a constituent of an inhibi-
tory CAR, or of an apoptotic CAR, which expression level
has generally to remain lower than that of a positive CAR.
Such combination of CAR expression, for instance one
transduced with a viral vector and the other introduced
according to the invention, can greatly improve the speci-
ficity or safety of CAR immune cells

[0229] Some endogenous promoters are transiently up-
regulated, sometimes over less than 12 hours upon immune
cell activation, such as those selected from the endogenous
gene loci Spata6, Itga6, Rebtb2, Cdldl, St8siad4, Itgae and
Fam214a (Table 8). Other endogenous promoters are up-
regulated over less than 24 hours upon immune cell activa-
tion, such as those selected from the endogenous gene loci
113,112, Ccl4, IL21, Gp49a, Nrda3, Lirb4, Cd200, Cdknla,
Gzme, Nrda2, Cish, Cer8, Ladl and Crabp2 (Table 9) and
others over more than 24 hours, more generally over more
than 10 days, upon immune cell activation. Such as those
selected from Gzmb, Tbx2l, Plek, Chekl, Slamf7, Zbtb32,
Tigit, Lag3, Gzma, Weel, I.12rb2, Eeal and DtU (Table 9).
[0230] Alternatively, the inventors have found that endog-
enous gene under transcriptional control of promoters that
are down-regulated upon immune cell activation, could also
be of interest for the method according to the present
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invention. Indeed they have conceived that exogenous cod-
ing sequences encoding anti-apoptotic factors, such as of
Bcel2 family, BeIXL, NF-kB, Survivin, or anti-FAP (fibro-
blast activation protein), such as a constituent of a CAR
anti-FAP, could be introduced at said loci. Said endogenous
gene under transcriptional control of promoters that are
down-regulated upon immune cell activation can be more
particularly selected from Slc6al9, Cd55, Xkrx, Mtum,
H2-Ob, Cnr2, Itgae, Raver2, Zbth20, Arrbl, Abcal, Tetl,
Sicl6a5 and Ampd3 (Table 10)

Gene Integration Under Endogenous Promoters Activated
Under Tumor Microenvironment (TME) Conditions

[0231] One aspect of the present invention more particu-
larly concerns methods to prevent immune cells exhaustion
in tumor microenvironment (TME) conditions. Immune
cells often get exhausted in response to nutrient depletion or
molecular signals found in the microoenvironment of
tumors, which helps tumor resistance. The method com-
prises the steps of engineering immune cells by integrating
exogenous coding sequences under control of endogenous
promoters which are up-regulated under arginine, cysteine,
tryptophan and oxygen deprivation as well as extracellular
acidosis (lactate build up).

[0232] Such exogenous sequences may encode chimeric
antigen receptors, interleukins, or any polypeptide given
elsewhere in this specification to bolster immune cells
function or activation and/or confer a therapeutic advantage.
[0233] The inventors have listed a number of loci which
have been found to be upregulated in a large number of
exhausted tumor infiltrating lymphocytes (TIL), which are
listed in tables 12 and 13. The invention provides with the
step of integrating exogenous coding sequences at these
preferred loci to prevent exhaustion of the immune cells, in
particular T-cells, in tumor microoenvironment.

[0234] For instance, the exogenous sequences encoding a
CAR can be placed under transcriptional control of the
promoter of endogenous genes that are activated by the
tumor microenvironment, such as HIF1a, transcription fac-
tor hypoxia-inducible factor, or the aryl hydrocarbon recep-
tor (AhR), These gene are sensors respectively induced by
hypoxia and xenobiotics in the close environment of tumors.
[0235] The present invention is thus useful to improve the
therapeutic outcome of CAR T-cell therapies by integrating
exogenous coding sequences, and more generally genetic
attributes/circuits, under the control of endogenous T-cell
promoters influenced by tumor microenvironment (TME).
[0236] Pursuant to the invention, upregulation of endog-
enous genes can be “hijacked” to re-express relevant exog-
enous coding sequences to improve the antitumor activity of
CAR T-cells in certain tumor microenvironment

Gene Targeted Insertion and Expression in Hematopoietic
Stem Cells (HSCs)

[0237] One aspect of the present invention more particu-
larly concerns the insertion of transgenes into hematopoietic
stem cells (HSCs).

[0238] Hematopoietic stem cells (HSCs) are multipotent,
self-renewing progenitor cells from which all differentiated
blood cell types arise during the process of hematopoiesis.
These cells include lymphocytes, granulocytes, and macro-
phages of the immune system as well as circulating eryth-
rocytes and platelets. Classically, HSCs are thought to
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differentiate into two lineage-restricted, lymphoid and
myelo-erythroid, oligopotent progenitor cells. The mecha-
nisms controlling HSC self-renewal and differentiation are
thought to be influenced by a diverse set of cytokines,
chemokines, receptors, and intracellular signaling mol-
ecules. Differentiation of HSCs is regulated, in part, by
growth factors and cytokines including colony-stimulating
factors (CSFs) and interleukins (ILs) that activate intracel-
Iular signaling pathways. The factors depicted below are
known to influence HSC multipotency, proliferation, and
lineage commitment. HSCs and their differentiated progeny
can be identified by the expression of specific cell surface
lineage markers such as cluster of differentiation (CD)
proteins and cytokine receptors into hematopoietic stem
cells.

[0239] Gene therapy using HSCs has enormous potential
to treat diseases of the hematopoietic system including
immune diseases. In this approach, HSCs are collected from
a patient, gene-modified ex-vivo using integrating retroviral
vectors, and then infused into a patient To date retroviral
vectors have been the only effective gene delivery system for
HSC gene therapy. Gene delivery to HSCs using integrating
vectors thereby allowing for efficient delivery to HSC-
derived mature hematopoietic cells. However, the gene-
modified cells that are infused into a patient are a polyclonal
population, where the different cells have vector proviruses
integrated at different chromosomal locations, which can
result into many adverse mutations, which may be amplified
due to some proliferative/survival advantage of these muta-
tions (Powers and Trobridge (2013) “Identification of Hema-
topoietic Stem Cell Engraftment Genes in Gene Therapy
Studies” J Stem Cell Res Ther S3:004. doi:10.4172/2157-
7633.83-00).

[0240] HSCs are commonly harvested from the peripheral
blood after mobilization (patients receive recombinant
human granulocyte-colony stimulating factor (G-CSF)). The
patient’s peripheral blood is collected and enriched for
HSCs using the CD34+ marker. HSCs are then cultured ex
vivo and exposed to viral vectors. The ex vivo culture period
varies from 1 to 4 days. Prior to the infusion of gene-
modified HSCs, patients may be treated with chemotherapy
agents or irradiation to help enhance the engrafiment effi-
ciency. Gene-modified HSCs are re-infused into the patient
intravenously. The cells migrate into the bone marrow
before finally residing in the sinusoids and perivascular
tissue. Both homing and hematopoiesis are integral aspects
of engraftment. Cells that have reached the stem cell niche
through homing will begin producing mature myeloid and
lymphoid cells from each blood lineage. Hematopoiesis
continues through the action of long-term HSCs, which are
capable of self-renewal for life-long generation of the
patient’s mature blood cells, in particular the production of
common lymphoid progenitor cells, such as T cells and NK
cells, which are key immune cells for eliminating infected
and malignant cells.

[0241] The present invention provides with performing
gene targeted insertion in HSCs to introduce exogenous
coding sequences under the control of endogenous promot-
ers, especially endogenous promoters of genes that are
specifically activated into cells of a particular hematopoietic
lineage or at particular differentiation stage, preferably at a
late stage of differentiation. The HSCs can be transduced
with a polynucleotide vector (donor template), such as an
AAV vector, during an ex-vivo treatment as referred to in the
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previous paragraph, whereas a sequence specific nuclease
reagent is expressed as to promote the insertion of the coding
sequences at the selected locus. The resulting engineered
HSCs can be then engrafted into a patient in need thereof for
a long term in-vivo production of engineered immune cells
that will comprise said exogenous coding sequences.
Depending on the activity of the selected endogenous pro-
moter, the coding sequences will be selectively expressed in
certain lineages or in response to the local environment of
the immune cells in-vivo, thereby providing adoptive immu-
notherapy.

[0242] According to one preferred aspect of the invention,
the exogenous coding sequences are placed under the con-
trol of promoters of a gene, which transcriptional activity is
specifically induced in common lymphoid progenitor cells,
such as CD34, CD43, Flt-3/Flk-2, 1L.-7 R alpha/CD127 and
Neprilysin/CD10.

[0243] More preferably, the exogenous coding sequences
are placed under the control of promoters of a gene, which
transcriptional activity is specifically induced in NK cells,
such as CD161, CD229/SLAMF3, CD96, DNAM-1/CD226,
Fc gamma RII/CD32, Fec gamma RIVRIII (CD32/CD16), Fe
gamma RIII (CD16), IL-2 R beta, Integrin alpha 2/CD49b,
KIR/CD158, NCAM-1/CD56, NKG2A/CD159a, NKG2C/
CD159¢, NKG2D/CD314, NKp30/NCR3, NKp44/NCR2,
NKp46/NCR1, NKp8O0/KLRF1, Siglec-7/CD328 and
TIGIT, or induced in T-cells, such as CCR7, CD2, CD3,
CD4, CDS8, CD28, CD45, CD96, CD229/SLAMF3,
DNAM-1/CD226, CD25/AL-2 R alpha, L-Selectin/CD62L
and TIGIT.

[0244] The invention comprises as a preferred aspect the
introduction of an exogenous sequence encoding a CAR, or
a component thereof, into HSCs, preferably under the tran-
scriptional control of a promoter of a gene that is not
expressed in HSC, more preferably a gene that is only
expressed in the hematopoietic cells produced by said HSC,
and even more preferably of a gene that is only expressed in
T-cells or NK cells.

Conditional CAR Expression in HSCs to Overpass the
Thymus Barrier

[0245] A particular aspect of the present invention con-
cerns the in-vivo production by the above engineered HSCs
of hematopoietic immune cells, such as T-cells or NK-cells,
expressing exogenous coding sequences, in particular a
CAR or a component thereof.

[0246] One major bar of the production of hematopoietic
CAR positive cells by engineered HSCs, for instance, is the
rejection of the CAR positive cells by the immune system
itself, especially by the thymus.

[0247] The blood-thymus barrier regulates exchange of
substances between the circulatory system and thymus,
providing a sequestered environment for immature T cells to
develop. The barrier also prevents the immature T cells from
contacting foreign antigens (since contact with antigens at
this stage will cause the T cells to die by apoptosis).
[0248] One solution provided by the present invention is
to place the sequences encoding the CAR components in the
HSCs under the transcriptional control of promoters which
are not significantly transcribed into the hematopoietic cells
when they pass through the thymus barrier. One example of
a gene that offers a conditional expression of the CAR into
the hematopoietic cells with reduced or no significant tran-
scriptional activity in the thymus is LCK (Uniprot P06239).
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[0249] According to a preferred aspect of the invention the
exogenous sequence encoding a CAR, or a component
thereof, is introduced into the HSC under the transcriptional
control of a gene that is described as being specifically
expressed in T-cells or NK cells, preferably in these types of
cells only.

[0250] The invention thereby provides with a method of
producing HSCs comprising an exogenous coding
sequences to be expressed exclusively in selected hema-
topoietic lineage(s), said coding sequences encoding pref-
erably at least one component of a CAR or of an antigen in
order to stimulate the immune system.

[0251] More broadly, the invention provides with a
method of engineering HSCs by gene targeted insertion of
an exogenous coding sequences to be selectively expressed
in the hematopoietic cells produced by said HSCs. As a
preferred embodiment, said hematopoietic cells produced by
said engineered HSCs express said exogenous coding
sequences in response to selected environmental factors or
in-vivo stimuli to improve their therapeutic potential.
Combining Targeted Sequence Insertion(s) in Immune Cells
with the Inactivation of Endogenous Genomic Sequences
[0252] One particular focus of the present invention is to
perform gene inactivation in primary immune cells at a
locus, by integrating exogenous coding sequence at said
locus, the expression of which improves the therapeutic
potential of said engineered cells. Examples of relevant
exogenous coding sequences that can be inserted according
to the invention have been presented above in connection
with their positive effects on the therapeutic potential of the
cells. Here below are presented the endogenous gene that are
preferably targeted by gene targeted insertion and the advan-
tages associated with their inactivation.

[0253] According to a preferred aspect of the invention,
the insertion of the coding sequence has the effect of
reducing or preventing the expression of genes involved into
self and non-self recognition to reduce host versus graft
disease (GVHD) reaction or immune rejection upon intro-
duction of the allogeneic cells into a recipient patient. For
instance, one of the sequence-specific reagents used in the
method can reduce or prevent the expression of TCR in
primary T-cells, such as the genes encoding TCR-alpha or
TCR-beta.

[0254] As another preferred aspect, one gene editing step
is to reduce or prevent the expression of the 182m protein
and/or another protein involved in its regulation such as
C2TA (Uniprot P33076) or in MHC recognition, such as
HLA proteins. This permits the engineered immune cells to
be less alloreactive when infused into patients.

[0255] By “allogeneic therapeutic use” is meant that the
cells originate from a donor in view of being infused into
patients having a different haplotype. Indeed, the present
invention provides with an efficient method for obtaining
primary cells, which can be gene edited in various gene loci
involved into host-graft interaction and recognition.

[0256] Other loci may also be edited in view of improving
the activity, the persistence of the therapeutic activity of the
engineered primary cells as detailed here after

Inactivation of Checkpoint Receptors and Immune Cells
Inhibitory Pathways:

[0257] According to a preferred aspect of the invention,
the inserted exogenous coding sequence has the effect of
reducing or preventing the expression of a protein involved
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in immune cells inhibitory pathways, in particular those
referred to in the literature as “immune checkpoint” (Pardoll,
D. M. (2012) The blockade of immune checkpoints in cancer
immunotherapy, Nature Reviews Cancer, 12:252-264). In
the sense of the present invention, “immune cells inhibitory
pathways” means any gene expression in immune cells that
leads to a reduction of the cytotoxic activity of the lympho-
cytes towards malignant or infected cells. This can be for
instance a gene involved into the expression of FOXP3,
which is known to drive the activity of Tregs upon T cells
(moderating T-cell activity).

[0258] “Immune checkpoints” are molecules in the
immune system that either turn up a signal (co-stimulatory
molecules) or turn down a signal of activation of an immune
cell. As per the present invention, immune checkpoints more
particularly designate surface proteins involved in the
ligand-receptor interactions between T cells and antigen-
presenting cells (APCs) that regulate the T cell response to
antigen (which is mediated by peptide-major histocompat-
ibility complex (MHC) molecule complexes that are recog-
nized by the T cell receptor (TCR)). These interactions can
occur at the initiation of T cell responses in lymph nodes
(where the major APCs are dendritic cells) or in peripheral
tissues or tumours (where effector responses are regulated).
One important family of membrane-bound ligands that bind
both co-stimulatory and inhibitory receptors is the B7 fam-
ily. All of the B7 family members and their known ligands
belong to the immunoglobulin superfamily. Many of the
receptors for more recently identified B7 family members
have not yet been identified. Tumour necrosis factor (TNF)
family members that bind to cognate TNF receptor family
molecules represent a second family of regulatory ligand-
receptor pairs. These receptors predominantly deliver co-
stimulatory signals when engaged by their cognate ligands.
Another major category of signals that regulate the activa-
tion of T cells comes from soluble cytokines in the microen-
vironment. In other cases, activated T cells upregulate
ligands, such as CD40L, that engage cognate receptors on
APCs. A2aR, adenosine A2a receptor; B7RP1, B7-related
protein 1; BTLA, B and T lymphocyte attenuator; GAL9,
galectin 9; HVEM, herpesvirus entry mediator; ICOS,
inducible T cell co-stimulator; IL, interleukin; KIR, killer
cell immunoglobulin-like receptor; LAG3, lymphocyte acti-
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vation gene 3; PD1, programmed cell death protein 1; PDL,
PD1 ligand; TGFp, transforming growth factor-p; TIM3, T
cell membrane protein 3.

[0259] Examples of further endogenous genes, which
expression could be reduced or suppressed to turn-up acti-
vation in the engineered immune cells according the present
invention are listed in Table 3.

[0260] For instance, the inserted exogenous coding
sequence(s) can have the effect of reducing or preventing the
expression, by the engineered immune cell of at least one
protein selected from PD1 (Uniprot Q15116), CTLA4 (Uni-
prot P16410), PPP2CA (Uniprot P67775), PPP2CB (Uniprot
P62714), PTPN6 (Uniprot P29350), PTPN22 (Uniprot
Q9Y2R2), LAG3 (Uniprot P18627), HAVCR2 (Uniprot
Q8TDQO), BTLA (Uniprot Q7Z6A9), CD160 (Uniprot
095971), TIGIT (Uniprot Q495A1), CD96 (Uniprot
P40200), CRTAM (Uniprot 095727), LAIR1 (Uniprot
Q6GTX8), SIGLEC7 (Uniprot Q9Y286), SIGLECY (Uni-
prot Q9Y336), CD244 (UniprotQIBZWC), TNFRSF1B
(Uniprot014763), TNFRSF10A (Uniprot000220), CASP8
(Uniprot Q14790), CASP10 (Uniprot Q92851), CASP3
(Uniprot P42574), CASP6 (Uniprot P55212), CASP7 (Uni-
prot P55210), FADD (Uniprot Q13158), FAS (Uniprot
P25445), TGFBRII (Uniprot P37173), TGFRBRI (Uniprot
Q15582), SMAD?2 (Uniprot Q15796), SMAD3 (Uniprot
P84022), SMAD4 (Uniprot Q13485), SMADI10 (Uniprot
B7ZSB5), SKI (Uniprot P12755), SKIL (Uniprot P12757),
TGIF1 (Uniprot Q15583), IL1I0RA (Uniprot QI13651),
IL10RB (Uniprot Q08334), HMOX2 (Uniprot P30519),
IL6R  (Uniprot PO08887), IL6ST (Uniprot P40189),
EIF2AK4 (Uniprot Q9P2KS8), CSK (Uniprot P41240),
PAG1 (Uniprot QINWQS8), SIT1 (Uniprot Q9Y3P8),
FOXP3 (Uniprot Q9BZS1), PRDM1 (Uniprot Q60636),
BATF (Uniprot Q16520), GUCY1A2 (Uniprot P33402),
GUCY1A3 (Uniprot QO02108), GUCY1B2 (Uniprot
Q8BXH3) and GUCYB3 (Uniprot Q02153). The gene edit-
ing introduced in the genes encoding the above proteins is
preferably combined with an inactivation of TCR in CAR T
cells.

[0261] Preference is given to inactivation of PD1 and/or
CTLAA4, in combination with the expression of non-endog-
enous immunosuppressive polypeptide, such as a PD-L1
ligand and/or CTLA-4 Ig (see also peptides of Table 1 and
2).

TABLE 3

List of genes involved into immune cells inhibitory pathways

Pathway

Genes that can be inactivated
In the pathway

Co-inhibitory

receptors

Death receptors

CTLA4 (CD152) CTLA4, PPP2CA, PPP2CB,
PTPNG6, PTPN22
PDCDI (PD-1, CD279) PDCDI1
CD223 (lag3) LAG3
HAVCR? (tim3) HAVCR2
BTLA(cd272) BTLA
CD160(by55) CD160
IgSF family TIGIT
CD9%6
CRTAM
LAIRI(cd305) LAIR1
SIGLECs SIGLEC7
SIGLEC9
CD244(2b4) CD244
TRAIL TNFRSF10B, TNFRSF10A, CASPS,

CASP10, CASP3, CASP6, CASP7
FAS FADD, FAS
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TABLE 3-continued

List of genes involved into immune cells inhibitory pathways

Genes that can be inactivated

Pathway In the pathway

Cytokine signalling TGF-beta signaling

TGFBRIL, TGFBRI, SMAD2, SMAD3,

SMAD4, SMADI10, SKI, SKIL, TGIF1

IL10 signalling IL10RA, IL10RB, HMOX?2
IL6 signalling IL6R, IL6ST

Prevention of TCR CSK, PAG1

signalling SIT1

Induced Treg induced Treg FOXP3

Transcription transcription factors PRDM1

factors controlling  controlling exhaustion BATF

exhaustion
Hypoxia mediated ~ iNOS induced guanylated GUCY1A2, GUCY1A3, GUCY1B2,
tolerance cyclase GUCY1B3

Inhibiting Suppressive Cytokines/Metabolites

[0262] According to another aspect of the invention, the
inserted exogenous coding sequence has the effect of reduc-
ing or preventing the expression of genes encoding or
positively regulating suppressive cytokines or metabolites or
receptors thereof, in particular TGFbeta (Uniprot:P01137),
TGFbR (UniprotP37173), IL10 (Uniprot:P22301), IL10R
(Uniprot: Q13651 and/or Q08334), A2aR (Uniprot:
P29274), GCN2 (Uniprot: P15442) and PRDM1 (Uniprot:
075626).

[0263] Preference is given to engineered immune cells in
which a sequence encoding I11.-2, IL.-12 or IL.-15 replaces the
sequence of at least one of the above endogenous genes.

Inducing Resistance to Chemotherapy Drugs

[0264] According to another aspect of the present method,
the inserted exogenous coding sequence has the effect of
reducing or preventing the expression of a gene responsible
for the sensitivity of the immune cells to compounds used in
standard of care treatments for cancer or infection, such as
drugs purine nucleotide analogs (PNA) or 6-Mercaptopurine
(6MP) and 6 thio-guanine (6TG) commonly used in che-
motherapy. Reducing or inactivating the genes involved into
the mode of action of such compounds (referred to as “drug
sensitizing genes”) improves the resistance of the immune
cells to same.

[0265] Examples of drug sensitizing gene are those encod-
ing DCK (Uniprot P27707) with respect to the activity of
PNA, such a clorofarabine et fludarabine, HPRT (Uniprot
P00492) with respect to the activity of purine antimetabo-
lites such as 6MP and 6TG, and GGH (Uniprot Q92820)
with respect to the activity of antifolate drugs, in particular
methotrexate.

[0266] This enables the cells to be used after or in com-
bination with conventional anti-cancer chemotherapies.

Resistance to Immune-Suppressive Treatments

[0267] According to another aspect of the present inven-
tion, the inserted exogenous coding sequence has the effect
of reducing or preventing the expression of receptors or
proteins, which are drug targets, making said cells resistant
to immune-depletion drug treatments. Such target can be
glucocorticoids receptors or antigens, to make the engi-
neered immune cells resistant to glucocorticoids or immune

depletion treatments using antibodies such as Alemtuzumab,
which is used to deplete CD52 positive immune cells in
many cancer treatments.

[0268] Also the method of the invention can comprise
gene targeted insertion in endogenous gene(s) encoding or
regulating the expression of CD52 (Uniprot P31358) and/or
GR (Glucocorticoids receptor also referred to as NR3C1—
Uniprot P04150).

Improving CAR Positive Immune Cells Activity and
Survival

[0269] According to another aspect of the present inven-
tion, the inserted exogenous coding sequence can have the
effect of reducing or preventing the expression of a surface
antigen, such as BCMA, CS1 and CD38, wherein such
antigen is one targeted by a CAR expressed by said immune
cells.

[0270] This embodiment can solve the problem of CAR
targeting antigens that are present at the surface of infected
or malignant cells, but also to some extent expressed by the
immune cell itself.

[0271] According to a preferred embodiment the exog-
enous sequence encoding the CAR or one of its constituents
is integrated into the gene encoding the antigen targeted by
said CAR to avoid self-destruction of the immune cells.

[0272] Engineered Immune Cells and Populations of
Immune Cells
[0273] The present invention is also drawn to the variety

of engineered immune cells obtainable according to one of
the method described previously under isolated form or as
part of populations of cells.

[0274] According to a preferred aspect of the invention the
engineered cells are primary immune cells, such as NK cells
or T-cells, which are generally part of populations of cells
that may involve different types of cells. In general, popu-
lation deriving from patients or donors isolated by leu-
kapheresis from PBMC (peripheral blood mononuclear
cells).

[0275] According to a preferred aspect of the invention,
more than 50% of the immune cells comprised in said
population are TCR negative T-cells. According to a more
preferred aspect of the invention, more than 50% of the
immune cells comprised in said population are CAR positive
T-cells.

[0276] The present invention encompasses immune cells
comprising any combinations of the different exogenous
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coding sequences and gene inactivation, which have been
respectively and independently described above. Among
these combinations are particularly preferred those combin-
ing the expression of a CAR under the transcriptional
control of an endogenous promoter that is steadily active
during immune cell activation and preferably independently
from said activation, and the expression of an exogenous
sequence encoding a cytokine, such as I[.-2, I1.-12 or IL.-15,
under the transcriptional control of a promoter that is
up-regulated during the immune cell activation.

[0277] Another preferred combination is the insertion of
an exogenous sequence encoding a CAR or one of its
constituents under the transcription control of the hypoxia-
inducible factor 1 gene promoter (Uniprot: Q16665).
[0278] The invention is also drawn to a pharmaceutical
composition comprising an engineered primary immune cell
or immune cell population as previously described for the
treatment of infection or cancer, and to a method for treating
a patient in need thereof, wherein said method comprises:

[0279] preparing a population of engineered primary
immune cells according to the method of the invention
as previously described;

[0280] optionally, purifying or sorting said engineered
primary immune cells;

[0281] activating said population of engineered primary
immune cells upon or after infusion of said cells into
said patient.

[0282] Activation and Expansion of T Cells

[0283] Whether prior to or after genetic modification, the
immune cells according to the present invention can be
activated or expanded, even if they can activate or prolif-
erate independently of antigen binding mechanisms. T-cells,
in particular, can be activated and expanded 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 Publication No. 20060121005. T
cells can be expanded in vitro or in vivo. T cells are
generally expanded by contact with an agent that stimulates
a CD3 TCR complex 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 mito-
genic lectins like phytohemagglutinin (PHA) can be used to
create an activation signal for the T-cell.

[0284] As non-limiting examples, T cell populations may
be stimulated in vitro such as by contact with an anti-CD3
antibody, or antigen-binding fragment thereof, or an anti-
CD2 antibody immobilized on a surface, or by contact with
a protein kinase C activator (e.g., bryostatin) in conjunction
with a calcium ionophore. For co-stimulation of an acces-
sory molecule on the surface of the T cells, a ligand that
binds the accessory molecule is used. For example, a popu-
lation 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. Conditions appro-
priate 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, IL-7,
GM-CSF, -10, -2, IL-15, TGFp, and TNF- or any other
additives for the growth of cells known to the skilled artisan.
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Other additives for the growth of cells include, but are not
limited to, surfactant, plasmanate, and reducing agents such
as N-acetyl-cysteine and 2-mercaptoethanoi. Media can
include RPMI 1640, A1IM-V, DMEM, MEM, a-MEM, F-12,
X-Vivo 1, and X-Vivo 20, Optimizer, with added amino
acids, sodium pyruvate, and vitamins, either serum-free or
supplemented with an appropriate amount of serum (or
plasma) or a defined set of hormones, and/or an amount of
cytokine(s) sufficient for the growth and expansion of T
cells. Antibiotics, e.g., penicillin and streptomycin, are
included only in experimental cultures, not in cultures of
cells that are to be infused into a subject. The target cells are
maintained under conditions necessary to support growth,
for example, an appropriate temperature (e.g., 37° C.) and
atmosphere (e.g., air plus 5% CO02). T cells that have been
exposed to varied stimulation times may exhibit different
characteristics

[0285] In another particular embodiment, said cells can be
expanded by co-culturing with tissue or cells. Said cells can
also be expanded in vivo, for example in the subject’s blood
after administrating said cell into the subject.

[0286] Therapeutic Compositions and Applications
[0287] The method of the present invention described
above allows producing engineered primary immune cells
within a limited time frame of about 15 to 30 days, prefer-
ably between 15 and 20 days, and most preferably between
18 and 20 days so that they keep their full immune thera-
peutic potential, especially with respect to their cytotoxic
activity.

[0288] These cells form a population of cells, which
preferably originate from a single donor or patient. These
populations of cells can be expanded under closed culture
recipients to comply with highest manufacturing practices
requirements and can be frozen prior to infusion into a
patient, thereby providing “off the shelf” or “ready to use”
therapeutic compositions.

[0289] As per the present invention, a significant number
of cells originating from the same Leukapheresis can be
obtained, which is critical to obtain sufficient doses for
treating a patient. Although variations between populations
of cells originating from various donors may be observed,
the number of immune cells procured by a leukapheresis is
generally about from 10% to 10*° cells of PBMC. PBMC
comprises several types of cells: granulocytes, monocytes
and lymphocytes, among which from 30 to 60% of T-cells,
which generally represents between 10® to 10° of primary
T-cells from one donor. The method of the present invention
generally ends up with a population of engineered cells that
reaches generally more than about 10® T-cells, more gener-
ally more than about 10° T-cells, even more generally more
than about 10*° T-cells, and usually more than 10" T-cells.
[0290] The invention is thus more particularly drawn to a
therapeutically effective population of primary immune
cells, wherein at least 30%, preferably 50%, more preferably
80% of the cells in said population have been modified
according to any one the methods described herein. Said
therapeutically effective population of primary immune
cells, as per the present invention, comprises immune cells
that have integrated at least one exogenous genetic sequence
under the transcriptional control of an endogenous promoter
from at least one of the genes listed in Table 6.

[0291] Such compositions or populations of cells can
therefore be used as medicaments; especially for treating
cancer, particularly for the treatment of lymphoma, but also
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for solid tumors such as melanomas, neuroblastomas, glio-
mas or carcinomas such as lung, breast, colon, prostate or
ovary tumors in a patient in need thereof.

[0292] The invention is more particularly drawn to popu-
lations of primary TCR negative T-cells originating from a
single donor, wherein at least 20%, preferably 30%, more
preferably 50% of the cells in said population have been
modified using sequence-specific reagents in at least two,
preferably three different loci.

[0293] 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:

[0294] (a) Determining specific antigen markers present
at the surface of patients tumors biopsies;

[0295] (b) providing a population of engineered pri-
mary immune cells engineered by one of the methods
of the present invention previously described express-
ing a CAR directed against said specific antigen mark-
ers;

[0296] (c) Administrating said engineered population of
engineered primary immune cells to said patient,
[0297] Generally, said populations of cells mainly com-
prises CD4 and CDS positive immune cells, such as T-cells,
which can undergo robust in vivo T cell expansion and can
persist for an extended amount of time in-vitro and in-vivo.
[0298] The treatments involving the engineered primary
immune cells according to the present invention can be
ameliorating, curative or prophylactic. It may be either part
of an autologous immunotherapy or part of an allogenic
immunotherapy treatment. By autologous, it is meant that
cells, cell line or population of cells used for treating patients
are originating from said patient or from a Human Leuco-
cyte Antigen (HLA) compatible donor. By allogeneic is
meant that the cells or population of cells used for treating
patients are not originating from said patient but from a

donor.

[0299] In another embodiment, said isolated cell accord-
ing to the invention or cell line derived from said isolated
cell can be used for the treatment of liquid tumors, and
preferably of T-cell acute lymphoblastic leukemia.

[0300] Adult tumors/cancers and pediatric tumors/cancers
are also included.

[0301] The treatment with the engineered immune cells
according to the invention may be 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.

[0302] According to a preferred embodiment of the inven-
tion, said treatment can be administrated into patients under-
going an immunosuppressive treatment. Indeed, the present
invention preferably relies on cells or population of cells,
which have been made resistant to at least one immunosup-
pressive agent due to the inactivation of a gene encoding a
receptor for such immunosuppressive agent. In this aspect,
the immunosuppressive treatment should help the selection
and expansion of the T-cells according to the invention
within the patient.

[0303] 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, intradermally, intratumor-
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ally, intranodally, intramedullary, intramuscularly, by
intravenous or intralymphatic injection, or intraperitoneally.
In one embodiment, the cell compositions of the present
invention are preferably administered by intravenous injec-
tion.

[0304] 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 present invention thus can provide more than 10,
generally more than 50, more generally more than 100 and
usually more than 1000 doses comprising between 10% to
10® gene edited cells originating from a single donor’s or
patient’s sampling.

[0305] The cells or population of cells can be adminis-
trated in one or more doses. In another embodiment, said
effective amount of cells are administrated as a single dose.
In another embodiment, said effective amount of cells are
administrated as more than one dose over a period time.
Timing of administration is within the judgment of manag-
ing physician and depends on the clinical condition of the
patient. The cells or population of cells may be obtained
from any source, such as a blood bank or a donor. While
individual needs vary, determination of optimal ranges of
effective amounts of a given cell type for a particular disease
or conditions within the skill of the art. An effective amount
means an amount which provides a therapeutic or prophy-
lactic 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.

[0306] In another embodiment, said effective amount of
cells or composition comprising those cells are adminis-
trated parenterally. Said administration can be an intrave-
nous administration. Said administration can be directly
done by injection within a tumor.

[0307] 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)
(Henderson, Naya et al. 1991; Liu, Albers et al. 1992; Bierer,
Hollander et al. 1993). In a further embodiment, the cell
compositions of the present invention are administered to a
patient in conjunction with (e.g., before, simultaneously or
following) bone marrow transplantation, T cell ablative
therapy using either chemotherapy agents such as, fludara-
bine, external-beam radiation therapy (XRT), cyclophosph-
amide, or antibodies such as OKT3 or CAMPATH, In
another embodiment, the cell compositions of the present
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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 stan-
dard 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 immune cells of the present
invention. In an additional embodiment, expanded cells are
administered before or following surgery.

[0308] When CARs are expressed in the immune cells or
populations of immune cells according to the present inven-
tion, the preferred CARs are those targeting at least one
antigen selected from CD22, CD38, CD123, CS1, HSP70,
RORI1, GD3, and CLLI1.

[0309] The engineered immune cells according to the
present invention endowed with a CAR or a modified TCR
targeting CD22 are preferably used for treating leukemia,
such as acute lymphoblastic leukemia (ALL), those with a
CAR or a modified TCR targeting CD38 are preferably used
for treating leukemia such as T-cell acute lymphoblastic
leukemia (T-ALL) or multiple myeloma (MM), those with a
CAR or a modified TCR targeting CD123 are preferably
used for treating leukemia, such as acute myeloid leukemia
(AML), and blastic plasmacytoid dendritic cells neoplasm
(BPDCN), those with a CAR or a modified TCR targeting
CS1 are preferably used for treating multiple myeloma
(MM).

[0310] The present invention also encompasses means for
detecting the engineered cells of the present invention
comprising the desired genetic insertions, especially by
carrying out steps of using PCR methods for detecting
insertions of exogenous coding sequences at the endogenous
loci referred to in the present specification, especially at the
PD1, CD25, CD69 and TCR loci, by using probes or primers
hybridizing any sequences represented by SEQ ID NO:36 to
40.

[0311] Immunological assays may also be performed for
detecting the expression by the engineered cells of CARs,
GP130, and to check absence or reduction of the expression
of TCR, PDI1, IL-6 or IL-8 in the cells where such genes
have been knocked-out or their expression reduced.

Other Definitions

[0312] 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.

[0313] Amino acid substitution means the replacement of
one amino acid residue with another, for instance the
replacement of an Arginine residue with a Glutamine residue
in a peptide sequence is an amino acid substitution.

[0314] 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 nucleo-
tides), k represents g or t, s represents g or ¢, w represents
a or t, m represents a or ¢, y represents t or ¢ (pyrimidine
nucleotides), d represents g, a or t, v represents g, aor ¢, b
represents g, t or ¢, h represents a, t or ¢, and n represents g,
a,torc.

[0315] “As used herein, “nucleic acid” or “polynucle-
otides” refers to nucleotides and/or polynucleotides, such as
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA),
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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 mono-
mers 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. Modified nucleotides can
have alterations in sugar moieties and/or in pyrimidine or
purine base moieties. Sugar modifications include, for
example, replacement of one or more hydroxyl groups with
halogens, alkyl groups, amines, and azido groups, or sugars
can be functionalized as ethers or esters. Moreover, the
entire sugar moiety can be replaced with sterically and
electronically similar structures, such as aza-sugars and
carbocyclic sugar analogs. Examples of modifications in a
base moiety include alkylated purines and pyrimidines,
acylated purines or pyrimidines, or other well-known het-
erocyclic substitutes. Nucleic acid monomers can be linked
by phosphodiester bonds or analogs of such linkages.
Nucleic acids can be either single stranded or double
stranded.

[0316] The term “endonuclease” refers to any wild-type or
variant enzyme capable of catalyzing the hydrolysis (cleav-
age) of bonds between nucleic acids within a DNA or RNA
molecule, preferably a DNA molecule. Endonucleases do
not cleave the DNA or RNA molecule irrespective of its
sequence, but recognize and cleave the DNA or RNA
molecule at specific polynucleotide sequences, further
referred to as “target sequences” or “target sites”. Endonu-
cleases can be classified as rare-cutting endonucleases when
having typically a polynucleotide recognition site greater
than 10 base pairs (bp) in length, more preferably of 14-55
bp. Rare-cutting endonucleases significantly increase
homologous recombination by inducing DNA double-strand
breaks (DSBs) at a defined locus thereby allowing gene
repair or gene insertion therapies (Pingoud, A. and G. H.
Silva (2007). Precision genome surgery. Nat. Biotechnol.
25(7): 743-4).

[0317] By “DNA target”, “DNA target sequence”, “target
DNA sequence”, “nucleic acid target sequence”, “target
sequence”, or “processing site” is intended a polynucleotide
sequence that can be targeted and processed by a rare-cutting
endonuclease according to the present invention. These
terms refer to a specific DNA location, preferably a genomic
location in a cell, but also a portion of genetic material that
can exist independently to the main body of genetic material
such as plasmids, episomes, virus, transposons or in organ-
elles such as mitochondria as non-limiting example. As
non-limiting examples of RNA guided target sequences, are
those genome sequences that can hybridize the guide RNA
which directs the RNA guided endonuclease to a desired
locus.

[0318] By “mutation” is intended the substitution, dele-
tion, insertion of up to one, two, three, four, five, six, seven,
eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen,
twenty, twenty five, thirty, forty, fifty, or more nucleotides/
amino acids in a polynucleotide (cDNA, gene) or a poly-
peptide sequence. The mutation can affect the coding
sequence of a gene or its regulatory sequence. It may also
affect the structure of the genomic sequence or the structure/
stability of the encoded mRNA.

[0319] By “vector” is meant a nucleic acid molecule
capable of transporting another nucleic acid to which it has
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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-syn-
thetic or synthetic nucleic acids. Preferred vectors are those
capable of autonomous replication (episomal vector) and/or
expression of nucleic acids to which they are linked (expres-
sion vectors). Large numbers of suitable vectors are known
to those of skill in the art and commercially available. Viral
vectors include retrovirus, adenovirus, parvovirus (e. g.
adenoassociated viruses (AAV), 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 picomavirus and alphavirus, and
double-stranded DNA viruses including adenovirus, herpes-
virus (e. g., Herpes Simplex virus types 1 and 2, Epstein-
Barr virus, cytomegalovirus), and poxvirus (e. g., vaccinia,
fowlpox and canarypox). Other viruses include Norwalk
virus, togavirus, flavivirus, reoviruses, papovavirus, hepad-
navirus, and hepatitis virus, for example. Examples of
retroviruses include: avian leukosis-sarcoma, mammalian
C-type, B-type viruses, D type viruses, HTLV-BLV group,
lentivirus, spumavirus (Coffin, J. M., Retroviridae: The
viruses and their replication, In Fundamental Virology,
Third Edition, B. N. Fields, et al., Eds., Lippincott-Raven
Publishers, Philadelphia, 1996).

[0320] As used herein, the term “locus™ is the specific
physical location of a DNA sequence (e.g. of a gene) into a
genome. The term “locus™ can refer to the specific physical
location of a rare-cutting endonuclease target sequence on a
chromosome or on an infection agent’s genome sequence.
Such a locus can comprise a target sequence that is recog-
nized and/or cleaved by a sequence-specific endonuclease
according to the invention. It is understood that the locus of
interest of the present invention can not only qualify a
nucleic acid sequence that exists in the main body of genetic
material (i.e. in a chromosome) of a cell but also a portion
of genetic material that can exist independently to said main
body of genetic material such as plasmids, episomes, virus,
transposons or in organelles such as mitochondria as non-
limiting examples.

[0321] 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.

[0322] “identity” refers to sequence identity between two
nucleic acid molecules or polypeptides. Identity can be
determined by comparing a position in each sequence which
may be aligned for purposes of comparison. 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 programs
may be used to calculate the identity between two
sequences, including FASTA, or BLAST which are available
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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.

[0323] The term “subject” or “patient” as used herein
includes all members of the animal kingdom including
non-human primates and humans.

[0324] The above written description of the invention
provides a manner and process of making and using it such
that any person skilled in this art is enabled to make and use
the same, this enablement being provided in particular for
the subject matter of the appended claims, which make up a
part of the original description.

[0325] Where a numerical limit or range is stated herein,
the endpoints are included. Also, all values and subranges
within a numerical limit or range are specifically included as
if explicitly written out.

[0326] Having generally described this invention, a further
understanding can be obtained by reference to certain spe-
cific examples, which are provided herein for purposes of
illustration only, and are not intended to limit the scope of
the claimed invention.

EXAMPLES

Example 1: AAV Driven Homologous
Recombination in Human Primary T-Cells at
Various Loci Under Control of Endogenous

Promoters with Knock-Out of the Endogenous
Gene

[0327] Introduction

[0328] Sequence specific endonuclease reagents, such as
TALEN® (Cellectis, 8 rue de la Croix Jarry, 75013 PARIS)
enable the site-specific induction of double-stranded breaks
(DSBs) in the genome at desired loci. Repair of DSBs by
cellular enzymes occurs mainly through two pathways:
non-homologous end joining (NHEJ) and homology
directed repair (HDR). HDR uses a homologous piece of
DNA (template DNA) to repair the DSB by recombination
and can be used to introduce any genetic sequence com-
prised in the template DNA. As shown therein, said template
DNA can be delivered by recombinant adeno-associated
virus (rAAV) along with an engineered nuclease such as
TALEN® to introduce a site-specific DSB.

[0329] Design of the Integration Matrices

[0330] 1.1. Insertion of an Apoptosis CAR in an Upregu-
lated Locus with Knock-Out of the Endogenous PD1 Gene
Coding Sequence

[0331] The location of the TALEN target site has been
designed to be located in the targeted endogenous PDCD1
gene (Programmed cell death protein 1 referred to as PD1—
Uniprot #Q15116). The sequence encompassing 1000 bp
upstream and downstream the TALEN targets is given in
SEQ ID NO:1 and SEQ ID NO:2. Target sequences of the
TALEN (SEQ ID NO:3 and SEQ ID NO:4) is given in SEQ
ID NO:5. The integration matrix is designed to be composed
of a sequence (300 bp) homologous to the endogenous gene
upstream of the TALEN site (SEQ ID NO:1), followed by a
2A regulatory element (SEQ ID NO:6), followed by a
sequence encoding an apoptosis inducing CAR without the
start codon (SEQ ID NO:7), followed by a STOP codon
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(TAG), followed by a polyadenylation sequence (SEQ ID
NO:8), followed by a sequence (1000 bp) homologous to the
endogenous gene downstream of the TALEN site (SEQ ID
NO:2). The insertion matrix is subsequently cloned into a
promoterless rAAV vector and used to produce AAV6.

[0332] 1.2 Insertion of an Interleukin in an Upregulated
Locus with Knock-Out of the Endogenous Gene

[0333] The location of the TALEN target site is designed
to be located in the targeted endogenous PDCDI1 gene
(Programmed cell death protein 1, PD1). The sequence
encompassing 1000 bp upstream and downstream the
TALEN targets is given in SEQ ID NO:1 and SEQ ID NO:2.
Target sequences of the TALEN (SEQ ID NO:3 and SEQ ID
NO:4) is given in SEQ ID NO:5. The integration matrix is
designed to be composed of a sequence (300 bp) homolo-
gous to the endogenous gene upstream of the TALEN site
(SEQ ID NO:1), followed by a 2A regulatory element (SEQ
ID NO:6), followed by a sequence encoding an engineered
single-chained human 1[.-12 p35 (SEQ ID NO:9) and p40
(SEQ ID NO:10) subunit fusion protein, followed by a
STOP codon (TAG), followed by a polyadenylation
sequence (SEQ ID NO:8), followed by a sequence (1000 bp)
homologous to the endogenous gene downstream of the
TALEN site (SEQ ID NO:2). The insertion matrix is sub-
sequently cloned into a promoterless rAAV vector and used
to produce AAVG.

[0334] 1.3 Insertion of an Apoptosis CAR in a Weakly
Expressed Locus without Knocking Out the Endogenous
Gene—N-Terminal Insertion

[0335] The location of the TALEN target site is designed
to be located as close as possible to the start codon of the
targeted endogenous LCK gene (LCK, LCK proto-onco-
gene, Src family tyrosine kinase [Homo sapiens (human))).
The sequence encompassing 1000 bp upstream and down-
stream the start codon is given in SEQ ID NO:11 and SEQ
ID NO:12. The integration matrix is designed to be com-
posed of a sequence (1000 bp) homologous to the endog-
enous gene upstream of the start codon, followed by a
sequence encoding an apoptosis inducing CAR containing a
start codon (SEQ ID NO:13), followed by a 2A regulatory
element (SEQ ID NO:8), followed by a sequence (1000 bp)
homologous to the endogenous gene downstream of the start
codon (SEQ ID NO:12). The insertion matrix is subse-
quently cloned into a promoterless rAAV vector and used to
produce AAV6.
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[0336]

Gene—C-Terminal Insertion
[0337]

less rAAV vector and used to produce AAV6.

[0338] Expression of the Sequence-Specific Nuclease
Reagents in the Transduced Cells
[0339] TALEN® mRNA is synthesized using the mMes-

sage mMachine T7 Ultra kit (Thermo Fisher Scientific,
Grand Island, NY) as each TALEN is cloned downstream of
a T7 promoter, purified using RNeasy columns (Qiagen,
Valencia, CA) and eluted in “cytoporation medium T~
(Harvard Apparatus, Holliston, MA). Human T-cells are
collected and activated from whole peripheral blood pro-
vided by ALLCELLS (Alameda, CA) in X-Vivo-15 medium
(Lonza, Basel, Switzerland) supplemented with 20 ng/ml
human IL.-2 (Miltenyi Biotech, San Diego, CA), 5% human
AB serum (Gemini Bio-Products, West San Francisco, CA)
and Dynabeads Human T-activator CD3/CD28 at a 1:1
bead:cell ratio (Thermo Fisher Scientific, Grand Island,
NY). Beads are removed after 3 days and 5x10° cells are
electroporated with 10 pg mRNA of each of the two
adequate TALEN® using Cytopulse (BTX Harvard Appa-
ratus, Holliston, MA) by applying two 0.1 mS pulses at
3,000 V/em followed by four 0.2 mS pulses at 325 V/em in
0.4 cm gap cuvettes in a final volume of 200 pl of “cyto-
poration medium T (BTX Harvard Apparatus, Holliston,
Massachusetts). Cells are immediately diluted in X-Vivo-15
media with 20 ng/m[. IL-2 and incubated at 37° C. with 5%
CO,. After two hours, cells are incubated with AAV6
particles at 3x10=viral genomes (vg) per cell (37° C., 16
hours). Cells are passaged and maintained in X-Vivo-15
medium supplemented with 5% human AB serum and 20
ng/ml IL.-2 until examined by flow cytometry for expression

of the respective inserted gene sequences.

TABLE 4

Sequenceg referred to in example 1

Polynucleotide or polypeptide sequences

Sequence Ref.

name sequences
PD1 left SEQ ID
homology NO: 1

CCAAGCCCTGACCCTGGCAGGCATATGTTTCAGGAGGTCCTTGTCTTGGGA
GCCCAGGGTCGGGGGCCCCGTGTCTGTCCACATCCGAGT CAATGGCCCAT
CTCGTCTCTGAAGCATCTTTGCTGTGAGCTCTAGTCCCCACTGTCTTGCTGG
AAAATGTGGAGGCCCCACTGCCCACTGCCCAGGGCAGCAATGCCCATACC
ACGTGGTCCCAGCTCCGAGCTTGTCCTGAAAAGGGGGCAAAGACTGGACC
CTGAGCCTGCCAAGGGGCCACACTCCTCCCAGGGCTGGGGTCTCCATGGG
CAGCCCCCCACCCACCCAGACCAGTTACACTCCCCTGTGCCAGAGCAGTGC
AGACAGGACCAGGCCAGGATGCCCAAGGGTCAGGGGCTGGGGATGGGT
AGCCCCCAAACAGCCCTTTCTGGGGGAACTGGCCTCAACGGGGAAGGGG
GTGAAGGCTCTTAGTAGGAAATCAGGGAGACCCAAGTCAGAGCCAGGTG

1.4 Insertion of an Apoptosis CAR in a Weakly
Expressed Locus without Knocking Out the Endogenous

The location of the TALEN target site is designed
to be located as close as possible to the stop codon of the
targeted endogenous LCK gene (LCK, LCK proto-onco-
gene, Src family tyrosine kinase [Homo sapiens (human)]).
The sequence encompassing 1000 bp upstream and down-
stream the stop codon is given in SEQ ID NO:14 and SEQ
ID NO:15. The integration matrix is designed to be com-
posed of a sequence (1000 bp) homologous to the endog-
enous gene upstream of the stop codon, followed by a 2A
regulatory element (SEQ ID NO:8), followed by a sequence
encoding an apoptosis inducing CAR without the start codon
(SEQ ID NO:7), followed by a STOP codon (TAG), fol-
lowed by a sequence (1000 bp) homologous to the endog-
enous gene downstream of the stop codon (SEQ ID NO:15).
The insertion matrix is subsequently cloned into a promoter-
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TABLE 4-continued

Sequenceg referred to in example 1

Sequence
name

Ref.

sequences Polynucleotide or polypeptide sequences

PD1 right
homology

PD1_T3C-L2

SEQ ID

NO:

SEQ ID

NO:

2

3

CTGTGCAGAAGCTGCAGCCTCACGTAGAAGGAAGAGGCTCTGCAGTGGA
GGCCAGTGCCCATCCCCGGGTGGCAGAGGCCCCAGCAGAGACTTCTCAAT
GACATTCCAGCTGGGGTGGCCCTTCCAGAGCCCTTGCTGCCCGAGGGATG
TGAGCAGGTGGCCGGGGAGGCTTTGTGGGGCCACCCAGCCCCTTCCTCAC
CTCTCTCCATCTCTCAGACTCCCCAGACAGGCCCTGGAACCCCCCCACCTTC
TCCCCAGCCCTGCTCGTGGTGACCGAAGGGGACAACGCCACCTTCACCTGC
AGCTTCTCCAACACATCGGAGAGCTTCGTGCTAAACTGGTACCGCATGAGC
CCCAGCAACCAGACGGACAAGCTGGCCGCCTTCCCCGAGGACCGCAGCCA
GCCCGGCCAGGACTGCCGCTTCCGTGTCACACAACTGCCCAACGGGCGTG
ACTTCCACATGAGCGTGGTCAGGGCCCGGCGCAATGACAGCGGCACT

GCCTGCGGGCAGAGCTCAGGGTGACAGGTGCGGCCTCGGAGGCCCCGGG
GCAGGGGTGAGCTGAGCCGGTCCTGGGGTGGGTGTCCCCTCCTGCACAG
GATCAGGAGCTCCAGGGTCGTAGGGCAGGGACCCCCCAGCTCCAGTCCAG
GGCTCTGTCCTGCACCTGGGGAATGGTGACCGGCATCTCTGTCCTCTAGCT
CTGGAAGCACCCCAGCCCCTCTAGTCTGCCCTCACCCCTGACCCTGACCCTC
CACCCTGACCCCGTCCTAACCCCTGACCTTTGTGCCCTTCCAGAGAGAAGG
GCAGAAGTGCCCACAGCCCACCCCAGCCCCTCACCCAGGCCAGCCGGCCA
GTTCCAAACCCTGGTGGTTGGTGTCGTGGGCGGCCTGCTGGGCAGCCTGG
TGCTGCTAGTCTGGGTCCTGGCCGTCATCTGCTCCCGGGCCGCACGAGGTA
ACGTCATCCCAGCCCCTCGGCCTGCCCTGCCCTAACCCTGCTGGCGGCCCT
CACTCCCGCCTCCCCTTCCTCCACCCTTCCCTCACCCCACCCCACCTCCCCCC
ATCTCCCCGCCAGGCTAAGTCCCTGATGAAGGCCCCTGGACTAAGACCCCC
CACCTAGGAGCACGGCTCAGGGTCGGCCTGGTGACCCCAAGTGTGTTTCT
CTGCAGGGACAATAGGAGCCAGGCGCACCGGCCAGCCCCTGGTGAGTCTC
ACTCTTTTCCTGCATGATCCACTGTGCCTTCCTTCCTGGGTGGGCAGAGGT
GGAAGGACAGGCTGGGACCACACGGCCTGCAGGACTCACATTCTATTATA
GCCAGGACCCCACCTCCCCAGCCCCCAGGCAGCAACCTCAATCCCTAAAGC
CATGATCTGGGGCCCCAGCCCACCTGCGGTCTCCGGGGGTGCCCGGCCCA
TGTGTGTGCCTGCCTGCGGTCTCCAGGGGTGCCTGGCCCACGCGTGTGCC
CGCCTGCGGTCTCTGGGGGTGCCCGGCCCACATATGTGCC

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATATCGCCGATCTACG
CACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATCAAACCGAAGGTTC
GTTCGACAGTGGCGCAGCACCACGAGGCACTGGTCGGCCACGGGTTTACA
CACGCGCACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCGT
CGCTGTCAAGTATCAGGACATGATCGCAGCGTTGCCAGAGGCGACACACG
AAGCGATCGTTGGCGTCGGCAAACAGTGGTCCGGCGCACGCGCTCTGGA
GGCCTTGCTCACGGTGGCGGGAGAGT TGAGAGGTCCACCGTTACAGTTGG
ACACAGGCCAACTTCTCAAGATTGCAAAACGTGGCGGCGTGACCGCAGTG
GAGGCAGTGCATGCATGGCGCAATGCACTGACGGGTGCCCCGCTCAACTT
GACCCCCGAGCAAGTGGTGGCTATCGCTTCCAAGCTGGGGGGARAGCAG
GCCCTGGAGACCGTCCAGGCCCTTCTCCCAGTGCTTTGCCAGGCTCACGGA
CTGACCCCTGAACAGGTGGTGGCAATTGCCTCACACGACGGGGGCAAGCA
GGCACTGGAGACTGTCCAGCGGCTGCTGCCTGTCCTCTGCCAGGCCCACG
GACTCACTCCTGAGCAGGTCGTGGCCATTGCCAGCCACGATGGGGGCARA
CAGGCTCTGGAGACCGTGCAGCGCCTCCTCCCAGTGCTGTGCCAGGCTCAT
GGGCTGACCCCACAGCAGGTCGTCGCCATTGCCAGTAACGGCGGGGGGA
AGCAGGCCCTCGAAACAGTGCAGAGGCTGCTGCCCGTCTTGTGCCAAGCA
CACGGCCTGACACCCGAGCAGGTGGTGGCCATCGCCTCTCATGACGGCGG
CAAGCAGGCCCTTGAGACAGTGCAGAGACTGTTGCCCGTGTTGTGTCAGG
CCCACGGGTTGACACCCCAGCAGGTGGTCGCCATCGCCAGCAATGGCGGG
GGAAAGCAGGCCCTTGAGACCGTGCAGCGGTTGCTTCCAGTGTTGTGCCA
GGCACACGGACTGACCCCTCAACAGGTGGTCGCAATCGCCAGCTACAAGG
GCGGAAAGCAGGCTCTGGAGACAGTGCAGCGCCTCCTGCCCGTGCTGTGT
CAGGCTCACGGACTGACACCACAGCAGGTGGTCGCCATCGCCAGTAACGG
GGGCGGCAAGCAGGCTTTGGAGACCGTCCAGAGACTCCTCCCCGTCCTTT
GCCAGGCCCACGGGTTGACACCTCAGCAGGTCGTCGCCATTGCCTCCAAC
AACGGGGGCAAGCAGGCCCTCGAAACTGTGCAGAGGCTGCTGCCTGTGCT
GTGCCAGGCTCATGGGCTGACACCCCAGCAGGTGGTGGCCATTGCCTCTA
ACAACGGCGGCAAACAGGCACTGGAGACCGTGCAAAGGCTGCTGCCCGT
CCTCTGCCAAGCCCACGGGCTCACTCCACAGCAGGTCGTGGCCATCGCCTC
AAACAATGGCGGGAAGCAGGCCCTGGAGACTGTGCAAAGGCTGCTCCCT
GTGCTCTGCCAGGCACACGGACTGACCCCTCAGCAGGTGGTGGCAATCGC
TTCCAACAACGGGGGAAAGCAGGCCCTCGAAACCGTGCAGCGCCTCCTCC
CAGTGCTGTGCCAGGCACATGGCCTCACACCCGAGCAAGTGGTGGCTATC
GCCAGCCACGACGGAGGGAAGCAGGCTCTGGAGACCGTGCAGAGGCTGC
TGCCTGTCCTGTGCCAGGCCCACGGGCTTACTCCAGAGCAGGTCGTCGCCA
TCGCCAGTCATGATGGGGGGAAGCAGGCCCTTGAGACAGTCCAGCGGCT
GCTGCCAGTCCTTTGCCAGGCTCACGGCTTGACTCCCGAGCAGGTCGTGGC
CATTGCCTCAAACATTGGGGGCAAACAGGCCCTGGAGACAGTGCAGGCCC
TGCTGCCCGTGTTGTGTCAGGCCCACGGCTTGACACCCCAGCAGGTGGTC
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TABLE 4-continued

Sequenceg referred to in example 1

Sequence
name

Ref.

sequences Polynucleotide or polypeptide sequences

PD1T3R

SEQ ID

NO:

4

GCCATTGCCTCTAATGGCGGCGGGAGACCCGCCTTGGAGAGCATTGTTGC
CCAGTTATCTCGCCCTGATCCGGCGTTGGCCGCGTTGACCAACGACCACCT
CGTCGCCTTGGCCTGCCTCGGCGGGCGTCCTGCGCTGGATGCAGTGAARA
AGGGATTGGGGGATCCTATCAGCCGTTCCCAGCTGGTGAAGTCCGAGCTG
GAGGAGAAGAAATCCGAGTTGAGGCACAAGCTGAAGTACGTGCCCCACG
AGTACATCGAGCTGATCGAGATCGCCCGGAACAGCACCCAGGACCGTATC
CTGGAGATGAAGGTGATGGAGTTCTTCATGAAGGTGTACGGCTACAGGG
GCAAGCACCTGGGCGGCTCCAGGAAGCCCGACGGCGCCATCTACACCGTG
GGCTCCCCCATCGACTACGGCGTGATCGTGGACACCAAGGCCTACTCCGG
CGGCTACAACCTGCCCATCGGCCAGGCCGACGAAATGCAGAGGTACGTGG
AGGAGAACCAGACCAGGAACAAGCACATCAACCCCAACGAGTGGTGGAA
GGTGTACCCCTCCAGCGTGACCGAGTTCAAGTTCCTGTTCGTGTCCGGCCA
CTTCAAGGGCAACTACAAGGCCCAGCTGACCAGGCTGAACCACATCACCA
ACTGCAACGGCGCCGTGCTGTCCGTGGAGGAGCTCCTGATCGGCGGCGA
GATGATCAAGGCCGGCACCCTGACCCTGGAGGAGGTGAGGAGGAAGTTC
AACAACGGCGAGATCAACTTCGCGGCCGACTGATAA

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATATCGCCGATCTACG
CACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATCAAACCGAAGGTTC
GTTCGACAGTGGCGCAGCACCACGAGGCACTGGTCGGCCACGGGTTTACA
CACGCGCACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCGT
CGCTGTCAAGTATCAGGACATGATCGCAGCGTTGCCAGAGGCGACACACG
AAGCGATCGTTGGCGTCGGCAAACAGTGGTCCGGCGCACGCGCTCTGGA
GGCCTTGCTCACGGTGGCGGGAGAGT TGAGAGGTCCACCGTTACAGTTGG
ACACAGGCCAACTTCTCAAGATTGCAAAACGTGGCGGCGTGACCGCAGTG
GAGGCAGTGCATGCATGGCGCAATGCACTGACGGGTGCCCCGCTCAACTT
GACCCCCGAGCAAGTCGTCGCAATCGCCAGCCATGATGGAGGGAAGCAA
GCCCTCGAAACCGTGCAGCGGTTGCTTCCTGTGCTCTGCCAGGCCCACGGTC
CTTACCCCTCAGCAGGTGGTGGCCATCGCAAGTAACGGAGGAGGAAAGCA
AGCCTTGGAGACAGTGCAGCGCCTGTTGCCCGTGCTGTGCCAGGCACACG
GCCTCACACCAGAGCAGGTCGTGGCCATTGCCTCCCATGACGGGGGGARAA
CAGGCTCTGGAGACCGTCCAGAGGCTGCTGCCCGTCCTCTGTCAAGCTCAC
GGCCTGACTCCCCAACAAGTGGTCGCCATCGCCTCTAATGGCGGCGGGAA
GCAGGCACTGGAAACAGTGCAGAGACTGCTCCCTGTGCTTTGCCAAGCTC
ATGGGTTGACCCCCCAACAGGTCGTCGCTATTGCCTCAAACGGGGGGGGC
AAGCAGGCCCTTGAGACTGTGCAGAGGCTGTTGCCAGTGCTGTGTCAGGC
TCACGGGCTCACTCCACAACAGGTGGTCGCAATTGCCAGCAACGGCGGCG
GAAAGCAAGCTCTTGAAACCGTGCAACGCCTCCTGCCCGTGCTCTGTCAGG
CTCATGGCCTGACACCACAACAAGTCGTGGCCATCGCCAGTAATAATGGC
GGGAAACAGGCTCTTGAGACCGTCCAGAGGCTGCTCCCAGTGCTCTGCCA
GGCACACGGGCTGACCCCCGAGCAGGTGGTGGCTATCGCCAGCAATATTG
GGGGCAAGCAGGCCCTGGAAACAGTCCAGGCCCTGCTGCCAGTGCTTTGC
CAGGCTCACGGGCTCACTCCCCAGCAGGTCGTGGCAATCGCCTCCAACGG
CGGAGGGAAGCAGGCTCTGGAGACCGTGCAGAGACTGCTGCCCGTCTTGT
GCCAGGCCCACGGACTCACACCTGAACAGGTCGTCGCCATTGCCTCTCACG
ATGGGGGCAAACAAGCCCTGGAGACAGTGCAGCGGCTGTTGCCTGTGTTG
TGCCAAGCCCACGGCTTGACTCCTCAACAAGTGGTCGCCATCGCCTCAAAT
GGCGGCGGAAAACAAGCT CTGGAGACAGTGCAGAGGTTGCTGCCCGTCC
TCTGCCAAGCCCACGGCCTGACTCCCCAACAGGTCGTCGCCATTGCCAGCA
ACAACGGAGGAAAGCAGGCTCTCGAAACTGTGCAGCGGCTGCTTCCTGTG
CTGTGTCAGGCTCATGGGCTGACCCCCGAGCAAGTGGTGGCTATTGCCTCT
AATGGAGGCAAGCAAGCCCTTGAGACAGTCCAGAGGCTGTTGCCAGTGCT
GTGCCAGGCCCACGGGCTCACACCCCAGCAGGTGGTCGCCATCGCCAGTA
ACAACGGGGGCAAACAGGCATTGGAAACCGTCCAGCGCCTGCTTCCAGTG
CTCTGCCAGGCACACGGACTGACACCCGAACAGGTGGTGGCCATTGCATC
CCATGATGGGGGCAAGCAGGCCCTGGAGACCGTGCAGAGACTCCTGCCA
GTGTTGTGCCAAGCTCACGGCCTCACCCCTCAGCAAGTCGTGGCCATCGCC
TCAAACGGGGGGGGCCGGCCTGCACTGGAGAGCATTGTTGCCCAGTTATC
TCGCCCTGATCCGGCGTTGGCCGCGTTGACCAACGACCACCTCGTCGCCTT
GGCCTGCCTCGGCGGGCGTCCTGCGCTGGATGCAGTGAAAAAGGGATTG
GGGGATCCTATCAGCCGTTCCCAGCTGGTGAAGTCCGAGCTGGAGGAGAA
GAAATCCGAGTTGAGGCACAAGCTGAAGTACGTGCCCCACGAGTACATCG
AGCTGATCGAGATCGCCCGGAACAGCACCCAGGACCGTATCCTGGAGATG
AAGGTGATGGAGTTCTTCATGAAGGTGTACGGCTACAGGGGCAAGCACCT
GGGCGGCTCCAGGAAGCCCGACGGCGCCATCTACACCGTGGGCTCCCCCA
TCGACTACGGCGTGATCGTGGACACCAAGGCCTACTCCGGCGGCTACAAC
CTGCCCATCGGCCAGGCCGACGAAATGCAGAGGTACGTGGAGGAGAACC
AGACCAGGAACAAGCACATCAACCCCAACGAGTGGTGGAAGGTGTACCCC
TCCAGCGTGACCGAGTTCAAGTTCCTGTTCGTGTCCGGCCACTTCAAGGGC
AACTACAAGGCCCAGCTGACCAGGCTGAACCACATCACCAACTGCAACGG
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TABLE 4-continued

Sequenceg referred to in example 1

Sequence Ref.
name sequences Polynucleotide or polypeptide sequences
CGCCGTGCTGTCCGTGGAGGAGCTCCTGATCGGCGGCGAGATGATCAAG
GCCGGCACCCTGACCCTGGAGGAGGTGAGGAGGAAGTTCAACAACGGCG
AGATCAACTTCGCGGCCGACTGATAA
PD1-T3 SEQ ID TACCTCTGTGGGGCCATCTCCCTGGCCCCCAAGGCGCAGATCAAAGAGA
NO: 5
2A-element SEQ ID TCCGGTGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGA
NO: 6 ATCCGGGCCCC
apoptosis CARSEQ ID GCTTTGCCTGTCACTGCCTTGCTGCTTCCACTTGCTCTGTTGTTGCACGCCG
(without NO: 7 CAAGACCCGAGGTCAAGCTCCAGGAAAGCGGACCAGGGCTGGTGGCCCC

start codon)

BGH polyA

Interleukin-
12 subunit
alpha

Interleukin-
12 subunit
beta

TAGTCAGTCATTGAGCGTCACTTGCACCGTCAGCGGCGTGTCTCTGCCCGA
TTACGGCGTGAGCTGGATCAGACAGCCCCCAAGGAAGGGACTGGAGTGG
CTGGGCGTCATCTGGGGGAGCGAGACTACCTACTACAACAGCGCCCTGAA
GAGCAGGCTGACCATCATTAAGGACAACTCCAAGTCCCAGGTCTTTCTGAA
AATGAACAGCCTGCAGACTGATGACACTGCCATCTACTACTGCGCCAAGCA
TTACTACTACGGGGGCAGCTACGCTATGGACTACTGGGGGCAGGGGACCT
CTGTCACAGTGTCAAGTGGCGGAGGAGGCAGTGGCGGAGGGGGAAGTG
GGGGCGGCGGCAGCGACATCCAGATGACCCAGACAACATCCAGCCTCTCC
GCCTCTCTGGGCGACAGAGTGACAATCAGCTGCCGGGCCAGTCAGGACAT
CAGCAAGTATCTCAATTGGTACCAGCAGAAACCAGACGGGACAGTGAAAT
TGCTGATCTACCACACATCCAGGCTGCACTCAGGAGTCCCCAGCAGGTTTT
CCGGCTCCGGCTCCGGGACAGATTACAGTCTGACCATTTCCAACCTGGAGC
AGGAGGATATTGCCACATACTTTTGCCAGCAAGGCAACACTCTGCCCTATA
CCTTCGGCGGAGGCACAAAACTGGAGATTACTCGGTCGGATCCCGAGCCC
AAATCTCCTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTCCCGTG
GCCGGCCCGTCAGTGTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATG
ATCGCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGA
GGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCAT
AATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTG
TGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAG
TACAAGTGCAAGGTGTCCAACAAAGCCCTCCCAGCCCCCATCGAGARAAC
CATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGC
CCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTG
GTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGG
GCAACCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACG
GCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGC
AGGGGAACGTGTTCTCATGCTCCGTGATGCATGAGGCCCTGCACAATCACT
ATACCCAGAAATCTCTGAGTCTGAGCCCAGGCAAGAAGGATATTTTGGGG
TGGCTTTGCCTTCTTCTTTTGCCAATTCCACTAATTGTTTGGGTGAAGAGAA
AGGAAGTACAGAAAACATGCAGAAAGCACAGAAAGGAAAACCAAGGTTC
TCATGAATCTCCAACCTTAAATCCTGAAACAGTGGCAATAAATTTATCTGAT
GTTGACTTGAGTAAATATATCACCACTATTGCTGGAGTCATGACACTAAGT
CAAGTTAAAGGCTTTGTTCGAAAGAATGGTGTCAATGAAGCCAAAATAGA
TGAGATCAAGAATGACAATGTCCAAGACACAGCAGAACAGAAAGTTCAAC
TGCTTCGTAATTGGCATCAACTTCATGGAAAGAAAGAAGCGTATGACACAT
TGATTGCAGATCTCAAAAAAGCCAATCTTTGTACTCTTGCAGAGAAAATTC
AGACTATCATCCTCAAGGACATTACTAGTGACTCAGAAAATTCAAACTTCA
GAAATGAAATCCAGAGCTTGGTCGAA

SEQ ID TCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGT

NO: 8 TGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAG
GTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATT
GTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAG
CAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGT
GGGCTCTATGACTAGTGGCGAATTC

SEQ ID MCPARSLLLVATLVLLDHLSLARNLPVATPDPGMFPCLHHSQNLLRAVSNML
NO: 9 QKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSF
ITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLD
ONMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVT

IDRVMSYLNAS
SEQ ID MCHQQLVISWFSLVFLASPLVAIWELKKDVYVVELDWYPDAPGEMVVLTCDT
NO: 10 PEEDGITWTLDQSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHK

KEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLTFSVKSSR
GSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMY
DAVHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPH
SYFSLTFCVQVQGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWS
EWASVPCS
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TABLE 4-continued

Sequenceg referred to in example 1

Sequence
name

Ref.

sequences Polynucleotide or polypeptide sequences

Leck left
homology

Ick right
homology

apoptosis CARSEQ ID

(with start
codon)

SEQ ID
11

NO:

SEQ ID

NO:

NO:

12

13

GGGATAGGGGGTGCCTCTGTGTGTGTGTGTGAGAGTGTGTGTGTGTAGG
GTGTGTATATGTATAGGGTGTGTGTGAGTGTGTGTGTGTGAGAGAGTGTG
TGTGTGGCAGAATAGACTGCGGAGGTGGATTTCATCTTGATATGAAAGGT
CTGGAATGCATGGTACATTAAACTTTGAGGACAGCGCTTTCCAAGCACTCT
GAGGAGCAGCCCTAGAGAAGGAGGAGCTGCAGGGACTCCGGGGGCTTCA
AAGTGAGGGCCCCACTCTGCTTCAGGCAAAACAGGCACACATTTATCACTT
TATCTATGGAGTTCTGCTTGATTTCATCAGACAAAAAATTTCCACTGCTAAA
ACAGGCAAATAAACAAAAAANAAGTTATGGCCAACAGAGTCACTGGAGG
GTTTTCTGCTGGGGAGAAGCAAGCCCGTGTTTGAAGGAACCCTGTGAGAT
GACTGTGGGCTGTGTGAGGGGAACAGCGGGGGCTTGATGGTGGACTTCG
GGAGCAGAAGCCTCTTTCTCAGCCTCCTCAGCTAGACAGGGGAATTATAAT
AGGAGGTGTGGCGTGCACACCTCTCCAGTAGGGGAGGGTCTGATAAGTC
AGGTCTCTCCCAGGCTTGGGAAAGTGTGTGTCATCTCTAGGAGGTGGTCCT
CCCAACACAGGGTACTGGCAGAGGGAGAGGGAGGGGGCAGAGGCAGGA
AGTGGGTAACTAGACTAACAAAGGTGCCTGTGGCGGTTTGCCCATCCCAG
GTGGGAGGGTGGGGCTAGGGCTCAGGGGCCGTGTGTGAATTTACTTGTA
GCCTGAGGGCTCAGAGGGAGCACCGGTTTGGAGCTGGGACCCCCTATTTT
AGCTTTTCTGTGGCTGGTGAATGGGGATCCCAGGATCTCACAATCTCAGGT
ACTTTTGGAACTTTCCAGGGCAAGGCCCCATTATATCTGATGTTGGGGGAG
CAGATCTTGGGGGAGCCCCTTCAGCCCCCTCTTCCATTCCCTCAGGGACC

GGCTGTGGCTGCAGCTCACACCCGGAAGATGACTGGATGGAAAACATCGA
TGTGTGTGAGAACTGCCATTATCCCATAGTCCCACTGGATGGCAAGGGCA
CGGTAAGAGGCGAGACAGGGGCCTTGGTGAGGGAGTTGGGTAGAGAAT
GCAACCCAGGAGAAAGAAATGACCAGCACTACAGGCCCTTGAAAGAATA
GAGTGGCCCTCTCCCCTGAAATACAGAAAGGAAAAGAGGCCCAGAGAGG
GGAAGGGAATCTCCTAAGATCACACAGAAAGTAGTTGGTAAACTCAGGGA
TAACATCTAACCAGGCTGGAGAGGCTGAGAGCAGAGCAGGGGGGAAGG
GGGCCAGGGTCTGACCCAATCTTCTGCTTTCTGACCCCACCCTCATCCCCCA
CTCCACAGCTGCTCATCCGAAATGGCTCTGAGGTGCGGGACCCACTGGTTA
CCTACGAAGGCTCCAATCCGCCGGCTTCCCCACTGCAAGGTGACCCCAGGC
AGCAGGGCCTGAAAGACAAGGCCTGCGGATCCCTGGCTGTTGGCTTCCAC
CTCTCCCCCACCTACTTTCTCCCCGGTCTTGCCTTCCTTGTCCCCCACCCTGT
AACTCCAGGCTTCCTGCCGATCCCAGCTCGGTTCTCCCTGATGCCCCTTGTC
TTTACAGACAACCTGGTTATCGCTCTGCACAGCTATGAGCCCTCTCACGAC
GGAGATCTGGGCTTTGAGAAGGGGGAACAGCTCCGCATCCTGGAGCAGT
GAGTCCCTCTCCACCTTGCTCTGGCGGAGTCCGTGAGGGAGCGGCGATCT
CCGCGACCCGCAGCCCTCCTGCGGCCCTTGACCAGCTCGGGGTGGCCGCC
CTTGGGACAAAATTCGAGGCTCAGTATTGCTGAGCCAGGGTTGGGGGAG
GCTGGCTTAAGGGGTGGAGGGGTCTT TGAGGGAGGGTCTCAGGTCGACG
GCTGAGCGAGCCACACTGACCCACCTCCGTGGCGCAGGAGCGGCGAGTG

ATGGCTTTGCCTGTCACTGCCTTGCTGCTTCCACTTGCTCTGTTGTTGCACG
CCGCAAGACCCGAGGTCAAGCTCCAGGAAAGCGGACCAGGGCTGGTGGTC
CCCTAGTCAGTCATTGAGCGTCACTTGCACCGTCAGCGGCGTGTCTCTGCC
CGATTACGGCGTGAGCTGGATCAGACAGCCCCCAAGGAAGGGACTGGAG
TGGCTGGGCGTCATCTGGGGGAGCGAGACTACCTACTACAACAGCGCCCT
GAAGAGCAGGCTGACCATCATTAAGGACAACTCCAAGTCCCAGGTCTTTCT
GAAAATGAACAGCCTGCAGACTGATGACACTGCCATCTACTACTGCGCCAA
GCATTACTACTACGGGGGCAGCTACGCTATGGACTACTGGGGGCAGGGG
ACCTCTGTCACAGTGTCAAGTGGCGGAGGAGGCAGTGGCGGAGGGGGAA
GTGGGGGCGGCGGCAGCGACATCCAGATGACCCAGACAACATCCAGCCTC
TCCGCCTCTCTGGGCGACAGAGTGACAATCAGCTGCCGGGCCAGTCAGGA
CATCAGCAAGTATCTCAATTGGTACCAGCAGAAACCAGACGGGACAGTGA
AATTGCTGATCTACCACACATCCAGGCTGCACTCAGGAGTCCCCAGCAGGT
TTTCCGGCTCCGGCTCCGGGACAGATTACAGTCTGACCATTTCCAACCTGG
AGCAGGAGGATATTGCCACATACTTTTGCCAGCAAGGCAACACTCTGCCCT
ATACCTTCGGCGGAGGCACAAAACTGGAGATTACTCGGTCGGATCCCGAG
CCCAAATCTCCTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTCCC
GTGGCCGGCCCGTCAGTGTTCCTCTTCCCCCCAAAACCCAAGGACACCCTC
ATGATCGCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCA
CGAGGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTG
CATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACC
GTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAG
GAGTACAAGTGCAAGGTGTCCAACAAAGCCCTCCCAGCCCCCATCGAGAA
AACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCC
TGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGC
CTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAA
TGGGCAACCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCG
ACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGC
AGCAGGGGAACGTGTTCTCATGCTCCGTGATGCATGAGGCCCTGCACAAT
CACTATACCCAGAAATCTCTGAGTCTGAGCCCAGGCAAGAAGGATATTTTG
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TABLE 4-continued

Sequenceg referred to in example 1

Sequence
name

Ref.

sequences Polynucleotide or polypeptide sequences

Leck left
homology

Ick right
homology

SEQ ID

NO:

14

SEQ ID

NO:

15

GGGTGGCTTTGCCTTCTTCTTTTGCCAATTCCACTAATTGTTTGGGTGAAGA
GAAAGGAAGTACAGAAAACATGCAGAAAGCACAGAAAGGAAAACCAAGG
TTCTCATGAATCTCCAACCTTAAATCCTGAAACAGTGGCAATAAATTTATCT
GATGTTGACTTGAGTAAATATATCACCACTATTGCTGGAGTCATGACACTA
AGTCAAGTTAAAGGCTTTGTTCGAAAGAATGGTGTCAATGAAGCCAAAAT
AGATGAGATCAAGAATGACAATGTCCAAGACACAGCAGAACAGAAAGTTC
AACTGCTTCGTAATTGGCATCAACTTCATGGAAAGAAAGAAGCGTATGAC
ACATTGATTGCAGATCTCAAAAAAGCCAATCTTTGTACTCTTGCAGAGAAA
ATTCAGACTATCATCCTCAAGGACATTACTAGTGACTCAGAAAATTCAAAC
TTCAGAAATGAAATCCAGAGCTTGGTCGAA

CTCATAACAATTCTATGAGGTAGGAACAGTTATTTACTCTATTTTCCAAATA
AGGAAACTGGGCTCGCCCAAGGTTCCACAACTAACATGTGTGTATTATTGA
GCATTTAATTTACACCAGGGAAGCAGGTTGTGGTGGTGTGCACCTGTTGTC
CAGCTATTTAGGAGGCTGAGGTGAAAGGATCACTTGAACGGAGGAGTTCA
AATTTGCAATGTGCTATGATTGTGCCTGTGAACAGCTGCTGCACTCCAGCC
TGGGCAACATAGTGAGATCCCTTATCTAAAACATTTTTTTTAAGTAAATAAT
CAGGTGGGCACGGTGGCTCACGCCTGTAATCCAGCACTTTGGGAGGCTGA
GGCGGGCGGATCACCTGAGGTCAGGAGTTCAAGACCAGCCTGACCAACAT
GGAGAAACCCGTCTCTACTAAAAATACAAAATTAGCTTGGCGTGGTGGTG
CATGCCTGTAATCCCAGCTACTCGAGAAGCTGAGGCAGGAGAATTGTTTG
AACCTGGGAGGTGGAGGTTGCGGTGAGCCGAGATCGCACCATTGCACTCC
AGCCTGGGCAACAAGAGTGAAATTGCATCTCAAAAAAAAAGAAAAGGAA
ATAATCTATACCAGGCACTCCAAGTGGTGTGACTGATATTCAACAAGTACC
TCTAGTGTGACCTTACCATTGATGAAGACCAAGATTCTTTTGGATTGGTGC
TCACACTGTGCCAGTTAAATATTCCGAACATTACCCTTGCCTGTGGGCTTCC
AGTGCCTGACCTTGATGTCCTTTCACCCATCAACCCGTAGGGATGACCAAC
CCGGAGGTGATTCAGAACCTGGAGCGAGGCTACCGCATGGTGCGCCCTGA
CAACTGTCCAGAGGAGCTGTACCAACTCATGAGGCTGTGCTGGAAGGAGC
GCCCAGAGGACCGGCCCACCTTTGACTACCTGCGCAGTGTGCTGGAGGAC
TTCTTCACGGCCACAGAGGGCCAGTACCAGCCTCAGCCT

GAGGCCTTGAGAGGCCCTGGGGTTCTCCCCCTTTCTCTCCAGCCTGACTTG
GGGAGATGGAGTTCTTGTGCCATAGTCACATGGCCTATGCACATATGGAC
TCTGCACATGAATCCCACCCACATGTGACACATATGCACCTTGTGTCTGTAC
ACGTGTCCTGTAGTTGCGTGGACTCTGCACATGTCTTGTACATGTGTAGCC
TGTGCATGTATGTCTTGGACACTGTACAAGGTACCCCTTTCTGGCTCTCCCA
TTTCCTGAGACCACAGAGAGAGGGGAGAAGCCTGGGATTGACAGAAGCT
TCTGCCCACCTACTTTTCTTTCCTCAGATCATCCAGAAGTTCCTCAAGGGCC
AGGACTTTATCTAATACCTCTGTGTGCTCCTCCTTGGTGCCTGGCCTGGCAC
ACATCAGGAGTTCAATAAATGTCTGTTGATGACTGTTGTACATCTCTTTGCT
GTCCACTCTTTGTGGGTGGGCAGTGGGGGTTAAGAAAATGGTAATTAGGT
CACCCTGAGTTGGGGTGAAAGATGGGATGAGTGGATGTCTGGAGGCTCT
GCAGACCCCTTCAAATGGGACAGTGCTCCTCACCCCTCCCCAAAGGATTCA
GGGTGACTCCTACCTGGAATCCCTTAGGGAATGGGTGCGTCAAAGGACCT
TCCTCCCCATTATAAAAGGGCAACAGCATTTTTTACTGATTCAAGGGCTATA
TTTGACCTCAGATTTTGTTTTTTTAAGGCTAGT CAAATGAAGCGGCGGGAA
TGGAGGAGGAACAAATAAATCTGTAACTATCCTCAGATTTTTTTTTTTTTTT
GAGACTGGGTCTCACTTTTTCATCCAGGCTGGAGTGCAGTCGCATGATCAC
GGCTCACTGTAGCCTCAACCTCTCCAGCTCAAATGCTCCTCCTGTCTCAGCC
TCCCGAGTACCTGGGACTACTTTCTTGAGGCCAGGAATTCAAGAACAGAG
TAAGATCCTGGTCTCCAAAAAAAGTTTTAAA

Example 2: TALEN®-Mediated Double Targeted
Integration of 1L.-15 and CAR Encoding Matrices
in T-Cells

Materials

[0340] X-vivo-15 was obtained for Lonza (cat #BE04-
418Q), IL-2 from Miltenyi Biotech (cat #130-097-748),
human serum AB from Seralab (cat #GEM-100-318),
human T activator CD3/CD28 from Life Technology (cat
#11132D), QBENDI10-APC from R&D Systems (cat
#FAB7227A), vioblue-labeled anti-CD3, PE-labeled anti-
LNGFR, APC-labeled anti-CD25 and PE-labeled anti-PD1
from Miltenyi (cat #130-094-363, 130-112-790, 130-109-
021 and 130-104-892 respectively) 48 wells treated plates

(CytoOne, cat #CC7682-7548), human I[-15 Quantikine
ELISA kit from R&D systems (cat #S1500), ONE-Glo from
Promega (cat #£6110). AAV6 batches containing the differ-
ent matrices were obtained from Virovek, PBMC cells were
obtained from Allcells, (cat #PB004F) and Raji-Luciferase
cells were obtained after Firefly Luciferase-encoding lenti-
viral particles transduction of Raji cells from ATCC (cat
#CCL-86).

Methods
[0341] 2.1-Transfection-Transduction
[0342] The double targeted integration at TRAC and PD1

or CD25 loci were performed as follows. PBMC cells were
first thawed, washed, resuspended and cultivated in X-vivo-
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15 complete media (X-vivo-15, 5% AB serum, 20 ng/mL
IL-2). One day later, cells were activated by Dynabeads
human T activator CD3/CD28 (25 uL of beads/1E® CD3
positive cells) and cultivated at a density of 1E® cells/mL for
3 days in X-vivo complete media at 37° C. in the presence
of 5% CO,. Cells were then split in fresh complete media
and transduced/transfected the next day according to the
following procedure. On the day of transduction-transfec-
tion, cells were first de-beaded by magnetic separation
(EasySep), washed twice in Cytoporation buffer T (BTX
Harvard Apparatus, Holliston, Massachusetts) and resus-
pended at a final concentration of 28ES cells/mL in the same
solution. Cellular suspension was mixed with 5 pg mRNA
encoding TRAC TALEN® arms (SEQ ID NO:16 and 17) in
the presence or in the absence of 15 ug of mRNA encoding
arms of either CD25 or PD1 TALEN® (SEQ ID NO:18 and
19 and SEQ ID NO:20 and 21 respectively) in a final volume
01200 pl. TALEN® is a standard format of TALE-nucleases
resulting from a fusion of TALE with Fok-1 Transfection
was performed using Pulse Agile technology, by applying
two 0.1 mS pulses at 3,000 V/em followed by four 0.2 mS
pulses at 325 V/cm in 0.4 cm gap cuvettes and in a final
volume of 200 pul of Cytoporation buffer T (BTX Harvard
Apparatus, Holliston, Massachusetts). Electroporated cells
were then immediately transferred to a 12-well plate con-
taining 1 mL of prewarm X-vivo-15 serum-free media and
incubated for 37° C. for 15 min. Cells were then concen-
trated to 8E° cells/mL in 250 uL of the same media in the
presence of AAV6 particles (MOI=3E? vg/cells) comprising
the donor matrices in 48 wells regular treated plates. After
2 hours of culture at 30° C., 250 pL. of Xvivo-15 media
supplemented by 10% AB serum and 40 ng/ml IL.-2 was
added to the cell suspension and the mix was incubated 24
hours in the same culture conditions. One day later, cells
were seeded at 1E® cells/mL in complete X-vivo-15 media
and cultivated at 37° C. in the presence of 5% CO,.

[0343] 2.2-Activation-Dependent Expression of ALNGFR
and Secretion of IL15

[0344] Engineered T-cells were recovered from the trans-
fection-transduction process described earlier and seeded at
1ES cells/mL alone or in the presence of Raji cells (E:T=1:1)
or Dynabeads (12.5 uL/1ES cells) in 100 uL final volume of
complete X-vivo-15 media. Cells were cultivated for 48
hours before being recovered, labeled and analyzed by flow
cytometry. Cells were labeled with two independent sets of
antibodies. The first sets of antibodies, aiming at detecting
the presence of ALNGFR, CAR and CD3 cells, consisted in
QBENDI10-APC (diluted 1/10), vioblue-labeled anti CD3
(diluted 1/25) and PE-labeled anti-ALNGFR (diluted 1/25).
The second sets of antibodies, aiming at detecting expres-
sion of endogenous CD25 and PDI1, consisted in APC-
labeled anti-CD25 (diluted 1/25) and vioblue-labeled anti
PD1 (diluted 1/25).

[0345] The same experimental set up was used to study
IL-15 secretion in the media. Cells mixture were kept in
co-culture for 2, 4, 7 and 10 days before collecting and
analyzing supernatant using an IL.-15 specific ELISA kit.

[0346] 2.3-Serial Killing Assay

[0347] To assess the antitumor activity of engineered CAR
T-cells, a serial killing assay was performed. The principle
of this assay is to challenge CAR T-cell antitumor activity
everyday by a daily addition of a constant amount of tumor
cells. Tumor cell proliferation, control and relapse could be
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monitored via luminescence read out thanks to a Luciferase
marker stably integrated in Tumor cell lines.

[0348] Typically, CAR T-cells are mixed to a suspension
of 2.5x10° Raji-luc tumor cells at variable E:T ratio
(E:T=5:1 or 1:1) in a total volume of 1 mL. of Xvivo 5% AB,
20 ng/ul. IL.-2. The mixture is incubated 24 hours before
determining the luminescence of 25 ulL of cell suspension
using ONE-Glo reagent. Cells mixture are then spun down,
the old media is discarded and substituted with 1 mL of fresh
complete X-vivo-15 media containing 2.5x10° Raji-Luc
cells and the resulting cell mixture is incubated for 24 hours.
This protocol is repeated 4 days.

EXPERIMENTS AND RESULTS

[0349] This example describes methods to improve the
therapeutic outcome of CAR T-cell therapies by integrating
an IL-15/soluble 1L-15 receptor alpha heterodimer (IL.15/
sIL15ra) expression cassette under the control of the endog-
enous T-cell promoters regulating PD1 and CD25 genes.
Because both genes are known to be upregulated upon tumor
engagement by CAR T-cells, they could be hijacked to
re-express 1L-11.15/s1[.15rc only in vicinity of a tumor. This
method aims to reduce the potential side effects of 1115/
sIL15ra systemic secretion while maintaining its capacity to
reduced activation induced T-cell death (AICD), promote
T-cell survival, enhance T-cell antitumor activity and to
reverse T-cell anergy.

[0350] The method developed to integrate 11.15/sIL.15ra
at PD1 and CD25 loci consisted in generating a double-
strand break at both loci using TALEN in the presence of a
DNA repair matrix vectorized by AAV6. This matrix con-
sists of two homology arms embedding 11.15/s1L.15ra cod-
ing regions separated by a 2A cis acting elements and
regulatory elements (stop codon and polyA sequences).
Depending on the locus targeted and its involvement in
T-cell activity, the targeted endogenous gene could be inac-
tivated or not via specific matrix design. When CD25 gene
was considered as targeted locus, the insertion matrix was
designed to knock-in (KI) IL15/sIL.15ra without inactivat-
ing CD25 because the protein product of this gene is
regarded as essential for T-cell function. By contrast,
because PD1 is involved in T-cell inhibition/exhaustion of
T-cells, the insertion matrix was designed to prevent its
expression while enabling the expression and secretion of
IL15/sIL15rc.

[0351] To illustrate this approach and demonstrate the
feasibility of double targeted insertion in primary T-cells,
three different matrices were designed (FIGS. 2A, 2B and
2C). The first one named CARm represented by SEQ ID
NO:36 was designed to insert an anti-CD22 CAR cDNA at
the TRAC locus in the presence of TRAC TALEN® (SEQ
ID NO:16 and 17). The second one, IL-15_CD25m (SEQ ID
NO:37) was designed to integrate IL.15, sIL.15rc and the
surface marker named ALNGFR c¢DNAs separated by 2A
cis-acting elements just before the stop codon of CD25
endogenous coding sequence using CD25 TALEN® (SEQ
ID NO:18 and 19). The third one, IL-15_PD1m (SEQ ID
NO:38), contained the same expression cassette and was
designed to integrate in the middle of the PD1 open reading
frame using PD1 TALEN® (SEQ ID NO:20 and 21). The
three matrices contained an additional 2A cis-acting element
located upstream expression cassettes to enable co-expres-
sion of IL15/sIL15ra and CAR with the endogenous gene
targeted.
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[0352] We first assessed the efficiency of double targeted
insertion in T-cells by transducing them with one of the
AAV6 encoding 1L15/sIL15ra matrices (SEQ 1D NO:41;
pCLS30519) along with the one encoding the CAR and
subsequently transfected the corresponding TALEN®.
AAV6-assisted vectorization of matrices in the presence of
mRNA encoding TRAC TALEN® (SEQ ID NO:22 and 23)
and PD1 TALEN® (SEQ ID NO:24 and 25) or CD25
TALEN® (SEQ ID NO:26 and 27) enabled expression of the
anti CD22 CAR in up to 46% of engineered T-cells (FIG. 3).
[0353] To determine the extent of IL.15m integration at
CD25 and PD1 locus, engineered T-cells were activated with
either antiCD3/CD28 coated beads or with CD22 expressing
Raji tumor cells. 2 days post activation, cells were recovered
and analyzed by FACS using LNGFR expression as 1[.15/
sIL15ra secretion surrogate (FIGS. 4 and 5). Our results
showed that antiCD3/CD28 coated beads induced expres-
sion of ALNGFR by T-cells containing IL-15m_CD25 or
IL-15m_PD1, independently of the presence of the anti
CD22 CAR (FIG. 4A-B). Tumor cells however, only
induced expression of ALNGFR by T-cell treated by both
CARm and IL-15m. This indicated that expression of
ALNGFR could be specifically induced through tumor cell
engagement by the CAR (FIGS. 5 and 6).

[0354] As expected the endogenous CD25 gene was still
expressed in activated treated T-cells (FIGS. 7 and 8) while
PD1 expression was strongly impaired (FIG. 12).

[0355] To verify that expression of ALNGFR correlated
with secretion of IL.15 in the media, T-cells expressing the
anti-CD22 CAR and ALNGFR were incubated in the pres-
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ence of CD22 expressing Raji tumor cells (E:T ratio=1:1) for
a total of 10 days. Supernatant were recovered at day 2, 4,
7 and 10 and the presence of 11,15 was quantified by ELISA
assay. Our results showed that IL15 was secreted in the
media only by T-cells that were co-treated by both CARm
and IL15m matrices along with their corresponding
TALEN® (FIG. 13). T-cell treated with either one of these
matrices were unable to secrete any significant level of I1.15
with respect to resting T-cells. Interestingly, I[.-15 secretion
level was found transitory, with a maximum peak centered
at day 4 (FIG. 14).

[0356] To assess whether the level of secreted IL-15 (SEQ
ID NO:59) could impact CAR T-cell activity, CAR T-cell
were co-cultured in the presence of tumor cells at E:T ratio
of 5:1 for 4 days. Their antitumor activity was challenged
everyday by pelleting and resuspended them in a culture
media lacking 1[.-2 and containing fresh tumor cells. Anti-
tumor activity of CAR T-cell was monitored everyday by
measuring the luminescence of the remaining Raji tumor
cells expressing luciferase. Our results showed that CAR
T-cells co-expressing I1.-15 had a higher antitumor activity
than those lacking 1,15 at all time points considered (FIG.
15).

[0357] Thus, together our results showed that we have
developed a method allowing simultaneous targeted inser-
tions of CAR and IL15 cDNA at TRAC and CD25 or PD1
loci. This double targeted insertion led to robust expression
of an antiCD22 CAR and to the secretion of IL15 in the
media. Levels of secreted IL15 were sufficient to enhance
the activity of CAR T-cells.

TABLE 5

Sequences referred to in example 2.

SEQ
ID Sedquence
NO# Name

Polypeptide sequence

RVD seqguence

16 TALEN
right TRAC

17 TALEN
Left TRAC

MGDPKKKRKVIDYPYDVPDYAIDIADLRTLGYSQQQQEKIKPKVRSTVA
QHHEALVGHGF THAHIVALSQHPAALGTVAVKYQDMIAALPEATHEAIV
GVGKOWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGGVTAVEA
VHAWRNALTGAPLNLTPQQVVAIASNGGGKQALETVQRLLPVLCQAHG
LTPQQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPQQVVAIASNGG
GKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVL
CQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIA
SHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQAL
LPVLCQAHGLTPEQVVAIASHDGGKQALETVORLLPVLCQAHGLTPEQ
VVAIASNIGGKQALETVQALLPVLCQAHGLTPQQVVAIASNNGGKQALE
TVORLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQALLPVLCQAHGL
TPQQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGK
QALETVQALLPVLCQAHGLTPQQVVAIASNGGGKQALETVQRLLPVLC
QAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPQQVVAIAS
NGGGRPALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGL

GDPISRSQLVKSELEEKKSELRHKLKYVPHEYIELIEIARNSTQDRILEMK

VMEFFMKVYGYRGKHLGGSRKPDGAIYTVGSPIDYGVIVDTKAYSGGY
NLPIGQADEMQRYVEENQTRNKHINPNEWWKVYPSSVTEFKFLEFVSGH

FKGNYKAQLTRLNHI TNCNGAVLSVEELLIGGEMIKAGTLTLEEVRRKFN

NGEINFAAD

MGDPKKKRKVIDKETAAAKFERQHMDSIDIADLRTLGYSQQQQEKIKPK
VRSTVAQHHEALVGHGF THAHIVALSQHPAALGTVAVKYQDMIAALPEA
THEAIVGVGKQOQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGGV
TAVEAVHAWRNALTGAPLNLTPEQVVAIASHDGGKQALETVQRLLPVL
CQAHGLTPQQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAI
ASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQA
LLPVLCQAHGLTPQQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPE
QVVAIASHDGGKQALETVQRLLPVLCQAHGLTPQQVVAIASNGGGKQA
LETVQRLLPVLCQAHGLTPQQVVAIASNNGGKQALETVQRLLPVLCQA
HGLTPQOVVAIASNNGGKQALETVQRLLPVLCQAHGLTPQQVVAIASN
GGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQALLP
VLCQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVV

NG-NN-NG-HD-
HD-HD-NI-HD-NI-
NN-NI-NG-NI-NG-
HD -NG#

HD-NG-HD-NI-NN-
HD-NG-NN-NN-
NG-NI-HD-NI-HD-
NN-NG#
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TABLE 5-continued

Sequences referred to in example 2.

18 TALEN
right CD25

19 TALEN left
CD25

20 TALEN
right PD1

21 TALEN
Left PD1

ATASNIGGKQALETVQALLPVLCQAHGLTPEQVVAIASHDGGKQALETV
QRLLPVLCQAHGLTPQQVVAIASNNGGKQALETVQORLLPVLCQAHGLT
PQOVVAIASNGGGRPALESIVAQLSRPDPALAALTNDHLVALACLGGRP

ALDAVKKGLGDPISRSQLVKSELEEKKSELRHKLKYVPHEYIELIEIARNS

TQDRILEMKVMEFFMKVYGYRGKHLGGSRKPDGAIYTVGSPIDYGVIVD
TKAYSGGYNLPIGQADEMQRYVEENQTRNKHINPNEWWKVYPSSVTE
FKFLFVSGHFKGNYKAQLTRLNHITNCNGAVLSVEELLIGGEMIKAGTLT
LEEVRRKFNNGEINFAAD

MGDPKKKRKVIDYPYDVPDYAIDIADLRTLGYSQQQQEKI KPKVRSTVA
QHHEALVGHGFTHAHIVALSQHPAALGTVAVKYQDMIAALPEATHEATV
GVGKQWSGARALEALLTVAGELRGPPLOLDTGQLLKIAKRGGVTAVEA
VHAWRNALTGAPLNLTPQQVVAIASNNGGKQALETVQRLLPVLCQAHG
LTPQQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPQOVVAIASNGG
GKQALETVQRLLPVLCQAHGLTPEQVVAI ASHDGGKQALETVQRLLPVL
CQAHGLTPQQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPQQVVAT
ASNGGGKQALETVQRLLPVLCQAHGLTPQQVVAI ASNGGGKQALETVQ
RLLPVLCQAHGLTPQQVVAIASNGGGKQALETVQRLLPVLCQAHGLTP
QOVVAIASNNGGKQALETVQRLLPVLCQAHGLTPQOVVAI ASNNGGKQ
ALETVQRLLPVLCQAHGL TPQQVVAIASNGGGKQALETVORLLPVLCQ
AHGLTPQQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPQQVVAIAS
NGGGKQALETVQRLLPVLCQAHGLTPQOVVAIASNGGGKQALETVQRL
LPVLCQAHGLTPEQVVAI ASHDGGKQALETVQRLLPVLCQAHGLTPQQ
VVAIASNGGGRPALES IVAQLSRPDPSGSGSGGDPI SRSQLVKSELEEK
KSELRHKLKYVPHEYIELIEIARNS TQDRILEMKVMEFFMKVYGYRGKHL
GGSRKPDGAIYTVGSPIDYGVIVDTKAYSGGYNLPIGQADEMORYVEEN
QTRNKHINPNEWWKVYPSSVTEFKFLEVSGHFKGNYKAQLTRLNHITN
CNGAVLSVEELLIGGEMI KAGTLTLEEVRRKFNNGE INFAAD

MGDPKKKRKVIDYPYDVPDYAIDIADLRTLGYSQQQQEKIKPKVRSTVA
QHHEALVGHGFTHAHIVALSQHPAALGTVAVKYQDMIAALPEATHEAIV
GVGKOWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGGVTAVEA
VHAWRNALTGAPLNLTPEQVVAIASNIGGKQALETVQALLPVLCQAHGL
TPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNIGGK
QALETVQALLPVLCQAHGLTPQQVVAIASNNGGKQALETVQRLLPVLC
QAHGLTPQQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS
NIGGKQALETVQALLPVLCQAHGLTPQQVVAIASNNGGKQALETVQRLL
PVLCQAHGLTPQQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASNIGGKQALETVQALLPVLCQAHGLTPEQVVAIASNIGGKQALETV
QALLPVLCQAHGLTPQQVVAIASNNGGKQALETVORLLPVLCQAHGLT
PEQVVAIASNIGGKQALETVQALLPVLCQAHGLTPQQVVAIASNNGGKQ
ALETVQRLLPVLCQAHGLTPQQVVAIASNGGGKQALETVQRLLPVLCQ
AHGLTPEQVVAIASNIGGKQALETVQALLPVLCQAHGLTPQQVVAIASN
GGGRPALESIVAQLSRPDPSGSGSGGDPISRSQLVKSELEEKKSELRH
KLKYVPHEYIELIEIARNSTQDRILEMKVMEFFMKVYGYRGKHLGGSRK
PDGAIYTVGSPIDYGVIVDTKAYSGGYNLPIGQADEMQRYVEENQTRNK
HINPNEWWKVYPSSVTEFKFLFVSGHFKGNYKAQLTRLNHI TNCNGAV
LSVEELLIGGEMIKAGTLTLEEVRRKFNNGEINFAAD

MGDPKKKRKVIDYPYDVPDYAIDIADLRTLGYSQQQQEKI KPKVRSTVA
QHHEALVGHGFTHAHIVALSQHPAALGTVAVKYQDMIAALPEATHEATY
GVGKQWSGARALEALLTVAGELRGPPLOLDTGQLLKIAKRGGVTAVEA
VHAWRNALTGAPLNLTPEQVVAIASKLGGKQALETVQALLPVLCQAHGL
TPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPEQVVAI ASHDGG
KQALETVQRLLPVLCQAHGLTPQQVVAIASNGGGKQALETVQRLLPYVL
CQAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPQQVVAI
ASNGGGKQALETVQRLLPVLCQAHGLTPQQVVAIAS YKGGKQALETVQ
RLLPVLCQAHGLTPQQVVAIASNGGGKQALETVQRLLPVLCQAHGLTP
QOVVAIASNNGGKQALETVQRLLPVLCQAHGLTPQOVVAI ASNNGGKQ
ALETVQRLLPVLCQAHGLTPQOVVAIASNNGGKQALETVQRLLPVLCQA
HGLTPQOVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHD
GGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQRLLP
VLCQAHGLTPEQVVAIASNIGGKQALETVQALLPVLCQAHGL TPQQVVA
IASNGGGRPALESIVAQLSRPDPALAALTNDHLVALACLGGRPALDAVK

KGLGDPISRSQLVKSELEEKKSELRHKLKYVPHEYIELIEIARNSTQDRIL

EMKVMEFFMKVYGYRGKHLGGSRKPDGAIYTVGSPIDYGVIVDTKAYS
GGYNLPIGQADEMQRYVEENQTRNKHINPNEWWKVYPSSVTEFKFLEFV
SGHFKGNYKAQLTRLNHI TNCNGAVLSVEELLIGGEMIKAGTLTLEEVRR
KFNNGEINFAAD

MGDPKKKRKVIDKETAAAKFERQHMDSIDIADLRTLGY SQQQQEKIKPK
VRSTVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKYQDMIAALPEA
THEAIVGVGKQWSGARALEALLTVAGELRGPPLQLD TGQLLKIAKRGGV
TAVEAVHAWRNALTGAPLNLTPEQVVAIASHDGGKQALETVQRLLPVL
CQAHGLTPQQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAI

NN-NG-NG-HD-
NG-NG-NG-NG-
NN-NN-NG-NG-
NG-NG-HD-NG#

NI-HD-NI-NN-NN-
NI-NN-NN-NI-NTI-
NN-NI-NN-NG-NT-
NG#

KL-HD-HD-NG-HD-
NG-YK-NG-NN-
NN-NN-NN-HD-
HD-NI-NG#

HD-NG-HD-NG-
NG-NG-NN-NI-NG-
HD-NG-NN-N-NN-
HD-NG#
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TABLE 5-continued

Sequences referred to in example 2.

ASHDGGKQALETVQRLLPVLCQAHGLTPQQVVAI ASNGGGKQALETVQ
RLLPVLCQAHGLTPQQVVAIASNGGGKQALETVQRLLPVLCQAHGLTP
QOVVAIASNGGGKQALETVQRLLPVLCQAHGLTPQOVVAI ASNNGGKQ
ALETVQRLLPVLCQAHGLTPEQVVAIASNIGGKQALETVQALLPVLCQA
HGLTPQOVVAIASNGGGKQALETVQRLLPVLCQAHGLTPEQVVAIASH
DGGKQALETVQRLLPVLCQAHGL TPQQVVAI ASNGGGKQALETVQRLL
PVLCQAHGLTPQQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQV
VAIASNGGKQALETVQRLLPVLCQAHGLTPQQVVAI ASNNGGKQALETV
QRLLPVLCQAHGLTPEQVVAI ASHDGGKQALETVQRLLPVLCQAHGLT
PQOVVAIASNGGGRPALESIVAQLSRPDPALAALTNDHLVALACLGGRP
ALDAVKKGLGDPISRSQLVKSELEEKKSELRHKLKYVPHEYIELIEIARNS
TQDRILEMKVMEFFMKVYGYRGKHLGGSRKPDGAIYTVGSPIDYGVIVD
TKAYSGGYNLPIGQADEMQORYVEENQTRNKH INPNEWWKVYPSSVTE
FKFLEFVSGHFKGNYKAQLTRLNHITNCNGAVLSVEELLIGGEMIKAGTLT
LEEVRRKFNNGE INFAAD

SEQ
ID Sequence
NO# Name

Polynucleotide sequence

22 TALEN TRAC
pCLS11370

23 TALEN TRAC
pCLS11369

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATTACCCATACGATGTTCCAGATTACGCTAT

CGATATCGCCGATCTACGCACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATCAAACCGAA
GGTTCGTTCGACAGTGGCGCAGCACCACGAGGCACTGGTCGGCCACGGGTTTACACACGCGL
ACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCGTCGCTGTCAAGTATCAGGACA
TGATCGCAGCGTTGCCAGAGGCGACACACGAAGCGATCGTTGGCGTCGGCAAACAGTGGTCC
GGCGCACGCGCTCTGGAGGCCTTGCTCACGGTGGCGGGAGAGTTGAGAGGTCCACCGTTACA
GTTGGACACAGGCCAACTTCTCAAGATTGCAAAACGTGGCGGCGTGACCGCAGTGGAGGCAGT
GCATGCATGGCGCAATGCACTGACGGGTGCCCCGCTCAACTTGACCCCCCAGCAGGTGGTGG
CCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTG
CTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATAATGGTGG
CAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGA
CCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGT
CCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCA
TCGCCAGCCACGATGGCGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTG
TGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGCAA
GCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCC
CGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGCAAGCAGGCGCTGGAGACGGTCCA
GCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCG
CCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCTGTTGCCGGTGCTGTGC
CAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGCAAGCA
GGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCG
GAGCAGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGTC
GCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCA
GCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAG
GCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGC
GCTGGAGACGGTGCAGGCGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGT
AGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCT
GTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCA
ATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCTGTTGCCGGTGCTGTGCCAGGCC
CACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCT
GGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAG
GTGGTGGCCATCGCCAGCCACGATGGCGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTT
GCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCTCAGCAGGTGGTGGCCATCGCCAGCAATG
GCGGCGGCAGGCCGGCGCTGGAGAGCATTGTTGCCCAGTTATCTCGCCCTGATCCGGCGTTG
GCCGCGTTGACCAACGACCACCTCGTCGCCTTGGCCTGCCTCGGCGGGCGTCCTGCGCTGGA
TGCAGTGAAAAAGGGATTGGGGGATCCTATCAGCCGTTCCCAGCTGGTGAAGTCCGAGCTGGA
GGAGAAGAAATCCGAGTTGAGGCACAAGCTGAAGTACGTGCCCCACGAGTACATCGAGCTGAT
CGAGATCGCCCGGAACAGCACCCAGGACCGTATCCTGGAGATGAAGGTGATGGAGTTCTTCAT
GAAGGTGTACGGCTACAGGGGCAAGCACCTGGGCGGCTCCAGGAAGCCCGACGGCGCCATCT
ACACCGTGGGCTCCCCCATCGACTACGGCGTGATCGTGGACACCAAGGCCTACTCCGGCGGC
TACAACCTGCCCATCGGCCAGGCCGACGAAATGCAGAGGTACGTGGAGGAGAACCAGACCAG
GAACAAGCACATCAACCCCAACGAGTGGTGGAAGGTGTACCCCTCCAGCGTGACCGAGTTCAA
GTTCCTGTTCGTGTCCGGCCACTTCAAGGGCAACTACAAGGCCCAGCTGACCAGGCTGAACCA
CATCACCAACTGCAACGGCGCCGTGCTGTCCGTGGAGGAGCTCCTGATCGGCGGCGAGATGA
TCAAGGCCGGCACCCTGACCCTGGAGGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAAC
TTCGCGGCCGACTGATAA

ATGGGCGATCCTAAAAAGAAACGTAAGGT CATCGATAAGGAGACCGCCGCTGCCAAGTTCGAG
AGACAGCACATGGACAGCATCGATATCGCCGATCTACGCACGCTCGGCTACAGCCAGCAGCAA
CAGGAGAAGATCAAACCGAAGGTTCGTTCGACAGTGGCGCAGCACCACGAGGCACTGGTCGG
CCACGGGTTTACACACGCGCACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCGT
CGCTGTCAAGTATCAGGACATGATCGCAGCGTTGCCAGAGGCGACACACGAAGCGATCGTTGG
CGTCGGCAAACAGTGGTCCGGCGCACGCGCTCTGGAGGCCTTGCTCACGGTGGCGGGAGAGT
TGAGAGGTCCACCGTTACAGTTGGACACAGGCCAACTTCTCAAGATTGCAAAACGTGGCGGCG
TGACCGCAGTGGAGGCAGTGCATGCATGGCGCAATGCACTGACGGGTGCCCCGCTCAACTTG
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TABLE 5-continued

Sequences referred to in example 2.

24 TALEN CD25
pCLS30480

ACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGCAAGCAGGCGCTGGAGACGG
TCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCC
ATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCT
GTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGC
AAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGAC
CCCGGAGCAGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGC
AGGCGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATC
GCCAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTG
CCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGCAAG
CAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCC
CCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAG
CGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGC
CAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCC
AGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATAATGGTGGCAAGCAG
GCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCA
GCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGG
CTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAG
CAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCTGTTGCCGGTGCTGTGCCAGG
CCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGGCAAGCAGGTC
GCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGT
AGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCTG
TTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCA
CGATGGCGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCC
CACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATAATGGTGGCAAGCAGGCGCT
GGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCTCAGCAGG
TGGTGGCCATCGCCAGCAATGGCGGCGGCAGGCCGGCGCTGGAGAGCATTGTTGCCCAGTTA
TCTCGCCCTGATCCGGCGTTGGCCGCGTTGACCAACGACCACCTCGTCGCCTTGGCCTGCCTC
GGCGGGCGTCCTGCGCTGGATGCAGTGAAAAAGGGATTGGGGGATCCTATCAGCCGTTCCCA
GCTGGTGAAGTCCGAGCTGGAGGAGAAGAAATCCGAGTTGAGGCACAAGCTGAAGTACGTGCC
CCACGAGTACATCGAGCTGATCGAGATCGCCCGGAACAGCACCCAGGACCGTATCCTGGAGAT
GAAGGTGATGGAGTTCTTCATGAAGGTGTACGGCTACAGGGGCAAGCACCTGGGCGGCTCCA
GGAAGCCCGACGGCGCCATCTACACCGTGGGCTCCCCCATCGACTACGGCGTGATCGTGGAC
ACCAAGGCCTACTCCGGCGGCTACAACCTGCCCATCGGCCAGGCCGACGAAATGCAGAGGTA
CGTGGAGGAGAACCAGACCAGGAACAAGCACATCAACCCCAACGAGTGGTGGAAGGTGTACC
CCTCCAGCGTGACCGAGTTCAAGTTCCTGTTCGTGTCCGGCCACTTCAAGGGCAACTACAAGG
CCCAGCTGACCAGGCTGAACCACATCACCAACTGCAACGGCGCCGTGCTGTCCGTGGAGGAG
CTCCTGATCGGCGGCGAGATGATCAAGGCCGGCACCCTGACCCTGGAGGAGGTGAGGAGGAA
GTTCAACAACGGCGAGATCAACTTCGCGGCCGACTGATAA

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATTACCCATACGATGTTCCAGATTACGCTAT

CGATATCGCCGATCTACGCACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATCAAACCGAA
GGTTCGTTCGACAGTGGCGCAGCACCACGAGGCACTGGTCGGCCACGGGTTTACACACGCGL
ACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCGTCGCTGTCAAGTATCAGGACA
TGATCGCAGCGTTGCCAGAGGCGACACACGAAGCGATCGTTGGCGTCGGCAAACAGTGGTCC
GGCGCACGCGCTCTGGAGGCCTTGCTCACGGTGGCGGGAGAGTTGAGAGGTCCACCGTTACA
GTTGGACACAGGCCAACTTCTCAAGATTGCAAAACGTGGCGGCGTGACCGCAGTGGAGGCAGT
GCATGCATGGCGCAATGCACTGACGGGTGCCCCGCTCAACTTGACCCCCCAGCAGGTGGTGG
CCATCGCCAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTG
CTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGG
CAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGA
CCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGT
CCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCA
TCGCCAGCCACGATGGCGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTG
TGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAA
GCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCC
CCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCA
GCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCG
CCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGC
CAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCA
GGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCC
AGCAGGTGGTGGCCATCGCCAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGT CCAGCGG
CTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAG
CAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGG
CCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCG
CTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCA
GGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTG
TTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAA
TGGCGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCC
CACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCT
GGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAG
GTGGTGGCCATCGCCAGCCACGATGGCGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTT
GCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCTCAGCAGGTGGTGGCCATCGCCAGCAATG
GCGGCGGCAGGCCGGCGCTGGAGAGCATTGTTGCCCAGTTATCTCGCCCTGATCCGAGTGGC
AGCGGAAGTGGCGGGGATCCTATCAGCCGTTCCCAGCTGGTGAAGTCCGAGCTGGAGGAGAA
GAAATCCGAGTTGAGGCACAAGCTGAAGTACGTGCCCCACGAGTACATCGAGCTGATCGAGAT
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25 TALEN CD25
pCLS30479

26 TALEN PD1
pCLS28959

CGCCCGGAACAGCACCCAGGACCGTATCCTGGAGATGAAGGTGATGGAGTTCTTCATGAAGGT
GTACGGCTACAGGGGCAAGCACCTGGGCGGCTCCAGGAAGCCCGACGGCGCCATCTACACCG
TGGGCTCCCCCATCGACTACGGCGTGATCGTGGACACCAAGGCCTACTCCGGCGGCTACAACC
TGCCCATCGGCCAGGCCGACGAAATGCAGAGGTACGTGGAGGAGAACCAGACCAGGAACAAG
CACATCAACCCCAACGAGTGGTGGAAGGTGTACCCCTCCAGCGTGACCGAGTTCAAGTTCCTG
TTCGTGTCCGGCCACTTCAAGGGCAACTACAAGGCCCAGCTGACCAGGCTGAACCACATCACC
AACTGCAACGGCGCCGTGCTGTCCGTGGAGGAGCTCCTGATCGGCGGCGAGATGATCAAGGC
CGGCACCCTGACCCTGGAGGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAACTTCGCGG
CCGACTGATAA

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATTACCCATACGATGTTCCAGATTACGCTAT

CGATATCGCCGATCTACGCACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATCAAACCGAA
GGTTCGTTCGACAGTGGCGCAGCACCACGAGGCACTGGTCGGCCACGGGTTTACACACGCGL
ACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCGTCGCTGTCAAGTATCAGGACA
TGATCGCAGCGTTGCCAGAGGCGACACACGAAGCGATCGTTGGCGTCGGCAAACAGTGGTCC
GGCGCACGCGCTCTGGAGGCCTTGCTCACGGTGGCGGGAGAGTTGAGAGGTCCACCGTTACA
GTTGGACACAGGCCAACTTCTCAAGATTGCAAAACGTGGCGGCGTGACCGCAGTGGAGGCAGT
GCATGCATGGCGCAATGCACTGACGGGTGCCCCGCTCAACTTGACCCCGGAGCAGGTGGTGG
CCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCTGTTGCCGGTG
CTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCCACGATGGCGG
CAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGA
CCCCGGAGCAGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTG
CAGGCGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCAT
CGCCAGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGT
GCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATAATGGTGGCAAG
CAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCC
GGAGCAGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGG
CGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCC
AGCAATAATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCA
GGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATAATGGTGGCAAGCAGG
CGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAG
CAGGTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCT
GTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGGTGGCCATCGCCAGCA
ATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCTGTTGCCGGTGCTGTGCCAGGCC
CACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATAATGGTGGCAAGCAGGCGCT
GGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAG
GTGGTGGCCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCTGTT
GCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATA
ATGGTGGCAAGCAGGCGCTGGAGACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCAC
GGCTTGACCCCCCAGCAGGTGGTGGCCATCGCCAGCAATGGCGGTGGCAAGCAGGCGCTGGA
GACGGTCCAGCGGCTGTTGCCGGTGCTGTGCCAGGCCCACGGCTTGACCCCGGAGCAGGTGG
TGGCCATCGCCAGCAATATTGGTGGCAAGCAGGCGCTGGAGACGGTGCAGGCGCTGTTGCCG
GTGCTGTGCCAGGCCCACGGCTTGACCCCTCAGCAGGTGGTGGCCATCGCCAGCAATGGCGG
CGGCAGGCCGGCGCTGGAGAGCATTGTTGCCCAGTTATCTCGCCCTGATCCGAGTGGCAGCG
GAAGTGGCGGGGATCCTATCAGCCGTTCCCAGCTGGTGAAGTCCGAGCTGGAGGAGAAGAAAT
CCGAGTTGAGGCACAAGCTGAAGTACGTGCCCCACGAGTACATCGAGCTGATCGAGATCGCCC
GGAACAGCACCCAGGACCGTATCCTGGAGATGAAGGTGATGGAGTTCTTCATGAAGGTGTACG
GCTACAGGGGCAAGCACCTGGGCGGCTCCAGGAAGCCCGACGGCGCCATCTACACCGTGGGTC
TCCCCCATCGACTACGGCGTGATCGTGGACACCAAGGCCTACTCCGGCGGCTACAACCTGCCC
ATCGGCCAGGCCGACGAAATGCAGAGGTACGTGGAGGAGAACCAGACCAGGAACAAGCACAT
CAACCCCAACGAGTGGTGGAAGGTGTACCCCTCCAGCGTGACCGAGTTCAAGTTCCTGTTCGT
GTCCGGCCACTTCAAGGGCAACTACAAGGCCCAGCTGACCAGGCTGAACCACATCACCAACTG
CAACGGCGCCGTGCTGTCCGTGGAGGAGCTCCTGATCGGCGGCGAGATGAT CAAGGCCGGCA
CCCTGACCCTGGAGGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAACTTCGCGGCCGAC
TGATAA

ATGGGCGATCCTAAAAAGAAACGTAAGGTCATCGATTACCCATACGATGTTCCAGATTACGCTAT

CGATATCGCCGATCTACGCACGCTCGGCTACAGCCAGCAGCAACAGGAGAAGATCAAACCGAA
GGTTCGTTCGACAGTGGCGCAGCACCACGAGGCACTGGTCGGCCACGGGTTTACACACGCGL
ACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCGTCGCTGTCAAGTATCAGGACA
TGATCGCAGCGTTGCCAGAGGCGACACACGAAGCGATCGTTGGCGTCGGCAAACAGTGGTCC
GGCGCACGCGCTCTGGAGGCCTTGCTCACGGTGGCGGGAGAGTTGAGAGGTCCACCGTTACA
GTTGGACACAGGCCAACTTCTCAAGATTGCAAAACGTGGCGGCGTGACCGCAGTGGAGGCAGT
GCATGCATGGCGCAATGCACTGACGGGTGCCCCGCTCAACTTGACCCCCGAGCAAGTGGTGG
CTATCGCTTCCAAGCTGGGGGGAAAGCAGGCCCTGGAGACCGTCCAGGCCCTTCTCCCAGTG
CTTTGCCAGGCTCACGGACTGACCCCTGAACAGGTGGTGGCAATTGCCTCACACGACGGGGG
CAAGCAGGCACTGGAGACTGTCCAGCGGCTGCTGCCTGTCCTCTGCCAGGCCCACGGACTCA
CTCCTGAGCAGGTCGTGGCCATTGCCAGCCACGATGGGGGCAAACAGGCTCTGGAGACCGTG
CAGCGCCTCCTCCCAGTGCTGTGCCAGGCTCATGGGCTGACCCCACAGCAGGTCGTCGCCATT
GCCAGTAACGGCGGGGGGAAGCAGGCCCTCGAAACAGTGCAGAGGCTGCTGCCCGTCTTGTG
CCAAGCACACGGCCTGACACCCGAGCAGGTGGTGGCCATCGCCTCTCATGACGGCGGCAAGC
AGGCCCTTGAGACAGTGCAGAGACTGTTGCCCGTGTTGTGTCAGGCCCACGGGTTGACACCCC
AGCAGGTGGTCGCCATCGCCAGCAATGGCGGGGGAAAGCAGGCCCTTGAGACCGTGCAGCGG
TTGCTTCCAGTGTTGTGCCAGGCACACGGACTGACCCCTCAACAGGTGGTCGCAATCGCCAGC
TACAAGGGCGGAAAGCAGGCTCTGGAGACAGTGCAGCGCCTCCTGCCCGTGCTGTGTCAGGC
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27 TALEN PD1
pCLS18792

TCACGGACTGACACCACAGCAGGTGGTCGCCATCGCCAGTAACGGGGGCGGCAAGCAGGCTT
TGGAGACCGTCCAGAGACTCCTCCCCGTCCTTTGCCAGGCCCACGGGTTGACACCTCAGCAGG
TCGTCGCCATTGCCTCCAACAACGGGGGCAAGCAGGCCCTCGAAACTGTGCAGAGGCTGCTG
CCTGTGCTGTGCCAGGCTCATGGGCTGACACCCCAGCAGGTGGTGGCCATTGCCTCTAACAAC
GGCGGCAAACAGGCACTGGAGACCGTGCAAAGGCTGCTGCCCGTCCTCTGCCAAGCCCACGG
GCTCACTCCACAGCAGGTCGTGGCCATCGCCTCAAACAATGGCGGGAAGCAGGCCCTGGAGA
CTGTGCAAAGGCTGCTCCCTGTGCTCTGCCAGGCACACGGACTGACCCCTCAGCAGGTGGTG
GCAATCGCTTCCAACAACGGGGGAAAGCAGGCCCTCGAAACCGTGCAGCGCCTCCTCCCAGT
GCTGTGCCAGGCACATGGCCTCACACCCGAGCAAGTGGTGGCTATCGCCAGCCACGACGGAG
GGAAGCAGGCTCTGGAGACCGTGCAGAGGCTGCTGCCTGTCCTGTGCCAGGCCCACGGGCTT
ACTCCAGAGCAGGTCGTCGCCATCGCCAGTCATGATGGGGGGAAGCAGGCCCTTGAGACAGT
CCAGCGGCTGCTGCCAGTCCTTTGCCAGGCTCACGGCTTGACTCCCGAGCAGGTCGTGGCCAT
TGCCTCAAACATTGGGGGCAAACAGGCCCTGGAGACAGTGCAGGCCCTGCTGCCCGTGTTGTG
TCAGGCCCACGGCTTGACACCCCAGCAGGTGGTCGCCATTGCCTCTAATGGCGGCGGGAGAC
CCGCCTTGGAGAGCATTGTTGCCCAGTTATCTCGCCCTGATCCGGCGTTGGCCGCGTTGACCA
ACGACCACCTCGTCGCCTTGGCCTGCCTCGGCGGGCGTCCTGCGCTGGATGCAGTGAAAAAG
GGATTGGGGGATCCTATCAGCCGTTCCCAGCTGGTGAAGT CCGAGCTGGAGGAGAAGARATCC
GAGTTGAGGCACAAGCTGAAGTACGTGCCCCACGAGTACATCGAGCTGATCGAGATCGCCCGG
AACAGCACCCAGGACCGTATCCTGGAGATGAAGGTGATGGAGTTCTTCATGAAGGTGTACGGC
TACAGGGGCAAGCACCTGGGCGGCTCCAGGAAGCCCGACGGCGCCATCTACACCGTGGGCTC
CCCCATCGACTACGGCGTGATCGTGGACACCAAGGCCTACTCCGGCGGCTACAACCTGCCCAT
CGGCCAGGCCGACGAAATGCAGAGGTACGTGGAGGAGAACCAGACCAGGAACAAGCACATCA
ACCCCAACGAGTGGTGGAAGGTGTACCCCTCCAGCGTGACCGAGTTCAAGTTCCTGTTCGTGT
CCGGCCACTTCAAGGGCAACTACAAGGCCCAGCTGACCAGGCTGAACCACATCACCAACTGCA
ACGGCGCCGTGCTGTCCGTGGAGGAGCTCCTGAT CGGCGGCGAGATGATCAAGGCCGGCACC
CTGACCCTGGAGGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAACTTCGCGGCCGACTG
ATAA

ATGGGCGATCCTAAAAAGAAACGTAAGGT CATCGATAAGGAGACCGCCGCTGCCAAGTTCGAG
AGACAGCACATGGACAGCATCGATATCGCCGATCTACGCACGCTCGGCTACAGCCAGCAGCAA
CAGGAGAAGATCAAACCGAAGGTTCGTTCGACAGTGGCGCAGCACCACGAGGCACTGGTCGG
CCACGGGTTTACACACGCGCACATCGTTGCGTTAAGCCAACACCCGGCAGCGTTAGGGACCGT
CGCTGTCAAGTATCAGGACATGATCGCAGCGTTGCCAGAGGCGACACACGAAGCGATCGTTGG
CGTCGGCAAACAGTGGTCCGGCGCACGCGCTCTGGAGGCCTTGCTCACGGTGGCGGGAGAGT
TGAGAGGTCCACCGTTACAGTTGGACACAGGCCAACTTCTCAAGATTGCAAAACGTGGCGGCG
TGACCGCAGTGGAGGCAGTGCATGCATGGCGCAATGCACTGACGGGTGCCCCGCTCAACTTG
ACCCCCGAGCAAGTCGTCGCAATCGCCAGCCATGATGGAGGGAAGCAAGCCCTCGAAACCGT
GCAGCGGTTGCTTCCTGTGCTCTGCCAGGCCCACGGCCTTACCCCTCAGCAGGTGGTGGCCAT
CGCAAGTAACGGAGGAGGAAAGCAAGCCTTGGAGACAGTGCAGCGCCTGTTGCCCGTGCTGT
GCCAGGCACACGGCCTCACACCAGAGCAGGTCGTGGCCATTGCCTCCCATGACGGGGGGAAA
CAGGCTCTGGAGACCGTCCAGAGGCTGCTGCCCGTCCTCTGTCAAGCTCACGGCCTGACTCCC
CAACAAGTGGTCGCCATCGCCTCTAATGGCGGCGGGAAGCAGGCACTGGAAACAGTGCAGAG
ACTGCTCCCTGTGCTTTGCCAAGCTCATGGGTTGACCCCCCAACAGGTCGTCGCTATTGCCTCA
AACGGGGGGGGCAAGCAGGCCCTTGAGACTGTGCAGAGGCTGTTGCCAGTGCTGTGTCAGGC
TCACGGGCTCACTCCACAACAGGTGGTCGCAATTGCCAGCAACGGCGGCGGAAAGCAAGCTCT
TGAAACCGTGCAACGCCTCCTGCCCGTGCTCTGTCAGGCTCATGGCCTGACACCACAACAAGT
CGTGGCCATCGCCAGTAATAATGGCGGGAAACAGGCTCTTGAGACCGTCCAGAGGCTGCTCCC
AGTGCTCTGCCAGGCACACGGGCTGACCCCCGAGCAGGTGGTGGCTATCGCCAGCAATATTG
GGGGCAAGCAGGCCCTGGAAACAGTCCAGGCCCTGCTGCCAGTGCTTTGCCAGGCTCACGGG
CTCACTCCCCAGCAGGTCGTGGCAATCGCCTCCAACGGCGGAGGGAAGCAGGCTCTGGAGAC
CGTGCAGAGACTGCTGCCCGTCTTGTGCCAGGCCCACGGACTCACACCTGAACAGGTCGTCGC
CATTGCCTCTCACGATGGGGGCAAACAAGCCCTGGAGACAGTGCAGCGGCTGTTGCCTGTGTT
GTGCCAAGCCCACGGCTTGACTCCTCAACAAGTGGTCGCCATCGCCTCAAATGGCGGCGGARA
ACAAGCTCTGGAGACAGTGCAGAGGTTGCTGCCCGTCCTCTGCCAAGCCCACGGCCTGACTCC
CCAACAGGTCGTCGCCATTGCCAGCAACAACGGAGGAAAGCAGGCTCTCGAAACTGTGCAGCG
GCTGCTTCCTGTGCTGTGTCAGGCTCATGGGCTGACCCCCGAGCAAGTGGTGGCTATTGCCTC
TAATGGAGGCAAGCAAGCCCTTGAGACAGTCCAGAGGCTGTTGCCAGTGCTGTGCCAGGCCCA
CGGGCTCACACCCCAGCAGGTGGTCGCCATCGCCAGTAACAACGGGGGCAAACAGGCATTGG
ARAACCGTCCAGCGCCTGCTTCCAGTGCTCTGCCAGGCACACGGACTGACACCCGAACAGGTGG
TGGCCATTGCATCCCATGATGGGGGCAAGCAGGCCCTGGAGACCGTGCAGAGACTCCTGCCA
GTGTTGTGCCAAGCTCACGGCCTCACCCCTCAGCAAGTCGTGGCCATCGCCTCAAACGGGGG
GGGCCGGCCTGCACTGGAGAGCATTGTTGCCCAGTTATCTCGCCCTGATCCGGCGTTGGCCG
CGTTGACCAACGACCACCTCGTCGCCTTGGCCTGCCTCGGCGGGCGTCCTGCGCTGGATGCA
GTGAAAAAGGGATTGGGGGATCCTATCAGCCGTTCCCAGCTGGTGAAGT CCGAGCTGGAGGAG
AAGAAATCCGAGTTGAGGCACAAGCTGAAGTACGTGCCCCACGAGTACATCGAGCTGATCGAG
ATCGCCCGGAACAGCACCCAGGACCGTATCCTGGAGATGAAGGTGATGGAGTTCTTCATGAAG
GTGTACGGCTACAGGGGCAAGCACCTGGGCGGCTCCAGGAAGCCCGACGGCGCCATCTACAC
CGTGGGCTCCCCCATCGACTACGGCGTGATCGTGGACACCAAGGCCTACTCCGGCGGCTACA
ACCTGCCCATCGGCCAGGCCGACGAAATGCAGAGGTACGTGGAGGAGAACCAGACCAGGAAC
AAGCACATCAACCCCAACGAGTGGTGGAAGGTGTACCCCTCCAGCGTGACCGAGTTCAAGTTC
CTGTTCGTGTCCGGCCACTTCAAGGGCAACTACAAGGCCCAGCTGACCAGGCTGAACCACATC
ACCAACTGCAACGGCGCCGTGCTGTCCGTGGAGGAGCTCCTGATCGGCGGCGAGATGATCAA
GGCCGGCACCCTGACCCTGGAGGAGGTGAGGAGGAAGTTCAACAACGGCGAGATCAACTTCG
CGGCCGACTGATAA
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28 TALEN TTGTCCCACAGATATCCAGAACCCTGACCCTGCCGTGTACCAGCTGAGA
target TRAC

29 TALEN TACAGGAGGAAGAGTAGAAGAACAATCTAGAAAACCAAAAGAACA
target CD25

30 TALEN TACCTCTGTGGGGCCATCTCCCTGGCCCCCAAGGCGCAGATCAAAGAGA
target PD1

31 Matrice TRAC TTGCTGGGCCTTTTTCCCATGCCTGCCTTTACTCTGCCAGAGTTATATTGCTGGGGTTTTGAAGA
locus_CubiCAR AGATCCTATTAAATAAAAGAATAAGCAGTATTATTAAGTAGCCCTGCATTTCAGGTTTCCTTGAGT
CD22 GGCAGGCCAGGCCTGGCCGTGAACGTTCACTGAAATCATGGCCTCTTGGCCAAGATTGATAGC
pCLS30056 TTGTGCCTGTCCCTGAGTCCCAGTCCATCACGAGCAGCTGGTTTCTAAGATGCTATTTCCCGTA

TAAAGCATGAGACCGTGACTTGCCAGCCCCACAGAGCCCCGCCCTTGTCCATCACTGGCATCT
GGACTCCAGCCTGGGTTGGGGCAAAGAGGGAAATGAGATCATGTCCTAACCCTGATCCTCTTG
TCCCACAGATATCCAGTACCCCTACGACGTGCCCGACTACGCCTCCGGTGAGGGCAGAGGAAG
TCTTCTAACATGCGGTGACGTGGAGGAGAAT CCGGGCCCCGGATCCGCTCTGCCCGTCACCGC
TCTGCTGCTGCCACTGGCACTGCTGCTGCACGCTGCTAGGCCCGGAGGGGGAGGCAGCTGCC
CCTACAGCAACCCCAGCCTGTGCAGCGGAGGCGGCGGCAGCGGCGGAGGGGGTAGCCAGGT
GCAGCTGCAGCAGAGCGGCCCTGGCCTGGTGAAGCCAAGCCAGACACTGTCCCTGACCTGCG
CCATCAGCGGCGATTCCGTGAGCTCCAACTCCGCCGCCTGGAATTGGATCAGGCAGTCCCCTT
CTCGGGGCCTGGAGTGGCTGGGAAGGACATACTATCGGTCTAAGTGGTACAACGATTATGCCG
TGTCTGTGAAGAGCAGAATCACAATCAACCCTGACACCTCCAAGAATCAGTTCTCTCTGCAGCT
GAATAGCGTGACACCAGAGGACACCGCCGTGTACTATTGCGCCAGGGAGGTGACCGGCGACTC
TGGAGGATGCCTTTGACATCTGGGGCCAGGGCACAATGGTGACCGTGAGCT CCGGAGGCGGC
GGATCTGGCGGAGGAGGAAGTGGGGGCGGCGGGAGTGATATCCAGATGACACAGTCCCCATC
CTCTCTGAGCGCCTCCGTGGGCGACAGAGTGACAATCACCTGTAGGGCCTCCCAGACCATCTG
GTCTTACCTGAACTGGTATCAGCAGAGGCCCGGCAAGGCCCCTAATCTGCTGATCTACGCAGC
AAGCTCCCTGCAGAGCGGAGTGCCATCCAGATTCTCTGGCAGGGGCTCCGGCACAGACTTCAC
CCTGACCATCTCTAGCCTGCAGGCCGAGGACTTCGCCACCTACTATTGCCAGCAGTCTTATAGC
ATCCCCCAGACATTTGGCCAGGGCACCAAGCTGGAGAT CAAGTCGGATCCCGGAAGCGGAGG
GGGAGGCAGCTGCCCCTACAGCAACCCCAGCCTGTGCAGCGGAGGCGGCGGCAGCGAGCTG
CCCACCCAGGGCACCTTCTCCAACGTGTCCACCAACGTGAGCCCAGCCAAGCCCACCACCACC
GCCTGTCCTTATTCCAATCCTTCCCTGTGTGCTCCCACCACAACCCCCGCTCCAAGGCCCCCTA
CCCCCGCACCAACTATTGCCTCCCAGCCACTCTCACTGCGGCCTGAGGCCTGTCGGCCCGCTG
CTGGAGGCGCAGTGCATACAAGGGGCCTCGATTTCGCCTGCGATATTTACATCTGGGCACCCC
TCGCCGGCACCTGCGGGGTGCTTCTCCTCTCCCTGGTGATTACCCTGTATTGCAGACGGGGCC
GGAAGAAGCTCCTCTACATTTTTAAGCAGCCTTTCATGCGGCCAGTGCAGACAACCCAAGAGGA
GGATGGGTGTTCCTGCAGATTCCCTGAGGAAGAGGAAGGCGGGTGCGAGCTGAGAGTGAAGT
TCTCCAGGAGCGCAGATGCCCCCGCCTATCAACAGGGCCAGAACCAGCTCTACAACGAGCTTA
ACCTCGGGAGGCGCGAAGAATACGACGTGTTGGATAAGAGAAGGGGGCGGGACCCCGAGATG
GGAGGAAAGCCCCGGAGGAAGAACCCTCAGGAGGGCCTGTACAACGAGCTGCAGAAGGATAA
GATGGCCGAGGCCTACTCAGAGATCGGGATGAAGGGGGAGCGGCGCCGCGGGAAGGGGCAC
GATGGGCTCTACCAGGGGCTGAGCACAGCCACAAAGGACACATACGACGCCTTGCACATGCAG
GCCCTTCCACCCCGGGAATAGTCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTG
CCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTG
CCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCAT
TCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAG
GCATGCTGGGGATGCGGTGGGCTCTATGACTAGTGGCGAATTCCCGTGTACCAGCTGAGAGAC
TCTAAATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGTCACA
AAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGCTAGACATGAGGTCTATGGACTTCA
AGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATGTGCAAACGCCTTCAACAA
CAGCATTATTCCAGAAGACACCTTCTTCCCCAGCCCAGGTAAGGGCAGCTTTGGTGCCTTCGCA
GGCTGTTTCCTTGCTTCAGGAATGGCCAGGTTCTGCCCAGAGCTCTGGTCAATGATGTCTAAAA
CTCCTCTGATTGGTGGTCTCGGCCTTATCCATTGCCACCAAAACCCTCTTTTTACTAA

32 Matrice CD25 GTTTATTATTCCTGTTCCACAGCTATTGTCTGCCATATAAAAACTTAGGCCAGGCACAGTGGCTC

locus_IL15_ ACACCTGTAATCCCAGCACTTTGGAAGGCCGAGGCAGGCAGATCACAAGGT CAGGAGTTCGAG
22 sILl15Ra ACCAGCCTGGCCAACATAGCAAAACCCCATCTCTACTAAAAATACAAAAATTAGCCAGGCATGG
pCLS30519 TGGCGTGTGCACTGGTTTAGAGTGAGGACCACATTTTTTTGGTGCCGTGTTACACATATGACCG

TGACTTTGTTACACCACTACAGGAGGAAGAGTAGAAGAACAATCGGTTCTGGCGTGAAACAGAC
TTTGAATTTTGACCTTCTCAAGT TGGCGGGAGACGTGGAGTCCAACCCAGGGCCCGGTACCGG
GTCCGCCACCATGGACTGGACCTGGATTCTGTTCCTCGTGGCTGCTGCTACAAGAGTGCACAG
CGGCATTCATGTCTTCATTTTGGGCTGTTTCAGTGCAGGGCTTCCTAAAACAGAAGCCAACTGG
GTGAATGTAATAAGTGATTTGAAAAAAATTGAAGATCTTATTCAATCTATGCATATTGATGCTACT
TTATATACGGAAAGTGATGTTCACCCCAGTTGCAAAGTAACAGCAATGAAGTGCTTTCTCTTGGA
GTTACAAGTTATTTCACTTGAGT CCGGAGATGCAAGTATTCATGATACAGTAGAAAATCTGATCA
TCCTAGCAAACAACAGTTTGTCTTCTAATGGGAATGTAACAGAATCTGGATGCAAAGAATGTGAG
GAACTGGAGGAAAAAAATATTAAAGAATTTTTGCAGAGTTTTGTACATATTGTCCAAATGTTCATC
AACACTTCTGGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAG
AACCCTGGACCTGGGACCGGCTCTGCAACCATGGATTGGACGTGGATCCTGTTTCTCGTGGCA
GCTGCCACAAGAGTTCACAGTATCACGTGCCCTCCCCCCATGTCCGTGGAACACGCAGACATC
TGGGTCAAGAGCTACAGCTTGTACTCCAGGGAGCGGTACATTTGTAACTCTGGTTTCAAGCGTA
AAGCCGGCACGTCCAGCCTGACGGAGTGCGTGTTGAACAAGGCCACGAATGTCGCCCACTGG
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33 Matrice PD1
locus_IL15_
22 sILl15Ra
pCLS30513

ACAACCCCCAGTCTCAAATGCATTAGAGACCCTGCCCTGGTTCACCAARAGGCCAGCGCCACCC
TCCACAGTAACGACGGCAGGGGTGACCCCACAGCCAGAGAGCCTCTCCCCTTCTGGAAAAGAG
CCCGCAGCTTCATCTCCCAGCTCAAACAACACAGCGGCCACAACAGCAGCTATTGTCCCGGGC
TCCCAGCTGATGCCTTCAAAATCACCTTCCACAGGAACCACAGAGATAAGCAGTCATGAGTCCT
CCCACGGCACCCCCTCTCAGACAACAGCCAAGAACTGGGAACTCACAGCATCCGCCTCCCACC
AGCCGCCAGGTGTGTATCCACAGGGCCACAGCGACACCACTGAGGGCAGAGGCAGCCTGCTG
ACCTGCGGCGACGTCGAGGAGAACCCCGGGCCCATGGGGGCAGGTGCCACCGGCCGLGCCA
TGGACGGGCCGCGCCTGCTGCTGTTGCTGCTTCTGGGGGTGTCCCTTGGAGGTGCCAAGGAG
GCATGCCCCACAGGCCTGTACACACACAGCGGTGAGTGCTGCAAAGCCTGCAACCTGGGCGA
GGGTGTGGCCCAGCCTTGTGGAGCCAACCAGACCGTGTGTGAGCCCTGCCTGGACAGCGTGA
CGTTCTCCGACGTGGTGAGCGCGACCGAGCCGTGCAAGCCGTGCACCGAGTGCGTGGGGCTC
CAGAGCATGTCGGCGCCGTGCGTGGAGGCCGATGACGCCGTGTGCCGCTGCGCCTACGGCTA
CTACCAGGATGAGACGACTGGGCGCTGCGAGGCGTGCCGCGTGTGCGAGGCGGGCTCGGGT
CTCGTGTTCTCCTGCCAGGACAAGCAGAACACCGTGTGCGAGGAGTGCCCCGACGGCACGTAT
TCCGACGAGGCCAACCACGTGGACCCGTGCCTGCCCTGCACCGTGTGCGAGGACACCGAGCG
CCAGCTCCGCGAGTGCACACGCTGGGCCGACGCCGAGTGCGAGGAGATCCCTGGCCGTTGGA
TTACACGGTCCACACCCCCAGAGGGCTCGGACAGCACAGCCCCCAGCACCCAGGAGCCTGAG
GCACCTCCAGAACAAGACCTCATAGCCAGCACGGTGGCAGGTGTGGTGACCACAGTGATGGG
CAGCTCCCAGCCCGTGGTGACCCGAGGCACCACCGACAACCTCATCCCTGTCTATTGCTCCAT
CCTGGCTGCTGTGGTTGTGGGTCTTGTGGCCTACATAGCCTT CAAGAGGTGAAAAACCAARAGA
ACAAGAATTTCTTGGTAAGAAGCCGGGAACAGACAACAGAAGTCATGAAGCCCAAGTGAAATCA
AAGGTGCTAAATGGTCGCCCAGGAGACATCCGTTGTGCTTGCCTGCGTTTTGGAAGCTCTGAA
GTCACATCACAGGACACGGGGCAGTGGCAACCTTGTCTCTATGCCAGCTCAGTCCCATCAGAG
AGCGAGCGCTACCCACTTCTAAATAGCAATTTCGCCGT TGAAGAGGAAGGGCAAAACCACTAGA
ACTCTCCATCTTATTTTCATGTATATGTGTTCAT

GACTCCCCAGACAGGCCCTGGAACCCCCCCACCTTCTCCCCAGCCCTGCTCGTGGTGACCGAA
GGGGACAACGCCACCTTCACCTGCAGCTTCTCCAACACATCGGAGAGCTTCGTGCTAAACTGG
TACCGCATGAGCCCCAGCAACCAGACGGACAAGCTGGCCGCCTTCCCCGAGGACCGCAGCCA
GCCCGGCCAGGACTGCCGCTTCCGTGTCACACAACTGCCCAACGGGCGTGACTTCCACATGAG
CGTGGTCAGGGCCCGGCGCAATGACAGCGGCACCTACCTCTGTGGGGCCGGTTCTGGCGTGA
AACAGACTTTGAATTTTGACCTTCTCAAGTTGGCGGGAGACGTGGAGTCCAACCCAGGGCCCG
GTACCGGGTCCGCCACCATGGACTGGACCTGGATTCTGTTCCTCGTGGCTGCTGCTACAAGAG
TGCACAGCGGCATTCATGTCTTCATTTTGGGCTGTTTCAGTGCAGGGCTTCCTAAAACAGAAGC
CAACTGGGTGAATGTAATAAGTGATTTGAAAAAAATTGAAGATCTTATTCAATCTATGCATATTGA
TGCTACTTTATATACGGAAAGTGATGTTCACCCCAGTTGCAAAGTAACAGCAATGAAGTGCTTTC
TCTTGGAGTTACAAGTTATTTCACTTGAGTCCGGAGATGCAAGTATTCATGATACAGTAGAAAAT
CTGATCATCCTAGCAAACAACAGTTTGTCTTCTAATGGGAATGTAACAGAATCTGGATGCAAAGA
ATGTGAGGAACTGGAGGAAAAAAATATTAAAGAATTTTTGCAGAGTTTTGTACATATTGTCCAAAT
GTTCATCAACACTTCTGGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGT
GGAGGAGAACCCTGGACCTGGGACCGGCTCTGCAACCATGGATTGGACGTGGATCCTGTTTCT
CGTGGCAGCTGCCACAAGAGTTCACAGTATCACGTGCCCTCCCCCCATGTCCGTGGAACACGC
AGACATCTGGGTCAAGAGCTACAGCTTGTACTCCAGGGAGCGGTACATTTGTAACTCTGGTTTC
AAGCGTAAAGCCGGCACGTCCAGCCTGACGGAGTGCGTGTTGAACAAGGCCACGAATGTCGC
CCACTGGACAACCCCCAGTCTCAAATGCATTAGAGACCCTGCCCTGGTTCACCAAAGGCCAGC
GCCACCCTCCACAGTAACGACGGCAGGGGTGACCCCACAGCCAGAGAGCCTCTCCCCTTCTG
GAAAAGAGCCCGCAGCTTCATCTCCCAGCTCAAACAACACAGCGGCCACAACAGCAGCTATTG
TCCCGGGCTCCCAGCTGATGCCTTCAAAATCACCTTCCACAGGAACCACAGAGATAAGCAGTCA
TGAGTCCTCCCACGGCACCCCCTCTCAGACAACAGCCAAGAACTGGGAACTCACAGCATCCGC
CTCCCACCAGCCGCCAGGTGTGTATCCACAGGGCCACAGCGACACCACTGAGGGCAGAGGCA
GCCTGCTGACCTGCGGCGACGTCGAGGAGAACCCCGGGCCCATGGGGGCAGGTGCCACCGG
CCGCGCCATGGACGGGCCGCGCCTGCTGCTGTTGCTGCTTCTGGGGGTGTCCCTTGGAGGTG
CCAAGGAGGCATGCCCCACAGGCCTGTACACACACAGCGGTGAGTGCTGCAAAGCCTGCAAC
CTGGGCGAGGGTGTGGCCCAGCCTTGTGGAGCCAACCAGACCGTGTGTGAGCCCTGCCTGGA
CAGCGTGACGTTCTCCGACGTGGTGAGCGCGACCGAGCCGTGCAAGCCGTGCACCGAGTGCG
TGGGGCTCCAGAGCATGTCGGCGCCGTGCGTGGAGGCCGATGACGCCGTGTGCCGCTGCGC
CTACGGCTACTACCAGGATGAGACGACTGGGCGCTGCGAGGCGTGCCGCGTGTGCGAGGCGG
GCTCGGGCCTCGTGTTCTCCTGCCAGGACAAGCAGAACACCGTGTGCGAGGAGTGCCCCGALC
GGCACGTATTCCGACGAGGCCAACCACGTGGACCCGTGCCTGCCCTGCACCGTGTGCGAGGA
CACCGAGCGCCAGCTCCGCGAGTGCACACGCTGGGCCGACGCCGAGTGCGAGGAGATCCCT
GGCCGTTGGATTACACGGTCCACACCCCCAGAGGGCTCGGACAGCACAGCCCCCAGCALCCCA
GGAGCCTGAGGCACCTCCAGAACAAGACCTCATAGCCAGCACGGTGGCAGGTGTGGTGACCA
CAGTGATGGGCAGCTCCCAGCCCGTGGTGACCCGAGGCACCACCGACAACCTCATCCCTGTCT
ATTGCTCCATCCTGGCTGCTGTGGTTGTGGGTCTTGTGGCCTACATAGCCTTCAAGAGGTGATC
TAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTT
GTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAAT
AAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGG
GCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCT
CTATGACTAGTGGCGAATTCGGCGCAGATCAAAGAGAGCCTGCGGGCAGAGCTCAGGGTGACA
GGTGCGGCCTCGGAGGCCCCGGGGCAGGGGTGAGCTGAGCCGGTCCTGGGGTGGGTGTCCC
CTCCTGCACAGGATCAGGAGCTCCAGGGTCGTAGGGCAGGGACCCCCCAGCTCCAGTCCAGG
GCTCTGTCCTGCACCTGGGGAATGGTGACCGGCATCTCTGTCCTCTAGCTCTGGAAGCACCCC
AGCCCCTCTAGTCTGCCCTCACCCCTGACCCTGACCCTCCACCCTGACCCCGTCCTAACCCCT
GACCTTTG
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TABLE 5-continued

Sequences referred to in example 2.

34

35

Matrice CD25
locus_ILl2a
2A IL12b
pCLS30520

Matrice PD1
locus_ILl2a_
2A IL12b
pCLS30511

GTTTATTATTCCTGTTCCACAGCTATTGTCTGCCATATAAAAACTTAGGCCAGGCACAGTGGCTC
ACACCTGTAATCCCAGCACTTTGGAAGGCCGAGGCAGGCAGATCACAAGGT CAGGAGTTCGAG
ACCAGCCTGGCCAACATAGCAAAACCCCATCTCTACTAAAAATACAAAAATTAGCCAGGCATGG
TGGCGTGTGCACTGGTTTAGAGTGAGGACCACATTTTTTTGGTGCCGTGTTACACATATGACCG
TGACTTTGTTACACCACTACAGGAGGAAGAGTAGAAGAACAATCGGTTCTGGCGTGAAACAGAC
TTTGAATTTTGACCTTCTCAAGT TGGCGGGAGACGTGGAGTCCAACCCAGGGCCCATGTGGCC
CCCTGGGTCAGCCTCCCAGCCACCGCCCTCACCTGCCGCGGCCACAGGTCTGCATCCAGCGG
CTCGCCCTGTGTCCCTGCAGTGCCGGCTCAGCATGTGTCCAGCGCGCAGCCTCCTCCTTGTGG
CTACCCTGGTCCTCCTGGACCACCTCAGTTTGGCCAGAAACCTCCCCGTGGCCACTCCAGACC
CAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTGAGGGCCGTCAGCAACATGCTCCA
GAAGGCCAGACAAACTCTAGAATTTTACCCTTGCACTTCTGAAGAGATTGATCATGAAGATATCA
CAAAAGATAAAACCAGCACAGTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTG
CCTAAATTCCAGAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCT
TTTATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACT TGAAGATGTACCAGGTGGAGTTCAA
GACCATGAATGCAAAGCTTCTGATGGATCCTAAGAGGCAGATCTTTCTAGATCAAAACATGCTG
GCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCACAAAAATCCT
CCCTTGAAGAACCGGATTTTTATAAAACTAAAATCAAGCTCTGCATACTTCTTCATGCTTTCAGAA
TTCGGGCAGTGACTATTGATAGAGTGATGAGCTATCTGAATGCTTCCGGAAGCGGAGCTACTAA
CTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTATGTGTCACCAGCA
GTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCCCCTCGTGGCCATATGGGAACTGA
AGAAAGATGTTTATGTCGTAGAATTGGATTGGTATCCGGATGCCCCTGGAGAAATGGTGGTCCT
CACCTGTGACACCCCTGAAGAAGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTT
AGGCTCTGGCAAAACCCTGACCATCCAAGTCAAAGAGT TTGGAGATGCTGGCCAGTACACCTGT
CACAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGATGGAATTT
GGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGACCTTTCTAAGATGCGAGGC
CAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTGACGACAATCAGTACTGATTTGACATTCA
GTGTCAAAAGCAGCAGAGGCTCTTCTGACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCT
CTGCAGAGAGAGTCAGAGGGGACAACAAGGAGTATGAGTACT CAGTGGAGTGCCAGGAGGAC
AGTGCCTGCCCAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAG
CTCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTGACCCACCCA
AGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGGTCAGCTGGGAGTACCCTG
ACACCTGGAGTACTCCACATTCCTACTTCTCCCTGACATTCTGCGTTCAGGTCCAGGGCAAGAG
CAAGAGAGAAAAGAAAGATAGAGTCTTCACGGACAAGACCTCAGCCACGGTCATCTGCCGCAA
AAATGCCAGCATTAGCGTGCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGC
ATCTGTGCCCTGCAGTGAGGGCAGAGGCAGCCTGCTGACCTGCGGCGACGT CGAGGAGAACC
CCGGGCCCATGGGGGCAGGTGCCACCGGCCGCGCCATGGACGGGCCGCGCCTGCTGCTGTT
GCTGCTTCTGGGGGTGTCCCTTGGAGGTGCCAAGGAGGCATGCCCCACAGGCCTGTACACALC
ACAGCGGTGAGTGCTGCAAAGCCTGCAACCTGGGCGAGGGTGTGGCCCAGCCTTGTGGAGCC
AACCAGACCGTGTGTGAGCCCTGCCTGGACAGCGTGACGTTCTCCGACGTGGTGAGCGCGAC
CGAGCCGTGCAAGCCGTGCACCGAGTGCGTGGGGCTCCAGAGCATGTCGGCGCCGTGCGTG
GAGGCCGATGACGCCGTGTGCCGCTGCGCCTACGGCTACTACCAGGATGAGACGACTGGGCG
CTGCGAGGCGTGCCGCGTGTGCGAGGCGGGCTCGGGCCTCGTGTTCTCCTGCCAGGACAAGC
AGAACACCGTGTGCGAGGAGTGCCCCGACGGCACGTATTCCGACGAGGCCAACCACGTGGAC
CCGTGCCTGCCCTGCACCGTGTGCGAGGACACCGAGCGCCAGCTCCGCGAGTGCACACGCTG
GGCCGACGCCGAGTGCGAGGAGATCCCTGGCCGTTGGATTACACGGTCCACACCCCCAGAGG
GCTCGGACAGCACAGCCCCCAGCACCCAGGAGCCTGAGGCACCTCCAGAACAAGACCTCATA
GCCAGCACGGTGGCAGGTGTGGTGACCACAGTGATGGGCAGCTCCCAGCCCGTGGTGACCCG
AGGCACCACCGACAACCTCATCCCTGTCTATTGCTCCATCCTGGCTGCTGTGGTTGTGGGTCTT
GTGGCCTACATAGCCTTCAAGAGGTGAAAAACCAAAAGAACAAGAATTTCTTGGTAAGAAGCCG
GGAACAGACAACAGAAGTCATGAAGCCCAAGTGAAATCAAAGGTGCTAAATGGTCGCCCAGGA
GACATCCGTTGTGCTTGCCTGCGTTTTGGAAGCTCTGAAGTCACATCACAGGACACGGGGCAG
TGGCAACCTTGTCTCTATGCCAGCTCAGTCCCATCAGAGAGCGAGCGCTACCCACTTCTARATA
GCAATTTCGCCGTTGAAGAGGAAGGGCAAAACCACTAGAACTCTCCATCTTATTTTCATGTATAT
GTGTTCAT

GACTCCCCAGACAGGCCCTGGAACCCCCCCACCTTCTCCCCAGCCCTGCTCGTGGTGACCGAA
GGGGACAACGCCACCTTCACCTGCAGCTTCTCCAACACATCGGAGAGCTTCGTGCTAAACTGG
TACCGCATGAGCCCCAGCAACCAGACGGACAAGCTGGCCGCCTTCCCCGAGGACCGCAGCCA
GCCCGGCCAGGACTGCCGCTTCCGTGTCACACAACTGCCCAACGGGCGTGACTTCCACATGAG
CGTGGTCAGGGCCCGGCGCAATGACAGCGGCACCTACCTCTGTGGGGCCGGTTCTGGCGTGA
AACAGACTTTGAATTTTGACCTTCTCAAGTTGGCGGGAGACGTGGAGTCCAACCCAGGGCCCAT
GTGGCCCCCTGGGTCAGCCTCCCAGCCACCGCCCTCACCTGCCGCGGCCACAGGTCTGCATC
CAGCGGCTCGCCCTGTGTCCCTGCAGTGCCGGCTCAGCATGTGTCCAGCGCGCAGCCTCCTC
CTTGTGGCTACCCTGGTCCTCCTGGACCACCTCAGTTTGGCCAGAAACCTCCCCGTGGCCACT
CCAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTGAGGGCCGTCAGCAAC
ATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCTTGCACTTCTGAAGAGATTGATCATGA
AGATATCACAAAAGATAAAACCAGCACAGTGGAGGCCTGTTTACCATTGGAATTAACCAAGAAT
GAGAGTTGCCTAAATTCCAGAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAA
AGACCTCTTTTATGATGGCCCTGTGCCTTAGTAGTATT TATGAAGACTTGAAGATGTACCAGGTG
GAGTTCAAGACCATGAATGCAAAGCTTCTGATGGAT CCTAAGAGGCAGATCTTTCTAGATCAAAA
CATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCACAA
AAATCCTCCCTTGAAGAACCGGATTTTTATAAAACTAAAATCAAGCTCTGCATACTTCTTCATGCT
TTCAGAATTCGGGCAGTGACTATTGATAGAGTGATGAGCTATCTGAATGCTTCCGGAAGCGGAG
CTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTATGTGTC
ACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCCCCTCGTGGCCATATGG
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TABLE 5-continued

Sequences referred to in example 2.

36 Inserted
matrice TRAC
locus_CubiCAR
CD22 (60
nucleotides
upstream and
downstream)

GAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTGGTATCCGGATGCCCCTGGAGAAATGG
TGGTCCTCACCTGTGACACCCCTGAAGAAGATGGTATCACCTGGACCTTGGACCAGAGCAGTG
AGGTCTTAGGCTCTGGCAAAACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTA
CACCTGTCACAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGAT
GGAATTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGACCTTTCTAAGATG
CGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTGACGACAATCAGTACTGATTTG
ACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTGACCCCCAAGGGGTGACGTGCGGAGCTGCT
ACACTCTCTGCAGAGAGAGTCAGAGGGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAG
GAGGACAGTGCCTGCCCAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTT
CACAAGCTCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTGACC
CACCCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGGTCAGCTGGGAGT
ACCCTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGACATTCTGCGTTCAGGTCCAGGG
CAAGAGCAAGAGAGAAAAGAAAGATAGAGTCTTCACGGACAAGACCTCAGCCACGGTCATCTG
CCGCAAAAATGCCAGCATTAGCGTGCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGA
ATGGGCATCTGTGCCCTGCAGTGAGGGCAGAGGCAGCCTGCTGACCTGCGGCGACGTCGAGG
AGAACCCCGGGCCCATGGGGGCAGGTGCCACCGGCCGCGCCATGGACGGGCCGCGCCTGCT
GCTGTTGCTGCTTCTGGGGGTGTCCCTTGGAGGTGCCAAGGAGGCATGCCCCACAGGCCTGTA
CACACACAGCGGTGAGTGCTGCAAAGCCTGCAACCTGGGCGAGGGTGTGGCCCAGCCTTGTG
GAGCCAACCAGACCGTGTGTGAGCCCTGCCTGGACAGCGTGACGTTCTCCGACGTGGTGAGC
GCGACCGAGCCGTGCAAGCCGTGCACCGAGTGCGTGGGGCTCCAGAGCATGTCGGCGCCGT
GCGTGGAGGCCGATGACGCCGTGTGCCGCTGCGCCTACGGCTACTACCAGGATGAGACGACT
GGGCGCTGCGAGGCGTGCCGCGTGTGCGAGGCGGGCTCGGGCCTCGTGTTCTCCTGCCAGG
ACAAGCAGAACACCGTGTGCGAGGAGTGCCCCGACGGCACGTATTCCGACGAGGCCAACCAC
GTGGACCCGTGCCTGCCCTGCACCGTGTGCGAGGACACCGAGCGCCAGCTCCGCGAGTGCALC
ACGCTGGGCCGACGCCGAGTGCGAGGAGATCCCTGGCCGTTGGATTACACGGTCCACACCCC
CAGAGGGCTCGGACAGCACAGCCCCCAGCACCCAGGAGCCTGAGGCACCTCCAGAACAAGAC
CTCATAGCCAGCACGGTGGCAGGTGTGGTGACCACAGTGATGGGCAGCTCCCAGCCCGTGGT
GACCCGAGGCACCACCGACAACCTCATCCCTGTCTATTGCTCCATCCTGGCTGCTGTGGTTGT
GGGTCTTGTGGCCTACATAGCCTTCAAGAGGTGATCTAGAGGGCCCGTTTAAACCCGCTGATCA
GCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGA
CCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCT
GAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGG
AAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGACTAGTGGCGAATTCGGCGCAG
ATCAAAGAGAGCCTGCGGGCAGAGCTCAGGGTGACAGGTGCGGCCTCGGAGGCCCCGGGEGT
AGGGGTGAGCTGAGCCGGTCCTGGGGTGGGTGTCCCCTCCTGCACAGGATCAGGAGCTCCAG
GGTCGTAGGGCAGGGACCCCCCAGCTCCAGTCCAGGGCTCTGTCCTGCACCTGGGGAATGGT
GACCGGCATCTCTGTCCTCTAGCTCTGGAAGCACCCCAGCCCCTCTAGTCTGCCCTCACCCCT
GACCCTGACCCTCCACCCTGACCCCGTCCTAACCCCTGACCTTTG

ATGAGATCATGTCCTAACCCTGATCCTCTTGTCCCACAGATATCCAGAACCCTGACCCTGTTGCT
GGGCCTTTTTCCCATGCCTGCCTTTACTCTGCCAGAGTTATATTGCTGGGGTTTTGAAGAAGATC
CTATTAAATAAAAGAATAAGCAGTATTATTAAGTAGCCCTGCATTTCAGGTTTCCTTGAGTGGCA
GGCCAGGCCTGGCCGTGAACGTTCACTGAAATCATGGCCTCTTGGCCAAGATTGATAGCTTGT
GCCTGTCCCTGAGTCCCAGTCCATCACGAGCAGCTGGTTTCTAAGATGCTATTTCCCGTATARAA
GCATGAGACCGTGACTTGCCAGCCCCACAGAGCCCCGCCCTTGTCCATCACTGGCATCTGGAC
TCCAGCCTGGGTTGGGGCAAAGAGGGAAATGAGATCATGTCCTAACCCTGATCCTCTTGTCCCA
CAGATATCCAGTACCCCTACGACGTGCCCGACTACGCCTCCGGTGAGGGCAGAGGAAGTCTTC
TAACATGCGGTGACGTGGAGGAGAATCCGGGCCCCGGATCCGCTCTGCCCGTCACCGCTCTG
CTGCTGCCACTGGCACTGCTGCTGCACGCTGCTAGGCCCGGAGGGGGAGGCAGCTGCCCCTA
CAGCAACCCCAGCCTGTGCAGCGGAGGCGGCGGCAGCGGCGGAGGGGGTAGCCAGGTGCAG
CTGCAGCAGAGCGGCCCTGGCCTGGTGAAGCCAAGCCAGACACTGTCCCTGACCTGCGCCAT
CAGCGGCGATTCCGTGAGCTCCAACTCCGCCGCCTGGAATTGGATCAGGCAGTCCCCTTCTCG
GGGCCTGGAGTGGCTGGGAAGGACATACTATCGGTCTAAGTGGTACAACGATTATGCCGTGTC
TGTGAAGAGCAGAATCACAATCAACCCTGACACCTCCAAGAATCAGTTCTCTCTGCAGCTGAAT
AGCGTGACACCAGAGGACACCGCCGTGTACTATTGCGCCAGGGAGGTGACCGGCGACCTGGA
GGATGCCTTTGACATCTGGGGCCAGGGCACAATGGTGACCGTGAGCTCCGGAGGCGGCGGAT
CTGGCGGAGGAGGAAGTGGGGGCGGCGGGAGTGATATCCAGATGACACAGTCCCCATCCTCT
CTGAGCGCCTCCGTGGGCGACAGAGTGACAATCACCTGTAGGGCCTCCCAGACCATCTGGTCT
TACCTGAACTGGTATCAGCAGAGGCCCGGCAAGGCCCCTAATCTGCTGATCTACGCAGCAAGC
TCCCTGCAGAGCGGAGTGCCATCCAGATTCTCTGGCAGGGGCTCCGGCACAGACTTCACCCTG
ACCATCTCTAGCCTGCAGGCCGAGGACTTCGCCACCTACTATTGCCAGCAGTCTTATAGCATCC
CCCAGACATTTGGCCAGGGCACCAAGCTGGAGATCAAGTCGGAT CCCGGAAGCGGAGGGGGA
GGCAGCTGCCCCTACAGCAACCCCAGCCTGTGCAGCGGAGGCGGCGGCAGCGAGCTGCCCA
CCCAGGGCACCTTCTCCAACGTGTCCACCAACGTGAGCCCAGCCAAGCCCACCACCACCGCCT
GTCCTTATTCCAATCCTTCCCTGTGTGCTCCCACCACAACCCCCGCTCCAAGGCCCCCTACCCC
CGCACCAACTATTGCCTCCCAGCCACTCTCACTGCGGCCTGAGGCCTGTCGGCCCGCTGCTGG
AGGCGCAGTGCATACAAGGGGCCTCGATTTCGCCTGCGATATTTACATCTGGGCACCCCTCGC
CGGCACCTGCGGGGTGCTTCTCCTCTCCCTGGTGATTACCCTGTATTGCAGACGGGGCCGGAA
GAAGCTCCTCTACATTTTTAAGCAGCCTTTCATGCGGCCAGTGCAGACAACCCAAGAGGAGGAT
GGGTGTTCCTGCAGATTCCCTGAGGAAGAGGAAGGCGGGTGCGAGCTGAGAGTGAAGTTCTC
CAGGAGCGCAGATGCCCCCGCCTATCAACAGGGCCAGAACCAGCTCTACAACGAGCTTAACCT
CGGGAGGCGCGAAGAATACGACGTGTTGGATAAGAGAAGGGGGCGGGACCCCGAGATGGGA
GGAAAGCCCCGGAGGAAGAACCCTCAGGAGGGCCTGTACAACGAGCTGCAGAAGGATAAGAT
GGCCGAGGCCTACTCAGAGATCGGGATGAAGGGGGAGCGGCGCCGCGGGAAGGGGCACGAT
GGGCTCTACCAGGGGCTGAGCACAGCCACAAAGGACACATACGACGCCTTGCACATGCAGGC
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TABLE 5-continued

Sequences referred to in example 2.

37 Inserted

matrice CD25
locus_IL15_
22 sILl15Ra
(60
nucleotides
upstream and
downstream)

38 Inserted

matrice PD1
locus_IL15_
22 sILl15Ra
(60
nucleotides
upstream and
downstream)

CCTTCCACCCCGGGAATAGTCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCC
TTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCC
ACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTC
TATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGC
ATGCTGGGGATGCGGTGGGCTCTATGACTAGTGGCGAATTCCCGTGTACCAGCTGAGAGACTC
TAAATCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGTCACAAA
GTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGCTAGACATGAGGTCTATGGACTTCAAG
AGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATGTGCAAACGCCTTCAACAACA
GCATTATTCCAGAAGACACCTTCTTCCCCAGCCCAGGTAAGGGCAGCTTTGGTGCCTTCGCAG
GCTGTTTCCTTGCTTCAGGAATGGCCAGGTTCTGCCCAGAGCTCTGGTCAATGATGTCTAAAAC
TCCTCTGATTGGTGGTCTCGGCCTTATCCATTGCCACCAAAACCCTCTTTTTACTAAGAAACAGT
GAGCCTTGTTCTGGCAGTCCAGAGAATGACACGGGAAAAAAGCAGATGAAGA

AGTGCTGGCTAGAAACCAAGTGCTTTACTGCATGCACATCATTTAGCACAGTTAGTTGCTGTTTA
TTATTCCTGTTCCACAGCTATTGTCTGCCATATAAAAACTTAGGCCAGGCACAGTGGCTCACACC
TGTAATCCCAGCACTTTGGAAGGCCGAGGCAGGCAGATCACAAGGTCAGGAGTTCGAGACCAG
CCTGGCCAACATAGCAAAACCCCATCTCTACTAAAAATACAAAAATTAGCCAGGCATGGTGGCG
TGTGCACTGGTTTAGAGTGAGGACCACATTTTTTTGGTGCCGTGTTACACATATGACCGTGACTT
TGTTACACCACTACAGGAGGAAGAGTAGAAGAACAATCGGTTCTGGCGTGAAACAGACTTTGAA
TTTTGACCTTCTCAAGTTGGCGGGAGACGTGGAGTCCAACCCAGGGCCCGGTACCGGGTCCGC
CACCATGGACTGGACCTGGATTCTGTTCCTCGTGGCTGCTGCTACAAGAGTGCACAGCGGCAT
TCATGTCTTCATTTTGGGCTGTTTCAGTGCAGGGCTTCCTAAAACAGAAGCCAACTGGGTGAAT
GTAATAAGTGATTTGAAAAAAATTGAAGATCTTATTCAATCTATGCATATTGATGCTACTTTATATA
CGGAAAGTGATGTTCACCCCAGTTGCAAAGTAACAGCAATGAAGTGCTTTCTCTTGGAGTTACA
AGTTATTTCACTTGAGTCCGGAGATGCAAGTATTCATGATACAGTAGAAAATCTGATCATCCTAG
CAAACAACAGTTTGTCTTCTAATGGGAATGTAACAGAATCTGGATGCAAAGAATGTGAGGAACT
GGAGGAAAAAAATATTAAAGAATTTTTGCAGAGTTTTGTACATATTGTCCAAATGTTCATCAACAC
TTCTGGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCC
TGGACCTGGGACCGGCTCTGCAACCATGGAT TGGACGTGGATCCTGTTTCTCGTGGCAGCTGC
CACAAGAGTTCACAGTATCACGTGCCCTCCCCCCATGTCCGTGGAACACGCAGACATCTGGGT
CAAGAGCTACAGCTTGTACTCCAGGGAGCGGTACATTTGTAACTCTGGTTTCAAGCGTAAAGCC
GGCACGTCCAGCCTGACGGAGTGCGTGTTGAACAAGGCCACGAATGTCGCCCACTGGACAALC
CCCCAGTCTCAAATGCATTAGAGACCCTGCCCTGGTTCACCAAAGGCCAGCGCCACCCTCCAC
AGTAACGACGGCAGGGGTGACCCCACAGCCAGAGAGCCTCTCCCCTTCTGGAAAAGAGCCCG
CAGCTTCATCTCCCAGCTCAAACAACACAGCGGCCACAACAGCAGCTATTGTCCCGGGCTCCC
AGCTGATGCCTTCAAAATCACCTTCCACAGGAACCACAGAGATAAGCAGTCATGAGTCCTCCCA
CGGCACCCCCTCTCAGACAACAGCCAAGAACTGGGAACTCACAGCATCCGCCTCCCACCAGCC
GCCAGGTGTGTATCCACAGGGCCACAGCGACACCACTGAGGGCAGAGGCAGCCTGCTGACCT
GCGGCGACGTCGAGGAGAACCCCGGGCCCATGGGGGCAGGTGCCACCGGCCGCGCCATGGA
CGGGCCGCGCCTGCTGCTGTTGCTGCTTCTGGGGGTGTCCCTTGGAGGTGCCAAGGAGGCAT
GCCCCACAGGCCTGTACACACACAGCGGTGAGTGCTGCAAAGCCTGCAACCTGGGCGAGGGT
GTGGCCCAGCCTTGTGGAGCCAACCAGACCGTGTGTGAGCCCTGCCTGGACAGCGTGACGTT
CTCCGACGTGGTGAGCGCGACCGAGCCGTGCAAGCCGTGCACCGAGTGCGTGGGGCTCCAGA
GCATGTCGGCGCCGTGCGTGGAGGCCGATGACGCCGTGTGCCGCTGCGCCTACGGCTACTAC
CAGGATGAGACGACTGGGCGCTGCGAGGCGTGCCGCGTGTGCGAGGCGGGCTCGGGCCTCG
TGTTCTCCTGCCAGGACAAGCAGAACACCGTGTGCGAGGAGTGCCCCGACGGCACGTATTCCG
ACGAGGCCAACCACGTGGACCCGTGCCTGCCCTGCACCGTGTGCGAGGACACCGAGCGCCAG
CTCCGCGAGTGCACACGCTGGGCCGACGCCGAGTGCGAGGAGATCCCTGGCCGTTGGATTAC
ACGGTCCACACCCCCAGAGGGCTCGGACAGCACAGCCCCCAGCACCCAGGAGCCTGAGGCAC
CTCCAGAACAAGACCTCATAGCCAGCACGGTGGCAGGTGTGGTGACCACAGTGATGGGCAGCT
CCCAGCCCGTGGTGACCCGAGGCACCACCGACAACCTCATCCCTGTCTATTGCTCCATCCTGG
CTGCTGTGGTTGTGGGTCTTGTGGCCTACATAGCCTTCAAGAGGTGAAAAACCAAAAGAACALG
AATTTCTTGGTAAGAAGCCGGGAACAGACAACAGAAGT CATGAAGCCCAAGTGAAATCAAAGGT
GCTAAATGGTCGCCCAGGAGACATCCGTTGTGCTTGCCTGCGTTTTGGAAGCTCTGAAGT CACA
TCACAGGACACGGGGCAGTGGCAACCTTGTCTCTATGCCAGCTCAGTCCCATCAGAGAGCGAG
CGCTACCCACTTCTAAATAGCAATTTCGCCGTTGAAGAGGAAGGGCAAAACCACTAGAACTCTC
CATCTTATTTTCATGTATATGTGTTCATTAAAGCATGAATGGTATGGAACTCTCTCCACCCTATAT
GTAGTATAAAGAAAAGTAGGTT

GGTGGCCGGGGAGGCTTTGTGGGGCCACCCAGCCCCTTCCTCACCTCTCTCCATCTCTCAGAC
TCCCCAGACAGGCCCTGGAACCCCCCCACCTTCTCCCCAGCCCTGCTCGTGGTGACCGAAGG
GGACAACGCCACCTTCACCTGCAGCTTCTCCAACACATCGGAGAGCTTCGTGCTAAACTGGTAC
CGCATGAGCCCCAGCAACCAGACGGACAAGCTGGCCGCCTTCCCCGAGGACCGCAGCCAGCC
CGGCCAGGACTGCCGCTTCCGTGTCACACAACTGCCCAACGGGCGTGACTTCCACATGAGCGT
GGTCAGGGCCCGGCGCAATGACAGCGGCACCTACCTCTGTGGGGCCGGTTCTGGCGTGAAAC
AGACTTTGAATTTTGACCTTCTCAAGT TGGCGGGAGACGTGGAGTCCAACCCAGGGCCCGGTA
CCGGGTCCGCCACCATGGACTGGACCTGGATTCTGTTCCTCGTGGCTGCTGCTACAAGAGTGC
ACAGCGGCATTCATGTCTTCATTTTGGGCTGTTTCAGTGCAGGGCTTCCTAAAACAGAAGCCAA
CTGGGTGAATGTAATAAGTGATTTGAAAAAAATTGAAGATCTTATTCAATCTATGCATATTGATGC
TACTTTATATACGGAAAGTGATGTTCACCCCAGTTGCAAAGTAACAGCAATGAAGTGCTTTCTCT
TGGAGTTACAAGTTATTTCACTTGAGT CCGGAGATGCAAGTATTCATGATACAGTAGAAAATCTG
ATCATCCTAGCAAACAACAGTTTGTCTTCTAATGGGAATGTAACAGAATCTGGATGCAAAGAATG
TGAGGAACTGGAGGAAAAAAATATTAAAGAATTTTTGCAGAGTTTTGTACATATTGTCCAAATGTT
CATCAACACTTCTGGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGA
GGAGAACCCTGGACCTGGGACCGGCTCTGCAACCATGGATTGGACGTGGATCCTGTTTCTCGT
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TABLE 5-continued

Sequences referred to in example 2.

39 Inserted
matrice CD25
locus_ILl2a_
2A IL12b (60
nucleotides
upstream and
downstream)

GGCAGCTGCCACAAGAGTTCACAGTATCACGTGCCCTCCCCCCATGTCCGTGGAACACGCAGA
CATCTGGGTCAAGAGCTACAGCTTGTACTCCAGGGAGCGGTACATTTGTAACTCTGGTTTCAAG
CGTAAAGCCGGCACGTCCAGCCTGACGGAGTGCGTGTTGAACAAGGCCACGAATGTCGCCCA
CTGGACAACCCCCAGTCTCAAATGCATTAGAGACCCTGCCCTGGTTCACCAAAGGCCAGCGCC
ACCCTCCACAGTAACGACGGCAGGGGTGACCCCACAGCCAGAGAGCCTCTCCCCTTCTGGAAA
AGAGCCCGCAGCTTCATCTCCCAGCTCAAACAACACAGCGGCCACAACAGCAGCTATTGTCCC
GGGCTCCCAGCTGATGCCTTCAAAATCACCTTCCACAGGAACCACAGAGATAAGCAGTCATGAG
TCCTCCCACGGCACCCCCTCTCAGACAACAGCCAAGAACTGGGAACTCACAGCATCCGCCTCC
CACCAGCCGCCAGGTGTGTATCCACAGGGCCACAGCGACACCACTGAGGGCAGAGGCAGCCT
GCTGACCTGCGGCGACGTCGAGGAGAACCCCGGGCCCATGGGGGCAGGTGCCACCGGCCGC
GCCATGGACGGGCCGCGCCTGCTGCTGTTGCTGCTTCTGGGGGTGTCCCTTGGAGGTGCCAA
GGAGGCATGCCCCACAGGCCTGTACACACACAGCGGTGAGTGCTGCAAAGCCTGCAACCTGG
GCGAGGGTGTGGCCCAGCCTTGTGGAGCCAACCAGACCGTGTGTGAGCCCTGCCTGGACAGT
GTGACGTTCTCCGACGTGGTGAGCGCGACCGAGCCGTGCAAGCCGTGCACCGAGTGCGTGGG
GCTCCAGAGCATGTCGGCGCCGTGCGTGGAGGCCGATGACGCCGTGTGCCGCTGCGCCTACG
GCTACTACCAGGATGAGACGACTGGGCGCTGCGAGGCGTGCCGCGTGTGCGAGGCGGGCTC
GGGCCTCGTGTTCTCCTGCCAGGACAAGCAGAACACCGTGTGCGAGGAGTGCCCCGACGGCA
CGTATTCCGACGAGGCCAACCACGTGGACCCGTGCCTGCCCTGCACCGTGTGCGAGGACACC
GAGCGCCAGCTCCGCGAGTGCACACGCTGGGCCGACGCCGAGTGCGAGGAGATCCCTGGCC
GTTGGATTACACGGTCCACACCCCCAGAGGGCTCGGACAGCACAGCCCCCAGCACCCAGGAG
CCTGAGGCACCTCCAGAACAAGACCTCATAGCCAGCACGGTGGCAGGTGTGGTGACCACAGTG
ATGGGCAGCTCCCAGCCCGTGGTGACCCGAGGCACCACCGACAACCTCATCCCTGTCTATTGC
TCCATCCTGGCTGCTGTGGTTGTGGGTCTTGTGGCCTACATAGCCTTCAAGAGGTGATCTAGAG
GGCCCGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTG
CCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAAT
GAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAG
GACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTAT
GACTAGTGGCGAATTCGGCGCAGATCAAAGAGAGCCTGCGGGCAGAGCTCAGGGTGACAGGT
GCGGCCTCGGAGGCCCCGGGGCAGGGGTGAGCTGAGCCGGTCCTGGGGTGGGTGTCCCCTC
CTGCACAGGATCAGGAGCTCCAGGGTCGTAGGGCAGGGACCCCCCAGCTCCAGTCCAGGGCT
CTGTCCTGCACCTGGGGAATGGTGACCGGCATCTCTGTCCTCTAGCTCTGGAAGCACCCCAGC
CCCTCTAGTCTGCCCTCACCCCTGACCCTGACCCTCCACCCTGACCCCGTCCTAACCCCTGAC
CTTTGTGCCCTTCCAGAGAGAAGGGCAGAAGTGCCCACAGCCCACCCCAGCCCCTCACCCAGG
cc

AGTGCTGGCTAGAAACCAAGTGCTTTACTGCATGCACATCATTTAGCACAGTTAGTTGCTGTTTA
TTATTCCTGTTCCACAGCTATTGTCTGCCATATAAAAACTTAGGCCAGGCACAGTGGCTCACACC
TGTAATCCCAGCACTTTGGAAGGCCGAGGCAGGCAGATCACAAGGTCAGGAGTTCGAGACCAG
CCTGGCCAACATAGCAAAACCCCATCTCTACTAAAAATACAAAAATTAGCCAGGCATGGTGGCG
TGTGCACTGGTTTAGAGTGAGGACCACATTTTTTTGGTGCCGTGTTACACATATGACCGTGACTT
TGTTACACCACTACAGGAGGAAGAGTAGAAGAACAATCGGTTCTGGCGTGAAACAGACTTTGAA
TTTTGACCTTCTCAAGTTGGCGGGAGACGTGGAGTCCAACCCAGGGCCCATGTGGCCCCCTGG
GTCAGCCTCCCAGCCACCGCCCTCACCTGCCGCGGCCACAGGTCTGCATCCAGCGGCTCGCC
CTGTGTCCCTGCAGTGCCGGCTCAGCATGTGTCCAGCGCGCAGCCTCCTCCTTGTGGCTACCC
TGGTCCTCCTGGACCACCTCAGTTTGGCCAGAAACCTCCCCGTGGCCACTCCAGACCCAGGAA
TGTTCCCATGCCTTCACCACTCCCAAAACCTGCTGAGGGCCGTCAGCAACATGCTCCAGAAGG
CCAGACAAACTCTAGAATTTTACCCTTGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAR
GATAAAACCAGCACAGTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAA
ATTCCAGAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTTTATG
ATGGCCCTGTGCCTTAGTAGTATTTATGAAGACT TGAAGATGTACCAGGTGGAGTTCAAGACCA
TGAATGCAAAGCTTCTGATGGATCCTAAGAGGCAGATCTTTCTAGATCAAAACATGCTGGCAGTT
ATTGATGAGCTGATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCACAAAAATCCTCCCTTG
AAGAACCGGATTTTTATAAAACTAAAATCAAGCTCTGCATACTTCTTCATGCTTTCAGAATTCGGG
CAGTGACTATTGATAGAGTGATGAGCTATCTGAATGCTTCCGGAAGCGGAGCTACTAACTTCAG
CCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTATGTGTCACCAGCAGTTGGT
CATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCCCCTCGTGGCCATATGGGAACTGAAGAAR
GATGTTTATGTCGTAGAATTGGATTGGTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCT
GTGACACCCCTGAAGAAGATGGTATCACCTGGACCT TGGACCAGAGCAGTGAGGTCTTAGGCT
CTGGCAAAACCCTGACCATCCAAGT CAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCACAA
AGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGATGGAATTTGGTCC
ACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGACCTTTCTAAGATGCGAGGCCAAGAA
TTATTCTGGACGTTTCACCTGCTGGTGGCTGACGACAATCAGTACTGATTTGACATTCAGTGTCA
ARAAGCAGCAGAGGCTCTTCTGACCCCCAAGGGGTGACGTGCGGAGCTGCTACACTCTCTGCAG
AGAGAGTCAGAGGGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCC
TGCCCAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCACAAGCTCAAG
TATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTGACCCACCCAAGAACTT
GCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGGTCAGCTGGGAGTACCCTGACACCTG
GAGTACTCCACATTCCTACTTCTCCCTGACATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAGA
GAAAAGAAAGATAGAGTCTTCACGGACAAGACCTCAGCCACGGTCATCTGCCGCAAAAATGCCA
GCATTAGCGTGCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATGGGCATCTGTGC
CCTGCAGTGAGGGCAGAGGCAGCCTGCTGACCTGCGGCGACGTCGAGGAGAACCCCGGGCC
CATGGGGGCAGGTGCCACCGGCCGCGCCATGGACGGGCCGCGCCTGCTGCTGTTGCTGCTTC
TGGGGGTGTCCCTTGGAGGTGCCAAGGAGGCATGCCCCACAGGCCTGTACACACACAGCGGT
GAGTGCTGCAAAGCCTGCAACCTGGGCGAGGGTGTGGCCCAGCCTTGTGGAGCCAACCAGALC
CGTGTGTGAGCCCTGCCTGGACAGCGTGACGTTCTCCGACGTGGTGAGCGCGACCGAGCCGT
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TABLE 5-continued

Sequences referred to in example 2.

40 Inserted
matrice PD1
locus_ILl2a_
2A IL12b (60
nucleotides
upstream and
downstream)

GCAAGCCGTGCACCGAGTGCGTGGGGCTCCAGAGCATGTCGGCGCCGTGCGTGGAGGCCGA
TGACGCCGTGTGCCGCTGCGCCTACGGCTACTACCAGGATGAGACGACTGGGCGCTGCGAGG
CGTGCCGCGTGTGCGAGGCGGGCTCGGGCCTCGTGTTCTCCTGCCAGGACAAGCAGAACACC
GTGTGCGAGGAGTGCCCCGACGGCACGTATTCCGACGAGGCCAACCACGTGGACCCGTGCCT
GCCCTGCACCGTGTGCGAGGACACCGAGCGCCAGCTCCGCGAGTGCACACGCTGGGCCGAC
GCCGAGTGCGAGGAGATCCCTGGCCGTTGGATTACACGGTCCACACCCCCAGAGGGCTCGGA
CAGCACAGCCCCCAGCACCCAGGAGCCTGAGGCACCTCCAGAACAAGACCTCATAGCCAGCA
CGGTGGCAGGTGTGGTGACCACAGTGATGGGCAGCTCCCAGCCCGTGGTGACCCGAGGCACC
ACCGACAACCTCATCCCTGTCTATTGCTCCATCCTGGCTGCTGTGGTTGTGGGTCTTGTGGCCT
ACATAGCCTTCAAGAGGTGAAAAACCAAAAGAACAAGAATTTCTTGGTAAGAAGCCGGGAACAG
ACAACAGAAGTCATGAAGCCCAAGTGAAATCAAAGGTGCTAAATGGTCGCCCAGGAGACATCC
GTTGTGCTTGCCTGCGTTTTGGAAGCTCTGAAGTCACATCACAGGACACGGGGCAGTGGCAAC
CTTGTCTCTATGCCAGCTCAGTCCCATCAGAGAGCGAGCGCTACCCACTTCTAAATAGCAATTT
CGCCGTTGAAGAGGAAGGGCAAAACCACTAGAACTCTCCATCTTATTTTCATGTATATGTGTTCA
TGAATGGTATGGAACTCTCTCCACCCTATATGTAGTATAAAGAAAAGTAGGTT

GGTGGCCGGGGAGGCTTTGTGGGGCCACCCAGCCCCTTCCTCACCTCTCTCCATCTCTCAGAC
TCCCCAGACAGGCCCTGGAACCCCCCCACCTTCTCCCCAGCCCTGCTCGTGGTGACCGAAGG
GGACAACGCCACCTTCACCTGCAGCTTCTCCAACACATCGGAGAGCTTCGTGCTAAACTGGTAC
CGCATGAGCCCCAGCAACCAGACGGACAAGCTGGCCGCCTTCCCCGAGGACCGCAGCCAGCC
CGGCCAGGACTGCCGCTTCCGTGTCACACAACTGCCCAACGGGCGTGACTTCCACATGAGCGT
GGTCAGGGCCCGGCGCAATGACAGCGGCACCTACCTCTGTGGGGCCGGTTCTGGCGTGAAAC
AGACTTTGAATTTTGACCTTCTCAAGT TGGCGGGAGACGTGGAGTCCAACCCAGGGCCCATGT
GGCCCCCTGGGTCAGCCTCCCAGCCACCGCCCTCACCTGCCGCGGCCACAGGTCTGCATCCA
GCGGCTCGCCCTGTGTCCCTGCAGTGCCGGCTCAGCATGTGTCCAGCGCGCAGCCTCCTCCTT
GTGGCTACCCTGGTCCTCCTGGACCACCTCAGTTTGGCCAGAAACCTCCCCGTGGCCACTCCA
GACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTGAGGGCCGTCAGCAACATG
CTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCTTGCACTTCTGAAGAGATTGATCATGAAGA
TATCACAAAAGATAAAACCAGCACAGTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAG
AGTTGCCTAAATTCCAGAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGA
CCTCTTTTATGATGGCCCTGTGCCTTAGTAGTATTTATGAAGACTTGAAGATGTACCAGGTGGAG
TTCAAGACCATGAATGCAAAGCTTCTGATGGATCCTAAGAGGCAGATCTTTCTAGATCAAAACAT
GCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCACAAAAA
TCCTCCCTTGAAGAACCGGATTTTTATAAAACTAAAATCAAGCTCTGCATACTTCTTCATGCTTTC
AGAATTCGGGCAGTGACTATTGATAGAGTGATGAGCTATCTGAATGCTTCCGGAAGCGGAGCTA
CTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTATGTGTCACC
AGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCCCCTCGTGGCCATATGGGAA
CTGAAGAAAGATGTTTATGTCGTAGAATTGGATTGGTATCCGGATGCCCCTGGAGAAATGGTGG
TCCTCACCTGTGACACCCCTGAAGAAGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGG
TCTTAGGCTCTGGCAAAACCCTGACCATCCAAGT CAAAGAGT TTGGAGATGCTGGCCAGTACAC
CTGTCACAAAGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGATGGA
ATTTGGTCCACTGATATT TTAAAGGACCAGAAAGAACCCAAAAATAAGACCTTTCTAAGATGCGA
GGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTGACGACAATCAGTACTGATTTGACA
TTCAGTGTCAAAAGCAGCAGAGGCTCTTCTGACCCCCAAGGGGTGACGTGCGGAGCTGCTACA
CTCTCTGCAGAGAGAGTCAGAGGGGACAACAAGGAGTATGAGTACTCAGTGGAGTGCCAGGAG
GACAGTGCCTGCCCAGCTGCTGAGGAGAGTCTGCCCATTGAGGTCATGGTGGATGCCGTTCAC
AAGCTCAAGTATGAAAACTACACCAGCAGCTTCTTCATCAGGGACATCATCAAACCTGACCCAC
CCAAGAACTTGCAGCTGAAGCCATTAAAGAATTCTCGGCAGGTGGAGGTCAGCTGGGAGTACC
CTGACACCTGGAGTACTCCACATTCCTACTTCTCCCTGACATTCTGCGTTCAGGT CCAGGGCAA
GAGCAAGAGAGAAAAGAAAGATAGAGTCTTCACGGACAAGACCTCAGCCACGGTCATCTGCCG
CAAAAATGCCAGCATTAGCGTGCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGCGAATG
GGCATCTGTGCCCTGCAGTGAGGGCAGAGGCAGCCTGCTGACCTGCGGCGACGTCGAGGAGA
ACCCCGGGCCCATGGGGGCAGGTGCCACCGGCCGCGCCATGGACGGGCCGCGCCTGCTGCT
GTTGCTGCTTCTGGGGGTGTCCCTTGGAGGTGCCAAGGAGGCATGCCCCACAGGCCTGTACAC
ACACAGCGGTGAGTGCTGCAAAGCCTGCAACCTGGGCGAGGGTGTGGCCCAGCCTTGTGGAG
CCAACCAGACCGTGTGTGAGCCCTGCCTGGACAGCGTGACGTTCTCCGACGTGGTGAGCGCG
ACCGAGCCGTGCAAGCCGTGCACCGAGTGCGTGGGGCTCCAGAGCATGTCGGCGCCGTGCGT
GGAGGCCGATGACGCCGTGTGCCGCTGCGCCTACGGCTACTACCAGGATGAGACGACTGGGTC
GCTGCGAGGCGTGCCGCGTGTGCGAGGCGGGCTCGGGCCTCGTGTTCTCCTGCCAGGACAAG
CAGAACACCGTGTGCGAGGAGTGCCCCGACGGCACGTATTCCGACGAGGCCAACCACGTGGA
CCCGTGCCTGCCCTGCACCGTGTGCGAGGACACCGAGCGCCAGCTCCGCGAGTGCACACGCT
GGGCCGACGCCGAGTGCGAGGAGATCCCTGGCCGTTGGATTACACGGTCCACACCCCCAGAG
GGCTCGGACAGCACAGCCCCCAGCACCCAGGAGCCTGAGGCACCTCCAGAACAAGACCTCAT
AGCCAGCACGGTGGCAGGTGTGGTGACCACAGTGATGGGCAGCTCCCAGCCCGTGGTGACCC
GAGGCACCACCGACAACCTCATCCCTGTCTATTGCTCCATCCTGGCTGCTGTGGTTGTGGGTCT
TGTGGCCTACATAGCCTTCAAGAGGTGATCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTC
GACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTG
GAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTA
GGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGAT TGGGAAGAC
AATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGACTAGTGGCGAATTCGGCGCAGATCAA
AGAGAGCCTGCGGGCAGAGCT CAGGGTGACAGGTGCGGCCTCGGAGGCCCCGGGGCAGGGG
TGAGCTGAGCCGGTCCTGGGGTGGGTGTCCCCTCCTGCACAGGATCAGGAGCTCCAGGGTCG
TAGGGCAGGGACCCCCCAGCTCCAGTCCAGGGCTCTGTCCTGCACCTGGGGAATGGTGACCG
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TABLE 5-continued

Sequences referred to in example 2.

41

42

43

44

45

46

47

48

49

upstream

TRAC locus
polynucleotide
sequence

downstream
TRAC locus
polynucleotide
sequence

upstream

CD25 locus
polynucleotide
sequence

downstream
CD25 locus
polynucleotide
sequence

upstream PD1
locus
polynucleotide
sequence

downstream

PD1 locus
polynucleotide
sequence

IL-12a
polynucleotide

IL12b
polynucleotide

IL15
polynucleotide

GCATCTCTGTCCTCTAGCTCTGGAAGCACCCCAGCCCCTCTAGTCTGCCCTCACCCCTGACCCT
GACCCTCCACCCTGACCCCGTCCTAACCCCTGACCTTTGTGCCCTTCCAGAGAGAAGGGCAGA
AGTGCCCACAGCCCACCCCAGCCCCTCACCCAGGCC

ATGAGATCATGTCCTAACCCTGATCCTCTTGTCCCACAGATATCCAGAACCCTGACC
CTG

GAAACAGTGAGCCTTGTTCTGGCAGTCCAGAGAATGACACGGGAAARAAAGCAGATG
AAGA

AGTGCTGGCTAGAAACCAAGTGCTTTACTGCATGCACATCATTTAGCACAGTTAGTT
GCT

GAATGGTATGGAACTCTCTCCACCCTATATGTAGTATAAAGAAAAGTAGGTT

GGTGGCCGGGGAGGCTTTGTGGGGCCACCCAGCCCCTTCCTCACCTCTCTCCATCT
CTCA

TGCCCTTCCAGAGAGAAGGGCAGAAGTGCCCACAGCCCACCCCAGCCCCTCACCC
AGGCC

ATGTGGCCCCCTGGGTCAGCCTCCCAGCCACCGCCCTCACCTGCCGCGGCCACAG
GTCTGCATCCAGCGGCTCGCCCTGTGTCCCTGCAGTGCCGGCTCAGCATGTGTCCA
GCGCGCAGCCTCCTCCTTGTGGCTACCCTGGTCCTCCTGGACCACCTCAGTTTGGC
CAGAAACCTCCCCGTGGCCACTCCAGACCCAGGAATGTTCCCATGCCTTCACCACT
CCCAAAACCTGCTGAGGGCCGTCAGCAACATGCTCCAGAAGGCCAGACAAACTCTA
GAATTTTACCCTTGCACTTCTGAAGAGATTGATCATGAAGATATCACAAAAGATAAAA
CCAGCACAGTGGAGGCCTGTTTACCATTGGAATTAACCAAGAATGAGAGTTGCCTAA
ATTCCAGAGAGACCTCTTTCATAACTAATGGGAGTTGCCTGGCCTCCAGAAAGACCT
CTTTTATGATGGCCCTGTGCCTTAGTAGTAT TTATGAAGACT TGAAGATGTACCAGGT
GGAGTTCAAGACCATGAATGCAAAGCTTCTGATGGATCCTAAGAGGCAGATCTTTCT
AGATCAAAACATGCTGGCAGTTATTGATGAGCTGATGCAGGCCCTGAATTTCAACAG
TGAGACTGTGCCACAAAAATCCTCCCTTGAAGAACCGGATTTTTATAAAACTAAAATC
AAGCTCTGCATACTTCTTCATGCTTTCAGAATTCGGGCAGTGACTATTGATAGAGTGA
TGAGCTATCTGAATGCTTCC

ATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTCCCC
TCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTGGTATC
CGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGAAGATGGT
ATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAAAACCCTGAC
CATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCACAAAGGAGGCG
AGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGATGGAATTTGGTCCA
CTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGACCTTTCTAAGATGCGAGG
CCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTGACGACAATCAGTACTGATT
TGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTGACCCCCAAGGGGTGACGTGC
GGAGCTGCTACACTCTCTGCAGAGAGAGTCAGAGGGGACAACAAGGAGTATGAGTA
CTCAGTGGAGTGCCAGGAGGACAGTGCCTGCCCAGCTGCTGAGGAGAGTCTGCCC
ATTGAGGTCATGGTGGATGCCGTTCACAAGCTCAAGTATGAAAACTACACCAGCAGC
TTCTTCATCAGGGACATCATCAAACCTGACCCACCCAAGAACTTGCAGCTGAAGCCA
TTAAAGAATTCTCGGCAGGTGGAGGTCAGCTGGGAGTACCCTGACACCTGGAGTAC
TCCACATTCCTACTTCTCCCTGACATTCTGCGTTCAGGTCCAGGGCAAGAGCAAGAG
AGAAAAGAAAGATAGAGTCTTCACGGACAAGACCTCAGCCACGGTCATCTGCCGCA
AAAATGCCAGCATTAGCGTGCGGGCCCAGGACCGCTACTATAGCTCATCTTGGAGC
GAATGGGCATCTGTGCCCTGCAGT

GGCATTCATGTCTTCATTTTGGGCTGTTTCAGTGCAGGGCTTCCTAAAACAGAAGCC

AACTGGGTGAATGTAATAAGTGATTTGAAAAAAATTGAAGATCTTATTCAATCTATGC
ATATTGATGCTACTTTATATACGGAAAGTGATGTTCACCCCAGTTGCAAAGTAACAGC
AATGAAGTGCTTTCTCTTGGAGT TACAAGTTATTTCACTTGAGTCCGGAGATGCAAGT
ATTCATGATACAGTAGAAAATCTGATCATCCTAGCAAACAACAGTTTGTCTTCTAATG
GGAATGTAACAGAATCTGGATGCAAAGAATGTGAGGAACTGGAGGAAAAAAATATTA

AAGAATTTTTGCAGAGTTTTGTACATATTGTCCAAATGTTCATCAACACTTCT
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TABLE 5-continued

Sequences referred to in example 2.

50 sILl5ra

polynucleotide

51 soluble

52

53

54

55

56

GP130
polynucleotide

IgE signal
sequence

F2a

P2a

T2A

LNGFR

ATCACGTGCCCTCCCCCCATGTCCGTGGAACACGCAGACATCTGGGTCAAGAGCTA
CAGCTTGTACTCCAGGGAGCGGTACATTTGTAACTCTGGTTTCAAGCGTAAAGCCGG
CACGTCCAGCCTGACGGAGTGCGTGTTGAACAAGGCCACGAATGTCGCCCACTGGA
CAACCCCCAGTCTCAAATGCATTAGAGACCCTGCCCTGGTTCACCAAAGGCCAGCG
CCACCCTCCACAGTAACGACGGCAGGGGTGACCCCACAGCCAGAGAGCCTCTCCC
CTTCTGGAAAAGAGCCCGCAGCTTCATCTCCCAGCTCAAACAACACAGCGGCCACA
ACAGCAGCTATTGTCCCGGGCTCCCAGCTGATGCCTTCAAAATCACCTTCCACAGGA
ACCACAGAGATAAGCAGTCATGAGTCCTCCCACGGCACCCCCTCTCAGACAACAGC
CAAGAACTGGGAACTCACAGCATCCGCCTCCCACCAGCCGCCAGGTGTGTATCCAC
AGGGCCACAGCGACACCACT

ATGCTGACACTGCAGACTTGGCTGGTGCAGGCACTGTTTATTTTTCTGACTACTGAA
TCAACTGGCGAACTGCTGGACCCTTGTGGCTACATCAGCCCTGAGTCCCCAGTGGT
GCAGCTGCACAGCAACTTCACCGCCGTGTGCGTGCTGAAGGAGAAGTGTATGGACT
ACTTTCACGTGAACGCCAATTATATCGTGTGGAAAACCAACCACTTCACAATCCCCAA
GGAGCAGTACACCATCATCAATAGGACAGCCAGCTCCGTGACCTTTACAGACATCG
CCTCCCTGAACATCCAGCTGACCTGCAATATCCTGACATTCGGCCAGCTGGAGCAG
AACGTGTATGGCATCACCATCATCTCTGGCCTGCCCCCTGAGAAGCCTAAGAACCTG
AGCTGCATCGTGAATGAGGGCAAGAAGATGCGGTGTGAGTGGGACGGCGGCAGAG
AGACACACCTGGAGACAAACTTCACCCTGAAGTCCGAGTGGGCCACACACAAGTTT
GCCGACTGCAAGGCCAAGCGCGATACCCCAACATCCTGTACCGTGGATTACTCTAC
AGTGTATTTTGTGAACATCGAAGTGTGGGTGGAGGCCGAGAATGCCCTGGGCAAGG
TGACCTCCGACCACATCAACTTCGATCCCGTGTACAAGGTGAAGCCTAACCCACCCC
ACAATCTGAGCGTGATCAATTCCGAGGAGCTGTCTAGCATCCTGAAGCTGACCTGGA
CAAACCCATCTATCAAGAGCGTGATCATCCTGAAGTACAATATCCAGTATCGGACCA
AGGACGCCTCCACATGGAGCCAGATCCCTCCAGAGGATACCGCCAGCACAAGATCC
TCTTTCACCGTGCAGGACCTGAAGCCCTTCACAGAGTACGTGTTTCGGATCAGATGT
ATGAAGGAGGACGGCAAGGGCTACTGGAGCGATTGGTCCGAGGAGGCCAGCGGCA
TCACCTATGAGGACAGGCCTTCTAAGGCCCCCAGCTTCTGGTACAAGATCGATCCAT
CCCACACCCAGGGCTATCGCACAGTGCAGCTGGTGTGGAAAACCCTGCCCCCTTTC
GAGGCCAACGGCAAGATCCTGGACTACGAGGTGACCCTGACACGGTGGAAGTCCC
ACCTGCAGAACTATACCGTGAATGCCACCAAGCTGACAGTGAACCTGACAAATGATC
GGTACCTGGCCACCCTGACAGTGAGAAACCTGGTGGGCAAGTCTGACGCCGCCGT
GCTGACCATCCCTGCCTGCGATTTCCAGGCCACACACCCAGTGATGGACCTGAAGG
CCTTTCCCAAGGATAATATGCTGTGGGTGGAGTGGACCACACCTAGAGAGTCCGTG
AAGAAGTACATCCTGGAGTGGTGCGTGCTGTCTGACAAGGCCCCATGTATCACCGA
CTGGCAGCAGGAGGATGGCACCGTGCACAGGACATATCTGCGCGGCAACCTGGCC
GAGTCTAAGTGTTACCTGATCACCGTGACACCCGTGTATGCAGACGGACCAGGCTC
TCCTGAGAGCATCAAGGCCTACCTGAAGCAGGCACCACCAAGCAAGGGACCAACCG
TGCGGACAAAGAAGGTCGGCAAGAATGAGGCCGTGCTGGAGTGGGACCAGCTGCC
TGTGGATGTGCAGAACGGCTTCATCAGGAATTACACCATCTTTTATCGCACAATCATC
GGCAACGAGACAGCCGTGAATGTGGACAGCTCCCACACCGAGTATACACTGTCTAG
CCTGACCTCCGATACACTGTACATGGTGAGGATGGCCGCCTATACAGACGAGGGCG
GCAAGGATGGCCCCGAGTTT

GGTACCGGGTCCGCCACCATGGACTGGACCTGGATTCTGTTCCTCGTGGCTGCTGC
TACAAGAGTGCACAGC

GGTTCTGGCGTGAAACAGACTTTGAATTTTGACCTTCTCAAGTTGGCGGGAGACGTG
GAGTCCAACCCAGGGCCC

GGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGA
ACCCTGGACCT

GAGGGCAGAGGCAGCCTGCTGACCTGCGGCGACGTCGAGGAGAACCCCGGGCCC

ATGGGGGCAGGTGCCACCGGCCGCGCCATGGACGGGCCGCGCCTGCTGCTGTTG
CTGCTTCTGGGGGTGTCCCTTGGAGGTGCCAAGGAGGCATGCCCCACAGGCCTGT
ACACACACAGCGGTGAGTGCTGCAAAGCCTGCAACCTGGGCGAGGGTGTGGCCCA
GCCTTGTGGAGCCAACCAGACCGTGTGTGAGCCCTGCCTGGACAGCGTGACGTTCT
CCGACGTGGTGAGCGCGACCGAGCCGTGCAAGCCGTGCACCGAGTGCGTGGGGT
TCCAGAGCATGTCGGCGCCGTGCGTGGAGGCCGATGACGCCGTGTGCCGCTGCGC
CTACGGCTACTACCAGGATGAGACGACTGGGCGCTGCGAGGCGTGCCGCGTGTGC
GAGGCGGGCTCGGGCCTCGTGTTCTCCTGCCAGGACAAGCAGAACACCGTGTGCG
AGGAGTGCCCCGACGGCACGTATTCCGACGAGGCCAACCACGTGGACCCGTGCCT
GCCCTGCACCGTGTGCGAGGACACCGAGCGCCAGCTCCGCGAGTGCACACGCTGG
GCCGACGCCGAGTGCGAGGAGATCCCTGGCCGTTGGATTACACGGTCCACACCCC
CAGAGGGCTCGGACAGCACAGCCCCCAGCACCCAGGAGCCTGAGGCACCTCCAGA
ACAAGACCTCATAGCCAGCACGGTGGCAGGTGTGGTGACCACAGTGATGGGCAGCT
CCCAGCCCGTGGTGACCCGAGGCACCACCGACAACCTCATCCCTGTCTATTGCTCC
ATCCTGGCTGCTGTGGTTGTGGGTCTTGTGGCCTACATAGCCTTCAAGAGGTGA
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ID Sequence

NO# Name Polypeptide sequence

57 IL-12a MWPPGSASQPPPSPAAATGLHPAARPVSLQCRLSMCPARSLLLVATLVLLDHLSLARNL

polypeptide PVATPDPGMFPCLHHSONLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEA

CLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAK
LLMDPKRQIFLDONMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRA
VTIDRVMSYLNAS

58 IL12b MCHQQLVISWFSLVFLASPLVAIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGIT

polypeptide WTLDQSSEVLGSGKTLTIQVKEFGDAGQY TCHKGGEVLSHSLLLLHKKEDGIWSTDILKD
QKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAE
RVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYENYTSSFFIRDIIKPDPP
KNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSLTFCVQVQGKSKREKKDRVFTDKTSA
TVICRKNASISVRAQDRYYSSSWSEWASVPCS

59 IL15 GIHVFILGCFSAGLPKTEANWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKC
polypeptide FLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFEFV
HIVQMFINTS
60 sILl5ra ITCPPPMSVEHADIWVKSYSLYSRERY ICNSGFKRKAGTSSLTECVLNKATNVAHWTTPS
polypeptide LKCIRDPALVHQRPAPPSTVTTAGVTPQPESLSPSGKEPAASSPSSNNTAATTAAIVPGS

QLMPSKSPSTGTTEISSHESSHGTPSQTTAKNWELTASASHQPPGVYPQGHSDTT

61 soluble gpl30 MLTLQTWLVQALFIFLTTESTGELLDPCGYISPESPVVQLHSNFTAVCVLKEKCMDYFHV
NANYIVWKTNHFTIPKEQYTIINRTASSVTFTDIASLNIQLTCNILTFGQLEQNVYGITIISGL
PPEKPKNLSCIVNEGKKMRCEWDGGRETHLETNF TLKSEWATHKFADCKAKRDTPTSC
TVDYSTVYFVNIEVWVEAENALGKVTSDHINFDPVYKVKPNPPHNLSVINSEELSSILKLT
WTNPSIKSVIILKYNIQYRTKDASTWSQIPPEDTASTRSSFTVQDLKPFTEYVFRIRCMKE
DGKGYWSDWSEEASGI TYEDRPSKAPSFWYKIDPSHTQGYRTVQLVWKTLPPFEANGK
ILDYEVTLTRWKSHLONY TVNATKLTVNLTNDRYLATLTVRNLVGKSDAAVLTIPACDFQA
THPVMDLKAFPKDNMLWVEWT TPRESVKKYILEWCVLSDKAPCI TDWQQEDGTVHRTY
LRGNLAESKCYLITVTPVYADGPGSPESIKAYLKQAPPSKGPTVRTKKVGKNEAVLEWD
QLPVDVQONGFIRNYTIFYRTIIGNETAVNVDSSHTEYTLSSLTSDTLYMVRMAAYTDEGG
KDGPEF

62 soluble gpl30 MLTLQTWLVQALFIFLTTESTGELLDPCGYISPESPVVQLHSNFTAVCVLKEKCMDYFHV
fused to a Fc¢ NANYIVWKTNHFTIPKEQYTIINRTASSVTFTDIASLNIQLTCNILTFGQLEQNVYGITIISGL

PPEKPKNLSCIVNEGKKMRCEWDGGRETHLETNF TLKSEWATHKFADCKAKRDTPTSC
TVDYSTVYFVNIEVWVEAENALGKVTSDHINFDPVYKVKPNPPHNLSVINSEELSSILKLT
WTNPSIKSVIILKYNIQYRTKDASTWSQIPPEDTASTRSSFTVQDLKPFTEYVFRIRCMKE
DGKGYWSDWSEEASGI TYEDRPSKAPSFWYKIDPSHTQGYRTVQLVWKTLPPFEANGK
ILDYEVTLTRWKSHLONY TVNATKLTVNLTNDRYLATLTVRNLVGKSDAAVLTIPACDFQA
THPVMDLKAFPKDNMLWVEWT TPRESVKKYILEWCVLSDKAPCI TDWQQEDGTVHRTY
LRGNLAESKCYLITVTPVYADGPGSPESIKAYLKQAPPSKGPTVRTKKVGKNEAVLEWD
QLPVDVQONGFIRNYTIFYRTIIGNETAVNVDSSHTEYTLSSLTSDTLYMVRMAAYTDEGG
KDGPEFRSCDKTHTCPPCPAPEAEGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSP

GK
SEQ
ID Sequence
NO# Name Polynucleotide sequence

63 Matrice TRAC GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACA
locus_CubiCAR TTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAA
CD22 ARAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGC
pCLS30056 ATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAA
full sequence GATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGAT

CCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTG
CTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCG
CATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTT
ACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAAC
ACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTT
TTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGA
ATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACA
ACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAA
TAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCG
GCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGTTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGA
CGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCC
TCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGA
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TTTAAAACTTCATTTTTAATT TAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCAT
GACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAA
GATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACA
ARAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTT
TTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTG
TAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCT
CTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGG
GTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGG
GGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT
ACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGG
TATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGG
GAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTC
GATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCG
GCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGGTCTTTCCTGCGT
TATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTC
GCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAGAGCG
CCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGC
ACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGT
TAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGT
GTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACG
CCAAGCGCGTCAATTAACCCTCACTAAAGGGAACAAAAGCTGTTAATTAATTGCTGG
GCCTTTTTCCCATGCCTGCCTTTACTCTGCCAGAGTTATATTGCTGGGGTTTTGAAGA
AGATCCTATTAAATAAAAGAATAAGCAGTATTATTAAGTAGCCCTGCATTTCAGGTTT
CCTTGAGTGGCAGGCCAGGCCTGGCCGTGAACGTTCACTGAAATCATGGCCTCTTG
GCCAAGATTGATAGCTTGTGCCTGTCCCTGAGTCCCAGTCCATCACGAGCAGCTGG
TTTCTAAGATGCTATTTCCCGTATAAAGCATGAGACCGTGACTTGCCAGCCCCACAG
AGCCCCGCCCTTGTCCATCACTGGCATCTGGACTCCAGCCTGGGTTGGGGCAAAGA
GGGAAATGAGATCATGTCCTAACCCTGATCCTCTTGTCCCACAGATATCCAGTACCC
CTACGACGTGCCCGACTACGCCTCCGGTGAGGGCAGAGGAAGTCTTCTAACATGCG
GTGACGTGGAGGAGAATCCGGGCCCCGGATCCGCTCTGCCCGTCACCGCTCTGCT
GCTGCCACTGGCACTGCTGCTGCACGCTGCTAGGCCCGGAGGGGGAGGCAGCTGC
CCCTACAGCAACCCCAGCCTGTGCAGCGGAGGCGGCGGCAGCGGCGGAGGGGGT
AGCCAGGTGCAGCTGCAGCAGAGCGGCCCTGGCCTGGTGAAGCCAAGCCAGACAC
TGTCCCTGACCTGCGCCATCAGCGGCGATTCCGTGAGCTCCAACTCCGCCGCCTGG
AATTGGATCAGGCAGTCCCCTTCTCGGGGCCTGGAGTGGCTGGGAAGGACATACTA
TCGGTCTAAGTGGTACAACGATTATGCCGTGTCTGTGAAGAGCAGAATCACAATCAA
CCCTGACACCTCCAAGAATCAGTTCTCTCTGCAGCTGAATAGCGTGACACCAGAGGA
CACCGCCGTGTACTATTGCGCCAGGGAGGTGACCGGCGACCTGGAGGATGCCTTT
GACATCTGGGGCCAGGGCACAATGGTGACCGTGAGCTCCGGAGGCGGCGGATCTG
GCGGAGGAGGAAGTGGGGGCGGCGGGAGTGATATCCAGATGACACAGTCCCCATC
CTCTCTGAGCGCCTCCGTGGGCGACAGAGTGACAATCACCTGTAGGGCCTCCCAGA
CCATCTGGTCTTACCTGAACTGGTATCAGCAGAGGCCCGGCAAGGCCCCTAATCTG
CTGATCTACGCAGCAAGCTCCCTGCAGAGCGGAGTGCCATCCAGATTCTCTGGCAG
GGGCTCCGGCACAGACTTCACCCTGACCATCTCTAGCCTGCAGGCCGAGGACTTCG
CCACCTACTATTGCCAGCAGTCTTATAGCATCCCCCAGACATTTGGCCAGGGCACCA
AGCTGGAGATCAAGTCGGATCCCGGAAGCGGAGGGGGAGGCAGCTGCCCCTACAG
CAACCCCAGCCTGTGCAGCGGAGGCGGCGGCAGCGAGCTGCCCACCCAGGGCALC
CTTCTCCAACGTGTCCACCAACGTGAGCCCAGCCAAGCCCACCACCACCGCCTGTC
CTTATTCCAATCCTTCCCTGTGTGCTCCCACCACAACCCCCGCTCCAAGGCCCCCTA
CCCCCGCACCAACTATTGCCTCCCAGCCACTCTCACTGCGGCCTGAGGCCTGTCGG
CCCGCTGCTGGAGGCGCAGTGCATACAAGGGGCCTCGATTTCGCCTGCGATATTTA
CATCTGGGCACCCCTCGCCGGCACCTGCGGGGTGCTTCTCCTCTCCCTGGTGATTA
CCCTGTATTGCAGACGGGGCCGGAAGAAGCTCCTCTACATTTTTAAGCAGCCTTTCA
TGCGGCCAGTGCAGACAACCCAAGAGGAGGATGGGTGTTCCTGCAGATTCCCTGAG
GAAGAGGAAGGCGGGTGCGAGCTGAGAGTGAAGTTCTCCAGGAGCGCAGATGCCC
CCGCCTATCAACAGGGCCAGAACCAGCTCTACAACGAGCTTAACCTCGGGAGGCGC
GAAGAATACGACGTGT TGGATAAGAGAAGGGGGCGGGACCCCGAGATGGGAGGAA
AGCCCCGGAGGAAGAACCCTCAGGAGGGCCTGTACAACGAGCTGCAGAAGGATAA
GATGGCCGAGGCCTACTCAGAGATCGGGATGAAGGGGGAGCGGCGCCGCGGGAA
GGGGCACGATGGGCTCTACCAGGGGCTGAGCACAGCCACAAAGGACACATACGAC
GCCTTGCACATGCAGGCCCTTCCACCCCGGGAATAGTCTAGAGGGCCCGTTTAAAC
CCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTC
CCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAR
TGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTAT TCTGGGGGGTGGGGT
GGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGAT
GCGGTGGGCTCTATGACTAGTGGCGAATTCCCGTGTACCAGCTGAGAGACTCTAAA
TCCAGTGACAAGTCTGTCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTGTCAC
AAAGTAAGGATTCTGATGTGTATATCACAGACAAAACTGTGCTAGACATGAGGTCTAT
GGACTTCAAGAGCAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATGTG
CAAACGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCTTCCCCAGCCCAGGTA
AGGGCAGCTTTGGTGCCTTCGCAGGCTGTTTCCTTGCT TCAGGAATGGCCAGGTTC
TGCCCAGAGCTCTGGTCAATGATGTCTAAAACTCCTCTGATTGGTGGTCTCGGCCTT
ATCCATTGCCACCAAAACCCTCTTTTTACTAAGCGATCGCTCCGGTGCCCGTCAGTG
GGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAAT
TGAACGGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGT
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64 Matrice CD25
locus_IL15_
22 sILl15Ra
pCLS30519
full sequence

ACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTC
GCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGCTGAAGCTTCG
AGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGGCCGCCATCCA
CGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTC
CGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCTCC
CTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCT
CAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGTGAC
CGGCGCCTACCTGAGATCACCGGCGCCACCATGGCTTCTTACCCTGGACACCAGCA
TGCTTCTGCCTTTGACCAGGCTGCCAGATCCAGGGGCCACTCCAACAGGAGAACTG
CCCTAAGACCCAGAAGACAGCAGGAAGCCACTGAGGTGAGGCCTGAGCAGAAGAT
GCCAACCCTGCTGAGGGTGTACATTGATGGACCTCATGGCATGGGCAAGACCACCA
CCACTCAACTGCTGGTGGCACTGGGCTCCAGGGATGACATTGTGTATGTGCCTGAG
CCAATGACCTACTGGAGAGTGCTAGGAGCCTCTGAGACCATTGCCAACATCTACACC
ACCCAGCACAGGCTGGACCAGGGAGAAATCTCTGCTGGAGATGCTGCTGTGGTGAT
GACCTCTGCCCAGATCACAATGGGAATGCCCTATGCTGTGACTGATGCTGTTCTGGC
TCCTCACATTGGAGGAGAGGCTGGCTCTTCTCATGCCCCTCCACCTGCCCTGACCC
TGATCTTTGACAGACACCCCATTGCAGCCCTGCTGTGCTACCCAGCAGCAAGGTAC
CTCATGGGCTCCATGACCCCACAGGCTGTGCTGGCTTTTGTGGCCCTGATCCCTCC
AACCCTCCCTGGCACCAACATTGTTCTGGGAGCACTGCCTGAAGACAGACACATTGA
CAGGCTGGCAAAGAGGCAGAGACCTGGAGAGAGACTGGACCTGGCCATGCTGGCT
GCAATCAGAAGGGTGTATGGACTGCTGGCAAACACTGTGAGATACCTCCAGTGTGG
AGGCTCTTGGAGAGAGGACTGGGGACAGCTCTCTGGAACAGCAGTGCCCCCTCAA
GGAGCTGAGCCCCAGTCCAATGCTGGTCCAAGACCCCACATTGGGGACACCCTGTT
CACCCTGTTCAGAGCCCCTGAGCTGCTGGCTCCCAATGGAGACCTGTACAATGTGT
TTGCCTGGGCTCTGGATGTTCTAGCCAAGAGGCTGAGGTCCATGCATGTGTTCATCC
TGGACTATGACCAGTCCCCTGCTGGATGCAGAGATGCTCTGCTGCAACTAACCTCTG
GCATGGTGCAGACCCATGTGACCACCCCTGGCAGCATCCCCACCATCTGTGACCTA
GCCAGAACCTTTGCCAGGGAGATGGGAGAGGCCAACTAAGGCGCGCCACTCGAGC
GCTAGCTGGCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGA
ATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAAC
CATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGG
TTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTA
TGGAAGGCGCGCCCAATTCGCCCTATAGTGAGTCGTATTACGTCGCGCTCACTGGC
CGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCT
TGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGAAA
CGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGGAGCGCCCTGTAGCGG
CGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCC
AGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCC
GGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCT
TTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTGGCCTGTAGTGGG
CCATAGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATA
GTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGA
TTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAA
AAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAATTTAG

GTTTATTATTCCTGTTCCACAGCTATTGTCTGCCATATAAAAACTTAGGCCAGGCACA
GTGGCTCACACCTGTAATCCCAGCACTTTGGAAGGCCGAGGCAGGCAGATCACAAG
GTCAGGAGTTCGAGACCAGCCTGGCCAACATAGCAAAACCCCATCTCTACTAAAAAT
ACAAAAATTAGCCAGGCATGGTGGCGTGTGCACTGGTTTAGAGTGAGGACCACATTT
TTTTGGTGCCGTGTTACACATATGACCGTGACTTTGTTACACCACTACAGGAGGAAG
AGTAGAAGAACAATCGGTTCTGGCGTGAAACAGACTTTGAATTTTGACCTTCTCAAGT
TGGCGGGAGACGTGGAGT CCAACCCAGGGCCCGGTACCGGGTCCGCCACCATGGA
CTGGACCTGGATTCTGTTCCTCGTGGCTGCTGCTACAAGAGTGCACAGCGGCATTC
ATGTCTTCATTTTGGGCTGTTTCAGTGCAGGGCTTCCTAAAACAGAAGCCAACTGGG
TGAATGTAATAAGTGATTTGAAAAAAATTGAAGATCTTATTCAATCTATGCATATTGAT
GCTACTTTATATACGGAAAGTGATGTTCACCCCAGTTGCAAAGTAACAGCAATGAAG
TGCTTTCTCTTGGAGTTACAAGTTATTTCACTTGAGTCCGGAGATGCAAGTATTCATG
ATACAGTAGAAAATCTGATCATCCTAGCAAACAACAGTTTGTCTTCTAATGGGAATGT
AACAGAATCTGGATGCAAAGAATGTGAGGAACTGGAGGAAAAAAATATTAAAGAATT
TTTGCAGAGTTTTGTACATATTGTCCAAATGTTCATCAACACTTCTGGAAGCGGAGCT
ACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTGG
GACCGGCTCTGCAACCATGGATTGGACGTGGATCCTGTTTCTCGTGGCAGCTGCCA
CAAGAGTTCACAGTATCACGTGCCCTCCCCCCATGTCCGTGGAACACGCAGACATC
TGGGTCAAGAGCTACAGCTTGTACTCCAGGGAGCGGTACATTTGTAACTCTGGTTTC
AAGCGTAAAGCCGGCACGTCCAGCCTGACGGAGTGCGTGTTGAACAAGGCCACGA
ATGTCGCCCACTGGACAACCCCCAGTCTCAAATGCATTAGAGACCCTGCCCTGGTTC
ACCAAAGGCCAGCGCCACCCTCCACAGTAACGACGGCAGGGGTGACCCCACAGCC
AGAGAGCCTCTCCCCTTCTGGAAAAGAGCCCGCAGCTTCATCTCCCAGCTCAAACAA
CACAGCGGCCACAACAGCAGCTATTGTCCCGGGCTCCCAGCTGATGCCTTCAAAAT
CACCTTCCACAGGAACCACAGAGATAAGCAGTCATGAGTCCTCCCACGGCACCCCC
TCTCAGACAACAGCCAAGAACTGGGAACTCACAGCATCCGCCTCCCACCAGCCGCC
AGGTGTGTATCCACAGGGCCACAGCGACACCACTGAGGGCAGAGGCAGCCTGCTG
ACCTGCGGCGACGTCGAGGAGAACCCCGGGCCCATGGGGGCAGGTGCCACCGGC
CGCGCCATGGACGGGCCGCGCCTGCTGCTGTTGCTGCTTCTGGGGGTGTCCCTTG
GAGGTGCCAAGGAGGCATGCCCCACAGGCCTGTACACACACAGCGGTGAGTGCTG
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CAAAGCCTGCAACCTGGGCGAGGGTGTGGCCCAGCCTTGTGGAGCCAACCAGACC
GTGTGTGAGCCCTGCCTGGACAGCGTGACGTTCTCCGACGTGGTGAGCGCGACCG
AGCCGTGCAAGCCGTGCACCGAGTGCGTGGGGCTCCAGAGCATGTCGGCGCCGTG
CGTGGAGGCCGATGACGCCGTGTGCCGCTGCGCCTACGGCTACTACCAGGATGAG
ACGACTGGGCGCTGCGAGGCGTGCCGCGTGTGCGAGGCGGGCTCGGGCCTCGTG
TTCTCCTGCCAGGACAAGCAGAACACCGTGTGCGAGGAGTGCCCCGACGGCACGT
ATTCCGACGAGGCCAACCACGTGGACCCGTGCCTGCCCTGCACCGTGTGCGAGGA
CACCGAGCGCCAGCTCCGCGAGTGCACACGCTGGGCCGACGCCGAGTGCGAGGA
GATCCCTGGCCGTTGGATTACACGGTCCACACCCCCAGAGGGCTCGGACAGCACA
GCCCCCAGCACCCAGGAGCCTGAGGCACCTCCAGAACAAGACCTCATAGCCAGCA
CGGTGGCAGGTGTGGTGACCACAGTGATGGGCAGCTCCCAGCCCGTGGTGACCCG
AGGCACCACCGACAACCTCATCCCTGTCTATTGCTCCATCCTGGCTGCTGTGGTTGT
GGGTCTTGTGGCCTACATAGCCTTCAAGAGGTGAAAAACCAAAAGAACAAGAATTTC
TTGGTAAGAAGCCGGGAACAGACAACAGAAGTCATGAAGCCCAAGTGAAATCAAAG
GTGCTAAATGGTCGCCCAGGAGACATCCGTTGTGCTTGCCTGCGTTTTGGAAGCTCT
GAAGTCACATCACAGGACACGGGGCAGTGGCAACCTTGTCTCTATGCCAGCTCAGT
CCCATCAGAGAGCGAGCGCTACCCACTTCTAAATAGCAATTTCGCCGTTGAAGAGGA
AGGGCAAAACCACTAGAACTCTCCATCTTATTTTCATGTATATGTGTTCATGCGATCG
CTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTG
GGGGGAGGGGTCGGCAATTGAACGGGTGCCTAGAGAAGGTGGCGCGGGGTAAACT
GGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCG
TATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGA
ACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTAC
CTGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGT
GCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGG
CCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTT
GCCTGACCCTGCTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTA
CAGATCCAAGCTGTGACCGGCGCCTACCTGAGATCACCGGCGCCACCATGGCTTCT
TACCCTGGACACCAGCATGCTTCTGCCTTTGACCAGGCTGCCAGATCCAGGGGCCA
CTCCAACAGGAGAACTGCCCTAAGACCCAGAAGACAGCAGGAAGCCACTGAGGTGA
GGCCTGAGCAGAAGATGCCAACCCTGCTGAGGGTGTACATTGATGGACCTCATGGC
ATGGGCAAGACCACCACCACTCAACTGCTGGTGGCACTGGGCTCCAGGGATGACAT
TGTGTATGTGCCTGAGCCAATGACCTACTGGAGAGTGCTAGGAGCCTCTGAGACCA
TTGCCAACATCTACACCACCCAGCACAGGCTGGACCAGGGAGAAATCTCTGCTGGA
GATGCTGCTGTGGTGATGACCTCTGCCCAGATCACAATGGGAATGCCCTATGCTGT
GACTGATGCTGTTCTGGCTCCTCACATTGGAGGAGAGGCTGGCTCTTCTCATGCCC
CTCCACCTGCCCTGACCCTGATCTTTGACAGACACCCCATTGCAGCCCTGCTGTGCT
ACCCAGCAGCAAGGTACCTCATGGGCTCCATGACCCCACAGGCTGTGCTGGCTTTT
GTGGCCCTGATCCCTCCAACCCTCCCTGGCACCAACATTGTTCTGGGAGCACTGCC
TGAAGACAGACACATTGACAGGCTGGCAAAGAGGCAGAGACCTGGAGAGAGACTG
GACCTGGCCATGCTGGCTGCAATCAGAAGGGTGTATGGACTGCTGGCAAACACTGT
GAGATACCTCCAGTGTGGAGGCTCTTGGAGAGAGGACTGGGGACAGCTCTCTGGAA
CAGCAGTGCCCCCTCAAGGAGCTGAGCCCCAGTCCAATGCTGGTCCAAGACCCCAC
ATTGGGGACACCCTGTTCACCCTGTTCAGAGCCCCTGAGCTGCTGGCTCCCAATGG
AGACCTGTACAATGTGTTTGCCTGGGCTCTGGATGTTCTAGCCAAGAGGCTGAGGT
CCATGCATGTGTTCATCCTGGACTATGACCAGTCCCCTGCTGGATGCAGAGATGCTC
TGCTGCAACTAACCTCTGGCATGGTGCAGACCCATGTGACCACCCCTGGCAGCATC
CCCACCATCTGTGACCTAGCCAGAACCTTTGCCAGGGAGATGGGAGAGGCCAACTA
AGGCGCGCCACTCGAGCGCTAGCTGGCCAGACATGATAAGATACATTGATGAGTTT
GGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATG
CTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGC
ATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAA
ACCTCTACAAATGTGGTATGGAAGGCGCGCCCAATTCGCCCTATAGTGAGTCGTATT
ACGTCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGT
TACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGA
AGAGGCCCGCACCGAAACGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATG
GGAGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCG
TGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCT
TTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAG
GGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATG
GTTGGCCTGTAGTGGGCCATAGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGA
GTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATC
TCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAA
TGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAATTT
AGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATA
CATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATT
GAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGC
GGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGC
TGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTA
AGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGT
TCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTC
GCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAARAAGC
ATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTG
ATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACC
GCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAG
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65 Matrice PD1
locus_IL15_
22 sILl15Ra
pCLS30513
full sequence

CTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGC
AACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACA
ATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCC
TTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGTTCTCGC
GGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTAC
ACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGG
TGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAG
ATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAAT
CTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTA
GAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGC
AAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAA
CTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCT
AGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCT
CGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTAC
CGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACG
GGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATA
CCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGAC
AGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAG
GGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGC
GTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAAC
GCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGGTCTTTCCT
GCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACC
GCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAG
AGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGC
TGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGT
GAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTAT
GTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGA
TTACGCCAAGCGCGTCAATTAACCCTCACTAAAGGGAACAAAAGCTGTTAATTAA

GACTCCCCAGACAGGCCCTGGAACCCCCCCACCTTCTCCCCAGCCCTGCTCGTGGT
GACCGAAGGGGACAACGCCACCTTCACCTGCAGCTTCTCCAACACATCGGAGAGCT
TCGTGCTAAACTGGTACCGCATGAGCCCCAGCAACCAGACGGACAAGCTGGCCGCC
TTCCCCGAGGACCGCAGCCAGCCCGGCCAGGACTGCCGCTTCCGTGTCACACAAC
TGCCCAACGGGCGTGACTTCCACATGAGCGTGGT CAGGGCCCGGCGCAATGACAG
CGGCACCTACCTCTGTGGGGCCGGTTCTGGCGTGAAACAGACTTTGAATTTTGACCT
TCTCAAGTTGGCGGGAGACGTGGAGTCCAACCCAGGGCCCGGTACCGGGTCCGCC
ACCATGGACTGGACCTGGATTCTGTTCCTCGTGGCTGCTGCTACAAGAGTGCACAG
CGGCATTCATGTCTTCATTTTGGGCTGTTTCAGTGCAGGGCTTCCTAAAACAGAAGC
CAACTGGGTGAATGTAATAAGTGATTTGAAAAAAATTGAAGATCTTATTCAATCTATG
CATATTGATGCTACTTTATATACGGAAAGTGATGTTCACCCCAGTTGCAAAGTAACAG
CAATGAAGTGCTTTCTCTTGGAGTTACAAGTTATTTCACTTGAGTCCGGAGATGCAAG
TATTCATGATACAGTAGAAAATCTGATCATCCTAGCAAACAACAGTTTGTCTTCTAAT
GGGAATGTAACAGAATCTGGATGCAAAGAATGTGAGGAACTGGAGGAAAAAAATATT
ARAGAATTTTTGCAGAGTTTTGTACATATTGTCCAAATGTTCATCAACACTTCTGGAA
GCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCT
GGACCTGGGACCGGCTCTGCAACCATGGATTGGACGTGGATCCTGTTTCTCGTGGC
AGCTGCCACAAGAGTTCACAGTATCACGTGCCCTCCCCCCATGTCCGTGGAACACG
CAGACATCTGGGTCAAGAGCTACAGCTTGTACTCCAGGGAGCGGTACATTTGTAACT
CTGGTTTCAAGCGTAAAGCCGGCACGTCCAGCCTGACGGAGTGCGTGTTGAACAAG
GCCACGAATGTCGCCCACTGGACAACCCCCAGTCTCAAATGCATTAGAGACCCTGC
CCTGGTTCACCAAAGGCCAGCGCCACCCTCCACAGTAACGACGGCAGGGGTGACC
CCACAGCCAGAGAGCCTCTCCCCTTCTGGAAAAGAGCCCGCAGCTTCATCTCCCAG
CTCAAACAACACAGCGGCCACAACAGCAGCTATTGTCCCGGGCTCCCAGCTGATGC
CTTCAAAATCACCTTCCACAGGAACCACAGAGATAAGCAGTCATGAGTCCTCCCACG
GCACCCCCTCTCAGACAACAGCCAAGAACTGGGAACTCACAGCATCCGCCTCCCAC
CAGCCGCCAGGTGTGTATCCACAGGGCCACAGCGACACCACTGAGGGCAGAGGCA
GCCTGCTGACCTGCGGCGACGTCGAGGAGAACCCCGGGCCCATGGGGGCAGGTG
CCACCGGCCGCGCCATGGACGGGCCGCGCCTGCTGCTGTTGCTGCTTCTGGGGGT
GTCCCTTGGAGGTGCCAAGGAGGCATGCCCCACAGGCCTGTACACACACAGCGGT
GAGTGCTGCAAAGCCTGCAACCTGGGCGAGGGTGTGGCCCAGCCTTGTGGAGCCA
ACCAGACCGTGTGTGAGCCCTGCCTGGACAGCGTGACGTTCTCCGACGTGGTGAG
CGCGACCGAGCCGTGCAAGCCGTGCACCGAGTGCGTGGGGCTCCAGAGCATGTCG
GCGCCGTGCGTGGAGGCCGATGACGCCGTGTGCCGCTGCGCCTACGGCTACTACC
AGGATGAGACGACTGGGCGCTGCGAGGCGTGCCGCGTGTGCGAGGCGGGCTCGG
GCCTCGTGTTCTCCTGCCAGGACAAGCAGAACACCGTGTGCGAGGAGTGCCCCGA
CGGCACGTATTCCGACGAGGCCAACCACGTGGACCCGTGCCTGCCCTGCACCGTG
TGCGAGGACACCGAGCGCCAGCTCCGCGAGTGCACACGCTGGGCCGACGCCGAGT
GCGAGGAGATCCCTGGCCGTTGGATTACACGGTCCACACCCCCAGAGGGCTCGGA
CAGCACAGCCCCCAGCACCCAGGAGCCTGAGGCACCTCCAGAACAAGACCTCATAG
CCAGCACGGTGGCAGGTGTGGTGACCACAGTGATGGGCAGCTCCCAGCCCGTGGT
GACCCGAGGCACCACCGACAACCTCATCCCTGTCTATTGCTCCATCCTGGCTGCTG
TGGTTGTGGGTCTTGTGGCCTACATAGCCTTCAAGAGGTGATCTAGAGGGCCCGTTT
ARACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCC
CCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAAT
AAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
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GGGTGGGGCAGGACAGCAAGGGGGAGGAT TGGGAAGACAATAGCAGGCATGCTGG
GGATGCGGTGGGCTCTATGACTAGTGGCGAATTCGGCGCAGATCAAAGAGAGCCTG
CGGGCAGAGCTCAGGGTGACAGGTGCGGCCTCGGAGGCCCCGGGGCAGGGGTGA
GCTGAGCCGGTCCTGGGGTGGGTGTCCCCTCCTGCACAGGATCAGGAGCTCCAGG
GTCGTAGGGCAGGGACCCCCCAGCTCCAGTCCAGGGCTCTGTCCTGCACCTGGGG
AATGGTGACCGGCATCTCTGTCCTCTAGCTCTGGAAGCACCCCAGCCCCTCTAGTCT
GCCCTCACCCCTGACCCTGACCCTCCACCCTGACCCCGTCCTAACCCCTGACCTTT
GGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCG
AGAAGTTGGGGGGAGGGGTCGGCAATTGAACGGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGG
GAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTG
CCGCCAGAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGC
CGCCCTACCTGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCG
CCTGTGGTGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCG
AGACCGGGCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTC
CACGCTTTGCCTGACCCTGCTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTG
CGCCGTTACAGATCCAAGCTGTGACCGGCGCCTACCTGAGATCACCGGCGCCACCA
TGGCTTCTTACCCTGGACACCAGCATGCTTCTGCCTTTGACCAGGCTGCCAGATCCA
GGGGCCACTCCAACAGGAGAACTGCCCTAAGACCCAGAAGACAGCAGGAAGCCALC
TGAGGTGAGGCCTGAGCAGAAGATGCCAACCCTGCTGAGGGTGTACATTGATGGAC
CTCATGGCATGGGCAAGACCACCACCACTCAACTGCTGGTGGCACTGGGCTCCAGG
GATGACATTGTGTATGTGCCTGAGCCAATGACCTACTGGAGAGTGCTAGGAGCCTCT
GAGACCATTGCCAACATCTACACCACCCAGCACAGGCTGGACCAGGGAGAAATCTC
TGCTGGAGATGCTGCTGTGGTGATGACCTCTGCCCAGATCACAATGGGAATGCCCT
ATGCTGTGACTGATGCTGTTCTGGCTCCTCACAT TGGAGGAGAGGCTGGCTCTTCTC
ATGCCCCTCCACCTGCCCTGACCCTGATCTTTGACAGACACCCCATTGCAGCCCTG
CTGTGCTACCCAGCAGCAAGGTACCTCATGGGCTCCATGACCCCACAGGCTGTGCT
GGCTTTTGTGGCCCTGATCCCTCCAACCCTCCCTGGCACCAACATTGTTCTGGGAG
CACTGCCTGAAGACAGACACATTGACAGGCTGGCAAAGAGGCAGAGACCTGGAGAG
AGACTGGACCTGGCCATGCTGGCTGCAATCAGAAGGGTGTATGGACTGCTGGCARA
CACTGTGAGATACCTCCAGTGTGGAGGCTCTTGGAGAGAGGACTGGGGACAGCTCT
CTGGAACAGCAGTGCCCCCTCAAGGAGCTGAGCCCCAGTCCAATGCTGGTCCAAGA
CCCCACATTGGGGACACCCTGTTCACCCTGTTCAGAGCCCCTGAGCTGCTGGCTCC
CAATGGAGACCTGTACAATGTGTTTGCCTGGGCTCTGGATGTTCTAGCCAAGAGGCT
GAGGTCCATGCATGTGTTCATCCTGGACTATGACCAGTCCCCTGCTGGATGCAGAG
ATGCTCTGCTGCAACTAACCTCTGGCATGGTGCAGACCCATGTGACCACCCCTGGC
AGCATCCCCACCATCTGTGACCTAGCCAGAACCTTTGCCAGGGAGATGGGAGAGGC
CAACTAAGGCGCGCCACTCGAGCGCTAGCTGGCCAGACATGATAAGATACATTGAT
GAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGARAATTT
GTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAAC
AATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCA
AGTAAAACCTCTACAAATGTGGTATGGAAGGCGCGCCCAATTCGCCCTATAGTGAGT
CGTATTACGTCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCT
GGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAAT
AGCGAAGAGGCCCGCACCGAAACGCCCTTCCCAACAGTTGCGCAGCCTGAATGGC
GAATGGGAGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCG
CAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCC
CTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCC
CTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGG
GTGATGGTTGGCCTGTAGTGGGCCATAGCCCTGATAGACGGTTTTTCGCCCTTTGAC
GTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAAC
CCTATCTCGGTCTATTCTTTTGATT TATAAGGGATTTTGCCGATTTCGGCCTATTGGT
TAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGCTT
ACAATTTAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTT
CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAA
TAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCT
TTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAA
AGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACA
GCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTT
TTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAALC
TCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAG
AAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCA
TGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAG
CTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAA
CCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGC
AATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCG
GCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCT
CGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGT
TCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGT
TATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTG
AGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATAT
ACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTT
TTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGA
CCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGC
TGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGAT CAAGAG
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66 Matrice CD25
locus_ILl2a_
2A IL12b
pCLS30520
full sequence

CTACCAACTCTTTTTCCGAAGGTAACTGGCT TCAGCAGAGCGCAGATACCAAATACT
GTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCT
ACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCG
TGTCTTACCGGGTTGGACTCAAGACGATAGT TACCGGATAAGGCGCAGCGGTCGGG
CTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAA
CTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAA
GGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGA
GCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTG
ACTTGAGCGTCGATTTTTGTGATGCTCGT CAGGGGGGCGGAGCCTATGGAAAAACG
CCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGG
TCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGC
TGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAA
GCGGAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAA
TGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAA
TTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGC
TCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGA
CCATGATTACGCCAAGCGCGTCAATTAACCCTCACTAAAGGGAACAAAAGCTGTTAA
TTAA

GTTTATTATTCCTGTTCCACAGCTATTGTCTGCCATATAAAAACTTAGGCCAGGCACA
GTGGCTCACACCTGTAATCCCAGCACTTTGGAAGGCCGAGGCAGGCAGATCACAAG
GTCAGGAGTTCGAGACCAGCCTGGCCAACATAGCAAAACCCCATCTCTACTAAAAAT
ACAAAAATTAGCCAGGCATGGTGGCGTGTGCACTGGTTTAGAGTGAGGACCACATTT
TTTTGGTGCCGTGTTACACATATGACCGTGACTTTGTTACACCACTACAGGAGGAAG
AGTAGAAGAACAATCGGTTCTGGCGTGAAACAGACTTTGAATTTTGACCTTCTCAAGT
TGGCGGGAGACGTGGAGT CCAACCCAGGGCCCATGTGGCCCCCTGGGTCAGCCTC
CCAGCCACCGCCCTCACCTGCCGCGGCCACAGGTCTGCATCCAGCGGCTCGCCCT
GTGTCCCTGCAGTGCCGGCTCAGCATGTGTCCAGCGCGCAGCCTCCTCCTTGTGGC
TACCCTGGTCCTCCTGGACCACCTCAGTTTGGCCAGAAACCTCCCCGTGGCCACTC
CAGACCCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTGAGGGCCGTC
AGCAACATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCTTGCACTTCTGAA
GAGATTGATCATGAAGATATCACAAAAGATAAAACCAGCACAGTGGAGGCCTGTTTA
CCATTGGAATTAACCAAGAATGAGAGTTGCCTAAATTCCAGAGAGACCTCTTTCATAA
CTAATGGGAGTTGCCTGGCCTCCAGAAAGACCTCTTTTATGATGGCCCTGTGCCTTA
GTAGTATTTATGAAGACTTGAAGATGTACCAGGTGGAGTTCAAGACCATGAATGCAA
AGCTTCTGATGGATCCTAAGAGGCAGATCTTTCTAGATCAAAACATGCTGGCAGTTA
TTGATGAGCTGATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCACAAAAATCCT
CCCTTGAAGAACCGGATTTTTATAAAACTAAAATCAAGCTCTGCATACTTCTTCATGC
TTTCAGAATTCGGGCAGTGACTATTGATAGAGTGATGAGCTATCTGAATGCTTCCGG
AAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACC
CTGGACCTATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGG
CATCTCCCCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGG
ATTGGTATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAA
GAAGATGGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAA
AACCCTGACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCACAA
AGGAGGCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGATGGAA
TTTGGTCCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGACCTTTCTAAG
ATGCGAGGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTGACGACAATCAG
TACTGATTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTGACCCCCAAGGGGT
GACGTGCGGAGCTGCTACACTCTCTGCAGAGAGAGT CAGAGGGGACAACAAGGAG
TATGAGTACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCCCAGCTGCTGAGGAGA
GTCTGCCCATTGAGGT CATGGTGGATGCCGTTCACAAGCTCAAGTATGAAAACTACA
CCAGCAGCTTCTTCATCAGGGACATCATCAAACCTGACCCACCCAAGAACTTGCAGC
TGAAGCCATTAAAGAATTCTCGGCAGGTGGAGGT CAGCTGGGAGTACCCTGACACC
TGGAGTACTCCACATTCCTACTTCTCCCTGACATTCTGCGTTCAGGTCCAGGGCAAG
AGCAAGAGAGAAAAGAAAGATAGAGTCTTCACGGACAAGACCTCAGCCACGGTCAT
CTGCCGCAAAAATGCCAGCATTAGCGTGCGGGCCCAGGACCGCTACTATAGCTCAT
CTTGGAGCGAATGGGCATCTGTGCCCTGCAGTGAGGGCAGAGGCAGCCTGCTGAC
CTGCGGCGACGTCGAGGAGAACCCCGGGCCCATGGGGGCAGGTGCCACCGGCCG
CGCCATGGACGGGCCGCGCCTGCTGCTGTTGCTGCTTCTGGGGGTGTCCCTTGGA
GGTGCCAAGGAGGCATGCCCCACAGGCCTGTACACACACAGCGGTGAGTGCTGCA
AAGCCTGCAACCTGGGCGAGGGTGTGGCCCAGCCTTGTGGAGCCAACCAGACCGT
GTGTGAGCCCTGCCTGGACAGCGTGACGTTCTCCGACGTGGTGAGCGCGACCGAG
CCGTGCAAGCCGTGCACCGAGTGCGTGGGGCTCCAGAGCATGTCGGCGCCGTGCG
TGGAGGCCGATGACGCCGTGTGCCGCTGCGCCTACGGCTACTACCAGGATGAGAC
GACTGGGCGCTGCGAGGCGTGCCGCGTGTGCGAGGCGGGCTCGGGCCTCGTGTT
CTCCTGCCAGGACAAGCAGAACACCGTGTGCGAGGAGTGCCCCGACGGCACGTAT
TCCGACGAGGCCAACCACGTGGACCCGTGCCTGCCCTGCACCGTGTGCGAGGACA
CCGAGCGCCAGCTCCGCGAGTGCACACGCTGGGCCGACGCCGAGTGCGAGGAGA
TCCCTGGCCGTTGGATTACACGGTCCACACCCCCAGAGGGCTCGGACAGCACAGC
CCCCAGCACCCAGGAGCCTGAGGCACCTCCAGAACAAGACCTCATAGCCAGCACG
GTGGCAGGTGTGGTGACCACAGTGATGGGCAGCTCCCAGCCCGTGGTGACCCGAG
GCACCACCGACAACCTCATCCCTGTCTATTGCTCCATCCTGGCTGCTGTGGTTGTGG
GTCTTGTGGCCTACATAGCCTTCAAGAGGTGAAAAACCAAAAGAACAAGAATTTCTT
GGTAAGAAGCCGGGAACAGACAACAGAAGTCATGAAGCCCAAGTGAAATCAAAGGT

May 2, 2024



US 2024/0141293 A1l May 2, 2024
54

TABLE 5-continued

Sequences referred to in example 2.

GCTAAATGGTCGCCCAGGAGACATCCGTTGTGCTTGCCTGCGTTTTGGAAGCTCTG
AAGTCACATCACAGGACACGGGGCAGTGGCAACCTTGTCTCTATGCCAGCTCAGTC
CCATCAGAGAGCGAGCGCTACCCACTTCTAAATAGCAATTTCGCCGTTGAAGAGGAA
GGGCAAAACCACTAGAACTCTCCATCTTATTTTCATGTATATGTGTTCATGCGATCGC
TCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGG
GGGGAGGGGTCGGCAATTGAACGGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTG
GGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGT
ATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAA
CACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTG
CCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGC
CTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTG
CCTGACCCTGCTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTAC
AGATCCAAGCTGTGACCGGCGCCTACCTGAGATCACCGGCGCCACCATGGCTTCTT
ACCCTGGACACCAGCATGCTTCTGCCTTTGACCAGGCTGCCAGATCCAGGGGCCAC
TCCAACAGGAGAACTGCCCTAAGACCCAGAAGACAGCAGGAAGCCACTGAGGTGAG
GCCTGAGCAGAAGATGCCAACCCTGCTGAGGGTGTACATTGATGGACCTCATGGCA
TGGGCAAGACCACCACCACTCAACTGCTGGTGGCACTGGGCTCCAGGGATGACATT
GTGTATGTGCCTGAGCCAATGACCTACTGGAGAGTGCTAGGAGCCTCTGAGACCAT
TGCCAACATCTACACCACCCAGCACAGGCTGGACCAGGGAGAAATCTCTGCTGGAG
ATGCTGCTGTGGTGATGACCTCTGCCCAGATCACAATGGGAATGCCCTATGCTGTGA
CTGATGCTGTTCTGGCTCCTCACATTGGAGGAGAGGCTGGCTCTTCTCATGCCCCTC
CACCTGCCCTGACCCTGATCTTTGACAGACACCCCATTGCAGCCCTGCTGTGCTACC
CAGCAGCAAGGTACCTCATGGGCTCCATGACCCCACAGGCTGTGCTGGCTTTTGTG
GCCCTGATCCCTCCAACCCTCCCTGGCACCAACATTGTTCTGGGAGCACTGCCTGA
AGACAGACACATTGACAGGCTGGCAAAGAGGCAGAGACCTGGAGAGAGACTGGAC
CTGGCCATGCTGGCTGCAATCAGAAGGGTGTATGGACTGCTGGCAAACACTGTGAG
ATACCTCCAGTGTGGAGGCTCTTGGAGAGAGGACTGGGGACAGCTCTCTGGAACAG
CAGTGCCCCCTCAAGGAGCTGAGCCCCAGTCCAATGCTGGTCCAAGACCCCACATT
GGGGACACCCTGTTCACCCTGTTCAGAGCCCCTGAGCTGCTGGCTCCCAATGGAGA
CCTGTACAATGTGTTTGCCTGGGCTCTGGATGTTCTAGCCAAGAGGCTGAGGTCCAT
GCATGTGTTCATCCTGGACTATGACCAGTCCCCTGCTGGATGCAGAGATGCTCTGCT
GCAACTAACCTCTGGCATGGTGCAGACCCATGTGACCACCCCTGGCAGCATCCCCA
CCATCTGTGACCTAGCCAGAACCTTTGCCAGGGAGATGGGAGAGGCCAACTAAGGC
GCGCCACTCGAGCGCTAGCTGGCCAGACATGATAAGATACATTGATGAGTTTGGAC
AAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTAT
TGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTC
ATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACC
TCTACAAATGTGGTATGGAAGGCGCGCCCAATTCGCCCTATAGTGAGTCGTATTACG
TCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTAC
CCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGA
GGCCCGCACCGAAACGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGGA
GCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGA
CCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTC
TCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGG
TTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGT
TGGCCTGTAGTGGGCCATAGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGT
CCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTC
GGTCTATTCTTTTGAT TTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAAT
GAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAATTTA
GGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATAC
ATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGA
AAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGG
CATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGA
AGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGA
TCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCT
GCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCC
GCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCT
TACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAA
CACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTT
TTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGA
ATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACA
ACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAA
TAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCG
GCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGTTCTCGCGGTAT
CATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGA
CGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCC
TCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGA
TTTAAAACTTCATTTTTAATT TAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCAT
GACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAA
GATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACA
ARAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTT
TTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTG
TAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCT
CTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGG
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TABLE 5-continued

Sequences referred to in example 2.

67 Matrice PD1
locus_ILl2a_
2A IL12b
pCLS30511
full sequence

GTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGG
GGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT
ACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGG
TATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGG
GAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTC
GATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCG
GCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGGTCTTTCCTGCGT
TATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTC
GCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAGAGCG
CCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGC
ACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGT
TAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGT
GTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACG
CCAAGCGCGTCAATTAACCCTCACTAAAGGGAACAAAAGCTGTTAATTAA

TCGCGCGTTTCGGTGATGACGGTGAAAACCT CTGACACATGCAGCTCCCGGAGACG
GTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGT
CAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGAT
TGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAA
AATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGT TGGGAAGGGCGA
TCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAA
GGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACG
GCCAGTGAATTCGAGCTCGGTACCTCGCGAATGCATCTAGATGACTCCCCAGACAG
GCCCTGGAACCCCCCCACCTTCTCCCCAGCCCTGCTCGTGGTGACCGAAGGGGALC
AACGCCACCTTCACCTGCAGCTTCTCCAACACATCGGAGAGCTTCGTGCTARACTGG
TACCGCATGAGCCCCAGCAACCAGACGGACAAGCTGGCCGCCTTCCCCGAGGACC
GCAGCCAGCCCGGCCAGGACTGCCGCTTCCGTGTCACACAACTGCCCAACGGGCG
TGACTTCCACATGAGCGTGGT CAGGGCCCGGCGCAATGACAGCGGCACCTACCTCT
GTGGGGCCGGTTCTGGCGTGAAACAGACTTTGAATTTTGACCTTCTCAAGTTGGCG
GGAGACGTGGAGTCCAACCCAGGGCCCATGTGGCCCCCTGGGTCAGCCTCCCAGL
CACCGCCCTCACCTGCCGCGGCCACAGGTCTGCATCCAGCGGCTCGCCCTGTGTC
CCTGCAGTGCCGGCTCAGCATGTGTCCAGCGCGCAGCCTCCTCCTTGTGGCTACCC
TGGTCCTCCTGGACCACCTCAGTTTGGCCAGAAACCTCCCCGTGGCCACTCCAGAC
CCAGGAATGTTCCCATGCCTTCACCACTCCCAAAACCTGCTGAGGGCCGTCAGCAA
CATGCTCCAGAAGGCCAGACAAACTCTAGAATTTTACCCTTGCACTTCTGAAGAGAT
TGATCATGAAGATATCACAAAAGATAAAACCAGCACAGTGGAGGCCTGTTTACCATT
GGAATTAACCAAGAATGAGAGTTGCCTAAATTCCAGAGAGACCTCTTTCATAACTAAT
GGGAGTTGCCTGGCCTCCAGAAAGACCTCTTTTATGATGGCCCTGTGCCTTAGTAGT
ATTTATGAAGACTTGAAGATGTACCAGGTGGAGT TCAAGACCATGAATGCAAAGCTT
CTGATGGATCCTAAGAGGCAGATCTTTCTAGATCAAAACATGCTGGCAGTTATTGAT
GAGCTGATGCAGGCCCTGAATTTCAACAGTGAGACTGTGCCACAAAAATCCTCCCTT
GAAGAACCGGATTTTTATAAAACTAAAATCAAGCTCTGCATACTTCTTCATGCTTTCA
GAATTCGGGCAGTGACTATTGATAGAGTGATGAGCTATCTGAATGCTTCCGGAAGCG
GAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGA
CCTATGTGTCACCAGCAGTTGGTCATCTCTTGGTTTTCCCTGGTTTTTCTGGCATCTC
CCCTCGTGGCCATATGGGAACTGAAGAAAGATGTTTATGTCGTAGAATTGGATTGGT
ATCCGGATGCCCCTGGAGAAATGGTGGTCCTCACCTGTGACACCCCTGAAGAAGAT
GGTATCACCTGGACCTTGGACCAGAGCAGTGAGGTCTTAGGCTCTGGCAAAACCCT
GACCATCCAAGTCAAAGAGTTTGGAGATGCTGGCCAGTACACCTGTCACAAAGGAG
GCGAGGTTCTAAGCCATTCGCTCCTGCTGCTTCACAAAAAGGAAGATGGAATTTGGT
CCACTGATATTTTAAAGGACCAGAAAGAACCCAAAAATAAGACCTTTCTAAGATGCGA
GGCCAAGAATTATTCTGGACGTTTCACCTGCTGGTGGCTGACGACAATCAGTACTGA
TTTGACATTCAGTGTCAAAAGCAGCAGAGGCTCTTCTGACCCCCAAGGGGTGACGT
GCGGAGCTGCTACACTCTCTGCAGAGAGAGT CAGAGGGGACAACAAGGAGTATGAG
TACTCAGTGGAGTGCCAGGAGGACAGTGCCTGCCCAGCTGCTGAGGAGAGTCTGC
CCATTGAGGTCATGGTGGATGCCGTTCACAAGCTCAAGTATGAAAACTACACCAGCA
GCTTCTTCATCAGGGACATCATCAAACCTGACCCACCCAAGAACTTGCAGCTGAAGC
CATTAAAGAATTCTCGGCAGGTGGAGGTCAGCTGGGAGTACCCTGACACCTGGAGT
ACTCCACATTCCTACTTCTCCCTGACATTCTGCGTTCAGGTCCAGGGCAAGAGCAAG
AGAGAAAAGAAAGATAGAGTCTTCACGGACAAGACCTCAGCCACGGTCATCTGCCG
CAAAAATGCCAGCATTAGCGTGCGGGCCCAGGACCGCTACTATAGCTCATCTTGGA
GCGAATGGGCATCTGTGCCCTGCAGTGAGGGCAGAGGCAGCCTGCTGACCTGCGG
CGACGTCGAGGAGAACCCCGGGCCCATGGGGGCAGGTGCCACCGGCCGCGCCAT
GGACGGGCCGCGCCTGCTGCTGTTGCTGCTTCTGGGGGTGTCCCTTGGAGGTGCC
AAGGAGGCATGCCCCACAGGCCTGTACACACACAGCGGTGAGTGCTGCAAAGCCT
GCAACCTGGGCGAGGGTGTGGCCCAGCCTTGTGGAGCCAACCAGACCGTGTGTGA
GCCCTGCCTGGACAGCGTGACGTTCTCCGACGTGGTGAGCGCGACCGAGCCGTGLC
AAGCCGTGCACCGAGTGCGTGGGGCTCCAGAGCATGTCGGCGCCGTGCGTGGAGG
CCGATGACGCCGTGTGCCGCTGCGCCTACGGCTACTACCAGGATGAGACGACTGG
GCGCTGCGAGGCGTGCCGCGTGTGCGAGGCGGGCTCGGGCCTCGTGTTCTCCTGC
CAGGACAAGCAGAACACCGTGTGCGAGGAGTGCCCCGACGGCACGTATTCCGACG
AGGCCAACCACGTGGACCCGTGCCTGCCCTGCACCGTGTGCGAGGACACCGAGCG
CCAGCTCCGCGAGTGCACACGCTGGGCCGACGCCGAGTGCGAGGAGATCCCTGGC
CGTTGGATTACACGGTCCACACCCCCAGAGGGCTCGGACAGCACAGCCCCCAGCA
CCCAGGAGCCTGAGGCACCTCCAGAACAAGACCTCATAGCCAGCACGGTGGCAGG
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TABLE 5-continued

Sequences referred to in example 2.

TGTGGTGACCACAGTGATGGGCAGCTCCCAGCCCGTGGTGACCCGAGGCACCACC
GACAACCTCATCCCTGTCTATTGCTCCATCCTGGCTGCTGTGGTTGTGGGTCTTGTG
GCCTACATAGCCTTCAAGAGGTGATCTAGAGGGCCCGTTTAAACCCGCTGATCAGC
CTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTC
CTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGC
ATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACA
GCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTC
TATGACTAGTGGCGAATTCGGCGCAGATCAAAGAGAGCCTGCGGGCAGAGCTCAGG
GTGACAGGTGCGGCCTCGGAGGCCCCGGGGCAGGGGTGAGCTGAGCCGGTCCTG
GGGTGGGTGTCCCCTCCTGCACAGGAT CAGGAGCTCCAGGGTCGTAGGGCAGGGA
CCCCCCAGCTCCAGTCCAGGGCTCTGTCCTGCACCTGGGGAATGGTGACCGGCAT
CTCTGTCCTCTAGCTCTGGAAGCACCCCAGCCCCTCTAGTCTGCCCTCACCCCTGA
CCCTGACCCTCCACCCTGACCCCGTCCTAACCCCTGACCTTTGATCGGATCCCGGG
CCCGTCGACTGCAGAGGCCTGCATGCAAGCTTGGCGTAATCATGGTCATAGCTGTT
TCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCAT
AAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCG
CTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCG
GCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCT
CACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAA
AGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGA
GCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTT
CCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGT
GGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTC
GTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCT
TCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTA
GGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCT
GCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGC
CACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCT
ACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGT
ATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCC
GGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGT TTGCAAGCAGCAGATTACG
CGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT
CAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATC
TTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGA
GTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGAT
CTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATA
CGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAA
GTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTA
GAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCA
TCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGAT
CAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTC
CTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAG
CACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGA
GTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCC
GGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCAT
TGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAG
TTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGC
GTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGC
GACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATC
AGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAAT
AGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTAT
TATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

TABLE 6

May 2, 2024

Preferred human endogenous gene loci responsive to T-cell activation

symbol

description

inductionRatiol2
hr

T.8Nve.Sp.OT1

T.8Ef.Sp.OT1.
12 hr.LisOva

T.8Eff.Sp.OT1.

48 hr.LisOva

T.8Eff.Sp.OT1.
d6.LisOva

113

112
Ccl4
1121
Gp49a
Cxcll0
Nr4a3
Lilrb4

interleukin 21

interleukin 3

isopentenyl-diphosphate delta isomerase 2
granzyme C

chemokine (C-C motif) receptor 8
interleukin 2

interleukin 1 receptor, type I

tumor necrosis factor (ligand) superfamily,
member 4

16.4
97.0

12.8
16.0
16.8
174
18.5
21.1
21.2
21.8

208.9
1554.4

18.4
17.7
17.6
204
31.5
32.7
355
29.3

13.6
18.1
19.7
24.9
20.9
17.9
21.7
20.0
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TABLE 6-continued

Preferred human endogenous gene loci responsive to T-cell activation

inductionRatiol2 T.REff.Sp.OT1. T.REff.Sp.OT1. T.8Ef.Sp.OT1.
symbol description hr T.8Nve.Sp.OT1 12 hr.LisOva 48 hrLisOva d6.LisOva
Cd200 neuronal calcium sensor 1 4.5 24.1 109.6 46.3 23.2
Cdknla CDK5 and Abl enzyme substrate 1 3.1 26.2 80.9 49.1 32.8
Gzme transmembrane and tetratricopeptide repeat 2.0 26.8 539 26.2 294
containing 2
Nrda2 LON peptidase N-terminal domain and ring 32 284 90.4 504 28.3
finger 1
Cish glycoprotein 49 A 15.0 31.6 472.4 30.6 2125
Nrdal polo-like kinase 2 3.6 31.7 114.3 39.0 325
Tnf lipase, endothelial 2.1 324 66.7 359 333
Cer8 cyclin-dependent kinase inhibitor 1A (P21) 9.7 34.6 3354 544 71.0
Ladl grainyhead-like 1 (Drosophila) 2.1 351 734 52.0 441
Slamfl cellular retinoic acid binding protein 1T 53 354 187.2 433 36.3
Crabp2 adenylate kinase 4 2.2 359 80.4 58.5 39.8
Furin microtubule-associated protein 1B 2.1 36.2 77.7 364 384
Gadd4sg acyl-CoA synthetase long-chain family 2.0 37.2 76.0 45.2 41.3
member 6
Bel2l1 zine finger E-box binding homeobox 2 2.1 38.6 80.7 449 455.4
Nesl CD200 antigen 9.8 41.2 404.3 70.4 36.8
Ciart carboxypeptidase D 3.1 41.6 127.7 714 71.6
Ahr thioredoxin reductase 3 3.6 434 157.8 61.7 28.8
Spryl myosin IE 2.3 43.6 100.2 61.3 71.0
Tnfsf4 RNA binding protein with multiple splicing 2 2.1 43.6 91.5 49.8 36.5
Myol0 mitogen-activated protein kinase kinase 3, 2.9 44.8 127.9 66.4 43.1
opposite strand
Dusp5 PERP, TP53 apoptosis effector 2.8 449 127.2 784 724
Myc myosin X 4.1 455 184.9 81.6 57.5
Psrcl immediate early response 3 2.7 45.6 121.6 63.9 66.2
St6galnac4 folliculin interacting protein 2 2.6 47.5 124.2 87.4 96.6
Nfkbid leukocyte immunoglobulin-like receptor, 9.9 48.9 483.3 64.5 179.1
subfamily B, member 4
Bst2 circadian associated repressor of 4.5 50.6 2255 100.3 33.8
transcription
Txnrd3 RAR-related orphan receptor gamma 2.1 51.7 106.7 47.5 52.8
Plk2 proline/serine-rich coiled-coil 1 39 529 205.9 92.3 79.6
Gfil cysteine rich protein 2 24 54.2 127.7 90.3 182.9
Piml cAMP responsive element modulator 2.0 55.7 112.6 544 57.3
Pvtl chemokine (C-C motif) ligand 4 20.2 55.8 1125.8 103.1 89.0
Nfkbib nuclear receptor subfamily 4, group A, 7.8 585 457.6 78.7 72.0
member 2
Gnl2 transglutaminase 2, C polypeptide 23 58.7 132.1 69.8 64.7
Cd69 synapse defective 1, Rho GTPase, homolog 2
(C, elegans) 2.1 62.5 132.7 111.3 31.0
Dgat2 sprouty homolog 1 (Drosophila) 4.2 63.8 268.5 76.8 614
Atf3 activating transcription factor 3 32 65.8 210.3 88.3 75.8
Tnfrsf21 pogo transposable element with KRAB
domain 2.9 68.6 196.9 91.1 293.2
Lonrfl tumor necrosis factor receptor superfamily, 32 70.6 2245 126.5 72.9
member 21
Cablesl cytokine inducible SH2-containing protein 7.5 743 558.7 82.5 133.9
Cpd lymphotoxin A 2.6 74.6 197.2 934 58.6
Qtrtdl FBIJ osteosarcoma oncogene 3.0 74.9 224.1 89.0 61.1
Polr3d signaling lymphocytic activation molecule 54 75.6 412.0 108.4 190.4
family member 1
Kengs syndecan 3 2.4 76.0 180.0 77.2 85.3
Fos mitochondrial ribosomal protein L47 2.1 77.2 161.7 152.0 723
Slc19a2 ladinin 5.5 71.3 423.2 152.5 70.4
Hifla E2F transcription factor 5 2.5 77.7 198.0 92.0 65.2
1115ra ISG15 ubiquitin-like modifier 2.8 779 221.0 88.9 45.1
Nfkbl aryl-hydrocarbon receptor 4.2 78.7 333.2 145.7 91.4
Phlda3 diacylglycerol O-acyltransferase 2 32 81.0 259.2 150.0 84.4
Mtrr FBJ osteosarcoma oncogene B 2.0 81.3 163.7 139.3 98.5
Pogk pleckstrin homology-like domain, family A, 2.9 84.8 2445 126.9 83.8
member 3
Map2k3os potassium voltage-gated channel, subfamily 3.0 86.3 261.0 118.1 634
Q, member 5
Egr2 tumor necrosis factor receptor superfamily, 2.5 88.6 219.0 106.1 51.0
member 10b
Isgls Mirl7 host gene 1 (non-protein coding) 2.1 90.4 190.1 120.0 51.2
Perp glucose-fructose oxidoreductase domain

containing 1 2.2 929 208.5 168.7 2374
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TABLE 6-continued

Preferred human endogenous gene loci responsive to T-cell activation

inductionRatiol2 T.REff.Sp.OT1. T.REff.Sp.OT1. T.8Ef.Sp.OT1.
symbol description hr T.8Nve.Sp.OT1 12 hr.LisOva 48 hrLisOva d6.LisOva
Ipo4 plexin Al 2.1 94.8 200.7 118.0 90.3
Mphosph10 heat shock factor 2 24 96.8 233.2 191.0 104.8
PIk3 carbohydrate sulfotransferase 11 24 96.8 235.1 180.8 385.7
Ifitm3 growth arrest and DNA-damage-inducible 45
gamma 4.8 104.6 504.8 109.3 95.0
Polrlb solute carrier family 5 (sodium-dependent 2.1 107.0 227.3 192.8 75.8
vitamin transporter), member 6
Uspl8 interferon induced transmembrane protein 3 2.8 109.2 302.6 43.9 106.4
Toplmt DENN/MADD domain containing 5A 2.6 109.5 279.9 102.0 5174
Dkcl plasminogen activator, urokinase receptor 2.1 112.4 234.8 55.7 57.3
Polrle solute carrier family 19 (thiamine 3.0 115.4 343.1 221.7 138.4
transporter), member 2
Cdké ubiquitin domain containing 2 2.2 117.4 255.7 198.9 122.2
Ter3 nuclear receptor subfamily 4, group A,
member 3 11.8 118.0 1394.1 114.2 69.6
Lta zine finger protein 52 2.5 118.8 295.6 160.9 167.4
Ptprs SH3 domain containing ring finger 1 24 119.3 280.9 116.5 156.5
Fnip2 dihydrouridine synthase 2 2.1 122.7 260.3 237.7 202.8
Asnal cyclin-dependent kinase 5, regulatory subunit
1 (p35) 2.1 122.7 259.3 168.4 124.0
Mybbpla processing of precursor 7, ribonuclease P
family, (S, cerevisiae) 2.1 125.9 264.9 235.7 150.6
Il1rl growth factor independent 1 35 126.8 437.7 212.0 156.6
DenndSa interleukin 15 receptor, alpha chain 2.9 130.9 380.1 144.3 167.8
E2f5 BCL2-like 1 4.7 133.7 627.4 257.4 231.2
Rell protein tyrosine phosphatase, receptor type, 2.6 136.6 358.8 157.5 125.0
S
Fosl2 plasmacytoma variant translocation 1 34 136.7 465.5 179.8 140.7
Atad3a fos-like antigen 2 2.5 137.0 347.5 107.2 177.8
Bax BCL2-associated X protein 2.5 138.0 347.3 260.1 150.2
Phf6 solute carrier family 4, sodium bicarbonate
cotransporter, member 7 23 140.3 328.2 258.7 397.5
Zp52 tumor necrosis factor receptor superfamily,
member 4 2.2 141.7 311.1 161.7 111.6
Crtam chemokine (C—X—C motif) ligand 10 12.7 141.7 1798.3 242.1 594
Nopl4 polo-like kinase 3 2.8 144.8 406.3 200.1 119.9
Rel CD3E antigen, epsilon polypeptide associated 2.2 158.7 350.2 260.9 111.4
protein
Gramdlb tumor necrosis factor (ligand) superfamily, 2.1 162.4 342.1 242.1 169.7
member 11
Ifi2712a polymerase (RNA) IIT (DNA directed) 3.0 166.3 503.7 296.1 121.6
polypeptide D
Tnfrsf10b early growth response 2 2.8 173.5 494.0 136.3 68.2
Rpl711 Dnal (Hsp40) homolog, subfamily C, member 2.1 173.6 369.4 346.2 2543
2
Eifla DNA topoisomerase 1, mitochondrial 2.7 182.2 498.2 338.6 114.4
Nfkb2 tripartite motif-containing 30D 23 182.6 423.4 65.8 90.6
Heatrl Dnal (Hsp40) homolog, subfamily C, member
21 2.0 190.1 389.4 285.5 228.2
SAM domain, SH3 domain and nuclear
Utp20 localization signals, 1 2.2 191.5 422.1 222.8 304.1
Chst11 solute carrier family 5 (inositol transporters), 2.1 191.6 400.2 210.0 123.4
member 3
Ddx21 mitochondrial ribosomal protein L15 2.1 191.6 396.3 329.8 137.7
Hsf2 dual specificity phosphatase 5 4.0 203.5 818.1 307.5 560.7
Beceip apoptosis enhancing nuclease 23 211.1 478.5 288.2 137.9
Tagap ets variant 6 23 218.3 508.1 220.5 297.3
Sde3 DIMI dimethyladenosine transferase 1-like
(S, cerevisiae) 2.2 218.4 486.0 356.0 129.7
SytI3 2°-5' oligoadenylate synthetase-like 1 2.1 229.0 473.3 130.7 124.3
Gtpbp4 UTP18, small subunit (SSU) processome 2.1 232.0 494.3 384.9 189.5
component, homolog (yeast)
Crip2 BRCA?2 and CDKNI1A interacting protein 24 234.6 563.3 437.5 269.8
Sh3rfl synaptotagmin-like 3 24 2424 572.9 316.7 700.7
Nsflle 5-methyltetrahydrofolate-homocysteine 2.9 245.7 706.5 334.6 150.6
methyltransferase reductase
Gtf2f1 URB?2 ribosome biogenesis 2 homolog 2.0 245.7 500.2 489.8 184.6
(S, cerevisiae)
Sle4a7 ubiquitin-conjugating enzyme E2C binding 2.1 251.2 530.5 288.2 85.2

protein
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TABLE 6-continued

Preferred human endogenous gene loci responsive to T-cell activation

inductionRatiol2 T.REff.Sp.OT1. T.REff.Sp.OT1. T.8Ef.Sp.OT1.
symbol description hr T.8Nve.Sp.OT1 12 hr.LisOva 48 hrLisOva d6.LisOva
Etvé lysine (K)-specific demethylase 2B 2.2 251.8 547.1 332.7 262.1
Trim30d queuine tRNA-ribosyltransferase domain 3.0 260.3 788.7 358.0 75.5
containing 1
Ddx27 ubiquitin specific peptidase 31 2.0 265.2 533.2 277.1 176.2
Pwp2 eukaryotic translation initiation factor 2- 2.0 267.7 540.5 260.8 244.8
alpha kinase 2
Chchd2 ATPase family, AAA domain containing 3A 2.5 268.8 679.7 523.1 147.1
Myole adhesion molecule, interacts with CXADR
antigen 1 2.3 269.5 610.9 272.9 182.8
Eifsb SUMO/sentrin specific peptidase 3 2.0 272.5 548.7 544.5 298.4
StatSa ESF1, nucleolar pre-tRNA processing protein, 2.2 276.3 610.4 482.2 266.5
homolog (S, cerevisiae)
Cops6 deoxynucleotidyltransferase, terminal, 2.1 282.9 600.4 359.9 326.1
interacting protein 2
D19Bwgl357¢ TGFB-induced factor homeobox 1 2.1 300.5 618.9 217.5 210.6
Aatf eukaryotic translation initiation factor 1A 2.5 300.8 738.7 597.7 262.8
Aen interferon-stimulated protein 2.1 305.7 651.2 144.3 138.4
Amical pleiomorphic adenoma gene-like 2 2.1 311.5 651.9 376.2 405.9
Wdrd3 PWP2 periodic tryptophan protein homolog 23 321.8 743.3 586.5 189.3
(yeast)
Cct4 furin (paired basic amino acid cleaving 5.2 329.7 1728.3 271.7 421.5
enzyme)
Nifk tumor necrosis factor 6.6 330.7 2188.4 489.9 213.3
Tgm?2 apoptosis antagonizing transcription factor 23 3314 754.8 523.1 221.5
Eroll interferon, alpha-inducible protein 27 like 2A 2.5 334.0 828.1 296.0 2214
Gfodl ST6 (alpha-N-acetyl-neuraminyl-2,3-beta- 39 338.4 1311.3 636.0 298.2
galactosyl-1,3)-N-acetylgalactosaminide
alpha-2,6-sialyltransferase 4
Ak4 methyltransferase like 1 2.2 339.4 744.7 662.8 94.5
Sdadl notchless homolog 1 (Drosophila) 2.0 339.4 690.3 610.3 158.1
Dimtl mitochondrial ribosomal protein L3 2.1 340.0 725.5 651.4 359.8
Esfl UBX domain protein 2A 2.1 343.8 732.9 532.1 428.5
Cd3eap guanine nucleotide binding protein-like 2 32 347.6 1124.7 647.4 227.5
(nucleolar)
Samsnl programmed cell death 11 2.0 353.9 711.8 435.9 287.4
Tnfrsf4 cyclin-dependent kinase 8 2.0 364.0 731.1 702.5 346.2
Mettll eukaryotic translation initiation factor 5B 23 365.1 838.2 544.5 3555
Cd274 RNA terminal phosphate cyclase-like 1 2.5 373.3 948.8 746.4 155.8
Ubtd2 NSFL1 (p97) cofactor (p47) 2.3 374.1 876.1 725.9 369.7
Icos nuclear factor of kappa light polypeptide
gene enhancer in B cells inhibitor, delta 39 378.5 1465.1 389.9 224.0
Kdm2b M-phase phosphoprotein 10 (U3 small
nucleolar ribonucleoprotein) 2.8 379.8 1069.3 738.4 290.8
Larp4 GRAM domain containing 1B 2.5 382.7 949.6 3634 659.2
Eif3d ERO1-like (S, cerevisiae) 2.2 387.7 872.3 773.0 520.9
Tnfaip3 nuclear receptor subfamily 4, group A, 6.8 387.8 2639.0 343.7 220.7
member 1
Maplb surfeit gene 2 2.1 399.8 852.2 696.3 204.0
Cdv3 N(alpha)-acetyltransferase 25, NatB auxiliary 2.1 405.7 847.3 669.5 194.1
subunit
Plac8 yrdC domain containing (E, coli) 2.0 406.7 830.8 635.3 267.0
Mipl3 La ribonucleoprotein domain family, member 2.2 408.8 887.9 586.6 358.3
4
Surf2 SDA1 domain containing 1 2.2 419.8 939.9 631.4 284.7
Ubxn2a importin 4 2.8 420.3 1183.6 777.8 173.5
Utpl8 inducible T cell co-stimulator 2.2 423.9 920.9 818.8 796.9
Isg20 solute carrier family 7 (cationic amino acid 2.1 439.4 934.4 842.6 344.6
transporter, y+ system), member 1
Dnajc2 arsA arsenite transporter, ATP-binding, 2.6 446.6 1165.0 717.9 963.9
homolog 1 (bacterial)
Jak2 polymerase (RNA) I polypeptide C 2.7 447.8 1208.4 854.0 295.9
Sle7al spermatogenesis associated 5 2.0 450.8 920.2 516.0 361.6
Syde2 ubiquitin specific peptidase 18 2.7 451.8 1240.5 296.0 250.7
SleSa6 placenta-specific 8 2.1 452.4 967.3 888.6 590.8
Dnttip2 general transcription factor IIF, polypeptide 1 23 454.8 1063.9 890.0 680.8
Idi2 nuclear factor of kappa light polypeptide 34 456.4 1535.5 679.1 502.7
gene enhancer in B cells inhibitor, beta
Dus2 PHD finger protein 6 2.5 462.0 1159.5 775.8 5104
Pitrm1 RRN3 RNA polymerase I transcription factor 2.1 462.2 948.4 913.2 388.9

homolog (yeast)
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TABLE 6-continued

Preferred human endogenous gene loci responsive to T-cell activation

inductionRatiol2 T.REff.Sp.OT1. T.REff.Sp.OT1. T.8Ef.Sp.OT1.
symbol description hr T.8Nve.Sp.OT1 12 hr.LisOva 48 hrLisOva d6.LisOva
Plxnal cytotoxic and regulatory T cell molecule 2.5 473.7 1177.8 586.8 431.8
Cdk5rl COP9 (constitutive photomorphogenic)
homolog, subunit 6 (4rabidopsis thaliana) 23 483.6 1101.9 947.8 560.3
Ube2cbp asparagine-linked glycosylation 3 (alpha-1,3-
mannosyltransferase) 2.1 485.9 1006.3 758.7 3394
Tnfsf11 tryptophanyl-tRNA synthetase 2.0 486.1 987.1 897.1 504.7
Pop7 hypoxia up-regulated 1 2.0 494.3 996.6 802.4 690.3
Psme3 family with sequence similarity 60, member 2.0 500.8 1002.1 834.7 417.6
A
Mirl7hg bone marrow stromal cell antigen 2 3.8 502.5 1922.9 925.5 246.0
Tsrl nuclear factor of kappa light polypeptide 24 503.2 1231.8 494.0 341.8
gene enhancer in B cells 2, p49/p100
Rbpms2 UTP20, small subunit (SSU) processome 24 510.5 1240.2 696.4 245.8
component, homolog (yeast)
Mrpl47 CD274 antigen 2.2 516.6 1128.7 246.9 220.2
Rab8b proviral integration site 1 34 518.4 1766.4 676.9 970.0
Plagl2 signal transducer and activator of
transcription 5A 2.3 530.0 1210.4 496.6 507.8
GrhIl CD69 antigen 3.2 535.7 1725.8 289.5 153.9
Zeb2 pitrilysin metallepetidase 1 2.1 544.9 1153.8 968.4 3493
sept-02 cyclin-dependent kinase 6 2.7 550.3 1476.5 1064.0 642.1
SleSa3 DEAD (Asp-Glu-Ala-Asp) box polypeptide 23 556.2 1286.9 987.2 480.4
27
Naa25 polymerase (RNA) I polypeptide B 2.8 556.2 1536.0 1070.4 201.3
Plaur tumor necrosis factor, alpha-induced protein 2.2 560.6 1212.2 2555 446.0
3
Metapl nodal modulator 1 2.1 563.0 1161.0 988.9 439.8
Alg3 NOP14 nucleolar protein 2.5 570.9 1418.9 9253 398.0
Mrpll5 ribosomal protein L7-like 1 2.5 586.7 1448.7 1030.2 687.2
Oasll methionyl aminopeptidase 1 2.1 597.5 1244.1 1139.3 433.4
Rorc hypoxia inducible factor 1, alpha subunit 3.0 624.2 1854.6 809.4 838.4
Nomol Janus kinase 2 2.1 624.5 1328.7 390.6 917.8
Tgifl nuclear factor of kappa light polypeptide 2.9 661.5 1913.3 713.9 720.5
gene enhancer in B cells 1, p105
Lipg reticuloendotheliosis oncogene 2.5 678.9 1686.4 409.8 580.5
Rim3 septin 2 2.1 687.3 1436.0 1354.1 1181.3
Dnajc21 nucleolar protein interacting with the FHA 23 7334 1658.2 1280.0 407.2
domain of MKI67
Yrde elongation factor Tu GTP binding domain 2.0 739.3 1483.5 1439.0 904.3
containing 2
Acsl6 myelocytomatosis oncogene 4.0 761.0 3022.8 1064.0 211.5
Spata5 dyskeratosis congenita 1, dyskerin 2.7 778.2 2112.0 1549.5 484.2
Urb2 carnitine deficiency-associated gene 2.1 801.6 1718.2 1274.7 1010.3
expressed in ventricle 3
Nlel GTP binding protein 4 2.4 824.2 1942.6 1578.7 567.3
‘Wars HEAT repeat containing 1 2.4 830.3 2020.6 12355 495.4
Crem proteaseome (prosome, macropain) activator 2.1 838.4 1763.5 1471.1 936.1
subunit 3 (PA28 gamma, Ki)
Larpl La ribonucleoprotein domain family, member 2.0 861.7 1742.1 1250.9 854.3
1
Eif2ak2 DNA segment, Chr 19, Brigham & Women'’s 23 868.6 1978.4 1218.0 653.4
Genetics 1357 expressed
Hyoul eukaryotic translation initiation factor 3, 2.2 909.1 1971.6 1641.9 920.6
subunit D
Senp3 TSR1 20S rRNA accumulation 2.1 913.9 1915.9 1474.6 477.2
Tmtc2 MYB binding protein (P160) la 2.6 1140.0 2962.9 2200.7 459.8
Fosb T cell activation Rho GTPase activating 24 1176.7 2794.4 489.3 704.2
protein
Pdedll RAB8B, member RAS oncogene family 2.1 1189.5 2492.2 1671.3 25125
Usp31 DEAD (Asp-Glu-Ala-Asp) box polypeptide 24 1210.2 2928.0 2221.1 1098.2
21
Cdk8 chaperonin containing Tepl, subunit 4 (delta) 23 1321.4 2989.7 2462.5 1294.8
Eftud2 coiled-coil-helix-coiled-coil-helix domain 2.3 1374.2 3171.2 2636.9 1008.9

containing 2
Fam60a WD repeat domain 43 2.3 1727.6 3912.6 29275 1014.9
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TABLE 7 TABLE 10

Selection of genes that are down-regulated

Selection of preferred endogenous genes that are constantly active during upon immune cell activation

immune cell activation (dependent or independent from T-cell activation).

Symbol Gene description
Symbol Gene description | |
Spata6 spermatogenesis associated 6
Itga6 integrin alpha 6
CD3G CD3 gamma Rebtb2 regulator of chromosome condensation (RCC1) and
Rn28s1 28S ribosomal RNA BTB (POZ) domain containing protein 2
Rnl8s 18S ribosomal RNA Cd1d1 CD1d1 antigen .
RnTsk RNA, 75K, nuclear St&siad SlTS alpha-N-acetyl-neuraminide alpha-2,8-
sialyltransferase 4
Actgl actin, gamma, cytoplasmic 1 Itgae integrin alpha E, epithelial-associated
B2m beta-2 microglobulin Fam214a family with sequence similarity 214, member A
Rpli8a ribosomal protein L18A Slc6al9 solute carrier family 6 (neurotransmitter transporter),
Pabpcl poly(A) binding protein, cytoplasmic 1 member 1.9
> Cdss CD55 antigen
Gapdh glyceraldehyde-3-phosphate dehydrogenase Xkrx X Kell blood group precursor related X linked
Rpl19 ribosomal protein L.19 Mturn maturin, neural progenitor differentiation regulator
Rpl17 ribosomal protein L17 tholog (Xlenlolpus) .
. . H2-Ob histocompatibility 2, O region beta locus
Rplp0 ribosomal protein, large, PO Cnr2 cannabinoid receptor 2 (macrophage)
Cfll cofilin 1, non-muscle Itgae integrin alpha E, epithelial-associated
Pl profilin 1 Raver2 ribonucleoprotein, PTB-binding 2
Zbth20 zine finger and BTB domain containing 20
Arrbl arrestin, beta 1
Abcal ATP-binding cassette, sub-family A (ABC1), member 1
Tetl tet methyleytosine dioxygenase 1
TABLE 8 Slel6as solute carrier family 16 (monocarboxylic acid
. . transporters), member 5
Selection of genes that are transiently .
upregulated upon T-cell activation, Travl4-1 T cell rleceptor alpha variable 14.—1
Ampd3 adenosine monophosphate deaminase 3
Symbol Gene description
113 interleukin 3
2 interleukin 2 TABLE 11
Ccl4 chemokine (C-C motif) ligand 4
1121 interleukin 21 Selection of human genes that are silent upon T-cell activation
Gp49a glycoprotein 49 A (safe harbor gene targeted integration loci).
Nrda3 nuclear receptor subfamily 4, group A, member 3
Lilrb4 leukocyte immunoglobulin-like receptor, subfamily B, Symbol Gene description
member 4
Cd200 CD200 antigen Zp640 zinc finger protein 640
Cdknla cyclin-dependent kinase inhibitor 1A (P21) LOC100038422  uncharacterized LOC100038422
Gzme granzyme C Zp600 zinc finger protein 600
Nrda2 nuclear receptor subfamily 4, group A, member 2 Serpinb3a serine (or cysteine) peptidase inhibitor,
Cish cytokine inducible SH2-containing protein clade B (ovalbumin), member 3A
Cer8 chemokine (C-C motif) receptor 8 Tas2r106 taste receptor, type 2, member 106
Ladl ladinin Magea3 melanoma antigen, family A, 3
Crabp2 cellular retinoic acid binding protein 1T Omt2a oocyte maturation, alpha
Cpxerl CPX chromosome region, candidate 1
Hsf3 heat shock transcription factor 3
Pbsn Probasin
TABLE 9 Sbp spermine binding protein
Widc6b WAP four-disulfide core domain 6B
Selection of genes that are upregulated Meiob melosts specific W,lth OB domains
over more than 24 hours upon T-cell activation. Dnlm3os dynanlnn 3, opposite stralnd o
Skint11 selection and upkeep of intraepithelial T cells 11
Symbol Description
Gzmb granzyme B
Tbx21 T-box 21 TABLE 12
Pdedl programmed cell death 1
Plek pleckstrin List of gene loci upregulated in tumor exhausted infiltrating
Chekl checkpoint kinase 1 lymphocytes (compiled from multiple tumors) useful for gene integration
Slamf7 SLAM family member 7 of exogenous coding sequences as per the present invention
Zbtb32 zine finger and BTB domain containing 32
Tigit T cell immunoreceptor with Ig and ITIM domains Gene names Uniprot ID (human)
Lag3 lymphocyte-activation gene 3
Gzma granzyme A CXCL13 043927
Weel WEE 1 homolog 1 (S. pombe) TNFRSF1B P20333
1I12rb2 interleukin 12 receptor, beta 2 RGS2 P41220
Cer5 chemokine (C-C motif) receptor 5 TIGIT Q495A1
Eeal early endosome antigen 1 CD27 P26842
Dtl denticleless homolog (Drosophila) TNFRSF9 Q12933

SLA Q13239
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TABLE 12-continued TABLE 13-continued
List of gene loci upregulated in tumor exhausted infiltrating List of gene loci upregulated in hypoxic tumor conditions useful for gene
lymphocytes (compiled from multiple tumors) useful for gene integration integration of exogenous coding sequences as per the present invention
of exogenous coding sequences as per the present invention
Gene names Strategy
Gene names Uniprot ID (human)

GPI KI
INPP5F Q01968 GPX3 KI
XCL2 Q9UBD3 HK1 KI
HLA-DMA P28067 HK?2 KI
FAM3C Q92520 HMOX1 KI
WARS P23381 HSP90B1 KI
EIF3L Q9Y262 1D2 KI
KCNKS5 095279 1GF2 KI
TMBIM6 P55061 IGFBP1 KI
CD200 P41217 IGFBP2 KI
C3H7A 060880 IGFBP3 KI
SH2DIA 060880 ITGB2 KI
ATP1B3 P54709 Eg%‘g‘ g
THADA Q6YHU6 KRT19 KI
PARKY7 Q99497 LDHA KI
EGR2 P11161 LEP KI
FDFT1 P37268 LOX KI
CRTAM 095727 1L.RP1 K1
IFl16 Q16666 MCL1 KI
MET KI
MMP14 KI
MMP2 KI
TABLE 13 MXI1 KI
NOS2A KI
List of gene loci upregulated in hypoxic tumor conditions useful for gene NOS3 KI
integration of exogenous coding sequences as per the present invention NPM1 KI
NR4A1 KI
Gene names Strategy NTsE KI
PDGFA KI
CTLA-4 KO/KI Target shown to be upregulated PDK1 KI
LAG-3 (CD223) KO/KI in T-cells upon hypoxia exposure PFKFB3 KI
PD1 KO/KI and T cell exhaustion PFKL KI
4-1BB (CD137) KI PGK1 KI
GITR KI PH-4 KI
0OX40 KI PKM2 KI
IL10 KO/KI PLAUR KI
ABCBI1 KI HIF target PMAIP1 KI
ABCG2 KI PPP5C KI
ADM KI PROK1 KI
ADRAIB KI SERPINE1 KI
AK3 KI SLC2A1 KI
ALDOA KI TERT KI
BHLHB2 KI TF KI
BHLHB3 KI TFF3 KI
BNIP3 KI TFRC KI
BNIP3L KI TGFA KI
CA9 KI TGFB3 KI
CCNG2 KI TGM2 KI
CD99 KI TPI1 KI
CDKNI1A KI VEGFA KI
CITED2 KI VIM KI
COL5A1 KI TMEMA45A KI
CP KI AKAP12 KI
CTGF KI SEC24A KI
CTSD KI ANKRD37 KI
CXCL12 KI RSBN1 KI
CXCR4 KI GOPC KI
CYP2S1 KI SAMD12 KI
DDIT4 KI CRKL KI
DEC1 KI EDEM3 KI
EDNI1 KI TRIMY KI
EGLN1 KI GOSR2 KI
EGLN3 KI MIF KI
ENG KI ASPH KI
ENO1 KI WDR33 KI
EPO KI DHX40 KI
ETS1 KI KLF10 KI
FECH KI R3HDMI1 KI
FN1 KI RARA KI
FURIN KI LOC162073 KI

GAPDH KI PGRMC2 KI
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TABLE 13-continued TABLE 13-continued
List of gene loci upregulated in hypoxic tumor conditions useful for gene List of gene loci upregulated in hypoxic tumor conditions useful for gene
integration of exogenous coding sequences as per the present invention integration of exogenous coding sequences as per the present invention

Gene names Strategy Gene names Strategy

ZWILCH K1 UFM1 K1

TPCN1 K1 TXNIP K1

WSB1 K1 MGAT2 K1

SPAG4 K1 VDAC1 K1

GYS1 K1 SEC61G K1

RRP9 K1 SRP19 K1

SLC25A28 K1 IMID2C K1

NTRK2 K1 SNRPD1 K1

NARF K1 RASSF4 K1

ASCC1 K1

SEQUENCE LISTING

Sequence total quantity: 80

SEQ ID NO: 1 moltype = DNA length = 1000
FEATURE Location/Qualifiers
misc_feature 1..1000

note = PD1 left homology
source 1..1000

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 1
ccaageectg accctggecag gecatatgttt caggaggtce ttgtettggg agcccagggt 60
cgggggecce gtgtcetgtece acatccgagt caatggccca tctegtctcet gaagcatcett 120
tgctgtgage tctagtcccce actgtcettge tggaaaatgt ggaggcccca ctgcccactg 180
cccagggeag caatgcccat accacgtggt cccagetceeg agettgtcect gaaaaggggg 240
caaagactgg accctgagcec tgccaagggg ccacactcect cccagggcetg gggtctccat 300
gggcagcccee ccacccacce agaccagtta cactcccectg tgccagagca gtgcagacag 360
gaccaggcca ggatgcccaa gggtcagggg ctggggatgg gtagccccca aacagccctt 420
tctgggggaa ctggcectcaa cggggaaggg ggtgaaggcet cttagtagga aatcagggag 480
acccaagtca gagccaggtg ctgtgcagaa gctgcagcect cacgtagaag gaagaggctc 540
tgcagtggag gccagtgecc atcccegggt ggcagaggcece ccagcagaga cttctcaatg 600
acattccage tggggtggec cttceccagage ccttgetgee cgagggatgt gagcaggtgg 660
ccggggagge tttgtgggge cacccagecce cttectcace tetcetecate tectcagactce 720
cccagacagg ccctggaacc cccccacctt ctecccagee ctgetegtgg tgaccgaagg 780
ggacaacgcce accttcacct gcagcttcectce caacacatcg gagagctteyg tgctaaactg 840
gtaccgcatyg agccccagca accagacgga caagctggec gecttcceeyg aggaccgcag 900
ccageeegge caggactgec gettcegtgt cacacaactyg cccaacggge gtgacttcca 960

catgagcgtg gtcagggccce ggcgcaatga cagcggcacce 1000
SEQ ID NO: 2 moltype = DNA length = 1000
FEATURE Location/Qualifiers
misc_feature 1..1000
note = PD1 right homology
source 1..1000

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 2

gectgeggge agagcetcagg gtgacaggtg cggectegga ggccccegggyg caggggtgag 60
ctgageeggt cctggggtygg gtgtccccte ctgcacagga tcaggagcte cagggtcegta 120
gggcagggac cccccagcete cagtccaggg ctetgtectg cacctgggga atggtgaceg 180
gcatctetgt cctectagete tggaagcacce ccagcecccte tagtctgece tcacccctga 240
ccetgaccecet ccaccctgac cccgtcectaa ccectgacct ttgtgecctt ccagagagaa 300
gggcagaagt gcccacagcce caccccagec cctcacccag gecagcecgge cagttccaaa 360
cecetggtggt tggtgtegtyg ggeggcectge tgggcagect ggtgetgceta gtcetgggtcee 420
tggcegtceat ctgctecegg gecgcacgag gtaacgtcat cccageccct cggectgece 480
tgccctaace ctgctggegg cectcactece cgecteccect tectecacce ttcecectcace 540
ccaccecace tecccccate tecccgecag getaagtcecee tgatgaagge ccctggacta 600
agacccecca cctaggagca cggctcaggg tceggectggt gaccccaagt gtgtttetet 660
gcagggacaa taggagccag gcgcaccggce cageccctgg tgagtctcac tcettttectg 720
catgatccac tgtgccttee ttectgggtyg ggcagaggtyg gaaggacagg ctgggaccac 780
acggcctgca ggactcacat tctattatag ccaggaccce acctecccag cccccaggca 840
gcaacctcaa tccctaaage catgatctgg ggccccagece cacctgeggt ctecgggggt 900
gcceggecca tgtgtgtgee tgcctgeggt ctecaggggt gectggecca cgegtgtgee 960
cgcectgeggt ctetgggggt geccggcecca catatgtgece 1000

SEQ ID NO: 3 moltype = DNA length = 2781
FEATURE Location/Qualifiers
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-continued

misc_feature 1..2781

note = PD1_T3C-L2
source 1..2781

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 3
atgggcgatc ctaaaaagaa acgtaaggtc atcgatateg ccgatctacyg cacgetcgge 60
tacagccagce agcaacagga gaagatcaaa ccgaaggtte gttcecgacagt ggcgcagcac 120
cacgaggcac tggtcggcca cgggtttaca cacgcgcaca tegttgegtt aagccaacac 180
ccggeagegt tagggaccgt cgctgtcaag tatcaggaca tgatcgcage gttgecagag 240
gcgacacacyg aagcgatcgt tggegtcegge aaacagtggt ceggcegcacyg cgetctggag 300
gecttgcetea cggtggcggg agagttgaga ggtccaccgt tacagttgga cacaggccaa 360
cttctcaaga ttgcaaaacg tggcggegtg accgcagtgg aggcagtgca tgcatggege 420
aatgcactga cgggtgccce gcectcaacttg acccccgage aagtggtgge tatcgettcee 480
aagctggggg gaaagcaggce cctggagacce gtecaggece ttceteccagt getttgccag 540
gctcacggac tgacccctga acaggtggtg gcaattgect cacacgacgg gggcaagcag 600
gcactggaga ctgtccageg gcetgetgect gtectetgee aggcccacgg actcactect 660
gagcaggteyg tggccattge cagccacgat gggggcaaac aggctcetgga gaccgtgcag 720
cgectectee cagtgetgtg ccaggetcat gggetgaccee cacagcaggt cgtegecatt 780
gecagtaacyg gcggggggaa gcaggecctce gaaacagtge agaggcetget geccgtcettg 840
tgccaagcac acggectgac acccgagcag gtggtggeca tegectctca tgacggegge 900
aagcaggcce ttgagacagt gcagagactg ttgccegtgt tgtgtcagge ccacgggttyg 960
acaccccage aggtggtege catcgecage aatggegggg gaaagcagge ccttgagace 1020
gtgcagcggt tgcttccagt gttgtgccag gcacacggac tgacccctca acaggtggte 1080
gcaatcgeca gctacaaggg cggaaagcag getctggaga cagtgcageg cctectgece 1140
gtgctgtgte aggctcacgg actgacacca cagcaggtgg tcgccatcgce cagtaacggg 1200
ggcggcaagce aggctttgga gaccgtccag agactcecctec ccegtcectttg ccaggcccac 1260
gggttgacac ctcagcaggt cgtcgecatt gectccaaca acgggggcaa gcaggcccte 1320
gaaactgtgc agaggctgct gcctgtgetg tgccaggcte atgggctgac accccagcag 1380
gtggtggceca ttgectctaa caacggcggce aaacaggcac tggagaccgt gcaaaggcetg 1440
ctgccegtece tectgccaage ccacgggcte actccacage aggtegtgge catcgectca 1500
aacaatggcg ggaagcaggc cctggagact gtgcaaaggce tgctccecctgt gectctgecag 1560
gcacacggac tgacccctca gcaggtggtg gcaatcgett ccaacaacgg gggaaagcag 1620
geectcegaaa cegtgcageg cctectecca gtgcetgtgee aggcacatgg cctcacacce 1680
gagcaagtygyg tggctatcge cagccacgac ggagggaagce aggctcetgga gaccgtgcag 1740
aggctgcectge ctgtecctgtg ccaggcccac gggcttacte cagagcaggt cgtcgccate 1800
gccagtcatg atggggggaa gcaggccectt gagacagtcec agcggctgcet gccagtectt 1860
tgccaggcte acggcttgac tcccgagcag gtcgtggcecca ttgcectcaaa cattggggge 1920
aaacaggccce tggagacagt gcaggccctg ctgcecccecgtgt tgtgtcagge ccacggettg 1980
acaccccage aggtggtege cattgectet aatggeggeg ggagacccege cttggagage 2040
attgttgcce agttatcteg cecctgatccecg gegttggecg cgttgaccaa cgaccaccte 2100
gtcgecttgg cctgectegg cgggcgtect gegctggatg cagtgaaaaa gggattgggg 2160
gatcctatca gcecgttecca gctggtgaag tccgagectgg aggagaagaa atccgagttg 2220
aggcacaagc tgaagtacgt gccccacgag tacatcgage tgatcgagat cgcccggaac 2280
agcacccagg accgtatcct ggagatgaag gtgatggagt tcttcatgaa ggtgtacgge 2340
tacaggggca agcacctggg cggctccagg aagcccgacyg gcegecatcta caccgtggge 2400
tceecccateg actacggegt gatcgtggac accaaggcect actcecggcegg ctacaacctg 2460
cccateggee aggccgacga aatgcagagg tacgtggagg agaaccagac caggaacaag 2520
cacatcaacc ccaacgagtg gtggaaggtg tacccctcecca gcgtgaccga gttcaagtte 2580
ctgttegtgt ccggccactt caagggcaac tacaaggccce agctgaccag gctgaaccac 2640
atcaccaact gcaacggcgc cgtgctgtcece gtggaggage tcctgatcgg cggcgagatg 2700
atcaaggcceg gcaccctgac cctggaggag gtgaggagga agttcaacaa cggcgagatce 2760
aacttcgcgg ccgactgata a 2781
SEQ ID NO: 4 moltype = DNA length = 2778
FEATURE Location/Qualifiers
misc_feature 1..2778

note = PD1T3R
source 1..2778

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 4
atgggcgatc ctaaaaagaa acgtaaggtc atcgatateg ccgatctacyg cacgetcgge 60
tacagccagce agcaacagga gaagatcaaa ccgaaggtte gttcecgacagt ggcgcagcac 120
cacgaggcac tggtcggcca cgggtttaca cacgcgcaca tegttgegtt aagccaacac 180
ccggeagegt tagggaccgt cgctgtcaag tatcaggaca tgatcgcage gttgecagag 240
gcgacacacyg aagcgatcgt tggegtcegge aaacagtggt ceggcegcacyg cgetctggag 300
gecttgcetea cggtggcggg agagttgaga ggtccaccgt tacagttgga cacaggccaa 360
cttctcaaga ttgcaaaacg tggcggegtg accgcagtgg aggcagtgca tgcatggege 420
aatgcactga cgggtgccce gectcaacttg acccccgage aagtcegtege aatcgccage 480
catgatggag ggaagcaagc cctcgaaacc gtgcageggt tgcttectgt getctgccag 540
geecacggee ttacccctca gcaggtggtg gecatcgcaa gtaacggagg aggaaagcaa 600
gecttggaga cagtgcageg cctgttgcce gtgctgtgee aggcacacgg cctcacacca 660
gagcaggteyg tggccattge ctcccatgac ggggggaaac aggctcetgga gaccgtccag 720
aggctgetge ccgtectetg tcaagetcac ggectgacte cccaacaagt ggtcegecate 780
gectctaatyg geggcgggaa gcaggcactg gaaacagtge agagactget ccectgtgett 840
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tgccaagcte atgggttgac cccccaacag gtegtegeta ttgectcaaa cgggggggge 900
aagcaggcce ttgagactgt gcagaggetg ttgccagtge tgtgtcagge tcacgggcete 960
actccacaac aggtggtcgce aattgccage aacggceggeg gaaagcaagce tcttgaaacce 1020
gtgcaacgcc tcecctgcccgt gctetgtcag getcatggec tgacaccaca acaagtcecgtg 1080
gccatcgeca gtaataatgg cgggaaacag gctcttgaga ccgtccagag gctgctceccecca 1140
gtgctctgee aggcacacgg gctgacccecce gagcaggtgg tggctatcgce cagcaatatt 1200
gggggcaage aggccctgga aacagtccag gecctgetge cagtgetttg ccaggctcac 1260
gggctcacte cccagcaggt cgtggcaatc gectccaacyg geggagggaa gcaggctcetg 1320
gagaccgtge agagactgct gccegtettg tgccaggece acggactcac acctgaacag 1380
gtcgtegeca ttgectectca cgatggggge aaacaagccec tggagacagt gcagcggcetg 1440
ttgcctgtgt tgtgccaage ccacggcttg actcctcaac aagtggtcege catcgectca 1500
aatggcggcg gaaaacaagc tctggagaca gtgcagaggt tgctgecccegt cctctgccaa 1560
geecacggee tgactcccca acaggtegte gecattgeca gcaacaacgg aggaaagcag 1620
gctetcgaaa ctgtgcagcg gctgcttect gtgctgtgte aggctcatgg gctgacccecce 1680
gagcaagtgg tggctattgce ctctaatgga ggcaagcaag cccttgagac agtccagagg 1740
ctgttgccag tgctgtgcca ggcccacggg ctcacaccce agcaggtggt cgccatcgece 1800
agtaacaacg ggggcaaaca ggcattggaa accgtccagce gcctgettece agtgctctge 1860
caggcacacg gactgacacc cgaacaggtg gtggccattyg catcccatga tgggggcaag 1920
caggccectgg agaccgtgca gagactcecctg ccagtgttgt gccaagctca cggcctcacce 1980
cctcagcaag tcegtggecat cgectcaaac ggggggggece ggectgcact ggagagcatt 2040
gttgcccagt tatctcgcecce tgatccggeg ttggccgcegt tgaccaacga ccacctcegte 2100
geccttggect gecteggegg gcgtectgeg ctggatgcag tgaaaaaggg attgggggat 2160
cctatcagcece gttcccaget ggtgaagtcee gagectggagg agaagaaatc cgagttgagg 2220
cacaagctga agtacgtgcce ccacgagtac atcgagctga tcgagatcge ccggaacage 2280
acccaggacce gtatcctgga gatgaaggtg atggagttct tcatgaaggt gtacggctac 2340
aggggcaagce acctgggegg ctccaggaag cecgacggeg ccatctacac cgtgggetce 2400
cccatecgact acggegtgat cgtggacacce aaggectact ceggeggceta caacctgcce 2460
atcggecagg ccgacgaaat gcagaggtac gtggaggaga accagaccag gaacaagcac 2520
atcaacccca acgagtggtg gaaggtgtac ccctccageg tgaccgagtt caagttcecctg 2580
ttegtgteecg gecacttcaa gggcaactac aaggcccagce tgaccaggct gaaccacatce 2640
accaactgca acggcgcegt getgtecgtg gaggagctcece tgatcggcegg cgagatgatce 2700
aaggccggca ccctgaccct ggaggaggtg aggaggaagt tcaacaacgyg cgagatcaac 2760

ttecgecggeeg actgataa 2778
SEQ ID NO: 5 moltype = DNA length = 49
FEATURE Location/Qualifiers
misc_feature 1..49
note = PD1-T3
source 1..49

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 5

tacctectgtg gggccatcte cctggcccee aaggcgcaga tcaaagaga 49
SEQ ID NO: 6 moltype = DNA 1length = 60
FEATURE Location/Qualifiers
misc_feature 1..60
note = 2A-element
source 1..60

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 6
tceggtgagg gcagaggaag tcttctaaca tgeggtgacyg tggaggagaa tccgggecce 60

SEQ ID NO: 7 moltype = DNA length = 1989
FEATURE Location/Qualifiers
misc_feature 1..1989

note = apoptosis CAR
source 1..1989

mol type = other DNA

orggnism = synthetic construct
SEQUENCE: 7
getttgectyg tcactgcctt getgettcca cttgctetgt tgttgcacge cgcaagacce 60
gaggtcaage tccaggaaag cggaccaggg ctggtggecce ctagtcagtce attgagegte 120
acttgcaccg tcageggegt gtctctgece gattacggeg tgagetggat cagacagcce 180
ccaaggaagg gactggagtg gectgggegte atctggggga gcgagactac ctactacaac 240
agcgecctga agagcaggct gaccatcatt aaggacaact ccaagtccca ggtcetttcetg 300
aaaatgaaca gcctgcagac tgatgacact gecatctact actgcgccaa gcattactac 360
tacgggggca gctacgctat ggactactgg gggcagggga cctctgtcac agtgtcaagt 420
ggcggaggag gcagtggegg agggggaagt gggggcggeg gcagcgacat ccagatgacce 480
cagacaacat ccagcctecte cgectcetetg ggcgacagag tgacaatcag ctgecgggece 540
agtcaggaca tcagcaagta tctcaattgg taccagcaga aaccagacgyg gacagtgaaa 600
ttgctgatcet accacacatc caggctgcac tcaggagtece ccagcaggtt ttceggetce 660
ggctcceggga cagattacag tctgaccatt tccaacctgg agcaggagga tattgccaca 720
tacttttgce agcaaggcaa cactctgecce tatacctteg geggaggcac aaaactggag 780
attactcggt cggatcccga geccaaatct cctgacaaaa ctcacacatyg cccaccgtge 840
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ccagcaccte ccgtggecgg cccgtcagtg ttectettee ceccaaaacce caaggacacce 900
ctcatgateg cccggacccee tgaggtcaca tgegtggtgyg tggacgtgag ccacgaggac 960
cctgaggtca agttcaactg gtacgtggac ggcgtggagg tgcataatgc caagacaaag 1020
cecgegggagg agcagtacaa cagcacgtac cgtgtggtea gegtectcac cgtectgcac 1080
caggactggce tgaatggcaa ggagtacaag tgcaaggtgt ccaacaaagc cctcccagece 1140
cccatcgaga aaaccatctce caaagccaaa gggcagcccece gagaaccaca ggtgtacace 1200
ctgceeccat cccgggatga gctgaccaag aaccaggtca gectgacctyg cctggtcaaa 1260
ggcttctate ccagcgacat cgcegtggag tgggagagca atgggcaacce ggagaacaac 1320
tacaagacca cgcctccegt getggactcee gacggctect tettectcta cagcaagete 1380
accgtggaca agagcaggtg gcagcagggg aacgtgttct catgectccegt gatgcatgag 1440
gccctgcaca atcactatac ccagaaatct ctgagtctga gcccaggcaa gaaggatatt 1500
ttggggtgge tttgccttet tettttgcca attccactaa ttgtttgggt gaagagaaag 1560
gaagtacaga aaacatgcag aaagcacaga aaggaaaacc aaggttctca tgaatctcca 1620
accttaaatc ctgaaacagt ggcaataaat ttatctgatg ttgacttgag taaatatatc 1680
accactattg ctggagtcat gacactaagt caagttaaag gctttgttcg aaagaatggt 1740
gtcaatgaag ccaaaataga tgagatcaag aatgacaatg tccaagacac agcagaacag 1800
aaagttcaac tgcttcgtaa ttggcatcaa cttcatggaa agaaagaagc gtatgacaca 1860
ttgattgcag atctcaaaaa agccaatctt tgtactcttg cagagaaaat tcagactatc 1920
atcctcaagg acattactag tgactcagaa aattcaaact tcagaaatga aatccagagce 1980
ttggtcgaa 1989
SEQ ID NO: 8 moltype = DNA length = 276
FEATURE Location/Qualifiers
misc_feature 1..276

note = BGH polyA
source 1..276

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 8
tctagaggge ccgtttaaac ccgctgatca gectcgactyg tgecttctag ttgecagcca 60
tetgttgttt gccectecce cgtgecttee ttgaccetgg aaggtgccac tcccactgte 120
ctttectaat aaaatgagga aattgcatcg cattgtctga gtaggtgtca ttctattctg 180
gggggtggygy tggggcagga cagcaagggg gaggattggg aagacaatag caggcatget 240
ggggatgcgg tgggctctat gactagtgge gaattce 276
SEQ ID NO: 9 moltype = DNA length = 1000
FEATURE Location/Qualifiers
misc_feature 1..1000

note = Lck left homology
source 1..1000

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 9
gggatagggyg gtgcctcetgt gtgtgtgtgt gagagtgtgt gtgtgtaggg tgtgtatatg 60
tatagggtgt gtgtgagtgt gtgtgtgtga gagagtgtgt gtgtggcaga atagactgceg 120
gaggtggatt tcatcttgat atgaaaggtc tggaatgcat ggtacattaa actttgagga 180
cagcgettte caagcactct gaggagcage cctagagaag gaggagctge agggactccg 240
ggggcttcaa agtgagggcce ccactctget tcaggcaaaa caggcacaca tttatcactt 300
tatctatgga gttctgettg atttcatcag acaaaaaatt tccactgcta aaacaggcaa 360
ataaacaaaa aaaaagttat ggccaacaga gtcactggag ggttttctge tggggagaag 420
caagcccegtyg tttgaaggaa ccctgtgaga tgactgtggg ctgtgtgagyg ggaacagcegg 480
gggettgatyg gtggactteg ggagcagaag cctcetttete agectectca gectagacagg 540
ggaattataa taggaggtgt ggcgtgcaca cctctecagt aggggagggt ctgataagtce 600
aggtctcectee caggettggg aaagtgtgtg tcatctctag gaggtggtece tcccaacaca 660
gggtactgge agagggagag ggagggggca gaggcaggaa gtgggtaact agactaacaa 720
aggtgectgt ggcggtttge ccatcccagg tgggagggtyg gggctaggge tcaggggcecyg 780
tgtgtgaatt tacttgtagc ctgagggctce agagggagea cceggtttgga gctgggacce 840
cctattttag cttttetgtyg getggtgaat ggggatcceca ggatctcaca atctcaggta 900
cttttggaac tttccaggge aaggccccat tatatctgat gttgggggag cagatcttgg 960
gggagccect tcagcecccect cttecattec ctcagggacce 1000
SEQ ID NO: 10 moltype = AA length = 219
FEATURE Location/Qualifiers
REGION 1..219

note = Interleukin-12 subunit alpha
source 1..219

mol type = protein

organism = synthetic construct
SEQUENCE: 10
MCPARSLLLV ATLVLLDHLS LARNLPVATP DPGMFPCLHH SQONLLRAVSN MLQKARQTLE 60
FYPCTSEEID HEDITKDKTS TVEACLPLEL TKNESCLNSR ETSFITNGSC LASRKTSFMM 120
ALCLSSIYED LKMYQVEFKT MNAKLLMDPK RQIFLDQNML AVIDELMQAL NFNSETVPQK 180
SSLEEPDFYK TKIKLCILLH AFRIRAVTID RVMSYLNAS 219

SEQ ID NO:
FEATURE

11

moltype = AA length = 328

Location/Qualifiers

May 2, 2024



US 2024/0141293 A1l May 2, 2024

67

-continued

REGION 1..328

note = Interleukin-12 subunit beta
source 1..328

mol type = protein

organism = synthetic construct
SEQUENCE: 11
MCHQQLVISW FSLVFLASPL VAIWELKKDV YVVELDWYPD APGEMVVLTC DTPEEDGITW 60
TLDQSSEVLG SGKTLTIQVK EFGDAGQYTC HKGGEVLSHS LLLLHKKEDG IWSTDILKDQ 120
KEPKNKTFLR CEAKNYSGRF TCWWLTTIST DLTFSVKSSR GSSDPQGVTC GAATLSAERV 180
RGDNKEYEYS VECQEDSACP AAEESLPIEV MVDAVHKLKY ENYTSSFFIR DIIKPDPPKN 240
LQLKPLKNSR QVEVSWEYPD TWSTPHSYFS LTFCVQVQGK SKREKKDRVF TDKTSATVIC 300
RKNASISVRA QDRYYSSSWS EWASVPCS 328
SEQ ID NO: 12 moltype = DNA length = 1000
FEATURE Location/Qualifiers
misc_feature 1..1000

note = lck right homology
source 1..1000

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 12
ggctgtgget gcagctcaca cccggaagat gactggatgg aaaacatcga tgtgtgtgag 60
aactgccatt atcccatagt cccactggat ggcaagggca cggtaagagyg cgagacaggg 120
gecttggtga gggagttggg tagagaatgc aacccaggag aaagaaatga ccagcactac 180
aggcccttga aagaatagag tggccctcete cectgaaata cagaaaggaa aagaggccca 240
gagaggggaa gggaatctcce taagatcaca cagaaagtag ttggtaaact cagggataac 300
atctaaccag gctggagagg ctgagagcag agcagggggyg aagggggceca gggtctgace 360
caatcttetg ctttetgace ccaccctcat cecccactece acagetgcete atccgaaatyg 420
getetgaggt gegggaccca ctggttacct acgaaggcetce caatccegecg gettccccac 480
tgcaaggtga ccccaggcag cagggcectga aagacaagge ctgeggatce ctggetgttyg 540
gettccacet cteccccace tactttectee cecggtettge cttecttgte ceccaccctg 600
taactccagg cttectgeccg atcccagete ggttectceect gatgecccett gtctttacag 660
acaacctggt tatcgctectg cacagctatg agecctctea cgacggagat ctgggetttg 720
agaaggggga acagctccge atcctggage agtgagtcece tctcecacctt gcetetggegg 780
agtcegtgag ggageggega tctcecgegac cegecagecect ccetgeggece ttgaccaget 840
cggggtggee gececttggga caaaattcga ggctcagtat tgctgageca gggttggggg 900
aggctggett aaggggtgga ggggtctttyg agggagggte tcaggtcgac ggctgagcga 960
gccacactga cccacctecg tggcgcagga gcggcgagtyg 1000
SEQ ID NO: 13 moltype = DNA length = 1992
FEATURE Location/Qualifiers
misc_feature 1..1992

note = apoptosis CAR
source 1..1992

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 13
atggctttge ctgtcactge cttgctgett ccacttgete tgttgttgca cgccgcaaga 60
ccegaggtea agcetccagga aagcggacca gggetggtgg cceectagtca gtcattgage 120
gtcacttgca cecgtcagegg cgtgtetetg cccgattacyg gegtgagetg gatcagacag 180
cceccaagga agggactgga gtggetggge gtcatctggg ggagcgagac tacctactac 240
aacagcgccee tgaagagcag gctgaccatce attaaggaca actccaagtce ccaggtettt 300
ctgaaaatga acagcctgca gactgatgac actgccatct actactgege caagcattac 360
tactacgggg gcagctacgce tatggactac tgggggcagg ggacctcetgt cacagtgtca 420
agtggcggag gaggcagtgg cggaggggga agtgggggcg gcggcagega catccagatg 480
acccagacaa catccagect cteccgectet ctgggcgaca gagtgacaat cagetgccgg 540
gecagtcagyg acatcagcaa gtatctcaat tggtaccage agaaaccaga cgggacagtg 600
aaattgctga tctaccacac atccaggetg cactcaggag tcecccagcag gttttecegge 660
tceggeteeg ggacagatta cagtctgacce atttccaacce tggagcagga ggatattgee 720
acatactttt gccagcaagg caacactctg cectatacct teggcggagyg cacaaaactg 780
gagattactc ggtcggatce cgagceccaaa tctcectgaca aaactcacac atgcccaccg 840
tgcccagcac ctcecegtgge cggccegtca gtgttectet tecccccaaa acccaaggac 900
accctcatga tcgeccggac cectgaggte acatgegtgyg tggtggacgt gagccacgag 960
gaccctgagg tcaagttcaa ctggtacgtg gacggcgtgg aggtgcataa tgccaagaca 1020
aagcegeggg aggagcagta caacagcacg taccgtgtgg tcagegtect caccgtectg 1080
caccaggact ggctgaatgg caaggagtac aagtgcaagyg tgtccaacaa agccctccca 1140
geeeccateyg agaaaaccat ctccaaagcec aaagggcage cccgagaacc acaggtgtac 1200
accctgecce catcccggga tgagctgacce aagaaccagyg tcagectgac ctgectggte 1260
aaaggcttet atcccagcga catcgecgtg gagtgggaga gcaatgggca accggagaac 1320
aactacaaga ccacgcctecce cgtgctggac tccgacggct ccttettect ctacagcaag 1380
ctcaccgtgg acaagagcag gtggcagcag gggaacgtgt tctcatgctce cgtgatgcat 1440
gaggccctge acaatcacta tacccagaaa tctctgagte tgagcccagg caagaaggat 1500
attttggggt ggctttgecct tettettttg ccaattccac taattgtttg ggtgaagaga 1560
aaggaagtac agaaaacatg cagaaagcac agaaaggaaa accaaggttc tcatgaatct 1620
ccaaccttaa atcctgaaac agtggcaata aatttatctg atgttgactt gagtaaatat 1680
atcaccacta ttgctggagt catgacacta agtcaagtta aaggctttgt tcgaaagaat 1740
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ggtgtcaatyg aagccaaaat agatgagatc aagaatgaca atgtccaaga cacagcagaa 1800
cagaaagttc aactgcttcg taattggcat caacttcatg gaaagaaaga agcgtatgac 1860
acattgattg cagatctcaa aaaagccaat ctttgtactc ttgcagagaa aattcagact 1920
atcatcctca aggacattac tagtgactca gaaaattcaa acttcagaaa tgaaatccag 1980
agcttggtceg aa 1992
SEQ ID NO: 14 moltype = DNA length = 1000
FEATURE Location/Qualifiers
misc_feature 1..1000

note = Lck left homology
source 1..1000

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 14
ctcataacaa ttctatgagg taggaacagt tatttactct attttccaaa taaggaaact 60
gggctegecee aaggttccac aactaacatg tgtgtattat tgagcattta atttacacca 120
gggaagcagyg ttgtggtggt gtgcacctgt tgtccagceta tttaggaggce tgaggtgaaa 180
ggatcacttyg aacggaggag ttcaaatttg caatgtgcta tgattgtgcc tgtgaacage 240
tgctgcacte cagectggge aacatagtga gatcccttat ctaaaacatt ttttttaagt 300
aaataatcag gtgggcacgg tggctcacge ctgtaatcca gcactttggyg aggctgagge 360
gggcggatca cctgaggtca ggagttcaag accagectga ccaacatgga gaaacccgte 420
tctactaaaa atacaaaatt agcttggegt ggtggtgcat gectgtaatce ccagctacte 480
gagaagctga ggcaggagaa ttgtttgaac ctgggaggtyg gaggttgegg tgagccgaga 540
tcgcaccatt gcactccage ctgggcaaca agagtgaaat tgcatctcaa aaaaaaagaa 600
aaggaaataa tctataccag gcactccaag tggtgtgact gatattcaac aagtacctct 660
agtgtgacct taccattgat gaagaccaag attcttttgg attggtgcte acactgtgce 720
agttaaatat tccgaacatt acccttgect gtgggcettee agtgectgac cttgatgtce 780
tttcacccat caacccgtag ggatgaccaa cccggaggtyg attcagaacce tggagcgagg 840
ctaccgcatg gtgcgecctg acaactgtcec agaggagetyg taccaactca tgaggetgtg 900
ctggaaggag cgcccagagg accggeccac ctttgactac ctgegcagtyg tgctggagga 960
cttcttcecacg gccacagagyg gccagtacca gcctcagect 1000
SEQ ID NO: 15 moltype = DNA length = 1000
FEATURE Location/Qualifiers
misc_feature 1..1000

note = lck right homology
source 1..1000

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 15
gaggccttga gaggccctgg ggttetecce ctttetetee agectgactt ggggagatgg 60
agttcttgtg ccatagtcac atggcctatg cacatatgga ctctgcacat gaatcccace 120
cacatgtgac acatatgcac cttgtgtctg tacacgtgte ctgtagttge gtggactctg 180
cacatgtctt gtacatgtgt agcctgtgca tgtatgtcett ggacactgta caaggtacce 240
ctttetgget cteccattte ctgagaccac agagagaggg gagaagcectyg ggattgacag 300
aagcttcetge ccacctactt ttetttecte agatcatcca gaagttcecte aagggccagg 360
actttatcta atacctctgt gtgctectece ttggtgectyg gectggcaca catcaggagt 420
tcaataaatg tctgttgatg actgttgtac atctctttge tgtccactcet ttgtgggtgg 480
gcagtgggygy ttaagaaaat ggtaattagg tcaccctgag ttggggtgaa agatgggatg 540
agtggatgtce tggaggctct gcagacccect tcaaatggga cagtgctect caccectcece 600
caaaggattc agggtgactc ctacctggaa tcccttaggg aatgggtgeyg tcaaaggacce 660
ttecteccca ttataaaagg gcaacagcat tttttactga ttcaaggget atatttgace 720
tcagattttg tttttttaag gctagtcaaa tgaagcggeyg ggaatggagyg aggaacaaat 780
aaatctgtaa ctatcctcag attttttttt ttttttgaga ctgggtctca ctttttcatc 840
caggctggag tgcagtcgca tgatcacgge tcactgtage ctcaacctcet ccagctcaaa 900
tgctectect gtctcagect cccgagtace tgggactact ttettgagge caggaattca 960
agaacagagt aagatcctgg tctccaaaaa aagttttaaa 1000
SEQ ID NO: 16 moltype = AA length = 936
FEATURE Location/Qualifiers
REGION 1..936

note = TALEN TRAC
source 1..936

mol type = protein

organism = synthetic construct
SEQUENCE: 16
MGDPKKKRKV IDYPYDVPDY AIDIADLRTL GYSQQQQEKI KPKVRSTVAQ HHEALVGHGF 60
THAHIVALSQ HPAALGTVAV KYQDMIAALP EATHEAIVGV GKQWSGARAL EALLTVAGEL 120
RGPPLQLDTG QLLKIAKRGG VTAVEAVHAW RNALTGAPLN LTPQQVVAIA SNGGGKQALE 180
TVQRLLPVLC QAHGLTPQQV VAIASNNGGK QALETVQRLL PVLCQAHGLT PQQVVAIASN 240
GGGKQALETV QRLLPVLCQA HGLTPEQVVA IASHDGGKQA LETVQRLLPV LCQAHGLTPE 300
QVVAIASHDG GKQALETVQR LLPVLCQAHG LTPEQVVAIA SHDGGKQALE TVQRLLPVLC 360
QAHGLTPEQV VAIASNIGGK QALETVQALL PVLCQAHGLT PEQVVAIASH DGGKQALETV 420
QRLLPVLCQA HGLTPEQVVA IASNIGGKQA LETVQALLPV LCQAHGLTPQ QVVAIASNNG 480
GKQALETVQR LLPVLCQAHG LTPEQVVAIA SNIGGKQALE TVQALLPVLC QAHGLTPQQV 540
VAIASNGGGK QALETVQRLL PVLCQAHGLT PEQVVAIASN IGGKQALETV QALLPVLCQA 600
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HGLTPQQVVA IASNGGGKQA LETVQRLLPV LCQAHGLTPE QVVAIASHDG GKQALETVQR 660
LLPVLCQAHG LTPQQVVAIA SNGGGRPALE SIVAQLSRPD PALAALTNDH LVALACLGGR 720
PALDAVKKGL GDPISRSQLV KSELEEKKSE LRHKLKYVPH EYIELIEIAR NSTQDRILEM 780
KVMEFFMKVY GYRGKHLGGS RKPDGAIYTV GSPIDYGVIV DTKAYSGGYN LPIGQADEMQ 840
RYVEENQTRN KHINPNEWWK VYPSSVTEFK FLFVSGHFKG NYKAQLTRLN HITNCNGAVL 900
SVEELLIGGE MIKAGTLTLE EVRRKFNNGE INFAAD 936
SEQ ID NO: 17 moltype = AA length = 942
FEATURE Location/Qualifiers
REGION 1..942

note = TALEN TRAC
source 1..942

mol type = protein

organism = synthetic construct
SEQUENCE: 17
MGDPKKKRKV IDKETAAAKF ERQHMDSIDI ADLRTLGYSQ QQQEKIKPKV RSTVAQHHEA 60
LVGHGFTHAH IVALSQHPAA LGTVAVKYQD MIAALPEATH EAIVGVGKQW SGARALEALL 120
TVAGELRGPP LQLDTGQLLK IAKRGGVTAV EAVHAWRNAL TGAPLNLTPE QVVAIASHDG 180
GKQALETVQR LLPVLCQAHG LTPQQVVAIA SNGGGKQALE TVQRLLPVLC QAHGLTPEQV 240
VAIASHDGGK QALETVQRLL PVLCQAHGLT PEQVVAIASN IGGKQALETV QALLPVLCQA 300
HGLTPQQVVA IASNNGGKQA LETVQRLLPV LCQAHGLTPE QVVAIASHDG GKQALETVQR 360
LLPVLCQAHG LTPQQVVAIA SNGGGKQALE TVQRLLPVLC QAHGLTPQQV VAIASNNGGK 420
OALETVORLL PVLCOAHGLT PQOVVAIASN NGGKQALETV ORLLPVLCQA HGLTPQQVVA 480
TIASNGGGKQA LETVQRLLPV LCQAHGLTPE QVVAIASNIG GKQALETVQA LLPVLCQAHG 540
LTPEQVVAIA SHDGGKQALE TVQRLLPVLC QAHGLTPEQV VAIASNIGGK QALETVQALL 600
PVLCQAHGLT PEQVVAIASH DGGKQALETV QRLLPVLCQA HGLTPQQVVA IASNNGGKQA 660
LETVQRLLPV LCQAHGLTPQ QVVAIASNGG GRPALESIVA QLSRPDPALA ALTNDHLVAL 720
ACLGGRPALD AVKKGLGDPI SRSQLVKSEL EEKKSELRHK LKYVPHEYIE LIEIARNSTQ 780
DRILEMKVME FFMKVYGYRG KHLGGSRKPD GAIYTVGSPI DYGVIVDTKA YSGGYNLPIG 840
QADEMQRYVE ENQTRNKHIN PNEWWKVYPS SVTEFKFLFV SGHFKGNYKA QLTRLNHITN 900
CNGAVLSVEE LLIGGEMIKA GTLTLEEVRR KFNNGEINFA AD 942
SEQ ID NO: 18 moltype = AA length = 913
FEATURE Location/Qualifiers
REGION 1..913

note = TALEN CD25
source 1..913

mol type = protein

organism = synthetic construct
SEQUENCE: 18
MGDPKKKRKV IDYPYDVPDY AIDIADLRTL GYSQQQQEKI KPKVRSTVAQ HHEALVGHGF 60
THAHIVALSQ HPAALGTVAV KYQDMIAALP EATHEAIVGV GKQWSGARAL EALLTVAGEL 120
RGPPLQLDTG QLLKIAKRGG VTAVEAVHAW RNALTGAPLN LTPQQVVAIA SNNGGKQALE 180
TVQRLLPVLC QAHGLTPQQV VAIASNGGGK QALETVQRLL PVLCQAHGLT PQQVVAIASN 240
GGGKQALETV QRLLPVLCQA HGLTPEQVVA IASHDGGKQA LETVQRLLPV LCQAHGLTPQ 300
QVVAIASNGG GKQALETVQR LLPVLCQAHG LTPQQVVAIA SNGGGKQALE TVQRLLPVLC 360
QAHGLTPQQV VAIASNGGGK QALETVQRLL PVLCQAHGLT PQQVVAIASN GGGKQALETV 420
QRLLPVLCQA HGLTPQQVVA IASNNGGKQA LETVQRLLPV LCQAHGLTPQ QVVAIASNNG 480
GKQALETVOR LLPVLCQAHG LTPQOVVAIA SNGGGKQALE TVQRLLPVLC QAHGLTPQQOV 540
VAIASNGGGK QALETVQRLL PVLCQAHGLT PQQVVAIASN GGGKQALETV QRLLPVLCQA 600
HGLTPQQVVA IASNGGGKQA LETVQRLLPV LCQAHGLTPE QVVAIASHDG GKQALETVQR 660
LLPVLCQAHG LTPQQVVAIA SNGGGRPALE SIVAQLSRPD PSGSGSGGDP ISRSQLVKSE 720
LEEKKSELRH KLKYVPHEYI ELIEIARNST QDRILEMKVM EFFMKVYGYR GKHLGGSRKP 780
DGAIYTVGSP IDYGVIVDTK AYSGGYNLPI GQADEMQRYV EENQTRNKHI NPNEWWKVYP 840
SSVTEFKFLF VSGHFKGNYK AQLTRLNHIT NCNGAVLSVE ELLIGGEMIK AGTLTLEEVR 900
RKFNNGEINF AAD 913
SEQ ID NO: 19 moltype = AA length = 913
FEATURE Location/Qualifiers
REGION 1..913

note = TALEN CD25
source 1..913

mol type = protein

organism = synthetic construct
SEQUENCE: 19
MGDPKKKRKV IDYPYDVPDY AIDIADLRTL GYSQQQQEKI KPKVRSTVAQ HHEALVGHGF 60
THAHIVALSQ HPAALGTVAV KYQDMIAALP EATHEAIVGV GKQWSGARAL EALLTVAGEL 120
RGPPLQLDTG QLLKIAKRGG VTAVEAVHAW RNALTGAPLN LTPEQVVAIA SNIGGKQALE 180
TVQALLPVLC QAHGLTPEQV VAIASHDGGK QALETVQRLL PVLCQAHGLT PEQVVAIASN 240
IGGKQALETV QALLPVLCQA HGLTPQQVVA IASNNGGKQA LETVQRLLPV LCQAHGLTPQ 300
QVVAIASNNG GKQALETVQR LLPVLCQAHG LTPEQVVAIA SNIGGKQALE TVQALLPVLC 360
QAHGLTPQQV VAIASNNGGK QALETVQRLL PVLCQAHGLT PQQVVAIASN NGGKQALETV 420
QRLLPVLCQA HGLTPEQVVA IASNIGGKQA LETVQALLPV LCQAHGLTPE QVVAIASNIG 480
GKQALETVQA LLPVLCQAHG LTPQQVVAIA SNNGGKQALE TVQRLLPVLC QAHGLTPEQV 540
VAIASNIGGK QALETVQALL PVLCQAHGLT PQQVVAIASN NGGKQALETV QRLLPVLCQA 600
HGLTPQQVVA IASNGGGKQA LETVQRLLPV LCQAHGLTPE QVVAIASNIG GKQALETVQA 660
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LLPVLCQAHG LTPQQVVAIA SNGGGRPALE SIVAQLSRPD PSGSGSGGDP ISRSQLVKSE 720
LEEKKSELRH KLKYVPHEYI ELIEIARNST QDRILEMKVM EFFMKVYGYR GKHLGGSRKP 780
DGAIYTVGSP IDYGVIVDTK AYSGGYNLPI GQADEMQRYV EENQTRNKHI NPNEWWKVYP 840
SSVTEFKFLF VSGHFKGNYK AQLTRLNHIT NCNGAVLSVE ELLIGGEMIK AGTLTLEEVR 900

RKFNNGEINF AAD 913
SEQ ID NO: 20 moltype = AA length = 936
FEATURE Location/Qualifiers
REGION 1..936
note = TALEN PD1
source 1..936

mol type = protein

organism = synthetic construct
SEQUENCE: 20
MGDPKKKRKV IDYPYDVPDY AIDIADLRTL GYSQQQQEKI KPKVRSTVAQ HHEALVGHGF 60
THAHIVALSQ HPAALGTVAV KYQDMIAALP EATHEAIVGV GKQWSGARAL EALLTVAGEL 120
RGPPLQLDTG QLLKIAKRGG VTAVEAVHAW RNALTGAPLN LTPEQVVAIA SKLGGKQALE 180
TVQALLPVLC QAHGLTPEQV VAIASHDGGK QALETVQRLL PVLCQAHGLT PEQVVAIASH 240
DGGKQALETV QRLLPVLCQA HGLTPQQVVA IASNGGGKQA LETVQRLLPV LCQAHGLTPE 300
QVVAIASHDG GKQALETVQR LLPVLCQAHG LTPQQVVAIA SNGGGKQALE TVQRLLPVLC 360
QAHGLTPQQV VAIASYKGGK QALETVQRLL PVLCQAHGLT PQQVVAIASN GGGKQALETV 420
QRLLPVLCQA HGLTPQQVVA IASNNGGKQA LETVQRLLPV LCQAHGLTPQ QVVAIASNNG 480
GKQALETVOR LLPVLCQAHG LTPQOVVAIA SNNGGKQALE TVQRLLPVLC QAHGLTPQQV 540
VAIASNNGGK QALETVQRLL PVLCQAHGLT PEQVVAIASH DGGKQALETV QRLLPVLCQA 600
HGLTPEQVVA IASHDGGKQA LETVQRLLPV LCQAHGLTPE QVVAIASNIG GKQALETVQA 660
LLPVLCQAHG LTPQQVVAIA SNGGGRPALE SIVAQLSRPD PALAALTNDH LVALACLGGR 720
PALDAVKKGL GDPISRSQLV KSELEEKKSE LRHKLKYVPH EYIELIEIAR NSTQDRILEM 780
KVMEFFMKVY GYRGKHLGGS RKPDGAIYTV GSPIDYGVIV DTKAYSGGYN LPIGQADEMQ 840
RYVEENQTRN KHINPNEWWK VYPSSVTEFK FLFVSGHFKG NYKAQLTRLN HITNCNGAVL 900

SVEELLIGGE MIKAGTLTLE EVRRKFNNGE INFAAD 936
SEQ ID NO: 21 moltype = AA length = 941
FEATURE Location/Qualifiers
REGION 1..941
note = TALEN PD1
source 1..941

mol type = protein

organism = synthetic construct
SEQUENCE: 21
MGDPKKKRKV IDKETAAAKF ERQHMDSIDI ADLRTLGYSQ QQQEKIKPKV RSTVAQHHEA 60
LVGHGFTHAH IVALSQHPAA LGTVAVKYQD MIAALPEATH EAIVGVGKQW SGARALEALL 120
TVAGELRGPP LQLDTGQLLK IAKRGGVTAV EAVHAWRNAL TGAPLNLTPE QVVAIASHDG 180
GKQALETVQR LLPVLCQAHG LTPQQVVAIA SNGGGKQALE TVQRLLPVLC QAHGLTPEQV 240
VAIASHDGGK QALETVQRLL PVLCQAHGLT PQQVVAIASN GGGKQALETV QRLLPVLCQA 300
HGLTPQQVVA IASNGGGKQA LETVQRLLPV LCQAHGLTPQ QVVAIASNGG GKQALETVQR 360
LLPVLCQAHG LTPQQVVAIA SNNGGKQALE TVQRLLPVLC QAHGLTPEQV VAIASNIGGK 420
QALETVQALL PVLCQAHGLT PQQVVAIASN GGGKQALETV QRLLPVLCQA HGLTPEQVVA 480
IASHDGGKQA LETVQRLLPV LCQAHGLTPQ QVVAIASNGG GKQALETVQR LLPVLCQAHG 540
LTPQQVVAIA SNNGGKQALE TVQRLLPVLC QAHGLTPEQV VAIASNGGKQ ALETVQRLLP 600
VLCQAHGLTP QQVVAIASNN GGKQALETVQ RLLPVLCQAH GLTPEQVVAI ASHDGGKQAL 660
ETVQRLLPVL CQAHGLTPQQ VVAIASNGGG RPALESIVAQ LSRPDPALAA LTNDHLVALA 720
CLGGRPALDA VKKGLGDPIS RSQLVKSELE EKKSELRHKL KYVPHEYIEL IEIARNSTQD 780
RILEMKVMEF FMKVYGYRGK HLGGSRKPDG AIYTVGSPID YGVIVDTKAY SGGYNLPIGQ 840
ADEMQRYVEE NQTRNKHINP NEWWKVYPSS VTEFKFLFVS GHFKGNYKAQ LTRLNHITNC 900

NGAVLSVEEL LIGGEMIKAG TLTLEEVRRK FNNGEINFAA D 941
SEQ ID NO: 22 moltype = DNA length = 2814
FEATURE Location/Qualifiers
misc_feature 1..2814
note = TALEN TRAC pCLS11370
source 1..2814

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 22
atgggcgatc ctaaaaagaa acgtaaggtc atcgattacce catacgatgt tccagattac 60
gctatcgata tegecgatct acgcacgetce ggctacagee agcagcaaca ggagaagatce 120
aaaccgaagg ttcgttcgac agtggegecag caccacgagg cactggtegyg ccacgggttt 180
acacacgcge acatcgttge gttaagecaa cacccggcag cgttagggac cgtegetgte 240
aagtatcagg acatgatcgc agcgttgeca gaggcgacac acgaagcgat cgttggegte 300
ggcaaacagt ggtccggcege acgegetcetg gaggecttge tcacggtgge gggagagttg 360
agaggtccac cgttacagtt ggacacaggc caacttctca agattgcaaa acgtggcgge 420
gtgaccgcayg tggaggcagt gcatgcatgg cgcaatgcac tgacgggtgce cccgctcaac 480
ttgaccccee agcaggtggt ggccatcegec agcaatggeyg gtggcaagca ggcgetggag 540
acggtccage ggctgttgcee ggtgctgtge caggcccacyg gcettgacccee ccagcaggtg 600
gtggccateyg ccagcaataa tggtggcaag caggcgetgg agacggtceca geggetgttg 660
ceggtgetgt gecaggecca cggcttgace ceccagcagg tggtggcecat cgccagcaat 720
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ggcggtggea agcaggcgcet ggagacggtce cagceggetgt tgcceggtget gtgecaggee 780
cacggettga ccccggagca ggtggtggece atcgecagece acgatggegyg caagcaggceg 840
ctggagacgg tccageggcet gttgceggtg ctgtgccagyg cccacggett gaccccggag 900
caggtggtgg ccatcgecag ccacgatgge ggcaagcagyg cgctggagac ggtccagegg 960
ctgttgeccgg tgctgtgcca ggcccacggce ttgaccecegg agcaggtggt ggccatcgece 1020
agccacgatg gcggcaagca ggcgctggag acggtccage ggetgttgece ggtgetgtge 1080
caggcccacg gcttgacccee ggagcaggtg gtggccateg ccagcaatat tggtggcaag 1140
caggcgcetgg agacggtgca ggcgetgttg ccggtgetgt geccaggcecca cggcttgace 1200
ccggagcagg tggtggecat cgccagecac gatggceggea agcaggceget ggagacggte 1260
cagcggcetgt tgccggtget gtgccaggcece cacggcttga ccccggagca ggtggtggee 1320
atcgccagca atattggtgg caagcaggcg ctggagacgg tgcaggcgct gttgeceggtg 1380
ctgtgccagg cccacggctt gaccccecccag caggtggtgg ccatcgccag caataatggt 1440
ggcaagcagyg cgctggagac ggtccagegg ctgttgecgg tgetgtgeca ggeccacgge 1500
ttgacceccgg agcaggtggt ggccatcgcec agcaatattg gtggcaagca ggcgctggag 1560
acggtgcagg cgctgttgec ggtgctgtge caggcccacg gcttgaccce ccagcaggtg 1620
gtggccateyg ccagcaatgg cggtggcaag caggcgetgg agacggtceca geggetgttg 1680
ceggtgetgt gecaggecca cggcttgace ceggagcagyg tggtggcecat cgccagcaat 1740
attggtggca agcaggcgct ggagacggtg caggcgctgt tgcceggtget gtgccaggece 1800
cacggettga ccccccagca ggtggtggece atcgecagea atggeggtgyg caagcaggeg 1860
ctggagacgg tccagcggcect gttgceggtg ctgtgccagg cccacggctt gaccececggag 1920
caggtggtgg ccatcgecag ccacgatgge ggcaagcagyg cgctggagac ggtccagegg 1980
ctgttgeccgg tgctgtgcca ggcccacggce ttgaccecte agcaggtggt ggccatcgece 2040
agcaatggcg gcggcaggcece ggcgctggag agcattgttg cccagttatce tegcecectgat 2100
ccggegttgg cecgegttgac caacgaccac ctcgtcegect tggectgect cggcecgggegt 2160
cctgegetgg atgcagtgaa aaagggattg ggggatccta tcageccgtte ccagetggtg 2220
aagtccgage tggaggagaa gaaatccgag ttgaggcaca agctgaagta cgtgecccac 2280
gagtacatcyg agctgatcga gatcgeccgg aacagcaccce aggaccgtat cctggagatg 2340
aaggtgatgg agttcttcat gaaggtgtac ggctacaggg gcaagcacct gggcggctcece 2400
aggaagcceg acggegecat ctacaccgtg ggetccceca tcegactacgyg cgtgatcegtyg 2460
gacaccaagyg cctactccgg cggctacaac ctgcccatceg gecaggcecga cgaaatgcag 2520
aggtacgtgg aggagaacca gaccaggaac aagcacatca accccaacga gtggtggaag 2580
gtgtacceccect ccagcecgtgac cgagttcaag ttcecctgtteg tgtccggcecca cttcaaggge 2640
aactacaagg cccagctgac caggctgaac cacatcacca actgcaacgyg cgccgtgetg 2700
tcegtggagg agcetectgat cggcggegag atgatcaagyg ceggcaccct gaccctggag 2760

gaggtgagga ggaagttcaa caacggcgag atcaacttcg cggccgactg ataa 2814
SEQ ID NO: 23 moltype = DNA length = 2832
FEATURE Location/Qualifiers
misc_feature 1..2832
note = TALEN TRAC pCLS11369
source 1..2832

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 23

atgggcgatc ctaaaaagaa acgtaaggtc atcgataagyg agaccgccge tgccaagtte 60
gagagacagce acatggacag catcgatatc gccgatctac gecacgctegg ctacagcecag 120
cagcaacagg agaagatcaa accgaaggtt cgttcgacag tggcgcagca ccacgaggca 180
ctggteggee acgggtttac acacgegcac atcgttgegt taagccaaca cccggcageg 240
ttagggaccg tcgctgtcaa gtatcaggac atgatcgcag cgttgccaga ggcgacacac 300
gaagcgateyg ttggegtcegg caaacagtgg tccggegcac gegetcetgga ggecttgete 360
acggtggcegyg gagagttgag aggtccaccg ttacagttgg acacaggcca acttctcaag 420
attgcaaaac gtggeggegt gaccgcagtg gaggcagtge atgcatggeyg caatgcactyg 480
acgggtgcce cgctcaactt gaccceggag caggtggtgg ccatcgecag ccacgatgge 540
ggcaagcagyg cgctggagac ggtccagegg ctgttgecgg tgetgtgeca ggeccacgge 600
ttgaccccee agcaggtggt ggccatcgec agcaatggeg gtggcaagca ggcgetggag 660
acggtccage ggctgttgce ggtgctgtge caggcccacyg gcettgacccee ggagcaggtg 720
gtggccateyg ccagecacga tggeggcaag caggcgetgg agacggteca geggetgttg 780
ceggtgetgt gecaggecca cggcttgace ceggagcagg tggtggcecat cgccagcaat 840
attggtggca agcaggcgct ggagacggtg caggcegetgt tgceggtget gtgecaggee 900
cacggettga ccccccagca ggtggtggece atcgecagea ataatggtgyg caagcaggeg 960
ctggagacgg tccagcggcect gttgceggtg ctgtgccagg cccacggctt gaccececggag 1020
caggtggtgg ccatcgecag ccacgatgge ggcaagcagyg cgctggagac ggtccagegg 1080
ctgttgecgg tgctgtgcca ggcccacggce ttgaccccecce agcaggtggt ggccatcgece 1140
agcaatggcg gtggcaagca ggcgctggag acggtccage ggctgttgee ggtgetgtge 1200
caggcccacg gcttgaccce ccagcaggtg gtggccateg ccagcaataa tggtggcaag 1260
caggcgcetgg agacggtcca geggetgttg ccggtgetgt geccaggcecca cggcttgace 1320
ccecagecagg tggtggecat cgccagcaat aatggtggea agcaggceget ggagacggte 1380
cagcggcetgt tgccggtget gtgccaggcece cacggcttga ccccccagca ggtggtggece 1440
atcgecagca atggeggtgg caagcaggeg ctggagacgg tcecagegget gttgeeggtg 1500
ctgtgccagg cccacggctt gacccceggag caggtggtgg ccatcgccag caatattggt 1560
ggcaagcagyg cgctggagac ggtgcaggceg ctgttgecgg tgctgtgeca ggeccacgge 1620
ttgacccegg agcaggtggt ggccatcgece agecacgatyg geggcaagca ggcgetggag 1680
acggtccage ggctgttgec ggtgctgtge caggcccacg gcttgaccece ggagcaggtg 1740
gtggccatceg ccagcaatat tggtggcaag caggcgctgg agacggtgca ggcegctgttg 1800
ceggtgetgt gecaggecca cggcttgace ceggagcagyg tggtggcecat cgccagecac 1860
gatggcggcea agcaggcgct ggagacggtce cageggetgt tgcceggtget gtgecaggee 1920
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cacggettga ccccccagca ggtggtggece atcgecagea ataatggtgyg caagcaggeg 1980
ctggagacgg tccagcggcect gttgceggtg ctgtgccagg cccacggctt gaccectcag 2040
caggtggtgg ccatcgecag caatggegge ggcaggccegyg cgctggagag cattgttgee 2100
cagttatctc geccctgatecce ggcgttggee gcecgttgacca acgaccacct cgtcgecttg 2160
gcctgecteg gegggegtcee tgcgctggat gcagtgaaaa agggattggg ggatcctatce 2220
agccegttece agetggtgaa gtccgagetg gaggagaaga aatccgagtt gaggcacaag 2280
ctgaagtacg tgccccacga gtacatcgag ctgatcgaga tcegeccggaa cagcacccag 2340
gaccgtatec tggagatgaa ggtgatggag ttcttcatga aggtgtacgg ctacaggggce 2400
aagcacctgg gcggctcecag gaagcccgac ggegecatet acaccgtggyg ctceccccate 2460
gactacggeyg tgatcgtgga caccaaggcc tactceggeg gcectacaacct geccatcgge 2520
caggccgacg aaatgcagag gtacgtggag gagaaccaga ccaggaacaa gcacatcaac 2580
cccaacgagt ggtggaaggt gtacccectcece agcgtgaccg agttcaagtt cctgttegtg 2640
tceggecact tcaagggcaa ctacaaggece cagcetgacca ggctgaacca catcaccaac 2700
tgcaacggcg ccgtgctgte cgtggaggag ctcecctgatcg gcggcgagat gatcaaggece 2760
ggcaccctga cectggagga ggtgaggagg aagttcaaca acggcgagat caacttcgeg 2820

gccgactgat aa 2832
SEQ ID NO: 24 moltype = DNA length = 2745
FEATURE Location/Qualifiers
misc_feature 1..2745
note = TALEN CD25 pCLS30480
source 1..2745

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 24

atgggcgatc ctaaaaagaa acgtaaggtc atcgattacce catacgatgt tccagattac 60
gctatcgata tegecgatct acgcacgetce ggctacagee agcagcaaca ggagaagatce 120
aaaccgaagg ttcgttcgac agtggegecag caccacgagg cactggtegyg ccacgggttt 180
acacacgcge acatcgttge gttaagecaa cacccggcag cgttagggac cgtegetgte 240
aagtatcagg acatgatcgc agcgttgeca gaggcgacac acgaagcgat cgttggegte 300
ggcaaacagt ggtccggcege acgegetcetg gaggecttge tcacggtgge gggagagttg 360
agaggtccac cgttacagtt ggacacaggc caacttctca agattgcaaa acgtggcgge 420
gtgaccgcayg tggaggcagt gcatgcatgg cgcaatgcac tgacgggtgce cccgctcaac 480
ttgaccccee agcaggtggt ggccatcgec agcaataatyg gtggcaagca ggcgetggag 540
acggtccage ggctgttgcee ggtgctgtge caggcccacyg gcettgacccee ccagcaggtg 600
gtggccateyg ccagcaatgg cggtggcaag caggcgetgg agacggtceca geggetgttg 660
ceggtgetgt gecaggecca cggcttgace ceccagcagg tggtggcecat cgccagcaat 720
ggcggtggea agcaggcgcet ggagacggtce cagceggetgt tgcceggtget gtgecaggee 780
cacggettga ccccggagca ggtggtggece atcgecagece acgatggegyg caagcaggceg 840
ctggagacgg tccageggcet gttgceggtg ctgtgccagyg cccacggett gaccccccag 900
caggtggtgg ccatcgecag caatggeggt ggcaagcagyg cgctggagac ggtccagegg 960
ctgttgecgg tgctgtgcca ggcccacggce ttgaccccecce agcaggtggt ggccatcgece 1020
agcaatggcg gtggcaagca ggcgctggag acggtccage ggctgttgee ggtgetgtge 1080
caggcccacg gcttgaccce ccagcaggtg gtggccateg ccagcaatgyg cggtggcaag 1140
caggcgcetgg agacggtcca geggetgttg ccggtgetgt geccaggcecca cggcttgace 1200
ccecagecagg tggtggecat cgccagcaat ggeggtggea agcaggceget ggagacggte 1260
cagcggcetgt tgccggtget gtgccaggcece cacggcttga ccccccagca ggtggtggee 1320
atcgccagca ataatggtgg caagcaggcg ctggagacgg tccageggct gttgececggtg 1380
ctgtgccagg cccacggctt gaccccecccag caggtggtgg ccatcgccag caataatggt 1440
ggcaagcagyg cgctggagac ggtccagegg ctgttgecgg tgetgtgeca ggeccacgge 1500
ttgaccccee agcaggtggt ggccatcgece agcaatggeg gtggcaagca ggcgetggag 1560
acggtccage ggctgttgece ggtgctgtge caggcccacg gcttgaccce ccagcaggtg 1620
gtggccateyg ccagcaatgg cggtggcaag caggcgetgg agacggtceca geggetgttg 1680
ceggtgetgt gecaggecca cggcttgace ceccagcagg tggtggcecat cgccagcaat 1740
ggcggtggcea agcaggcgcet ggagacggtce cageggetgt tgcceggtget gtgecaggee 1800
cacggettga ccccccagca ggtggtggece atcgecagea atggeggtgyg caagcaggeg 1860
ctggagacgg tccagcggcect gttgceggtg ctgtgccagg cccacggctt gaccececggag 1920
caggtggtgg ccatcgecag ccacgatgge ggcaagcagyg cgctggagac ggtccagegg 1980
ctgttgeccgg tgctgtgcca ggcccacggce ttgaccecte agcaggtggt ggccatcgece 2040
agcaatggcg gcggcaggcece ggcgctggag agcattgttg cccagttatce tegcecectgat 2100
ccgagtggca gcggaagtgg cggggatcct atcagcegtt cccagetggt gaagtceccgag 2160
ctggaggaga agaaatccga gttgaggcac aagctgaagt acgtgcccca cgagtacate 2220
gagctgateg agatcgcceg gaacagcacce caggaccgta tcectggagat gaaggtgatg 2280
gagttcttca tgaaggtgta cggctacagg ggcaagcacc tgggcggctc caggaagccce 2340
gacggcgeca tctacaccgt gggctccccee atcgactacyg gegtgategt ggacaccaag 2400
gectacteeyg geggctacaa cctgeccate ggccaggecg acgaaatgca gaggtacgtg 2460
gaggagaacc agaccaggaa caagcacatc aaccccaacg agtggtggaa ggtgtaccce 2520
tccagegtga ccgagttcaa gttectgtte gtgtccggee acttcaaggg caactacaag 2580
geecagetga ccaggctgaa ccacatcacce aactgcaacg gegecegtget gteccgtggag 2640
gagctectga teggeggcga gatgatcaag gecggcacce tgaccctgga ggaggtgagg 2700

aggaagttca acaacggcga gatcaacttc gcggccgact gataa 2745
SEQ ID NO: 25 moltype = DNA length = 2745

FEATURE Location/Qualifiers

misc_feature 1..2745

note = TALEN CD25 pCLS30479
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source 1..2745

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 25
atgggcgatc ctaaaaagaa acgtaaggtc atcgattacce catacgatgt tccagattac 60
gctatcgata tegecgatct acgcacgetce ggctacagee agcagcaaca ggagaagatce 120
aaaccgaagg ttcgttcgac agtggegecag caccacgagg cactggtegyg ccacgggttt 180
acacacgcge acatcgttge gttaagecaa cacccggcag cgttagggac cgtegetgte 240
aagtatcagg acatgatcgc agcgttgeca gaggcgacac acgaagcgat cgttggegte 300
ggcaaacagt ggtccggcege acgegetcetg gaggecttge tcacggtgge gggagagttg 360
agaggtccac cgttacagtt ggacacaggc caacttctca agattgcaaa acgtggcgge 420
gtgaccgcayg tggaggcagt gcatgcatgg cgcaatgcac tgacgggtgce cccgctcaac 480
ttgacccegg agcaggtggt ggccatcgec agcaatattyg gtggcaagca ggcgetggag 540
acggtgcagg cgctgttgce ggtgctgtge caggcccacyg gcettgacccee ggagcaggtyg 600
gtggccateyg ccagecacga tggcggcaag caggcgetgg agacggtceca geggetgttg 660
ceggtgetgt gecaggecca cggcttgace ceggagcagg tggtggcecat cgccagcaat 720
attggtggca agcaggcgct ggagacggtg caggcgetgt tgceggtget gtgecaggee 780
cacggettga ccccccagca ggtggtggece atcgecagea ataatggtgyg caagcaggceg 840
ctggagacgg tccageggcet gttgceggtg ctgtgccagyg cccacggett gaccccccag 900
caggtggtgg ccatcgecag caataatggt ggcaagcagyg cgctggagac ggtccagegg 960
ctgttgeccgg tgctgtgcca ggcccacggce ttgaccecegg agcaggtggt ggccatcgece 1020
agcaatattg gtggcaagca ggcgctggag acggtgcagg cgctgttgce ggtgectgtge 1080
caggcccacg gcttgaccce ccagcaggtg gtggccateg ccagcaataa tggtggcaag 1140
caggcgcetgg agacggtcca geggetgttg ccggtgetgt geccaggcecca cggcttgace 1200
ccecagecagg tggtggecat cgccagcaat aatggtggea agcaggceget ggagacggte 1260
cagcggcetgt tgccggtget gtgccaggcece cacggcttga ccccggagca ggtggtggee 1320
atcgccagca atattggtgg caagcaggcg ctggagacgg tgcaggcgct gttgeceggtg 1380
ctgtgccagg cccacggctt gaccceceggag caggtggtgg ccatcgccag caatattggt 1440
ggcaagcagyg cgctggagac ggtgcaggceg ctgttgecgg tgctgtgeca ggeccacgge 1500
ttgaccccee agcaggtggt ggccatcgece agcaataatyg gtggcaagca ggcgetggag 1560
acggtccage ggctgttgece ggtgctgtge caggcccacg gcttgaccece ggagcaggtg 1620
gtggccatceg ccagcaatat tggtggcaag caggcgctgg agacggtgca ggcegctgttg 1680
ceggtgetgt gecaggecca cggcttgace ceccagcagg tggtggcecat cgccagcaat 1740
aatggtggca agcaggcgct ggagacggtc cagcecggctgt tgcceggtget gtgccaggece 1800
cacggettga ccccccagca ggtggtggece atcgecagea atggeggtgyg caagcaggeg 1860
ctggagacgg tccagcggcect gttgceggtg ctgtgccagg cccacggctt gaccececggag 1920
caggtggtgg ccatcgecag caatattggt ggcaagcagg cgctggagac ggtgcaggeg 1980
ctgttgeccgg tgctgtgcca ggcccacggce ttgaccecte agcaggtggt ggccatcgece 2040
agcaatggcg gcggcaggcece ggcgctggag agcattgttg cccagttatce tegcecectgat 2100
ccgagtggca gcggaagtgg cggggatcct atcagcegtt cccagetggt gaagtceccgag 2160
ctggaggaga agaaatccga gttgaggcac aagctgaagt acgtgcccca cgagtacate 2220
gagctgateg agatcgcceg gaacagcacce caggaccgta tcectggagat gaaggtgatg 2280
gagttcttca tgaaggtgta cggctacagg ggcaagcacc tgggcggctc caggaagccce 2340
gacggcgeca tctacaccgt gggctccccee atcgactacyg gegtgategt ggacaccaag 2400
gectacteeyg geggctacaa cctgeccate ggccaggecg acgaaatgca gaggtacgtg 2460
gaggagaacc agaccaggaa caagcacatc aaccccaacg agtggtggaa ggtgtaccce 2520
tccagegtga ccgagttcaa gttectgtte gtgtccggee acttcaaggg caactacaag 2580
geecagetga ccaggctgaa ccacatcacce aactgcaacg gegecegtget gteccgtggag 2640
gagctectga teggeggcga gatgatcaag gecggcacce tgaccctgga ggaggtgagg 2700
aggaagttca acaacggcga gatcaacttc gcggccgact gataa 2745
SEQ ID NO: 26 moltype = DNA length = 2814
FEATURE Location/Qualifiers
misc_feature 1..2814

note = TALEN PD1 pCLS28959
source 1..2814

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 26
atgggcgatc ctaaaaagaa acgtaaggtc atcgattacce catacgatgt tccagattac 60
gctatcgata tegecgatct acgcacgetce ggctacagee agcagcaaca ggagaagatce 120
aaaccgaagg ttcgttcgac agtggegecag caccacgagg cactggtegyg ccacgggttt 180
acacacgcge acatcgttge gttaagecaa cacccggcag cgttagggac cgtegetgte 240
aagtatcagg acatgatcgc agcgttgeca gaggcgacac acgaagcgat cgttggegte 300
ggcaaacagt ggtccggcege acgegetcetg gaggecttge tcacggtgge gggagagttg 360
agaggtccac cgttacagtt ggacacaggc caacttctca agattgcaaa acgtggcgge 420
gtgaccgcayg tggaggcagt gcatgcatgg cgcaatgcac tgacgggtgce cccgctcaac 480
ttgacccceg agcaagtggt ggctateget tecaagetgg ggggaaagca ggccctggag 540
accgtecagg cccttetece agtgetttge caggctcacyg gactgacccee tgaacaggtg 600
gtggcaattyg cctcacacga cgggggcaag caggcactgg agactgtcca geggetgetg 660
cctgtectet gecaggecca cggactcact cctgagcagyg tegtggecat tgccagecac 720
gatgggggca aacaggctct ggagaccgtg cagcegectcee teccagtget gtgecagget 780
catgggctga ccccacagca ggtcgtegece attgccagta acggceggggyg gaagcaggcece 840
ctcgaaacag tgcagaggct getgccegte ttgtgccaag cacacggect gacacccgag 900
caggtggtgg ccatcgecte tcatgacgge ggcaagcagg ccecttgagac agtgcagaga 960
ctgttgcceg tgttgtgtca ggcccacggg ttgacaccce agcaggtggt cgccatcgece 1020
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agcaatggcg ggggaaagca ggcccttgag accgtgcage ggttgettcece agtgttgtge 1080
caggcacacg gactgaccce tcaacaggtg gtegcaateg ccagctacaa gggcggaaag 1140
caggctcetgg agacagtgca gcgcectectg ccegtgetgt gtcaggctca cggactgaca 1200
ccacagcagg tggtcgecat cgccagtaac gggggcggca agcaggcettt ggagaccgte 1260
cagagactcc tcccecgtect ttgccaggcece cacgggttga cacctcagca ggtcgtegee 1320
attgcctecca acaacggggg caagcaggcce ctcgaaactg tgcagaggct gectgectgtg 1380
ctgtgccagg ctcatgggct gacaccccag caggtggtgg ccattgcecte taacaacgge 1440
ggcaaacagyg cactggagac cgtgcaaagg ctgctgeccg tectetgeca ageccacggg 1500
ctcactccac agcaggtegt ggccatcgece tcaaacaatyg gegggaagca ggccctggag 1560
actgtgcaaa ggctgctecece tgtgctectge caggcacacg gactgacccce tcagcaggtg 1620
gtggcaatcyg cttccaacaa cgggggaaag caggcccteg aaaccgtgca gegectcecte 1680
ccagtgetgt gccaggcaca tggcctcaca cecgagcaag tggtggctat cgccageccac 1740
gacggaggga agcaggctct ggagaccgtg cagaggcetge tgectgtect gtgecaggee 1800
cacgggctta ctccagagca ggtcgtegece atcgecagte atgatggggyg gaagcaggcece 1860
cttgagacag tccagcggct gcectgccagte ctttgccagg ctcacggctt gactcecccgag 1920
caggtegtgg ccattgectce aaacattggg ggcaaacagyg ccectggagac agtgcaggece 1980
ctgctgeceg tgttgtgtca ggcccacgge ttgacaccce agcaggtggt cgccattgece 2040
tctaatggcg gcgggagacce cgccttggag agcattgttg cccagttatce tegcecectgat 2100
ccggegttgg cecgegttgac caacgaccac ctcgtcegect tggectgect cggcecgggegt 2160
cctgegetgg atgcagtgaa aaagggattg ggggatccta tcageccgtte ccagetggtg 2220
aagtccgage tggaggagaa gaaatccgag ttgaggcaca agctgaagta cgtgecccac 2280
gagtacatcyg agctgatcga gatcgeccgg aacagcaccce aggaccgtat cctggagatg 2340
aaggtgatgg agttcttcat gaaggtgtac ggctacaggg gcaagcacct gggcggctcece 2400
aggaagcceg acggegecat ctacaccgtg ggetccceca tcegactacgyg cgtgatcegtyg 2460
gacaccaagyg cctactccgg cggctacaac ctgcccatceg gecaggcecga cgaaatgcag 2520
aggtacgtgg aggagaacca gaccaggaac aagcacatca accccaacga gtggtggaag 2580
gtgtacceccect ccagcecgtgac cgagttcaag ttcecctgtteg tgtccggcecca cttcaaggge 2640
aactacaagg cccagctgac caggctgaac cacatcacca actgcaacgyg cgccgtgetg 2700
tcegtggagg agcetectgat cggcggegag atgatcaagyg ceggcaccct gaccctggag 2760

gaggtgagga ggaagttcaa caacggcgag atcaacttcg cggccgactg ataa 2814
SEQ ID NO: 27 moltype = DNA length = 2829
FEATURE Location/Qualifiers
misc_feature 1..2829
note = TALEN PD1 pCLS18792
source 1..2829

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 27

atgggcgatc ctaaaaagaa acgtaaggtc atcgataagyg agaccgccge tgccaagtte 60
gagagacagce acatggacag catcgatatc gccgatctac gecacgctegg ctacagcecag 120
cagcaacagg agaagatcaa accgaaggtt cgttcgacag tggcgcagca ccacgaggca 180
ctggteggee acgggtttac acacgegcac atcgttgegt taagccaaca cccggcageg 240
ttagggaccg tcgctgtcaa gtatcaggac atgatcgcag cgttgccaga ggcgacacac 300
gaagcgateyg ttggegtcegg caaacagtgg tccggegcac gegetcetgga ggecttgete 360
acggtggcegyg gagagttgag aggtccaccg ttacagttgg acacaggcca acttctcaag 420
attgcaaaac gtggeggegt gaccgcagtg gaggcagtge atgcatggeyg caatgcactyg 480
acgggtgcce cgctcaactt gaccceccgag caagtcegteg caatcgcecag ccatgatgga 540
gggaagcaag ccctcgaaac cgtgcagegg ttgcttectg tgetctgeca ggeccacgge 600
cttaccccte agcaggtggt ggccatcgeca agtaacggag gaggaaagca agcecttggag 660
acagtgcagce gectgttgcee cgtgctgtge caggcacacyg gcectcacacce agagcaggte 720
gtggccattyg ccteccatga cggggggaaa caggctetgg agaccgteca gaggetgetg 780
ccegtectet gtcaagetca cggcctgact ceccaacaag tggtegcecat cgectctaat 840
ggcggeggga agcaggcact ggaaacagtg cagagactgce tcectgtget ttgccaaget 900
catgggttga ccccccaaca ggtcgteget attgectcaa acgggggggyg caagcaggcece 960
cttgagactg tgcagaggct gttgccagtg ctgtgtcagg ctcacgggct cactccacaa 1020
caggtggteg caattgccag caacggegge ggaaagcaag ctcttgaaac cgtgcaacge 1080
ctecctgeceg tgctetgtca ggctcatgge ctgacaccac aacaagtcegt ggccatcgece 1140
agtaataatg gcgggaaaca ggctcttgag accgtccaga ggctgctcece agtgctctge 1200
caggcacacg ggctgaccce cgagcaggtg gtggctateg ccagcaatat tgggggcaag 1260
caggccectgg aaacagtcca ggccctgetg ccagtgettt geccaggctca cgggctcact 1320
ccecageagg tcegtggcaat cgectccaac ggcggaggga agcaggctcet ggagaccgtg 1380
cagagactgc tgccecgtett gtgccaggcece cacggactca cacctgaaca ggtcgtegece 1440
attgcctecte acgatggggg caaacaagcc ctggagacag tgcagcggct gttgectgtg 1500
ttgtgccaag cccacggctt gactcctcaa caagtggtcg ccatcgecte aaatggcgge 1560
ggaaaacaag ctctggagac agtgcagagg ttgctgeccg tectctgeca ageccacgge 1620
ctgactccee aacaggtegt cgccattgec agcaacaacyg gaggaaagca ggctctcgaa 1680
actgtgcagce ggctgcttece tgtgetgtgt caggctcatg ggctgaccce cgagcaagtg 1740
gtggctattyg cctctaatgg aggcaagcaa gcccttgaga cagtccagag gctgttgceca 1800
gtgctgtgee aggcccacgg gctcacacce cagcaggtgg tegccatege cagtaacaac 1860
gggggcaaac aggcattgga aaccgtccag cgectgette cagtgetetg ccaggcacac 1920
ggactgacac ccgaacaggt ggtggccatt gcatcccatg atgggggcaa gcaggccctg 1980
gagaccgtgce agagactcct gccagtgttg tgccaagctce acggcectcac ccctcagcaa 2040
gtcgtggeca tcegectcaaa cggggggggce cggcectgcac tggagagcat tgttgecccag 2100
ttatctegee ctgatccgge gttggecgeg ttgaccaacg accacctegt cgecttggee 2160
tgccteggeg ggcgtectge getggatgca gtgaaaaagg gattggggga tcctatcage 2220
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cgttcecage tggtgaagtce cgagctggag gagaagaaat ccgagttgag gcacaagctg 2280
aagtacgtgc cccacgagta catcgagetg atcgagateg cccggaacag cacccaggac 2340
cgtatcctgg agatgaaggt gatggagttc ttcatgaagg tgtacggcta caggggcaag 2400
cacctgggeg gctcecaggaa geccgacgge gecatctaca cegtgggete ccccatcgac 2460
tacggegtga tcgtggacac caaggcectac teecggegget acaacctgece catcggecag 2520
geecgacgaaa tgcagaggta cgtggaggag aaccagacca ggaacaagca catcaaccce 2580
aacgagtggt ggaaggtgta cccctcecage gtgaccgagt tcaagttcect gttcecgtgtee 2640
ggccacttca agggcaacta caaggcccag ctgaccagge tgaaccacat caccaactge 2700
aacggcgeceg tgctgteegt ggaggagetce ctgatceggeg gcegagatgat caaggecgge 2760
accctgacce tggaggaggt gaggaggaag ttcaacaacyg gcgagatcaa cttegeggee 2820

gactgataa 2829
SEQ ID NO: 28 moltype = DNA length = 49
FEATURE Location/Qualifiers
misc_feature 1..49
note = TALEN target TRAC
source 1..49

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 28

ttgtcccaca gatatccaga accctgaccce tgccgtgtac cagctgaga 49
SEQ ID NO: 29 moltype = DNA length = 45
FEATURE Location/Qualifiers
misc_feature 1..45
note = TALEN target CD25
source 1..45

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 29

tacaggagga agagtagaag aacaatctag aaaaccaaaa gaaca 45
SEQ ID NO: 30 moltype = DNA length = 49
FEATURE Location/Qualifiers
misc_feature 1..49
note = TALEN target PD1
source 1..49

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 30

tacctectgtg gggccatcte cctggcccee aaggcgcaga tcaaagaga 49
SEQ ID NO: 31 moltype = DNA length = 2897
FEATURE Location/Qualifiers
misc_feature 1..2897

note = Matrice TRAC locus_CubiCAR CD22 pCLS30056
source 1..2897

mol type = other DNA
orggnism = synthetic construct

SEQUENCE: 31

ttgctgggee ttttteccat gectgecttt actcectgecag agttatattyg ctggggtttt 60
gaagaagatc ctattaaata aaagaataag cagtattatt aagtagccct gcatttcagg 120
tttecttgag tggcaggcca ggcctggecg tgaacgttea ctgaaatcat ggectettgg 180
ccaagattga tagcttgtgce ctgtcecctga gteccagtee atcacgagca gctggtttcet 240
aagatgctat ttccegtata aagcatgaga cegtgacttyg ccagecccac agagecccge 300
ccttgtecat cactggcatce tggactccag cectgggttgg ggcaaagagyg gaaatgagat 360
catgtecctaa ccctgatcct cttgtcccac agatatccag tacccctacyg acgtgcccga 420
ctacgectee ggtgagggca gaggaagtct tctaacatge ggtgacgtgyg aggagaatcce 480
gggecccegga teegetetge ccegtcaccge tetgetgetg ccactggeac tgetgctgea 540
cgetgetagg cccggagggyg gaggcagetg ceectacage aaccccagece tgtgcagegg 600
aggcggegge agcggeggag ggggtageca ggtgcagetyg cagcagageyg gccctggect 660
ggtgaagcca agccagacac tgtccctgac ctgcgecatce ageggegatt cegtgagete 720
caactccgee gectggaatt ggatcaggca gtecccttet cggggectgyg agtggetggg 780
aaggacatac tatcggtcta agtggtacaa cgattatgec gtgtectgtga agagcagaat 840
cacaatcaac cctgacacct ccaagaatca gttctctetyg cagectgaata gecgtgacace 900
agaggacacc gccgtgtact attgcgecag ggaggtgace ggcgacctgyg aggatgectt 960
tgacatctgg ggccagggca caatggtgac cgtgagctece ggaggceggeyg gatctggegg 1020
aggaggaagt gggggcggcg ggagtgatat ccagatgaca cagtccccat cctctetgag 1080
cgecteegtyg ggcgacagag tgacaatcac ctgtagggcce tcccagacca tctggtcectta 1140
cctgaactgg tatcagcaga ggcccggcaa ggcccctaat ctgctgatct acgcagcaag 1200
ctcectgecag agcggagtge catccagatt ctcectggcagg ggctccggca cagacttcac 1260
cctgaccatce tctagectge aggccgagga cttecgccacce tactattgcce agcagtctta 1320
tagcatccee cagacatttg gccagggcac caagctggag atcaagtcegyg atcccggaag 1380
cggaggggga ggcagcetgcece cctacagcaa ceccagectyg tgcagceggayg gceggeggcag 1440
cgagetgece acccagggca ccttctecaa cgtgtccace aacgtgagec cagccaagece 1500
caccaccacc gcctgtectt attccaatce ttcecectgtgt gctceccacca caacccccge 1560
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tccaaggccce cctaccceeg caccaactat tgcctcceccag ccactcectcac tgcggectga 1620
ggcetgtegyg ccecgetgcetg gaggcgcagt gcatacaagg ggcctcegatt tcecgectgcega 1680
tatttacatc tgggcacccc tecgceccggcac ctgeggggtg cttetectet cectggtgat 1740
taccctgtat tgcagacggg gccggaagaa gctcecctctac atttttaage agecctttcat 1800
geggecagty cagacaaccce aagaggagga tgggtgttcee tgcagattcc ctgaggaaga 1860
ggaaggcgygy tgcgagctga gagtgaagtt ctccaggage gcagatgecc ccgectatca 1920
acagggccag aaccagctct acaacgaget taaccteggyg aggcgcgaag aatacgacgt 1980
gttggataag agaagggggc gggaccccga gatgggagga aagccccgga ggaagaacce 2040
tcaggagggce ctgtacaacg agctgcagaa ggataagatg gccgaggect actcagagat 2100
cgggatgaag ggggageggce gecgcgggaa ggggcacgat gggctctace aggggetgag 2160
cacagccaca aaggacacat acgacgcectt gecacatgcag gceccttccac cccgggaata 2220
gtctagaggg cccgtttaaa ccegctgatce agcecctcgact gtgecttcecta gttgeccagee 2280
atctgttgtt tgccecctecece cegtgectte cttgaccctg gaaggtgcca ctcecccactgt 2340
cctttectaa taaaatgagg aaattgcatc gcattgtcectg agtaggtgtc attctattet 2400
g99999tggg gtggggcagg acagcaaggg ggaggattgg gaagacaata gcaggcatgce 2460
tggggatgcg gtgggctcta tgactagtgg cgaattcccg tgtaccagect gagagactcet 2520
aaatccagtg acaagtctgt ctgcctattc accgattttg attctcaaac aaatgtgtca 2580
caaagtaagg attctgatgt gtatatcaca gacaaaactg tgctagacat gaggtctatg 2640
gacttcaaga gcaacagtgc tgtggcctgg agcaacaaat ctgactttgc atgtgcaaac 2700
gccttcaaca acagcattat tccagaagac accttecttec ccagcccagg taagggcage 2760
tttggtgecct tecgcaggectg tttecttgcet tcaggaatgg ccaggttcetg cccagagcte 2820
tggtcaatga tgtctaaaac tcctctgatt ggtggtctcg gecttatcca ttgccaccaa 2880

aaccctettt ttactaa 2897
SEQ ID NO: 32 moltype = DNA length = 2688
FEATURE Location/Qualifiers
misc_feature 1..2688

note = Matrice CD25 locus_ IL15_ 2A sIL15Ra pCLS30519
source 1..2688

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 32

gtttattatt cctgttccac agctattgtc tgccatataa aaacttaggc caggcacagt 60
ggctcacace tgtaatccca gcactttgga aggccgaggce aggcagatca caaggtcagg 120
agttcgagac cagcctggcece aacatagcaa aaccccatct ctactaaaaa tacaaaaatt 180
agccaggcat ggtggegtgt gecactggttt agagtgagga ccacattttt ttggtgccgt 240
gttacacata tgaccgtgac tttgttacac cactacagga ggaagagtag aagaacaatc 300
ggttctggeyg tgaaacagac tttgaatttt gaccttectca agttggeggg agacgtggag 360
tccaacccag ggcccggtac cgggtceegece accatggact ggacctggat tctgttecte 420
gtggcetgetyg ctacaagagt gcacagcggce attcatgtet tcattttggg ctgtttcagt 480
gcagggctte ctaaaacaga agccaactgg gtgaatgtaa taagtgattt gaaaaaaatt 540
gaagatctta ttcaatctat gcatattgat gctactttat atacggaaag tgatgttcac 600
cccagttgca aagtaacagce aatgaagtge tttcectettgg agttacaagt tatttcactt 660
gagtccggayg atgcaagtat tcatgataca gtagaaaatc tgatcatcct agcaaacaac 720
agtttgtctt ctaatgggaa tgtaacagaa tctggatgca aagaatgtga ggaactggag 780
gaaaaaaata ttaaagaatt tttgcagagt tttgtacata ttgtccaaat gttcatcaac 840
acttctggaa gcggagctac taacttcage ctgctgaage aggctggaga cgtggaggag 900
aaccctggac ctgggaccgg ctcectgcaacce atggattgga cgtggatcct gtttetegtg 960
gcagctgceca caagagttca cagtatcacg tgccctceccece ccatgtcegt ggaacacgca 1020
gacatctggg tcaagagcta cagcttgtac tccagggagce ggtacatttg taactctggt 1080
ttcaagcgta aagccggcac gtccagectg acggagtgcg tgttgaacaa ggccacgaat 1140
gtcgeccact ggacaaccce cagtctcaaa tgcattagag accctgcecct ggttcaccaa 1200
aggccagege caccctecac agtaacgacg gcaggggtga ccccacagece agagagecte 1260
tcececttetyg gaaaagagcece cgcagcettca tcetcccaget caaacaacac agcggcecaca 1320
acagcagcta ttgtcccggg ctcecccagetg atgecttcaa aatcacctte cacaggaacce 1380
acagagataa gcagtcatga gtcctcccac ggcacccect ctcagacaac agccaagaac 1440
tgggaactca cagcatccge ctcccaccag cegecaggtyg tgtatccaca gggecacage 1500
gacaccactyg agggcagagg cagcctgetg acctgeggeg acgtcgagga gaacccceggg 1560
cccatggggg caggtgecac cggccgegece atggacggge cgegectget getgttgetg 1620
cttectggggg tgtcecttgg aggtgccaag gaggcatgce ccacaggcect gtacacacac 1680
agcggtgagt gctgcaaagce ctgcaacctg ggcgagggtg tggcccagece ttgtggagece 1740
aaccagaccg tgtgtgagcc ctgcctggac agcgtgacgt tctcecgacgt ggtgagegeg 1800
accgagccegt gcaagecgtg caccgagtge gtggggctece agagcatgte ggcegecgtge 1860
gtggaggcceg atgacgccgt gtgccgetge gectacgget actaccagga tgagacgact 1920
gggcgctgeg aggcgtgcecg cgtgtgcgag gegggctcecgg gectegtgtt ctectgecag 1980
gacaagcaga acaccgtgtg cgaggagtgc cccgacggca cgtattccga cgaggccaac 2040
cacgtggace cgtgectgcee ctgcaccgtg tgcgaggaca ccgagcegceca gctecgegag 2100
tgcacacgct gggccgacgce cgagtgcgag gagatccctg gceccgttggat tacacggtcee 2160
acacccccag agggctcgga cagcacagec ccecagcaccece aggagcectga ggcacctceca 2220
gaacaagacc tcatagccag cacggtggca ggtgtggtga ccacagtgat gggcagctce 2280
cagcecegtgg tgacccgagg caccaccgac aacctcatce ctgtcectattg ctceccatcctg 2340
gctgetgtgg ttgtgggtct tgtggcctac atageccttca agaggtgaaa aaccaaaaga 2400
acaagaattt cttggtaaga agccgggaac agacaacaga agtcatgaag cccaagtgaa 2460
atcaaaggtg ctaaatggtc gcccaggaga catccgttgt gettgectge gttttggaag 2520
ctctgaagtc acatcacagg acacggggca gtggcaacct tgtctctatg ccagctcagt 2580
cccatcagag agcgagcgct acccacttct aaatagcaat ttcecgeccgttg aagaggaagg 2640
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gcaaaaccac tagaactctc catcttattt tcatgtatat gtgttcat 2688
SEQ ID NO: 33 moltype = DNA length = 2964
FEATURE Location/Qualifiers
misc_feature 1..2964
note = Matrice PD1 locus_IL15_ 2A sIL15Ra pCLS30513
source 1..2964

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 33

gactcccecag acaggccctg gaacccccce accttetece cagecctget cgtggtgace 60
gaaggggaca acgccacctt cacctgcagce ttctccaaca catcggagag cttegtgeta 120
aactggtacc gcatgagccce cagcaaccag acggacaagce tggcecgectt ccccgaggac 180
cgcagecage ccggecagga ctgccgette cgtgtcacac aactgcccaa cgggegtgac 240
ttccacatga gcegtggtcag ggcccggege aatgacageg gcacctacct ctgtggggee 300
ggttctggeyg tgaaacagac tttgaatttt gaccttectca agttggeggg agacgtggag 360
tccaacccag ggcccggtac cgggtceegece accatggact ggacctggat tctgttecte 420
gtggcetgetyg ctacaagagt gcacagcggce attcatgtet tcattttggg ctgtttcagt 480
gcagggctte ctaaaacaga agccaactgg gtgaatgtaa taagtgattt gaaaaaaatt 540
gaagatctta ttcaatctat gcatattgat gctactttat atacggaaag tgatgttcac 600
cccagttgca aagtaacagce aatgaagtge tttcectettgg agttacaagt tatttcactt 660
gagtccggayg atgcaagtat tcatgataca gtagaaaatc tgatcatcct agcaaacaac 720
agtttgtctt ctaatgggaa tgtaacagaa tctggatgca aagaatgtga ggaactggag 780
gaaaaaaata ttaaagaatt tttgcagagt tttgtacata ttgtccaaat gttcatcaac 840
acttctggaa gcggagctac taacttcage ctgctgaage aggctggaga cgtggaggag 900
aaccctggac ctgggaccgg ctcectgcaacce atggattgga cgtggatcct gtttetegtg 960
gcagctgceca caagagttca cagtatcacg tgccctceccece ccatgtcegt ggaacacgca 1020
gacatctggg tcaagagcta cagcttgtac tccagggagce ggtacatttg taactctggt 1080
ttcaagcgta aagccggcac gtccagectg acggagtgcg tgttgaacaa ggccacgaat 1140
gtcgeccact ggacaaccce cagtctcaaa tgcattagag accctgcecct ggttcaccaa 1200
aggccagege caccctecac agtaacgacg gcaggggtga ccccacagece agagagecte 1260
tcececttetyg gaaaagagcece cgcagcettca tcetcccaget caaacaacac agcggcecaca 1320
acagcagcta ttgtcccggg ctcecccagetg atgecttcaa aatcacctte cacaggaacce 1380
acagagataa gcagtcatga gtcctcccac ggcacccect ctcagacaac agccaagaac 1440
tgggaactca cagcatccge ctcccaccag cegecaggtyg tgtatccaca gggecacage 1500
gacaccactyg agggcagagg cagcctgetg acctgeggeg acgtcgagga gaacccceggg 1560
cccatggggg caggtgecac cggccgegece atggacggge cgegectget getgttgetg 1620
cttectggggg tgtcecttgg aggtgccaag gaggcatgce ccacaggcect gtacacacac 1680
agcggtgagt gctgcaaagce ctgcaacctg ggcgagggtg tggcccagece ttgtggagece 1740
aaccagaccg tgtgtgagcc ctgcctggac agcgtgacgt tctcecgacgt ggtgagegeg 1800
accgagccegt gcaagecgtg caccgagtge gtggggctece agagcatgte ggcegecgtge 1860
gtggaggcceg atgacgccgt gtgccgetge gectacgget actaccagga tgagacgact 1920
gggcgctgeg aggcgtgcecg cgtgtgcgag gegggctcecgg gectegtgtt ctectgecag 1980
gacaagcaga acaccgtgtg cgaggagtgc cccgacggca cgtattccga cgaggccaac 2040
cacgtggace cgtgectgcee ctgcaccgtg tgcgaggaca ccgagcegceca gctecgegag 2100
tgcacacgct gggccgacgce cgagtgcgag gagatccctg gceccgttggat tacacggtcee 2160
acacccccag agggctcgga cagcacagec ccecagcaccece aggagcectga ggcacctceca 2220
gaacaagacc tcatagccag cacggtggca ggtgtggtga ccacagtgat gggcagctce 2280
cagcecegtgg tgacccgagg caccaccgac aacctcatce ctgtcectattg ctceccatcctg 2340
gctgetgtgg ttgtgggtcet tgtggcctac atagccttca agaggtgatc tagagggccce 2400
gtttaaaccc gctgatcage ctcgactgtg ccttctagtt gceccagccatce tgttgtttge 2460
ccetececeg tgecttectt gaccctggaa ggtgccacte ccactgtect ttectaataa 2520
aatgaggaaa ttgcatcgca ttgtctgagt aggtgtcatt ctattctggg gggtggggtg 2580
gggcaggaca gcaaggggga ggattgggaa gacaatagca ggcatgctgg ggatgcggtyg 2640
ggctctatga ctagtggcga attcggcgca gatcaaagag agcctgcggg cagagctcag 2700
ggtgacaggt gecggectcegg aggeccceggg gcaggggtga getgagecegg tectggggtyg 2760
ggtgtccect cctgcacagg atcaggagcet ccagggtegt agggcaggga ccccccaget 2820
ccagtccagg gctctgtect gcacctgggg aatggtgace ggcatctcetg tectectaget 2880
ctggaagcac cccagccect ctagtetgec ctcaccectg accctgacce tccaccctga 2940

ccecgtecta acccectgace tttg 2964
SEQ ID NO: 34 moltype = DNA length = 3363
FEATURE Location/Qualifiers
misc_feature 1..3363

note = Matrice CD25 locus ILl2a 2A IL12b pCLS30520
source 1..3363

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 34
gtttattatt cctgttccac agctattgtc tgccatataa aaacttaggc caggcacagt 60
ggctcacace tgtaatccca gcactttgga aggccgaggce aggcagatca caaggtcagg 120
agttcgagac cagcctggcece aacatagcaa aaccccatct ctactaaaaa tacaaaaatt 180
agccaggcat ggtggegtgt gecactggttt agagtgagga ccacattttt ttggtgccgt 240
gttacacata tgaccgtgac tttgttacac cactacagga ggaagagtag aagaacaatc 300
ggttctggeyg tgaaacagac tttgaatttt gaccttectca agttggeggg agacgtggag 360
tccaacccag ggcccatgtg gecccectggg tcagecteee agecaccgece ctcacctgee 420
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geggecacayg gtetgcatcee ageggetege cctgtgtece tgcagtgecg getcagcatg 480
tgtccagege gcagectect cecttgtgget accctggtece tectggacca cctcagtttyg 540
gccagaaace tcceegtgge cactccagac ccaggaatgt teccatgect tcaccactece 600
caaaacctgce tgagggccgt cagcaacatg ctccagaagyg ccagacaaac tctagaattt 660
tacccttgca cttctgaaga gattgatcat gaagatatca caaaagataa aaccagcaca 720
gtggaggcect gtttaccatt ggaattaacc aagaatgaga gttgcctaaa ttccagagag 780
acctcttteca taactaatgg gagttgectg gectccagaa agacctettt tatgatggece 840
ctgtgectta gtagtattta tgaagacttg aagatgtacc aggtggagtt caagaccatg 900
aatgcaaagc ttctgatgga tcctaagagg cagatcttte tagatcaaaa catgctggca 960
gttattgatg agctgatgca ggccctgaat ttcaacagtg agactgtgcc acaaaaatcc 1020
tcecttgaag aaccggattt ttataaaact aaaatcaagce tctgcatact tcecttcatget 1080
ttcagaattc gggcagtgac tattgataga gtgatgagct atctgaatgc ttccggaage 1140
ggagctacta acttcagcct gctgaagcag gctggagacyg tggaggagaa ccctggacct 1200
atgtgtcacc agcagttggt catctcecttgg ttttccecetgg tttttetgge atctecccte 1260
gtggccatat gggaactgaa gaaagatgtt tatgtcgtag aattggattg gtatccggat 1320
gccectggag aaatggtggt cctcacctgt gacacccctyg aagaagatgg tatcacctgg 1380
accttggacc agagcagtga ggtcttaggc tctggcaaaa ccctgaccat ccaagtcaaa 1440
gagtttggag atgctggcca gtacacctgt cacaaaggag gcgaggttct aagccattceg 1500
ctecctgetge ttcacaaaaa ggaagatgga atttggtcca ctgatatttt aaaggaccag 1560
aaagaaccca aaaataagac ctttctaaga tgcgaggcca agaattattc tggacgttte 1620
acctgetggt ggctgacgac aatcagtact gatttgacat tcagtgtcaa aagcagcaga 1680
ggctecttetyg acccccaagg ggtgacgtge ggagctgcta cactctectgce agagagagte 1740
agaggggaca acaaggagta tgagtactca gtggagtgec aggaggacag tgcctgccca 1800
gctgetgagyg agagtctgce cattgaggtc atggtggatg ccgttcacaa gctcaagtat 1860
gaaaactaca ccagcagctt cttcatcagg gacatcatca aacctgaccc acccaagaac 1920
ttgcagctga agccattaaa gaattctcgg caggtggagg tcagctggga gtaccctgac 1980
acctggagta ctccacattc ctacttctcee ctgacattct gegttcaggt ccagggcaag 2040
agcaagagag aaaagaaaga tagagtcttc acggacaaga cctcagccac ggtcatctge 2100
cgcaaaaatg ccagcattag cgtgcgggcce caggaccgct actatagctce atcttggage 2160
gaatgggcat ctgtgccctg cagtgagggce agaggcagcec tgctgacctg cggcgacgte 2220
gaggagaacc ccgggeccat gggggcaggt gecaccggece gegecatgga cgggecgege 2280
ctgctgetgt tgctgcttet gggggtgtcee cttggaggtyg ccaaggaggce atgccccaca 2340
ggectgtaca cacacagcegg tgagtgctge aaagcctgca acctgggega gggtgtggee 2400
cagccttgtg gagccaacca gaccgtgtgt gageccctgee tggacagcegt gacgttctee 2460
gacgtggtga gcgcgaccga gccgtgcaag ccgtgcacceyg agtgegtggg getccagage 2520
atgtcggecge cgtgcgtgga ggccgatgac gccgtgtgee gcectgegecta cggctactac 2580
caggatgaga cgactgggcg ctgcgaggeg tgccgegtgt gegaggceggyg ctcegggecte 2640
gtgttctect gceccaggacaa gcagaacacc gtgtgcgagg agtgccccga cggcacgtat 2700
tcecgacgagg ccaaccacgt ggaccegtge ctgecctgea cegtgtgega ggacaccgag 2760
cgccagetee gegagtgcac acgctgggece gacgcecgagt gegaggagat ccctggecgt 2820
tggattacac ggtccacacc cccagagggce tceggacagea cagceccccag cacccaggag 2880
cctgaggcac ctccagaaca agacctcata gecagcacgg tggcaggtgt ggtgaccaca 2940
gtgatgggca gctcccagee cgtggtgace cgaggcacca ccgacaacct catccctgte 3000
tattgctcca tecctggctge tgtggttgtg ggtecttgtgg cctacatage cttcaagagg 3060
tgaaaaacca aaagaacaag aatttcttgg taagaagccg ggaacagaca acagaagtca 3120
tgaagcccaa gtgaaatcaa aggtgctaaa tggtcgccca ggagacatcc gttgtgettg 3180
cctgegtttt ggaagctcetg aagtcacatc acaggacacg gggcagtggce aaccttgtet 3240
ctatgccagce tcagtcccat cagagagcga gcgctaccca cttctaaata gcaatttcge 3300
cgttgaagag gaagggcaaa accactagaa ctctccatct tattttcatg tatatgtgtt 3360

cat 3363
SEQ ID NO: 35 moltype = DNA length = 3639
FEATURE Location/Qualifiers
misc_feature 1..3639

note = Matrice PD1 locus_ILl2a 2A IL12b pCLS30511
source 1..3639

mol type = other DNA
orggnism = synthetic construct

SEQUENCE: 35

gactcccecag acaggccctg gaacccccce accttetece cagecctget cgtggtgace 60
gaaggggaca acgccacctt cacctgcagce ttctccaaca catcggagag cttegtgeta 120
aactggtacc gcatgagccce cagcaaccag acggacaagce tggcecgectt ccccgaggac 180
cgcagecage ccggecagga ctgccgette cgtgtcacac aactgcccaa cgggegtgac 240
ttccacatga gcegtggtcag ggcccggege aatgacageg gcacctacct ctgtggggee 300
ggttctggeyg tgaaacagac tttgaatttt gaccttectca agttggeggg agacgtggag 360
tccaacccag ggcccatgtg gecccectggg tcagecteee agecaccgece ctcacctgee 420
geggecacayg gtetgcatcee ageggetege cctgtgtece tgcagtgecg getcagcatg 480
tgtccagege gcagectect cecttgtgget accctggtece tectggacca cctcagtttyg 540
gccagaaace tcceegtgge cactccagac ccaggaatgt teccatgect tcaccactece 600
caaaacctgce tgagggccgt cagcaacatg ctccagaagyg ccagacaaac tctagaattt 660
tacccttgca cttctgaaga gattgatcat gaagatatca caaaagataa aaccagcaca 720
gtggaggcect gtttaccatt ggaattaacc aagaatgaga gttgcctaaa ttccagagag 780
acctcttteca taactaatgg gagttgectg gectccagaa agacctettt tatgatggece 840
ctgtgectta gtagtattta tgaagacttg aagatgtacc aggtggagtt caagaccatg 900
aatgcaaagc ttctgatgga tcctaagagg cagatcttte tagatcaaaa catgctggca 960
gttattgatg agctgatgca ggccctgaat ttcaacagtg agactgtgcc acaaaaatcc 1020
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tcecttgaag aaccggattt ttataaaact aaaatcaagce tctgcatact tcecttcatget 1080
ttcagaattc gggcagtgac tattgataga gtgatgagct atctgaatgc ttccggaage 1140
ggagctacta acttcagcct gctgaagcag gctggagacyg tggaggagaa ccctggacct 1200
atgtgtcacc agcagttggt catctcecttgg ttttccecetgg tttttetgge atctecccte 1260
gtggccatat gggaactgaa gaaagatgtt tatgtcgtag aattggattg gtatccggat 1320
gccectggag aaatggtggt cctcacctgt gacacccctyg aagaagatgg tatcacctgg 1380
accttggacc agagcagtga ggtcttaggc tctggcaaaa ccctgaccat ccaagtcaaa 1440
gagtttggag atgctggcca gtacacctgt cacaaaggag gcgaggttct aagccattceg 1500
ctecctgetge ttcacaaaaa ggaagatgga atttggtcca ctgatatttt aaaggaccag 1560
aaagaaccca aaaataagac ctttctaaga tgcgaggcca agaattattc tggacgttte 1620
acctgetggt ggctgacgac aatcagtact gatttgacat tcagtgtcaa aagcagcaga 1680
ggctecttetyg acccccaagg ggtgacgtge ggagctgcta cactctectgce agagagagte 1740
agaggggaca acaaggagta tgagtactca gtggagtgec aggaggacag tgcctgccca 1800
gctgetgagyg agagtctgce cattgaggtc atggtggatg ccgttcacaa gctcaagtat 1860
gaaaactaca ccagcagctt cttcatcagg gacatcatca aacctgaccc acccaagaac 1920
ttgcagctga agccattaaa gaattctcgg caggtggagg tcagctggga gtaccctgac 1980
acctggagta ctccacattc ctacttctcee ctgacattct gegttcaggt ccagggcaag 2040
agcaagagag aaaagaaaga tagagtcttc acggacaaga cctcagccac ggtcatctge 2100
cgcaaaaatg ccagcattag cgtgcgggcce caggaccgct actatagctce atcttggage 2160
gaatgggcat ctgtgccctg cagtgagggce agaggcagcec tgctgacctg cggcgacgte 2220
gaggagaacc ccgggeccat gggggcaggt gecaccggece gegecatgga cgggecgege 2280
ctgctgetgt tgctgcttet gggggtgtcee cttggaggtyg ccaaggaggce atgccccaca 2340
ggectgtaca cacacagcegg tgagtgctge aaagcctgca acctgggega gggtgtggee 2400
cagccttgtg gagccaacca gaccgtgtgt gageccctgee tggacagcegt gacgttctee 2460
gacgtggtga gcgcgaccga gccgtgcaag ccgtgcacceyg agtgegtggg getccagage 2520
atgtcggecge cgtgcgtgga ggccgatgac gccgtgtgee gcectgegecta cggctactac 2580
caggatgaga cgactgggcg ctgcgaggeg tgccgegtgt gegaggceggyg ctcegggecte 2640
gtgttctect gceccaggacaa gcagaacacc gtgtgcgagg agtgccccga cggcacgtat 2700
tcecgacgagg ccaaccacgt ggaccegtge ctgecctgea cegtgtgega ggacaccgag 2760
cgccagetee gegagtgcac acgctgggece gacgcecgagt gegaggagat ccctggecgt 2820
tggattacac ggtccacacc cccagagggce tceggacagea cagceccccag cacccaggag 2880
cctgaggcac ctccagaaca agacctcata gecagcacgg tggcaggtgt ggtgaccaca 2940
gtgatgggca gctcccagee cgtggtgace cgaggcacca ccgacaacct catccctgte 3000
tattgctcca tecctggctge tgtggttgtg ggtecttgtgg cctacatage cttcaagagg 3060
tgatctagag ggcccgttta aacccgctga tcagcectcecga ctgtgectte tagttgecag 3120
ccatctgttg tttgcccecte cccegtgect tcecttgacce tggaaggtge cactcccact 3180
gtcectttect aataaaatga ggaaattgca tcgcattgte tgagtaggtg tcattctatt 3240
ctggggggty gggtggggca ggacagcaag ggggaggatt gggaagacaa tagcaggcat 3300
gctggggatyg cggtgggcte tatgactagt ggcgaattceg gcecgcagatca aagagagcect 3360
gegggcagayg ctcagggtga caggtgcgge ctcggaggece ceggggcagg ggtgagetga 3420
gcecggtectyg gggtgggtgt ccectectge acaggatcag gagctccagg gtcegtaggge 3480
agggaccccce cagctccagt ccagggctct gtcecctgcace tggggaatgg tgaccggcat 3540
ctectgtecte tagctctgga agcaccccag cccctctagt ctgccctcac cecctgaccet 3600

gaccctccecac cctgaccceg tcectaacccee tgacctttg 3639
SEQ ID NO: 36 moltype = DNA length = 3017

FEATURE Location/Qualifiers

misc_feature 1..3017

note = Inserted matrice TRAC locus CubiCAR CD22 (60
nucleotides upstream and downstregm)

source 1..3017

mol type = other DNA

orggnism = synthetic construct
SEQUENCE: 36
atgagatcat gtcctaaccc tgatcctett gteccacaga tatccagaac cctgaccctyg 60
ttgctgggece tttttcecccat gectgecttt actectgecag agttatattg ctggggtttt 120
gaagaagatc ctattaaata aaagaataag cagtattatt aagtagccct gcatttcagg 180
tttecttgag tggcaggcca ggcctggecg tgaacgttea ctgaaatcat ggectettgg 240
ccaagattga tagcttgtgce ctgtcecctga gteccagtece atcacgagca gctggtttcet 300
aagatgctat ttccegtata aagcatgaga cegtgacttyg ccagecccac agagcecccge 360
ccttgtecat cactggcatce tggactccag cectgggttgg ggcaaagagyg gaaatgagat 420
catgtecctaa ccctgatcct cttgtcccac agatatccag tacccctacyg acgtgcccga 480
ctacgectee ggtgagggca gaggaagtct tctaacatge ggtgacgtgyg aggagaatcce 540
gggecccegga teegetetge ccegtcaccge tetgetgetg ceactggeac tgetgctgea 600
cgetgetagg cccggagggyg gaggcagetg ceectacage aaccccagece tgtgcagegg 660
aggcggegge agcggceggag ggggtageca ggtgcagetyg cagcagageyg gccctggect 720
ggtgaagcca agccagacac tgtccctgac ctgcgecate ageggegatt cegtgagete 780
caactccgee gectggaatt ggatcaggca gtecccttet cggggectgyg agtggetggg 840
aaggacatac tatcggtcta agtggtacaa cgattatgec gtgtctgtga agagcagaat 900
cacaatcaac cctgacacct ccaagaatca gttctctetyg cagcectgaata gecgtgacace 960
agaggacacc gccgtgtact attgcgccag ggaggtgace ggcgacctgg aggatgectt 1020
tgacatctgg ggccagggca caatggtgac cgtgagctece ggaggceggeyg gatctggegg 1080
aggaggaagt gggggcggcg ggagtgatat ccagatgaca cagtccccat cctctetgag 1140
cgecteegtyg ggcgacagag tgacaatcac ctgtagggcce tcccagacca tctggtcetta 1200
cctgaactgg tatcagcaga ggcccggcaa ggcccctaat ctgctgatct acgcagcaag 1260
ctecectgecag agcggagtge catccagatt ctcectggcagg ggctccggca cagacttcac 1320
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cctgaccatce tctagectge aggccgagga cttcecgccacce tactattgcce agcagtctta 1380
tagcatccee cagacatttg gccagggcac caagctggag atcaagtcegyg atcccggaag 1440
cggaggggga ggcagcetgcece cctacagcaa ceccagectyg tgcagceggayg gceggeggcag 1500
cgagetgece acccagggca ccttctecaa cgtgtccace aacgtgagec cagccaagece 1560
caccaccacc gcctgtectt attccaatce ttcecectgtgt gctceccacca caacccccge 1620
tccaaggccce cctaccceceg caccaactat tgcctceccag ccactctcac tgcggectga 1680
ggcetgtegyg cccgetgcetg gaggcgcagt gcatacaagg ggcctcegatt tcecgectgcega 1740
tatttacatc tgggcacccc tecgceccggcac ctgeggggtg cttetectet cectggtgat 1800
taccctgtat tgcagacggg gccggaagaa gctcecctctac atttttaage agecctttcat 1860
geggecagtyg cagacaacce aagaggagga tgggtgttcee tgcagattcce ctgaggaaga 1920
ggaaggcgygy tgcgagctga gagtgaagtt ctccaggage gcagatgecc ccgectatca 1980
acagggccag aaccagctct acaacgaget taaccteggg aggcgcgaag aatacgacgt 2040
gttggataag agaagggggc gggaccccga gatgggagga aagccccgga ggaagaacce 2100
tcaggagggce ctgtacaacg agctgcagaa ggataagatg gccgaggcect actcagagat 2160
cgggatgaag ggggageggce gecgcgggaa ggggcacgat gggctctace aggggetgag 2220
cacagccaca aaggacacat acgacgcectt gecacatgcag gceccttccac cccgggaata 2280
gtctagaggg cccgtttaaa ccegctgatce agcecctcgact gtgecttcecta gttgccagee 2340
atctgttgtt tgccecctececce cegtgectte cttgaccctg gaaggtgcca ctcecccactgt 2400
cctttectaa taaaatgagg aaattgcatc gcattgtctg agtaggtgtc attctattcet 2460
g99999tggg gtggggcagg acagcaaggyg ggaggattgg gaagacaata gcaggcatgce 2520
tggggatgcg gtgggctcta tgactagtgg cgaattcccg tgtaccagect gagagactct 2580
aaatccagtg acaagtctgt ctgcctattc accgattttg attctcaaac aaatgtgtca 2640
caaagtaagg attctgatgt gtatatcaca gacaaaactg tgctagacat gaggtctatg 2700
gacttcaaga gcaacagtgc tgtggcctgg agcaacaaat ctgactttgc atgtgcaaac 2760
gccttcaaca acagcattat tccagaagac accttettec ccagcccagg taagggcage 2820
tttggtgecct tecgcaggectg tttecttget tcaggaatgg ccaggttcetg cccagagcte 2880
tggtcaatga tgtctaaaac tcctctgatt ggtggtctcg gecttatcca ttgccaccaa 2940
aaccctettt ttactaagaa acagtgagcc ttgttctgge agtccagaga atgacacggg 3000

aaaaaagcag atgaaga 3017
SEQ ID NO: 37 moltype = DNA length = 2808

FEATURE Location/Qualifiers

misc_feature 1..2808

note = Inserted matrice CD25 locus_IL15_ 2A sIL15Ra (60
nucleotides upstream and downstream)

source 1..2808

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 37
agtgctgget agaaaccaag tgctttactg catgcacatce atttagcaca gttagttget 60
gtttattatt cctgttccac agctattgtc tgccatataa aaacttaggc caggcacagt 120
ggctcacace tgtaatccca gcactttgga aggccgaggce aggcagatca caaggtcagg 180
agttcgagac cagcctggcce aacatagcaa aaccccatct ctactaaaaa tacaaaaatt 240
agccaggcat ggtggegtgt gecactggttt agagtgagga ccacattttt ttggtgeccgt 300
gttacacata tgaccgtgac tttgttacac cactacagga ggaagagtag aagaacaatc 360
ggttctggeyg tgaaacagac tttgaatttt gaccttectca agttggeggg agacgtggag 420
tccaacccag ggcceggtac cgggteegee accatggact ggacctggat tcetgttecte 480
gtggcetgetyg ctacaagagt gcacagcggce attcatgtet tcattttggg ctgtttcagt 540
gcagggctte ctaaaacaga agccaactgg gtgaatgtaa taagtgattt gaaaaaaatt 600
gaagatctta ttcaatctat gcatattgat gctactttat atacggaaag tgatgttcac 660
cccagttgca aagtaacagce aatgaagtge tttcectettgg agttacaagt tatttcactt 720
gagtccggayg atgcaagtat tcatgataca gtagaaaatc tgatcatcct agcaaacaac 780
agtttgtctt ctaatgggaa tgtaacagaa tctggatgca aagaatgtga ggaactggag 840
gaaaaaaata ttaaagaatt tttgcagagt tttgtacata ttgtccaaat gttcatcaac 900
acttctggaa gcggagctac taacttcage ctgctgaage aggctggaga cgtggaggag 960
aaccctggac ctgggaccgg ctctgcaacce atggattgga cgtggatcct gtttetegtg 1020
gcagctgceca caagagttca cagtatcacg tgccctccece ccatgtcegt ggaacacgca 1080
gacatctggg tcaagagcta cagcttgtac tccagggagce ggtacatttg taactctggt 1140
ttcaagcgta aagccggcac gtccagectg acggagtgcg tgttgaacaa ggccacgaat 1200
gtcgecccact ggacaaccce cagtctcaaa tgcattagag accctgccecct ggttcaccaa 1260
aggccagege caccctecac agtaacgacg gcaggggtga ccccacagece agagagecte 1320
tcececttetyg gaaaagagcece cgcagcettca tcetceccaget caaacaacac agcggcecaca 1380
acagcagcta ttgtcccggg ctcecccagetg atgecttcaa aatcacctte cacaggaacce 1440
acagagataa gcagtcatga gtcctcccac ggcacccect ctcagacaac agccaagaac 1500
tgggaactca cagcatccge ctcccaccag cegecaggtyg tgtatccaca gggecacage 1560
gacaccactyg agggcagagg cagcctgetg acctgeggeg acgtcgagga gaacccceggg 1620
cccatggggg caggtgecac cggccgegece atggacggge cgegectget getgttgetg 1680
cttectggggg tgtcecttgg aggtgccaag gaggcatgce ccacaggcect gtacacacac 1740
agcggtgagt gctgcaaagce ctgcaacctg ggcgagggtg tggcccagece ttgtggagece 1800
aaccagaccg tgtgtgagcc ctgcctggac agcgtgacgt tctcecgacgt ggtgagegeg 1860
accgagccegt gcaagecgtg caccgagtge gtggggctece agagcatgte ggcegecgtge 1920
gtggaggcceg atgacgccgt gtgccgetge gectacgget actaccagga tgagacgact 1980
gggcgctgeg aggcgtgccg cgtgtgcgag gegggctcecgg gectcegtgtt ctectgecag 2040
gacaagcaga acaccgtgtg cgaggagtgc cccgacggca cgtattccga cgaggccaac 2100
cacgtggace cgtgectgcee ctgcacegtg tgcgaggaca ccgagcegceca gctcecgegag 2160
tgcacacgct gggccgacgce cgagtgcgag gagatccctg geccgttggat tacacggtcece 2220



US 2024/0141293 A1l May 2, 2024
&1

-continued

acacccccag agggctcgga cagcacagec ccecagcaccece aggagcectga ggcacctcca 2280
gaacaagacc tcatagccag cacggtggca ggtgtggtga ccacagtgat gggcagctce 2340
cagcecegtgg tgacccgagg caccaccgac aacctcatce ctgtcectattg ctceccatecctg 2400
gctgetgtgg ttgtgggtct tgtggcctac atageccttca agaggtgaaa aaccaaaaga 2460
acaagaattt cttggtaaga agccgggaac agacaacaga agtcatgaag cccaagtgaa 2520
atcaaaggtg ctaaatggtc gcccaggaga catccgttgt gettgectge gttttggaag 2580
ctctgaagtc acatcacagg acacggggca gtggcaacct tgtctctatg ccagctcagt 2640
cccatcagag agcgagcgct acccacttct aaatagcaat ttcecgeccgttg aagaggaagg 2700
gcaaaaccac tagaactctc catcttattt tcatgtatat gtgttcatta aagcatgaat 2760

ggtatggaac tctctccacce ctatatgtag tataaagaaa agtaggtt 2808
SEQ ID NO: 38 moltype = DNA length = 3084

FEATURE Location/Qualifiers

misc_feature 1..3084

note = Inserted matrice PD1 locus_IL15 2A sIL15Ra (60
nucleotides upstream and downstream)

source 1..3084

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 38
ggtggceggyg gaggetttgt ggggecacce agecccttee tcacctetet ccatctctca 60
gactccccag acaggccctg gaacccccce accttetece cagecctget cgtggtgace 120
gaaggggaca acgccacctt cacctgcagce ttctccaaca catcggagag cttegtgeta 180
aactggtacc gcatgagccce cagcaaccag acggacaagce tggcecgectt ccccgaggac 240
cgcagecage ccggecagga ctgccgette cgtgtcacac aactgcccaa cgggegtgac 300
ttccacatga gcegtggtcag ggcccggege aatgacageg gcacctacct ctgtggggee 360
ggttctggeyg tgaaacagac tttgaatttt gaccttectca agttggeggg agacgtggag 420
tccaacccag ggcceggtac cgggteegee accatggact ggacctggat tcetgttecte 480
gtggcetgetyg ctacaagagt gcacagcggce attcatgtet tcattttggg ctgtttcagt 540
gcagggctte ctaaaacaga agccaactgg gtgaatgtaa taagtgattt gaaaaaaatt 600
gaagatctta ttcaatctat gcatattgat gctactttat atacggaaag tgatgttcac 660
cccagttgca aagtaacagce aatgaagtge tttcectettgg agttacaagt tatttcactt 720
gagtccggayg atgcaagtat tcatgataca gtagaaaatc tgatcatcct agcaaacaac 780
agtttgtctt ctaatgggaa tgtaacagaa tctggatgca aagaatgtga ggaactggag 840
gaaaaaaata ttaaagaatt tttgcagagt tttgtacata ttgtccaaat gttcatcaac 900
acttctggaa gcggagctac taacttcage ctgctgaage aggctggaga cgtggaggag 960
aaccctggac ctgggaccgg ctctgcaacce atggattgga cgtggatcct gtttetegtg 1020
gcagctgceca caagagttca cagtatcacg tgccctccece ccatgtcegt ggaacacgca 1080
gacatctggg tcaagagcta cagcttgtac tccagggagce ggtacatttg taactctggt 1140
ttcaagcgta aagccggcac gtccagectg acggagtgcg tgttgaacaa ggccacgaat 1200
gtcgecccact ggacaaccce cagtctcaaa tgcattagag accctgccecct ggttcaccaa 1260
aggccagege caccctecac agtaacgacg gcaggggtga ccccacagece agagagecte 1320
tcececttetyg gaaaagagcece cgcagcettca tcetceccaget caaacaacac agcggcecaca 1380
acagcagcta ttgtcccggg ctcecccagetg atgecttcaa aatcacctte cacaggaacce 1440
acagagataa gcagtcatga gtcctcccac ggcacccect ctcagacaac agccaagaac 1500
tgggaactca cagcatccge ctcccaccag cegecaggtyg tgtatccaca gggecacage 1560
gacaccactyg agggcagagg cagcctgetg acctgeggeg acgtcgagga gaacccceggg 1620
cccatggggg caggtgecac cggccgegece atggacggge cgegectget getgttgetg 1680
cttectggggg tgtcecttgg aggtgccaag gaggcatgce ccacaggcect gtacacacac 1740
agcggtgagt gctgcaaagce ctgcaacctg ggcgagggtg tggcccagece ttgtggagece 1800
aaccagaccg tgtgtgagcc ctgcctggac agcgtgacgt tctcecgacgt ggtgagegeg 1860
accgagccegt gcaagecgtg caccgagtge gtggggctece agagcatgte ggcegecgtge 1920
gtggaggcceg atgacgccgt gtgccgetge gectacgget actaccagga tgagacgact 1980
gggcgctgeg aggcgtgccg cgtgtgcgag gegggctcecgg gectcegtgtt ctectgecag 2040
gacaagcaga acaccgtgtg cgaggagtgc cccgacggca cgtattccga cgaggccaac 2100
cacgtggace cgtgectgcee ctgcacegtg tgcgaggaca ccgagcegceca gctcecgegag 2160
tgcacacgct gggccgacgce cgagtgcgag gagatccctg geccgttggat tacacggtcece 2220
acacccccag agggctcgga cagcacagec ccecagcaccece aggagcectga ggcacctcca 2280
gaacaagacc tcatagccag cacggtggca ggtgtggtga ccacagtgat gggcagctce 2340
cagcecegtgg tgacccgagg caccaccgac aacctcatce ctgtcectattg ctceccatecctg 2400
gctgetgtgg ttgtgggtcet tgtggcctac atagccttca agaggtgatc tagagggccce 2460
gtttaaaccc gctgatcage ctcgactgtg ccttectagtt gcecagccatce tgttgtttge 2520
ccetececeg tgecttectt gaccctggaa ggtgccacte ccactgtect ttcecctaataa 2580
aatgaggaaa ttgcatcgca ttgtctgagt aggtgtcatt ctattctggg gggtggggtg 2640
gggcaggaca gcaaggggga ggattgggaa gacaatagca ggcatgctgg ggatgceggtg 2700
ggctctatga ctagtggcga attcggcgca gatcaaagag agcctgcggg cagagctcag 2760
ggtgacaggt geggectcegg aggeccceggg gcaggggtga getgagecegg tectggggtyg 2820
ggtgtccect cectgcacagg atcaggagcet ccagggtegt agggcaggga ccccccaget 2880
ccagtccagg gctctgtect gcacctgggg aatggtgace ggcatctcetg tectectaget 2940
ctggaagcac cccagccect ctagtetgec ctcaccectg accctgacce tccaccctga 3000
cceegtecta acccectgace tttgtgecct tccagagaga agggcagaag tgcccacage 3060

ccaccccecage ccctcaccca ggece 3084
SEQ ID NO: 39 moltype = DNA length = 3475
FEATURE Location/Qualifiers

misc_feature 1..3475
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note = Inserted matrice CD25 locus_ILl2a 2A IL12b (60

nucleotides upstream and downstream)

source 1..3475

mol_type = other DNA

organism = synthetic
SEQUENCE: 39
agtgctggcet agaaaccaag tgctttactg catgcacate
gtttattatt cctgttccac agctattgtc tgccatataa
ggctcacace tgtaatccca gcactttgga aggccgagge
agttcgagac cagcctggcece aacatagcaa aaccccatct
agccaggcat ggtggegtgt gcactggttt agagtgagga
gttacacata tgaccgtgac tttgttacac cactacagga
ggttctggeyg tgaaacagac tttgaatttt gaccttctca
tccaacccag ggcccatgtyg gecccectggyg tcagectece
geggecacag gtetgcatcee ageggetege cctgtgtece
tgtccagege gcagectect cecttgtgget accctggtec
gccagaaace tcceegtgge cactccagac ccaggaatgt
caaaacctgce tgagggccgt cagcaacatyg ctccagaagg
tacccttgca cttctgaaga gattgatcat gaagatatca
gtggaggcect gtttaccatt ggaattaacc aagaatgaga
acctctttca taactaatgg gagttgectyg gectccagaa
ctgtgectta gtagtattta tgaagacttg aagatgtacce
aatgcaaagc ttctgatgga tcctaagagg cagatcttte
gttattgatyg agctgatgca ggccctgaat ttcaacagtg
tcecttgaag aaccggattt ttataaaact aaaatcaage
ttcagaattc gggcagtgac tattgataga gtgatgaget
ggagctacta acttcagcct gctgaagcag gctggagacyg
atgtgtcacce agcagttggt catctettgg ttttccctgg
gtggccatat gggaactgaa gaaagatgtt tatgtcgtag
geeectggayg aaatggtggt cctcacctgt gacaccectg
accttggacce agagcagtga ggtcttagge tctggcaaaa
gagtttggag atgctggcca gtacacctgt cacaaaggag
ctectgetge ttcacaaaaa ggaagatgga atttggtceca
aaagaaccca aaaataagac ctttctaaga tgcgaggcca
acctgetggt ggctgacgac aatcagtact gatttgacat
ggctettetyg accceccaagg ggtgacgtge ggagcetgeta
agaggggaca acaaggagta tgagtactca gtggagtgece
getgetgagyg agagtetgee cattgaggtce atggtggatg
gaaaactaca ccagcagctt cttcatcagg gacatcatca
ttgcagctga agccattaaa gaattctcgyg caggtggagyg
acctggagta ctccacattc ctacttctece ctgacattet
agcaagagag aaaagaaaga tagagtcttc acggacaaga
cgcaaaaatg ccagcattag cgtgcgggece caggaccget
gaatgggcat ctgtgccctg cagtgagggce agaggcagec
gaggagaacc ccgggeccat gggggcaggt gccaccggec
ctgetgetgt tgctgettet gggggtgtee cttggaggtyg
ggectgtaca cacacagcegg tgagtgctge aaagcctgea
cagcettgtyg gagccaacca gaccgtgtgt gagecctgece
gacgtggtga gcgcgaccga gccgtgcaag ccgtgcacceyg
atgtecggege cgtgegtgga ggccgatgac gecgtgtgece
caggatgaga cgactgggcg ctgcgaggeyg tgccgegtgt
gtgttctect gecaggacaa gcagaacacce gtgtgcgagyg
tcecgacgagg ccaaccacgt ggaccegtge ctgecctgea
cgccagetee gegagtgcac acgctgggece gacgccgagt
tggattacac ggtccacacc cccagagggce tcggacagea
cctgaggcac ctccagaaca agacctcata geccagcacgg
gtgatgggca gctceccagee cgtggtgacce cgaggcacca
tattgctcca tecctggetge tgtggttgtyg ggtettgtgg
tgaaaaacca aaagaacaag aatttcttgg taagaagccg
tgaagcccaa gtgaaatcaa aggtgctaaa tggtcgccca
cctgegtttt ggaagetetyg aagtcacatce acaggacacyg
ctatgecage tcagtcccat cagagagcga gegctaccca
cgttgaagag gaagggcaaa accactagaa ctctccatct
catgaatggt atggaactct ctccacccta tatgtagtat

SEQ ID NO: 40 moltype = DNA length

FEATURE Location/Qualifiers
misc_feature 1..3759

note = Inserted matrice PD1 locus_ILl2a 2A IL12b (60

congtruct

atttagcaca
aaacttaggce
aggcagatca
ctactaaaaa
ccacattttt
ggaagagtag
agttggcggg
agccaccgec
tgcagtgeceyg
tcctggacca
tcccatgect
ccagacaaac
caaaagataa
gttgcctaaa
agacctettt
aggtggagtt
tagatcaaaa
agactgtgee
tctgcatact
atctgaatge
tggaggagaa
tttttetgge
aattggattg
aagaagatgg
ccctgaccat
gegaggttet
ctgatatttt
agaattattc
tcagtgtcaa
cactctetge
aggaggacag
ccgttceacaa
aacctgacce
tcagctggga
gegttcaggt
cctecagecac
actatagctce
tgctgacctyg
gegecatgga
ccaaggaggce
acctgggega
tggacagcgt
agtgegtggg
getgegecta
gegaggeggg
agtgccccga
cegtgtgega
gcgaggagat
cagcceccag
tggcaggtgt
ccgacaacct
cctacatage
ggaacagaca
ggagacatce
gggcagtgge
cttctaaata
tattttcatg
aaagaaaagt

= 3759

gttagttget
caggcacagt
caaggtcagg
tacaaaaatt
ttggtgcegt
aagaacaatc
agacgtggag
ctcacctgee
gctcagecatg
cctecagttty
tcaccactce
tctagaattt
aaccagcaca
ttccagagag
tatgatggce
caagaccatg
catgctggea
acaaaaatcc
tetteatget
ttceggaage
cecctggacct
atctcececte
gtatceggat
tatcacctygyg
ccaagtcaaa
aagccatteg
aaaggaccag
tggacgttte
aagcagcaga
agagagagtc
tgcctgececa
gctcaagtat
acccaagaac
gtaccctgac
ccagggcaag
ggtcatctge
atcttggage
cggegacgte
cgggecgege
atgcccecaca
gggtgtggece
gacgttctee
gctecagage
cggctactac
ctegggecte
cggcacgtat
ggacaccgag
cecctggeegt
cacccaggag
ggtgaccaca
catccetgte
cttcaagagg
acagaagtca
gttgtgctty
aaccttgtet
gcaatttege
tatatgtgtt
aggtt

nucleotides upstream and downstream)

source 1..3759
mol_type = other DNA
organism = synthetic
SEQUENCE: 40

congtruct

ggtggeeggyg gaggetttgt ggggccacce agecccttee tcacctetet ccatctetea
gactccccag acaggccectg gaacccccce accttetece cagecctget cgtggtgace

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
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3475

60
120
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gaaggggaca acgccacctt cacctgcagce ttctccaaca catcggagag cttegtgeta 180
aactggtacc gcatgagccce cagcaaccag acggacaagce tggcecgectt ccccgaggac 240
cgcagecage ccggecagga ctgccgette cgtgtcacac aactgcccaa cgggegtgac 300
ttccacatga gcegtggtcag ggcccggege aatgacageg gcacctacct ctgtggggee 360
ggttctggeyg tgaaacagac tttgaatttt gaccttectca agttggeggg agacgtggag 420
tccaacccag ggcccatgtg gecccectggg tcagecteee agecaccgece ctcacctgee 480
geggecacayg gtetgcatcee ageggetege ccetgtgtece tgcagtgecg getcagcatg 540
tgtccagege gcagectect cecttgtgget accctggtece tectggacca cctcagtttyg 600
gccagaaace tcccegtgge cactccagac ccaggaatgt teccatgect tcaccactce 660
caaaacctgce tgagggccgt cagcaacatg ctccagaagyg ccagacaaac tctagaattt 720
tacccttgca cttctgaaga gattgatcat gaagatatca caaaagataa aaccagcaca 780
gtggaggcect gtttaccatt ggaattaacc aagaatgaga gttgcctaaa ttccagagag 840
acctcttteca taactaatgg gagttgectg gectccagaa agacctettt tatgatggee 900
ctgtgectta gtagtattta tgaagacttg aagatgtacc aggtggagtt caagaccatg 960
aatgcaaagc ttctgatgga tcctaagagg cagatcttte tagatcaaaa catgctggca 1020
gttattgatg agctgatgca ggccctgaat ttcaacagtg agactgtgcc acaaaaatcc 1080
tcecttgaag aaccggattt ttataaaact aaaatcaagce tctgcatact tecttcatget 1140
ttcagaattc gggcagtgac tattgataga gtgatgagct atctgaatgce ttccggaage 1200
ggagctacta acttcagcct gctgaagcag gctggagacyg tggaggagaa ccctggacct 1260
atgtgtcacc agcagttggt catctcecttgg ttttccecetgg tttttetgge atctecccte 1320
gtggccatat gggaactgaa gaaagatgtt tatgtcgtag aattggattg gtatccggat 1380
gccectggag aaatggtggt cctcacctgt gacacccctyg aagaagatgg tatcacctgg 1440
accttggacc agagcagtga ggtcttaggc tctggcaaaa ccctgaccat ccaagtcaaa 1500
gagtttggag atgctggcca gtacacctgt cacaaaggag gcgaggttct aagccattcg 1560
ctecctgetge ttcacaaaaa ggaagatgga atttggtcca ctgatatttt aaaggaccag 1620
aaagaaccca aaaataagac ctttctaaga tgcgaggcca agaattattc tggacgttte 1680
acctgetggt ggctgacgac aatcagtact gatttgacat tcagtgtcaa aagcagcaga 1740
ggctecttetyg acccccaagg ggtgacgtge ggagctgcta cactctectgce agagagagte 1800
agaggggaca acaaggagta tgagtactca gtggagtgec aggaggacag tgcctgccca 1860
gctgetgagyg agagtctgce cattgaggtc atggtggatg ccgttcacaa gctcaagtat 1920
gaaaactaca ccagcagctt cttcatcagg gacatcatca aacctgaccc acccaagaac 1980
ttgcagctga agccattaaa gaattctcgg caggtggagg tcagctggga gtaccctgac 2040
acctggagta ctccacattc ctacttctcee ctgacattct gegttcaggt ccagggcaag 2100
agcaagagag aaaagaaaga tagagtcttc acggacaaga cctcagccac ggtcatctge 2160
cgcaaaaatg ccagcattag cgtgcgggcce caggaccgct actatagctc atcttggage 2220
gaatgggcat ctgtgccctg cagtgagggce agaggcagcec tgctgacctg cggcgacgte 2280
gaggagaacc ccgggeccat gggggcaggt gecaccggece gegecatgga cgggecgege 2340
ctgctgetgt tgctgcttet gggggtgtcee cttggaggtyg ccaaggaggce atgccccaca 2400
ggectgtaca cacacagcegg tgagtgctge aaagcectgca acctgggega gggtgtggee 2460
cagccttgtg gagccaacca gaccgtgtgt gageccctgee tggacagcegt gacgttcectee 2520
gacgtggtga gcgcgaccga gccgtgcaag ccgtgcacceyg agtgegtggg getccagage 2580
atgtcggecge cgtgcgtgga ggccgatgac gccgtgtgee gcectgegecta cggctactac 2640
caggatgaga cgactgggcg ctgcgaggeg tgccgegtgt gegaggceggyg ctcegggecte 2700
gtgttctect gccaggacaa gcagaacacc gtgtgcgagg agtgccccga cggcacgtat 2760
tcecgacgagg ccaaccacgt ggaccegtge ctgecctgea cegtgtgega ggacaccgag 2820
cgcecagetee gegagtgcac acgctgggece gacgcecgagt gegaggagat ccctggecgt 2880
tggattacac ggtccacacc cccagagggce teggacagea cagceccccag cacccaggag 2940
cctgaggcac ctccagaaca agacctcata gecagcacgg tggcaggtgt ggtgaccaca 3000
gtgatgggca gctcccagee cgtggtgace cgaggcacca ccgacaacct catccctgte 3060
tattgctcca tectggctge tgtggttgtg ggtecttgtgg cctacatage cttcaagagg 3120
tgatctagag ggcccgttta aacccgctga tcagcectcecga ctgtgectte tagttgecag 3180
ccatctgttg tttgcccecte ceccecgtgect tecttgacce tggaaggtge cactcccact 3240
gtcectttect aataaaatga ggaaattgca tcgcattgte tgagtaggtg tcattctatt 3300
ctggggggty gggtggggca ggacagcaag ggggaggatt gggaagacaa tagcaggcat 3360
gctggggatyg cggtgggcte tatgactagt ggcgaattceg gcgcagatca aagagagcect 3420
gegggcagayg ctcagggtga caggtgcgge cteggaggece ceggggcagg ggtgagetga 3480
gcecggtectyg gggtgggtgt ccectectge acaggatcag gagctccagg gtcegtaggge 3540
agggaccccce cagctccagt ccagggctcet gtecctgcace tggggaatgg tgaccggcat 3600
ctectgtecte tagctctgga agcaccccag ccecctctagt ctgccctcac cecctgaccet 3660
gaccctcecac cctgacccceg tcectaaccece tgacctttgt geccttecag agagaaggge 3720

agaagtgccce acagcccacce ccagcecccte acccaggcec 3759
SEQ ID NO: 41 moltype = DNA 1length = 60
FEATURE Location/Qualifiers
misc_feature 1..60

note = upstream TRAC locus polynucleotide sequence
source 1..60

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 41
atgagatcat gtcctaaccc tgatcctett gteccacaga tatccagaac cctgaccctyg 60

SEQ ID NO: 42 moltype = DNA 1length = 60
FEATURE Location/Qualifiers
misc_feature 1..60

note = downstream TRAC locus polynucleotide sequence
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source

SEQUENCE: 42
gaaacagtga gccttgttet

SEQ ID NO: 43
FEATURE
misc_feature

source

SEQUENCE: 43
agtgctgget agaaaccaag

SEQ ID NO: 44
FEATURE
misc_feature

source

SEQUENCE: 44
gaatggtatg gaactctcte

SEQ ID NO: 45
FEATURE
misc_feature

source

SEQUENCE: 45
ggtggecggg gaggetttgt

SEQ ID NO: 46
FEATURE
misc_feature

source

SEQUENCE: 46
tgccctteca gagagaaggg

SEQ ID NO: 47
FEATURE
misc_feature

source

SEQUENCE: 47

atgtggccce ctgggtcage
catccagegyg ctegecctgt
ctcetecttyg tggctaccct
gtggccacte cagacccagg
geegtcagea acatgcetceca
gaagagattg atcatgaaga
ccattggaat taaccaagaa
aatgggagtt gcctggecte
atttatgaag acttgaagat
atggatccta agaggcagat
atgcaggcce tgaatttcaa
gatttttata aaactaaaat
gtgactattg atagagtgat

SEQ ID NO: 48
FEATURE

misc_feature

source

SEQUENCE: 48

1..60
mol_type = other DNA
organism = synthetic construct

ggcagtccag agaatgacac gggaaaaaag cagatgaaga 60

moltype = DNA 1length = 60

Location/Qualifiers

1..60

note = upstream CD25 locus polynucleotide sequence
1..60

mol_type = other DNA

organism = synthetic construct

tgctttactg catgcacatc atttagcaca gttagttgct 60
moltype = DNA length = 52

Location/Qualifiers
1..52

note = downstream CD25 locus polynucleotide sequence

1..52
mol_type = other DNA
organism = synthetic construct

caccctatat gtagtataaa gaaaagtagg tt 52

moltype = DNA 1length = 60

Location/Qualifiers

1..60

note = upstream PD1 locus polynucleotide sequence
1..60

mol_type = other DNA

organism = synthetic construct

ggggccacce agcecccttee tcacctetet ccatctctca 60
moltype = DNA 1length = 60

Location/Qualifiers
1..60

note = downstream PD1 locus polynucleotide sequence

1..60
mol_type = other DNA
organism = synthetic construct

cagaagtgce cacagcccac cccageccct cacccaggec 60

moltype = DNA length = 759
Location/Qualifiers

1..759
note = IL-12a polynucleotide
1..759

mol_type = other DNA
organism = synthetic construct

ctececageca ccgecctcac ctgccgegge cacaggtcetg 60
gtccectgecag tgccggctca gcatgtgtec agcgcgcage 120
ggtccteetyg gaccacctca gtttggecag aaacctccece 180
aatgttccca tgccttcacce actcccaaaa cctgctgagg 240
gaaggccaga caaactctag aattttaccc ttgcacttct 300
tatcacaaaa gataaaacca gcacagtgga ggcctgttta 360
tgagagttgc ctaaattcca gagagacctc tttcataact 420
cagaaagacc tcttttatga tggccctgtg ccttagtagt 480
gtaccaggtyg gagttcaaga ccatgaatgc aaagcttctg 540
ctttctagat caaaacatgc tggcagttat tgatgagctg 600
cagtgagact gtgccacaaa aatcctccct tgaagaaccg 660
caagctctge atacttctte atgctttcag aattcgggca 720
gagctatctg aatgcttcc 759

moltype = DNA length = 984
Location/Qualifiers

1..984
note = IL12b polynucleotide
1..984

mol_type = other DNA
organism = synthetic construct
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atgtgtcacce agcagttggt catctcttgg ttttccctgg tttttetgge atctecccte 60
gtggccatat gggaactgaa gaaagatgtt tatgtcgtag aattggattg gtatccggat 120
geeectggayg aaatggtggt cctcacctgt gacaccectg aagaagatgg tatcacctgg 180
accttggacce agagcagtga ggtcttagge tctggcaaaa ccctgaccat ccaagtcaaa 240
gagtttggayg atgctggcca gtacacctgt cacaaaggag gcgaggttcet aagccatteg 300
ctectgetge ttcacaaaaa ggaagatgga atttggtceca ctgatatttt aaaggaccag 360
aaagaaccca aaaataagac ctttctaaga tgcgaggcca agaattattc tggacgttte 420
acctgetggt ggctgacgac aatcagtact gatttgacat tcagtgtcaa aagcagcaga 480
ggctettetyg acccccaagg ggtgacgtge ggagetgceta cactctetge agagagagtce 540
agaggggaca acaaggagta tgagtactca gtggagtgec aggaggacag tgcctgccca 600
getgetgagyg agagtctgee cattgaggtce atggtggatg cegttcacaa gctcaagtat 660
gaaaactaca ccagcagctt cttcatcagg gacatcatca aacctgaccc acccaagaac 720
ttgcagctga agccattaaa gaattctcgg caggtggagyg tcagetggga gtaccctgac 780
acctggagta ctccacattc ctacttctee ctgacattet gegttcaggt ccagggcaag 840
agcaagagag aaaagaaaga tagagtcttc acggacaaga cctcagccac ggtcatctge 900
cgcaaaaatg ccagcattag cgtgcgggece caggaccget actatagetce atcttggage 960
gaatgggcat ctgtgccctg cagt 984
SEQ ID NO: 49 moltype = DNA length = 399
FEATURE Location/Qualifiers
misc_feature 1..399

note = IL15 polynucleotide
source 1..399

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 49
ggcattcatyg tcttcatttt gggetgtttce agtgcaggge ttectaaaac agaagccaac 60
tgggtgaatyg taataagtga tttgaaaaaa attgaagatc ttattcaatc tatgcatatt 120
gatgctactt tatatacgga aagtgatgtt caccccagtt gcaaagtaac agcaatgaag 180
tgctttetet tggagttaca agttatttca cttgagtceccg gagatgcaag tattcatgat 240
acagtagaaa atctgatcat cctagcaaac aacagtttgt cttctaatgg gaatgtaaca 300
gaatctggat gcaaagaatg tgaggaactg gaggaaaaaa atattaaaga atttttgcag 360
agttttgtac atattgtcca aatgttcatc aacacttct 399
SEQ ID NO: 50 moltype = DNA length = 525
FEATURE Location/Qualifiers
misc_feature 1..525

note = sILl5ra polynucleotide
source 1..525

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 50
atcacgtgcee ctcccecccat gtccgtggaa cacgcagaca tcetgggtcaa gagctacage 60
ttgtactcca gggagcggta catttgtaac tctggttteca agegtaaage cggcacgtce 120
agcctgacgg agtgegtgtt gaacaaggec acgaatgteg cccactggac aacccccagt 180
ctcaaatgca ttagagaccc tgccctggtt caccaaagge cagegccacce ctccacagta 240
acgacggcag gggtgacccce acagccagag agectctecee cttectggaaa agageccgca 300
gettcatete ccagctcaaa caacacagcg gccacaacag cagctattgt cecegggcetee 360
cagctgatge cttcaaaatc accttccaca ggaaccacag agataagcag tcatgagtce 420
tcccacggea cccectetca gacaacagec aagaactggg aactcacage atccgectcee 480
caccagccge caggtgtgta tccacaggge cacagcgaca ccact 525
SEQ ID NO: 51 moltype = DNA length = 1818
FEATURE Location/Qualifiers
misc_feature 1..1818

note = soluble GP130 polynucleotide
source 1..1818

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 51
atgctgacac tgcagacttg gctggtgcag gecactgttta tttttctgac tactgaatca 60
actggcgaac tgctggaccce ttgtggetac atcagccctyg agtcecccagt ggtgcagetg 120
cacagcaact tcaccgcegt gtgcgtgetg aaggagaagt gtatggacta ctttcacgtg 180
aacgccaatt atatcgtgtg gaaaaccaac cacttcacaa tccccaagga gcagtacacce 240
atcatcaata ggacagccag ctccgtgacce tttacagaca tcegectcect gaacatccag 300
ctgacctgca atatcctgac attcggecag ctggagcaga acgtgtatgg catcaccate 360
atctctggee tgcccectga gaagcectaag aacctgaget gcatcgtgaa tgagggcaag 420
aagatgcggt gtgagtggga cggcggcaga gagacacacce tggagacaaa cttcaccctyg 480
aagtccgagt gggccacaca caagtttgec gactgcaagyg ccaagcgcga taccccaaca 540
tcctgtaceg tggattactce tacagtgtat tttgtgaaca tcgaagtgtyg ggtggaggee 600
gagaatgccee tgggcaaggt gacctccgac cacatcaact tcgatccegt gtacaaggtg 660
aagcctaacce caccccacaa tctgagegtg atcaattceeg aggagetgte tagcatcctg 720
aagctgacct ggacaaaccc atctatcaag agegtgatca tcectgaagta caatatccag 780
tatcggacca aggacgcctce cacatggagce cagatcccte cagaggatac cgccagcaca 840
agatcctett tcaccgtgca ggacctgaag cecttcacag agtacgtgtt tcggatcaga 900
tgtatgaagg aggacggcaa gggctactgg agcgattggt ccgaggaggce cagcggcatce 960
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acctatgagg acaggccttce taaggccccce agecttctggt acaagatcga tccatcccac 1020
acccagggct atcgcacagt gcagetggtg tggaaaaccce tgccccecttt cgaggccaac 1080
ggcaagatcc tggactacga ggtgaccctg acacggtgga agtcccacct gcagaactat 1140
accgtgaatg ccaccaagct gacagtgaac ctgacaaatg atcggtacct ggccaccctg 1200
acagtgagaa acctggtggg caagtctgac gccgccgtge tgaccatcce tgcctgegat 1260
ttccaggcca cacacccagt gatggacctg aaggccttte ccaaggataa tatgetgtgg 1320
gtggagtgga ccacacctag agagtccgtg aagaagtaca tcctggagtg gtgegtgcetg 1380
tctgacaagg ccccatgtat caccgactgg cagcaggagyg atggcaccgt gcacaggaca 1440
tatctgegeg gcaacctgge cgagtctaag tgttacctga tcaccgtgac acccgtgtat 1500
gcagacggac caggctctece tgagagcatc aaggcctacce tgaagcaggce accaccaage 1560
aagggaccaa ccgtgcggac aaagaaggtc ggcaagaatyg aggccgtget ggagtgggac 1620
cagctgectg tggatgtgca gaacggcttc atcaggaatt acaccatctt ttatcgcaca 1680
atcatcggca acgagacagc cgtgaatgtg gacagctcce acaccgagta tacactgtet 1740
agcctgacct ccgatacact gtacatggtg aggatggccg cctatacaga cgagggcgge 1800

aaggatggcce ccgagttt 1818
SEQ ID NO: 52 moltype = DNA length = 72
FEATURE Location/Qualifiers
misc_feature 1..72
note = IgE signal sequence
source 1..72

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 52
ggtaccgggt ccgecaccat ggactggacce tggattetgt tectegtgge tgetgctaca 60

agagtgcaca gc 72
SEQ ID NO: 53 moltype = DNA 1length = 75
FEATURE Location/Qualifiers
misc_feature 1..75
note = F2A
source 1..75

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 53
ggttctggeyg tgaaacagac tttgaatttt gaccttctca agttggeggg agacgtggag 60

tccaacccag ggccce 75
SEQ ID NO: 54 moltype = DNA length = 66
FEATURE Location/Qualifiers
misc_feature 1..66
note = P2A
source 1..66

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 54
ggaagcggayg ctactaactt cagectgetg aagcaggctg gagacgtgga ggagaaccct 60

ggacct 66
SEQ ID NO: 55 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = T2A
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 55

gagggcagag gcagcctgcet gacctgcggce gacgtcgagg agaaccccgg gocc 54
SEQ ID NO: 56 moltype = DNA length = 825
FEATURE Location/Qualifiers
misc_feature 1..825
note = LNGFR
source 1..825

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 56
atgggggcag gtgccaccgg ccgcgecatg gacgggecge gectgetget gttgetgett 60
ctgggggtgt cccttggagg tgccaaggag gcatgcccca caggectgta cacacacage 120
ggtgagtgcet gcaaagcctg caacctgggce gagggtgtgg cecagecttyg tggagccaac 180
cagaccgtgt gtgagcectg cctggacage gtgacgttet cecgacgtggt gagegegace 240
gagccgtgea agcecgtgcac cgagtgegtg gggctcecaga geatgtegge gecgtgegtg 300
gaggccgatyg acgcegtgtg ccgetgegece tacggctact accaggatga gacgactggg 360
cgetgegagg cgtgecgegt gtgcgaggeg ggetegggece tegtgttete ctgecaggac 420
aagcagaaca ccgtgtgcga ggagtgeccce gacggcacgt attccgacga ggccaaccac 480
gtggaccegt gectgecctyg cacegtgtge gaggacaccg agegccaget ccgegagtge 540
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acacgctggyg ccgacgecga gtgcgaggag atccctggece
cceccagagyg gcteggacag cacageccce agcacccagg
caagacctca tagccagcac ggtggcaggt gtggtgacca
ccegtggtga cccgaggcac caccgacaac ctcatcectg
getgtggttyg tgggtcettgt ggcectacata gecttcaaga

SEQ ID NO: 57 moltype = AA length
FEATURE Location/Qualifiers
REGION 1..253

gttggattac acggtccaca
agcctgagge acctccagaa
cagtgatggg cagctcccag
tctattgete catcctgget

ggtga

= 253

note = IL-12a polypeptide

source 1..253
mol type = protein
organism = synthetic
SEQUENCE: 57
MWPPGSASQP PPSPAAATGL HPAARPVSLQ CRLSMCPARS
VATPDPGMFP CLHHSQNLLR AVSNMLQKAR QTLEFYPCTS
PLELTKNESC LNSRETSFIT NGSCLASRKT SFMMALCLSS
MDPKRQIFLD QNMLAVIDEL MQALNFNSET VPQKSSLEEP
VTIDRVMSYL NAS

SEQ ID NO: 58 moltype = AA length
FEATURE Location/Qualifiers
REGION 1..328

congtruct

LLLVATLVLL DHLSLARNLP
EEIDHEDITK DKTSTVEACL
IYEDLKMYQV EFKTMNAKLL
DFYKTKIKLC ILLHAFRIRA

= 328

note = IL12b polypeptide

source 1..328
mol type = protein
organism = synthetic
SEQUENCE: 58
MCHQQLVISW FSLVFLASPL VAIWELKKDV YVVELDWYPD
TLDQSSEVLG SGKTLTIQVK EFGDAGQYTC HKGGEVLSHS
KEPKNKTFLR CEAKNYSGRF TCWWLTTIST DLTFSVKSSR
RGDNKEYEYS VECQEDSACP AAEESLPIEV MVDAVHKLKY
LQLKPLKNSR QVEVSWEYPD TWSTPHSYFS LTFCVQVQGK
RKNASISVRA QDRYYSSSWS EWASVPCS

SEQ ID NO: 59 moltype = AA length
FEATURE Location/Qualifiers
REGION 1..133

congtruct

APGEMVVLTC DTPEEDGITW
LLLLHKKEDG IWSTDILKDQ
GSSDPQGVTC GAATLSAERV
ENYTSSFFIR DIIKPDPPKN
SKREKKDRVF TDKTSATVIC

= 133

note = IL15 polypeptide

source 1..133
mol type = protein
organism = synthetic
SEQUENCE: 59
GIHVFILGCF SAGLPKTEAN WVNVISDLKK IEDLIQSMHI
CFLLELQVIS LESGDASIHD TVENLIILAN NSLSSNGNVT
SFVHIVQMFI NTS

SEQ ID NO: 60 moltype = AA length
FEATURE Location/Qualifiers
REGION 1..175

congtruct

DATLYTESDV HPSCKVTAMK
ESGCKECEEL EEKNIKEFLQ

= 175

note = sILl5ra polypeptide

source 1..175
mol type = protein
organism = synthetic
SEQUENCE: 60
ITCPPPMSVE HADIWVKSYS LYSRERYICN SGFKRKAGTS
LKCIRDPALV HQRPAPPSTV TTAGVTPQPE SLSPSGKEPA
QLMPSKSPST GTTEISSHES SHGTPSQTTA KNWELTASAS

SEQ ID NO: 61 moltype = AA length
FEATURE Location/Qualifiers
REGION 1..606

note = soluble gpl30
source 1..606

mol type = protein

organism = synthetic
SEQUENCE: 61
MLTLQTWLVQ ALFIFLTTES TGELLDPCGY ISPESPVVQL
NANYIVWKTN HFTIPKEQYT IINRTASSVT FTDIASLNIQ
ISGLPPEKPK NLSCIVNEGK KMRCEWDGGR ETHLETNFTL
SCTVDYSTVY FVNIEVWVEA ENALGKVTSD HINFDPVYKV
KLTWTNPSIK SVIILKYNIQ YRTKDASTWS QIPPEDTAST
CMKEDGKGYW SDWSEEASGI TYEDRPSKAP SFWYKIDPSH
GKILDYEVTL TRWKSHLQNY TVNATKLTVN LTNDRYLATL
FQATHPVMDL KAFPKDNMLW VEWTTPRESV KKYILEWCVL
YLRGNLAESK CYLITVTPVY ADGPGSPESI KAYLKQAPPS

congtruct

SLTECVLNKA TNVAHWTTPS
ASSPSSNNTA ATTAAIVPGS
HQPPGVYPQG HSDTT

= 606

congtruct

HSNFTAVCVL KEKCMDYFHV
LTCNILTFGQ LEQNVYGITI
KSEWATHKFA DCKAKRDTPT
KPNPPHNLSV INSEELSSIL
RSSFTVQDLK PFTEYVFRIR
TQGYRTVQLV WKTLPPFEAN
TVRNLVGKSD AAVLTIPACD
SDKAPCITDW QQEDGTVHRT
KGPTVRTKKV GKNEAVLEWD

600
660
720
780
825

60

120
180
240
253

60

120
180
240
300
328

60
120
133

60
120
175

60

120
180
240
300
360
420
480
540
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QLPVDVQNGF IRNYTIFYRT IIGNETAVNV DSSHTEYTLS SLTSDTLYMV RMAAYTDEGG 600

KDGPEF 606
SEQ ID NO: 62 moltype = AA length = 836
FEATURE Location/Qualifiers
REGION 1..836
note = soluble gpl30 fused to a Fc
source 1..836

mol type = protein

organism = synthetic construct
SEQUENCE: 62
MLTLQTWLVQ ALFIFLTTES TGELLDPCGY ISPESPVVQL HSNFTAVCVL KEKCMDYFHV 60
NANYIVWKTN HFTIPKEQYT IINRTASSVT FTDIASLNIQ LTCNILTFGQ LEQNVYGITI 120
ISGLPPEKPK NLSCIVNEGK KMRCEWDGGR ETHLETNFTL KSEWATHKFA DCKAKRDTPT 180
SCTVDYSTVY FVNIEVWVEA ENALGKVTSD HINFDPVYKV KPNPPHNLSV INSEELSSIL 240
KLTWTNPSIK SVIILKYNIQ YRTKDASTWS QIPPEDTAST RSSFTVQDLK PFTEYVFRIR 300
CMKEDGKGYW SDWSEEASGI TYEDRPSKAP SFWYKIDPSH TQGYRTVQLV WKTLPPFEAN 360
GKILDYEVTL TRWKSHLQNY TVNATKLTVN LTNDRYLATL TVRNLVGKSD AAVLTIPACD 420
FQATHPVMDL KAFPKDNMLW VEWTTPRESV KKYILEWCVL SDKAPCITDW QQEDGTVHRT 480
YLRGNLAESK CYLITVTPVY ADGPGSPESI KAYLKQAPPS KGPTVRTKKV GKNEAVLEWD 540
QLPVDVQNGF IRNYTIFYRT IIGNETAVNV DSSHTEYTLS SLTSDTLYMV RMAAYTDEGG 600
KDGPEFRSCD KTHTCPPCPA PEAEGGPSVF LFPPKPKDTL MISRTPEVTC VVVDVSHEDP 660
EVKFNWYVDG VEVHNAKTKP REEQYNSTYR VVSVLTVLHQ DWLNGKEYKC KVSNKALPAP 720
IEKTISKAKG QPREPQVYTL PPSREEMTKN QVSLTCLVKG FYPSDIAVEW ESNGQPENNY 780

KTTPPVLDSD GSFFLYSKLT VDKSRWQQGN VFSCSVMHEA LHNHYTQKSL SLSPGK 836
SEQ ID NO: 63 moltype = DNA length = 7711
FEATURE Location/Qualifiers
misc_feature 1..7711
note = Matrice TRAC locus_CubiCAR CD22 pCLS30056 full
sequence
source 1..7711

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 63

gtggcacttt tcggggaaat gtgcgeggaa cccctatttg tttatttttce taaatacatt 60
caaatatgta tccgctcatg agacaataac cctgataaat gcttcaataa tattgaaaaa 120
ggaagagtat gagtattcaa catttccgtg tcgcccttat tecctttttt gcggcatttt 180
gecttectgt ttttgctcac ccagaaacgce tggtgaaagt aaaagatgct gaagatcagt 240
tgggtgcacyg agtgggttac atcgaactgg atctcaacag cggtaagatc cttgagagtt 300
ttegecccega agaacgtttt ccaatgatga geacttttaa agttcectgceta tgtggegegg 360
tattatcceg tattgacgcce gggcaagage aactcggteg ccegcatacac tattctcaga 420
atgacttggt tgagtactca ccagtcacag aaaagcatct tacggatggce atgacagtaa 480
gagaattatyg cagtgctgcce ataaccatga gtgataacac tgcggccaac ttacttctga 540
caacgatcgg aggaccgaag gagctaaccg cttttttgea caacatgggyg gatcatgtaa 600
ctegecttga tegttgggaa ccggagetga atgaagccat accaaacgac gagcgtgaca 660
ccacgatgee tgtagcaatg gcaacaacgt tgcgcaaact attaactgge gaactactta 720
ctctagette ccggcaacaa ttaatagact ggatggagge ggataaagtt gcaggaccac 780
ttetgegete ggcecttecg getggetggt ttattgetga taaatctgga gcecggtgage 840
gtggttceteg cggtatcatt gcagcactgg ggccagatgg taagccctec cgtatcgtag 900
ttatctacac gacggggagt caggcaacta tggatgaacyg aaatagacag atcgctgaga 960
taggtgccte actgattaag cattggtaac tgtcagacca agtttactca tatatacttt 1020
agattgattt aaaacttcat ttttaattta aaaggatcta ggtgaagatc ctttttgata 1080
atctcatgac caaaatccct taacgtgagt tttcecgttcecca ctgagecgtca gaccceccegtag 1140
aaaagatcaa aggatcttct tgagatcctt tttttctgcg cgtaatctge tgcttgcaaa 1200
caaaaaaacc accgctacca gcggtggttt gtttgccgga tcaagagcta ccaactcttt 1260
ttccgaaggt aactggcttc agcagagcgc agataccaaa tactgttcett ctagtgtage 1320
cgtagttagg ccaccacttc aagaactctg tagcaccgcce tacatacctc gctctgctaa 1380
tcetgttace agtggctget gecagtggceg ataagtcegtg tcecttaccggg ttggactcaa 1440
gacgatagtt accggataag gcgcageggt cgggctgaac ggggggtteg tgcacacage 1500
ccagettgga gcgaacgacce tacaccgaac tgagatacct acagcegtgag ctatgagaaa 1560
gegecacget teccgaaggg agaaaggcgg acaggtatce ggtaagegge agggtcggaa 1620
caggagagcg cacgagggag cttccagggg gaaacgcctg gtatctttat agtcctgteg 1680
ggtttcgeca cctectgactt gagegtcegat ttttgtgatg ctegtcaggg gggcggagee 1740
tatggaaaaa cgccagcaac gcggcectttt tacggttect ggecttttge tggecttttg 1800
ctcacatggt ctttecctgeg ttatcccctg attctgtgga taaccgtatt accgectttg 1860
agtgagctga taccgctege cgcagecgaa cgaccgageg cagcgagtca gtgagcegagg 1920
aagcggagag cgcccaatac gcaaaccgcce tctecccegeg cgttggcecga ttcattaatg 1980
cagctggcac gacaggtttc ccgactggaa agcgggcagt gagcgcaacg caattaatgt 2040
gagttagctc actcattagg caccccaggce tttacacttt atgecttcegg ctegtatgtt 2100
gtgtggaatt gtgagcggat aacaatttca cacaggaaac agctatgacc atgattacgc 2160
caagcgcgtce aattaaccct cactaaaggg aacaaaagct gttaattaat tgctgggect 2220
ttttcecatg cctgecttta ctectgecaga gttatattge tggggttttg aagaagatcce 2280
tattaaataa aagaataagc agtattatta agtagccctg catttcaggt ttccttgagt 2340
ggcaggccag gcctggecgt gaacgttcac tgaaatcatg gectcttggce caagattgat 2400
agcttgtgece tgtcecctgag tcecccagtceca tcacgagcag ctggtttcta agatgctatt 2460
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tcecegtataa agcatgagac cgtgacttgce cagccccaca gagccccgece cttgtecate 2520
actggcatct ggactccage ctgggttggg gcaaagaggg aaatgagatc atgtcctaac 2580
cctgatecte ttgtcccaca gatatccagt accecctacga cgtgcccgac tacgectceceg 2640
gtgagggcag aggaagtctt ctaacatgecg gtgacgtgga ggagaatccg ggccccggat 2700
ccgctetgee cgtcaccget ctgctgetge cactggcact gectgectgcac getgctagge 2760
ccggaggggg aggcagetge ccctacagea accccagect gtgcagcegga ggcggeggca 2820
geggeggagy gggtagccag gtgcagetge agcagagegg cectggectg gtgaagccaa 2880
gccagacact gtccctgace tgcgccatca geggcgatte cgtgagctcecce aactccgecg 2940
cctggaattg gatcaggcag tccccttete ggggcctgga gtggctggga aggacatact 3000
atcggtctaa gtggtacaac gattatgccg tgtctgtgaa gagcagaatc acaatcaacc 3060
ctgacacctc caagaatcag ttctctectge agctgaatag cgtgacacca gaggacaccg 3120
ccgtgtacta ttgcgccagg gaggtgaccg gcgacctgga ggatgecttt gacatctggg 3180
gccagggcac aatggtgacce gtgagetcceg gaggceggegg atctggegga ggaggaagtyg 3240
ggggcggcegyg gagtgatatce cagatgacac agtccccate ctcectctgage gectecegtgg 3300
gcgacagagt gacaatcacc tgtagggcct cccagaccat ctggtcttac ctgaactggt 3360
atcagcagag gcccggcaag geccctaate tgetgatcta cgcagcaage tccectgcaga 3420
gcggagtgec atccagatte tctggcaggg gctccggcac agacttcacce ctgaccatct 3480
ctagcctgca ggccgaggac ttcgccacct actattgcca gcagtcecttat agcatccccece 3540
agacatttgg ccagggcacc aagctggaga tcaagtcgga tceccggaage ggagggggag 3600
gcagcetgecee ctacagcaac cccagectgt gecageggagg cggceggcage gagetgcecca 3660
cccagggcac cttcetecaac gtgtccacca acgtgagecce agccaagcecce accaccaccg 3720
cctgtectta ttccaatccect tecctgtgtg ctecccaccac aacccceccget ccaaggcccee 3780
ctacccecge accaactatt gectcecccage cactctcact gecggectgag gectgtegge 3840
ccgctgetgg aggcgcagtg catacaaggg gcctcgattt cgectgcgat atttacatcet 3900
gggcaccecet cgccggcace tgceggggtge ttctectcete ccectggtgatt accctgtatt 3960
gcagacgggg ccggaagaag ctcecctctaca tttttaagca gectttcatg cggcecagtge 4020
agacaaccca agaggaggat gggtgttect geagattceee tgaggaagag gaaggcgggt 4080
gecgagcetgayg agtgaagttce tccaggagceg cagatgecce cgectatcaa cagggccaga 4140
accagctcta caacgagctt aacctceggga ggcgcgaaga atacgacgtg ttggataaga 4200
gaagggggceyg ggaccccgag atgggaggaa agccccggag gaagaaccct caggagggece 4260
tgtacaacga gctgcagaag gataagatgg ccgaggccta ctcagagatc gggatgaagg 4320
gggagcggey ccgegggaag gggcacgatg ggctctacca ggggctgage acagccacaa 4380
aggacacata cgacgccttg cacatgcagg cecttccace cegggaatag tctagaggge 4440
ccgtttaaac ccgctgatca gectcgactg tgccttectag ttgccagceca tetgttgttt 4500
gccectecee cgtgecttee ttgacccectgg aaggtgccac tcccactgtce ctttectaat 4560
aaaatgagga aattgcatcg cattgtctga gtaggtgtca ttctattctg gggggtgggg 4620
tggggcagga cagcaagggg gaggattggg aagacaatag caggcatgct ggggatgcgg 4680
tgggctcectat gactagtggc gaattcccecgt gtaccagcetg agagactcta aatccagtga 4740
caagtctgtce tgcctattca ccgattttga ttctcaaaca aatgtgtcac aaagtaagga 4800
ttctgatgtg tatatcacag acaaaactgt gctagacatg aggtctatgg acttcaagag 4860
caacagtgct gtggcctgga gcaacaaatc tgactttgca tgtgcaaacg ccttcaacaa 4920
cagcattatt ccagaagaca ccttcttccee cageccaggt aagggcagct ttggtgectt 4980
cgcaggcetgt ttcecttgett caggaatggce caggttctge ccagagctcect ggtcaatgat 5040
gtctaaaact cctctgattg gtggtctegg ccttatccat tgccaccaaa accctetttt 5100
tactaagcga tcgcteceggt geccgtcagt gggcagageg cacatcgecce acagtcccceg 5160
agaagttggg gggaggggtc ggcaattgaa cgggtgccta gagaaggtgyg cgcggggtaa 5220
actgggaaag tgatgtcgtg tactggctcc gectttttee cgagggtggg ggagaaccgt 5280
atataagtgc agtagtcgcc gtgaacgttc tttttcgcaa cgggtttgcce gccagaacac 5340
agctgaagct tcgaggggct cgcatctcte cttcacgege ccgecgcecect acctgaggece 5400
gccatccacg ccggttgagt cgegttetge cgcecteccge ctgtggtgece tcecctgaactg 5460
cgtececgecgt ctaggtaagt ttaaagctca ggtcgagace gggcectttgt cecggegetcee 5520
cttggagcct acctagactc agccggctcet ccacgctttg cctgaccctg cttgctcaac 5580
tctacgtett tgtttcegttt tetgttetge gceccgttacag atccaagcetg tgaccggcege 5640
ctacctgaga tcaccggcgce caccatggct tcttaccctg gacaccagca tgcttetgece 5700
tttgaccagg ctgccagatc caggggcecac tccaacagga gaactgccct aagacccaga 5760
agacagcagg aagccactga ggtgaggect gagcagaaga tgccaaccct gctgagggtg 5820
tacattgatg gacctcatgg catgggcaag accaccacca ctcaactgct ggtggcactg 5880
ggctccaggyg atgacattgt gtatgtgcct gagccaatga cctactggag agtgctagga 5940
gectetgaga ccattgccaa catctacacce acccagcaca ggctggacca gggagaaatc 6000
tctgctggag atgctgctgt ggtgatgacce tctgcccaga tcacaatggg aatgccctat 6060
gctgtgactg atgetgttct ggetectcac attggaggag aggctggcectce ttetcatgee 6120
ccteccacctg cectgaccet gatctttgac agacacccca ttgcagccect getgtgctac 6180
ccagcagcaa ggtacctcat gggctceccatg accccacagg ctgtgectgge ttttgtggee 6240
ctgatcecctce caaccctecece tggcaccaac attgttetgg gagcactgcce tgaagacaga 6300
cacattgaca ggctggcaaa gaggcagaga cctggagaga gactggacct ggccatgctyg 6360
gctgcaatca gaagggtgta tggactgctg gcaaacactyg tgagatacct ccagtgtgga 6420
ggctcecttgga gagaggactg gggacagctc tctggaacag cagtgccccce tcaaggagct 6480
gagccccagt ccaatgectgg tccaagaccce cacattgggg acaccctgtt caccctgtte 6540
agagccectg agctgctgge tcccaatgga gacctgtaca atgtgtttge ctgggctctg 6600
gatgttctag ccaagaggct gaggtccatg catgtgttca tcctggacta tgaccagtcc 6660
cctgctggat gcagagatgce tcectgctgcaa ctaacctcectg gcatggtgca gacccatgtg 6720
accaccectg gcagcatcece caccatctgt gacctagecca gaacctttge cagggagatg 6780
ggagaggcca actaaggcge gccactcgag cgctagetgg ccagacatga taagatacat 6840
tgatgagttt ggacaaacca caactagaat gcagtgaaaa aaatgcttta tttgtgaaat 6900
ttgtgatgct attgctttat ttgtaaccat tataagctgc aataaacaag ttaacaacaa 6960
caattgcatt cattttatgt ttcaggttca gggggaggtg tgggaggttt tttaaagcaa 7020
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gtaaaacctc tacaaatgtg gtatggaagg cgcgcccaat tcgeccctata gtgagtcgta 7080
ttacgtegeg ctcactggec gtegttttac aacgtcgtga ctgggaaaac cctggegtta 7140
cccaacttaa tcgcecttgca gcacatccce ctttcecgecag ctggcgtaat agcgaagagg 7200
ccegeaccga aacgecctte ccaacagttg cgcagcectga atggcgaatyg ggagegecct 7260
gtagcggege attaagcgcg gcgggtgtgg tggttacgeg cagecgtgacce gctacacttg 7320
ccagcgecct agcgeccget ccectttegett tettcecceectte ctttetegee acgttegeeg 7380
gcttteeceeg tcaagectcta aatceggggge tceccctttagg gttecgattt agtgectttac 7440
ggcacctcga ccccaaaaaa cttgattagg gtgatggttg gectgtagtg ggccatagee 7500
ctgatagacg gtttttcgec ctttgacgtt ggagtccacg ttctttaata gtggactctt 7560
gttccaaact ggaacaacac tcaaccctat ctcggtctat tcecttttgatt tataagggat 7620
tttgccgatt tcggcctatt ggttaaaaaa tgagctgatt taacaaaaat ttaacgcgaa 7680

ttttaacaaa atattaacgc ttacaattta g 7711
SEQ ID NO: 64 moltype = DNA length = 7502
FEATURE Location/Qualifiers
misc_feature 1..7502
note = Matrice CD25 locus_ IL15_2A sIL15Ra pCLS30519 full
sequence
source 1..7502

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 64

gtttattatt cctgttccac agctattgtc tgccatataa aaacttaggc caggcacagt 60
ggctcacace tgtaatccca gcactttgga aggccgaggce aggcagatca caaggtcagg 120
agttcgagac cagcctggcece aacatagcaa aaccccatct ctactaaaaa tacaaaaatt 180
agccaggcat ggtggegtgt gecactggttt agagtgagga ccacattttt ttggtgccgt 240
gttacacata tgaccgtgac tttgttacac cactacagga ggaagagtag aagaacaatc 300
ggttctggeyg tgaaacagac tttgaatttt gaccttectca agttggeggg agacgtggag 360
tccaacccag ggcccggtac cgggtceegece accatggact ggacctggat tctgttecte 420
gtggcetgetyg ctacaagagt gcacagcggce attcatgtet tcattttggg ctgtttcagt 480
gcagggctte ctaaaacaga agccaactgg gtgaatgtaa taagtgattt gaaaaaaatt 540
gaagatctta ttcaatctat gcatattgat gctactttat atacggaaag tgatgttcac 600
cccagttgca aagtaacagce aatgaagtge tttcectettgg agttacaagt tatttcactt 660
gagtccggayg atgcaagtat tcatgataca gtagaaaatc tgatcatcct agcaaacaac 720
agtttgtctt ctaatgggaa tgtaacagaa tctggatgca aagaatgtga ggaactggag 780
gaaaaaaata ttaaagaatt tttgcagagt tttgtacata ttgtccaaat gttcatcaac 840
acttctggaa gcggagctac taacttcage ctgctgaage aggctggaga cgtggaggag 900
aaccctggac ctgggaccgg ctcectgcaacce atggattgga cgtggatcct gtttetegtg 960
gcagctgceca caagagttca cagtatcacg tgccctceccece ccatgtcegt ggaacacgca 1020
gacatctggg tcaagagcta cagcttgtac tccagggagce ggtacatttg taactctggt 1080
ttcaagcgta aagccggcac gtccagectg acggagtgcg tgttgaacaa ggccacgaat 1140
gtcgeccact ggacaaccce cagtctcaaa tgcattagag accctgcecct ggttcaccaa 1200
aggccagege caccctecac agtaacgacg gcaggggtga ccccacagece agagagecte 1260
tcececttetyg gaaaagagcece cgcagcettca tcetcccaget caaacaacac agcggcecaca 1320
acagcagcta ttgtcccggg ctcecccagetg atgecttcaa aatcacctte cacaggaacce 1380
acagagataa gcagtcatga gtcctcccac ggcacccect ctcagacaac agccaagaac 1440
tgggaactca cagcatccge ctcccaccag cegecaggtyg tgtatccaca gggecacage 1500
gacaccactyg agggcagagg cagcctgetg acctgeggeg acgtcgagga gaacccceggg 1560
cccatggggg caggtgecac cggccgegece atggacggge cgegectget getgttgetg 1620
cttectggggg tgtcecttgg aggtgccaag gaggcatgce ccacaggcect gtacacacac 1680
agcggtgagt gctgcaaagce ctgcaacctg ggcgagggtg tggcccagece ttgtggagece 1740
aaccagaccg tgtgtgagcc ctgcctggac agcgtgacgt tctcecgacgt ggtgagegeg 1800
accgagccegt gcaagecgtg caccgagtge gtggggctece agagcatgte ggcegecgtge 1860
gtggaggcceg atgacgccgt gtgccgetge gectacgget actaccagga tgagacgact 1920
gggcgctgeg aggcgtgcecg cgtgtgcgag gegggctcecgg gectegtgtt ctectgecag 1980
gacaagcaga acaccgtgtg cgaggagtgc cccgacggca cgtattccga cgaggccaac 2040
cacgtggace cgtgectgcee ctgcaccgtg tgcgaggaca ccgagcegceca gctecgegag 2100
tgcacacgct gggccgacgce cgagtgcgag gagatccctg gceccgttggat tacacggtcee 2160
acacccccag agggctcgga cagcacagec ccecagcaccece aggagcectga ggcacctceca 2220
gaacaagacc tcatagccag cacggtggca ggtgtggtga ccacagtgat gggcagctce 2280
cagcecegtgg tgacccgagg caccaccgac aacctcatce ctgtcectattg ctceccatcctg 2340
gctgetgtgg ttgtgggtct tgtggcctac atageccttca agaggtgaaa aaccaaaaga 2400
acaagaattt cttggtaaga agccgggaac agacaacaga agtcatgaag cccaagtgaa 2460
atcaaaggtg ctaaatggtc gcccaggaga catccgttgt gettgectge gttttggaag 2520
ctctgaagtc acatcacagg acacggggca gtggcaacct tgtctctatg ccagctcagt 2580
cccatcagag agcgagcgct acccacttct aaatagcaat ttcecgeccgttg aagaggaagg 2640
gcaaaaccac tagaactctc catcttattt tcatgtatat gtgttcatgc gatcgctceccg 2700
gtgcccegtea gtgggcagag cgcacatcge ccacagtcce cgagaagttg gggggagggg 2760
tcggcaattg aacgggtgcec tagagaaggt ggcgcggggt aaactgggaa agtgatgtcecg 2820
tgtactggct ccgcecttttt cccgagggtg ggggagaacce gtatataagt gcagtagtcecg 2880
ccgtgaacgt tetttttege aacgggtttg ccgccagaac acagctgaag cttcgagggg 2940
ctecgecatcete tecttcacge geccgecgee ctacctgagg ccgccatcca cgccggttga 3000
gtcgegttet gecgectcece geetgtggtg cctectgaac tgcgtcecgece gtcectaggtaa 3060
gtttaaagct caggtcgaga ccgggcecttt gtccggecget cccttggagce ctacctagac 3120
tcagcegget ctccacgett tgcctgacce tgcttgctca actctacgte tttgtttegt 3180
tttectgttet gegecgttac agatccaage tgtgaccgge gcctacctga gatcaccgge 3240
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gccaccatgg cttecttacce tggacaccag catgcttctg cctttgacca ggctgccaga 3300
tccaggggee actccaacag gagaactgece ctaagaccca gaagacagca ggaagccact 3360
gaggtgaggc ctgagcagaa gatgccaacc ctgctgaggg tgtacattga tggacctcat 3420
ggcatgggca agaccaccac cactcaactg ctggtggcac tgggctccag ggatgacatt 3480
gtgtatgtgc ctgagccaat gacctactgg agagtgctag gagcctctga gaccattgcce 3540
aacatctaca ccacccagca caggctggac cagggagaaa tctcectgctgg agatgctget 3600
gtggtgatga cctctgccca gatcacaatg ggaatgcccet atgectgtgac tgatgectgtt 3660
ctggctecte acattggagg agaggctggce tcttctcatg cccectecacce tgccctgace 3720
ctgatctttg acagacaccc cattgcagcc ctgctgtgct acccagcage aaggtaccte 3780
atgggctcca tgaccccaca ggctgtgetg gettttgtgg cecctgatcce tccaacccte 3840
cctggcacca acattgttcet gggagcactg cctgaagaca gacacattga caggctggca 3900
aagaggcaga gacctggaga gagactggac ctggccatge tggctgcaat cagaagggtyg 3960
tatggactgc tggcaaacac tgtgagatac ctccagtgtg gaggctcttg gagagaggac 4020
tggggacagc tctctggaac agcagtgccce cctcaaggag ctgagcccca gtccaatget 4080
ggtccaagac cccacattgg ggacaccctg ttcaccctgt tcagagcccce tgagectgetg 4140
gcteccaatg gagacctgta caatgtgttt gectgggcte tggatgttct agccaagagg 4200
ctgaggtcca tgcatgtgtt catcctggac tatgaccagt cccctgcectgg atgcagagat 4260
gctetgetge aactaaccte tggcatggtg cagacccatg tgaccacccc tggcagcatce 4320
cccaccatcet gtgacctage cagaaccttt gecagggaga tgggagaggce caactaagge 4380
gcgecacteg agegctagcet ggccagacat gataagatac attgatgagt ttggacaaac 4440
cacaactaga atgcagtgaa aaaaatgctt tatttgtgaa atttgtgatg ctattgcttt 4500
atttgtaacc attataagct gcaataaaca agttaacaac aacaattgca ttcattttat 4560
gtttcaggtt cagggggagg tgtgggaggt tttttaaagc aagtaaaacc tctacaaatg 4620
tggtatggaa ggcgcgccca attcgceccta tagtgagtcg tattacgtcg cgctcactgg 4680
ccgtegtttt acaacgtegt gactgggaaa accctggegt tacccaactt aatcgecttg 4740
cagcacatce ccctttegece agetggegta atagcgaaga ggceccgcacce gaaacgccct 4800
tceccaacagt tgcgcagect gaatggcgaa tgggagcgcce ctgtagcecgge gcattaageg 4860
cggcgggtgt ggtggttacg cgcagcegtga ccgctacact tgccagcegece ctagegecceg 4920
ctecctttege tttettceect tecttteteg ccacgttege cggetttece cgtcaagecte 4980
taaatcgggg gctcecttta gggttecgat ttagtgcttt acggcacctc gaccccaaaa 5040
aacttgatta gggtgatggt tggcctgtag tgggccatag ccctgataga cggttttteg 5100
ccetttgacg ttggagtcca cgttetttaa tagtggacte ttgttccaaa ctggaacaac 5160
actcaaccct atctcggtet attcttttga tttataaggg attttgccga tttcggecta 5220
ttggttaaaa aatgagctga tttaacaaaa atttaacgcg aattttaaca aaatattaac 5280
gcttacaatt taggtggcac ttttcgggga aatgtgcgeg gaacccectat ttgtttattt 5340
ttctaaatac attcaaatat gtatccgctc atgagacaat aaccctgata aatgcttcaa 5400
taatattgaa aaaggaagag tatgagtatt caacatttcc gtgtcgccct tattceccttt 5460
tttgcggcat tttgccttece tgtttttgct cacccagaaa cgctggtgaa agtaaaagat 5520
gctgaagatce agttgggtgce acgagtgggt tacatcgaac tggatctcaa cagcggtaag 5580
atccttgaga gttttcgeccce cgaagaacgt tttccaatga tgagcacttt taaagttctg 5640
ctatgtggcg cggtattatc ccgtattgac gccgggcaag agcaactcgg tcgccgcata 5700
cactattctc agaatgactt ggttgagtac tcaccagtca cagaaaagca tcttacggat 5760
ggcatgacag taagagaatt atgcagtgct gccataacca tgagtgataa cactgcggcce 5820
aacttacttc tgacaacgat cggaggaccg aaggagctaa ccgctttttt gcacaacatg 5880
ggggatcatg taactcgcct tgatcgttgg gaaccggagce tgaatgaagc cataccaaac 5940
gacgagcgtyg acaccacgat gcctgtagca atggcaacaa cgttgcgcaa actattaact 6000
ggcgaactac ttactctage ttcccggcaa caattaatag actggatgga ggcggataaa 6060
gttgcaggac cacttctgcg cteggcectt cecggetgget ggtttattge tgataaatct 6120
ggagccggtyg agegtggtte tcgeggtatce attgcagcac tggggccaga tggtaagcce 6180
tceegtateg tagttatcta cacgacgggg agtcaggcaa ctatggatga acgaaataga 6240
cagatcgctg agataggtgce ctcactgatt aagcattggt aactgtcaga ccaagtttac 6300
tcatatatac tttagattga tttaaaactt catttttaat ttaaaaggat ctaggtgaag 6360
atcctttttg ataatctcat gaccaaaatc ccttaacgtg agttttcecgtt ccactgageg 6420
tcagacccecg tagaaaagat caaaggatct tcttgagatce ctttttttet gecgcgtaatce 6480
tgctgcettge aaacaaaaaa accaccgcta ccagcggtgg tttgtttgcce ggatcaagag 6540
ctaccaactc tttttccgaa ggtaactggc ttcagcagag cgcagatacc aaatactgtt 6600
cttctagtgt agccgtagtt aggccaccac ttcaagaact ctgtagcacc gcctacatac 6660
ctecgetetge taatcctgtt accagtggcet gctgccagtg gcgataagtce gtgtcettace 6720
gggttggact caagacgata gttaccggat aaggcgcagc ggtcgggctg aacggggggt 6780
tegtgcacac agcccagett ggagcgaacg acctacaccyg aactgagata cctacagcegt 6840
gagctatgag aaagcgccac gcttcccgaa gggagaaagg cggacaggta tccggtaage 6900
ggcagggteyg gaacaggaga gcgcacgagg gagcttcecag ggggaaacgce ctggtatctt 6960
tatagtcctg tecgggttteg ccacctcectga cttgagegte gatttttgtg atgctegtca 7020
ggggggcgga gcctatggaa aaacgccagce aacgcggcect ttttacggtt cctggecttt 7080
tgctggectt ttgctcacat ggtctttcect gecgttatcce ctgattcectgt ggataaccgt 7140
attaccgect ttgagtgage tgataccget cgecgcagece gaacgaccga gcgcagcegag 7200
tcagtgageg aggaagcgga gagcgceccaa tacgcaaacce gectetcccee gegegttgge 7260
cgattcatta atgcagctgg cacgacaggt ttcccgactg gaaagcgggce agtgagcgca 7320
acgcaattaa tgtgagttag ctcactcatt aggcacccca ggctttacac tttatgctte 7380
cggctegtat gttgtgtgga attgtgagcg gataacaatt tcacacagga aacagctatg 7440
accatgatta cgccaagcgc gtcaattaac cctcactaaa gggaacaaaa gctgttaatt 7500

aa 7502
SEQ ID NO: 65 moltype = DNA length = 7778
FEATURE Location/Qualifiers

misc_feature 1..7778
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-continued

note = Matrice PD1 locus_IL15_2A sIL15Ra pCLS30513 full
sequence

source 1..7778

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 65
gactcccecag acaggccctg gaacccccce accttetece cagecctget cgtggtgace 60
gaaggggaca acgccacctt cacctgcagce ttctccaaca catcggagag cttegtgeta 120
aactggtacc gcatgagccce cagcaaccag acggacaagce tggcecgectt ccccgaggac 180
cgcagecage ccggecagga ctgccgette cgtgtcacac aactgcccaa cgggegtgac 240
ttccacatga gcegtggtcag ggcccggege aatgacageg gcacctacct ctgtggggee 300
ggttctggeyg tgaaacagac tttgaatttt gaccttectca agttggeggg agacgtggag 360
tccaacccag ggcccggtac cgggtceegece accatggact ggacctggat tctgttecte 420
gtggcetgetyg ctacaagagt gcacagcggce attcatgtet tcattttggg ctgtttcagt 480
gcagggctte ctaaaacaga agccaactgg gtgaatgtaa taagtgattt gaaaaaaatt 540
gaagatctta ttcaatctat gcatattgat gctactttat atacggaaag tgatgttcac 600
cccagttgca aagtaacagce aatgaagtge tttcectettgg agttacaagt tatttcactt 660
gagtccggayg atgcaagtat tcatgataca gtagaaaatc tgatcatcct agcaaacaac 720
agtttgtctt ctaatgggaa tgtaacagaa tctggatgca aagaatgtga ggaactggag 780
gaaaaaaata ttaaagaatt tttgcagagt tttgtacata ttgtccaaat gttcatcaac 840
acttctggaa gcggagctac taacttcage ctgctgaage aggctggaga cgtggaggag 900
aaccctggac ctgggaccgg ctcectgcaacce atggattgga cgtggatcct gtttetegtg 960
gcagctgceca caagagttca cagtatcacg tgccctceccece ccatgtcegt ggaacacgca 1020
gacatctggg tcaagagcta cagcttgtac tccagggagce ggtacatttg taactctggt 1080
ttcaagcgta aagccggcac gtccagectg acggagtgcg tgttgaacaa ggccacgaat 1140
gtcgeccact ggacaaccce cagtctcaaa tgcattagag accctgcecct ggttcaccaa 1200
aggccagege caccctecac agtaacgacg gcaggggtga ccccacagece agagagecte 1260
tcececttetyg gaaaagagcece cgcagcettca tcetcccaget caaacaacac agcggcecaca 1320
acagcagcta ttgtcccggg ctcecccagetg atgecttcaa aatcacctte cacaggaacce 1380
acagagataa gcagtcatga gtcctcccac ggcacccect ctcagacaac agccaagaac 1440
tgggaactca cagcatccge ctcccaccag cegecaggtyg tgtatccaca gggecacage 1500
gacaccactyg agggcagagg cagcctgetg acctgeggeg acgtcgagga gaacccceggg 1560
cccatggggg caggtgecac cggccgegece atggacggge cgegectget getgttgetg 1620
cttectggggg tgtcecttgg aggtgccaag gaggcatgce ccacaggcect gtacacacac 1680
agcggtgagt gctgcaaagce ctgcaacctg ggcgagggtg tggcccagece ttgtggagece 1740
aaccagaccg tgtgtgagcc ctgcctggac agcgtgacgt tctcecgacgt ggtgagegeg 1800
accgagccegt gcaagecgtg caccgagtge gtggggctece agagcatgte ggcegecgtge 1860
gtggaggcceg atgacgccgt gtgccgetge gectacgget actaccagga tgagacgact 1920
gggcgctgeg aggcgtgcecg cgtgtgcgag gegggctcecgg gectegtgtt ctectgecag 1980
gacaagcaga acaccgtgtg cgaggagtgc cccgacggca cgtattccga cgaggccaac 2040
cacgtggace cgtgectgcee ctgcaccgtg tgcgaggaca ccgagcegceca gctecgegag 2100
tgcacacgct gggccgacgce cgagtgcgag gagatccctg gceccgttggat tacacggtcee 2160
acacccccag agggctcgga cagcacagec ccecagcaccece aggagcectga ggcacctceca 2220
gaacaagacc tcatagccag cacggtggca ggtgtggtga ccacagtgat gggcagctce 2280
cagcecegtgg tgacccgagg caccaccgac aacctcatce ctgtcectattg ctceccatcctg 2340
gctgetgtgg ttgtgggtcet tgtggcctac atagccttca agaggtgatc tagagggccce 2400
gtttaaaccc gctgatcage ctcgactgtg ccttctagtt gceccagccatce tgttgtttge 2460
ccetececeg tgecttectt gaccctggaa ggtgccacte ccactgtect ttectaataa 2520
aatgaggaaa ttgcatcgca ttgtctgagt aggtgtcatt ctattctggg gggtggggtg 2580
gggcaggaca gcaaggggga ggattgggaa gacaatagca ggcatgctgg ggatgcggtyg 2640
ggctctatga ctagtggcga attcggcgca gatcaaagag agcctgcggg cagagctcag 2700
ggtgacaggt gecggectcegg aggeccceggg gcaggggtga getgagecegg tectggggtyg 2760
ggtgtccect cctgcacagg atcaggagcet ccagggtegt agggcaggga ccccccaget 2820
ccagtccagg gctctgtect gcacctgggg aatggtgace ggcatctcetg tectectaget 2880
ctggaagcac cccagccect ctagtetgec ctcaccectg accctgacce tccaccctga 2940
cceegtecta acccectgace tttggegatce gcteccggtge ccgtcagtgg gcagagegca 3000
catcgeccac agtccccgag aagttggggg gaggggtegyg caattgaacyg ggtgectaga 3060
gaaggtggcg cggggtaaac tgggaaagtg atgtcgtgta ctggctcecge ctttttececcg 3120
agggtggggg agaaccgtat ataagtgcag tagtcgccgt gaacgttcett tttcgcaacg 3180
ggtttgcege cagaacacag ctgaagcttc gaggggctceg catctctect tcacgcgcece 3240
gccgecctac ctgaggccge catccacgec ggttgagteg cgttcectgecg ccteccgect 3300
gtggtgccecte ctgaactgcg tccegccgtet aggtaagttt aaagctcagg tcgagaccgg 3360
gecctttgtee ggegetecct tggagcectac ctagactcag ccggctcectcece acgetttgee 3420
tgacccectget tgctcaactce tacgtetttg tttegtttte tgttectgege cgttacagat 3480
ccaagctgtg accggcgect acctgagatc accggcgcca ccatggcette ttaccctgga 3540
caccagcatg cttctgcctt tgaccaggct gccagatcca ggggccactc caacaggaga 3600
actgccctaa gacccagaag acagcaggaa gccactgagyg tgaggcctga gcagaagatg 3660
ccaaccctge tgagggtgta cattgatgga cctcatggca tgggcaagac caccaccact 3720
caactgctgg tggcactggg ctccagggat gacattgtgt atgtgecctga gccaatgacc 3780
tactggagag tgctaggagc ctctgagacc attgccaaca tctacaccac ccagcacagg 3840
ctggaccagg gagaaatctc tgctggagat gctgctgtgg tgatgacctce tgcccagatce 3900
acaatgggaa tgccctatge tgtgactgat gctgttectgg ctectcacat tggaggagag 3960
gctggetett ctecatgeccce tccacctgec ctgaccctga tcetttgacag acaccccatt 4020
gcagccctge tgtgctacce agcagcaagg tacctcatgg gctceccatgac cccacaggct 4080
gtgctggett ttgtggccct gatccctecca accctecctyg gcaccaacat tgttctggga 4140
gcactgcectyg aagacagaca cattgacagg ctggcaaaga ggcagagacc tggagagaga 4200



US 2024/0141293 Al

93

-continued

ctggacctgg ccatgctggce tgcaatcaga agggtgtatg gactgctgge aaacactgtg 4260
agatacctcc agtgtggagg ctcttggaga gaggactggg gacagctctce tggaacagca 4320
gtgcccecte aaggagctga gccccagtcece aatgetggte caagacccca cattggggac 4380
accctgttca cectgttcag agccectgag ctgctggcecte ccaatggaga cctgtacaat 4440
gtgtttgect gggctctgga tgttctagec aagaggctga ggtccatgca tgtgttcate 4500
ctggactatg accagtccecc tgctggatgce agagatgctce tgctgcaact aacctcectgge 4560
atggtgcaga cccatgtgac cacccctggce agcatcccca ccatctgtga cctagccaga 4620
acctttgcca gggagatggg agaggccaac taaggcgege cactcgageyg ctagetggece 4680
agacatgata agatacattg atgagtttgg acaaaccaca actagaatgc agtgaaaaaa 4740
atgctttatt tgtgaaattt gtgatgctat tgctttattt gtaaccatta taagctgcaa 4800
taaacaagtt aacaacaaca attgcattca ttttatgttt caggttcagg gggaggtgtg 4860
ggaggttttt taaagcaagt aaaacctcta caaatgtggt atggaaggcg cgcccaattc 4920
gccctatagt gagtcegtatt acgtcgeget cactggccecgt cgttttacaa cgtegtgact 4980
gggaaaaccc tggcgttacce caacttaatc geccttgcage acatcccect ttegeccaget 5040
ggcgtaatag cgaagaggcce cgcaccgaaa cgcccttcece aacagttgeg cagectgaat 5100
ggcgaatggg agcgccctgt ageggcgcat taagcgcggce gggtgtggtg gttacgcegca 5160
gcgtgacege tacacttgce agegccctag cgcccgctec tttegettte tteecttect 5220
ttectegecac gttegecgge ttteccecgte aagcectctaaa tcgggggcte cctttagggt 5280
tcegatttag tgctttacgg cacctcecgacce ccaaaaaact tgattagggt gatggttgge 5340
ctgtagtggg ccatagccct gatagacggt ttttcgecect ttgacgttgg agtccacgtt 5400
ctttaatagt ggactcttgt tccaaactgg aacaacactc aaccctatct cggtctatte 5460
ttttgattta taagggattt tgccgatttc ggcctattgg ttaaaaaatg agctgattta 5520
acaaaaattt aacgcgaatt ttaacaaaat attaacgctt acaatttagg tggcactttt 5580
cggggaaatg tgcgcggaac ccctatttgt ttatttttct aaatacattc aaatatgtat 5640
ccgctcatga gacaataacc ctgataaatg cttcaataat attgaaaaag gaagagtatg 5700
agtattcaac atttccgtgt cgcccttatt cccttttttg cggcattttg ccttectgtt 5760
tttgctcacce cagaaacgct ggtgaaagta aaagatgctg aagatcagtt gggtgcacga 5820
gtgggttaca tcgaactgga tctcaacagc ggtaagatcc ttgagagttt tcgecccgaa 5880
gaacgttttc caatgatgag cacttttaaa gttctgctat gtggcgcggt attatcccegt 5940
attgacgcecg ggcaagagca actcggtcge cgcatacact attctcagaa tgacttggtt 6000
gagtactcac cagtcacaga aaagcatctt acggatggca tgacagtaag agaattatgc 6060
agtgctgcca taaccatgag tgataacact gcggccaact tacttctgac aacgatcgga 6120
ggaccgaagg agctaaccgce ttttttgcac aacatggggg atcatgtaac tcgecttgat 6180
cgttgggaac cggagctgaa tgaagccata ccaaacgacyg agcgtgacac cacgatgcct 6240
gtagcaatgg caacaacgtt gcgcaaacta ttaactggcg aactacttac tctagcttcce 6300
cggcaacaat taatagactg gatggaggcg gataaagttg caggaccact tctgcgctceg 6360
gcceectteegyg ctggetggtt tattgctgat aaatctggag ccggtgageg tggttctege 6420
ggtatcattg cagcactggg gccagatggt aagccctcec gtatcgtagt tatctacacg 6480
acggggagtc aggcaactat ggatgaacga aatagacaga tcgctgagat aggtgcctca 6540
ctgattaagc attggtaact gtcagaccaa gtttactcat atatacttta gattgattta 6600
aaacttcatt tttaatttaa aaggatctag gtgaagatcc tttttgataa tctcatgacc 6660
aaaatccctt aacgtgagtt ttecgttccac tgagcgtcag accccgtaga aaagatcaaa 6720
ggatcttett gagatccttt ttttectgege gtaatctget gettgcaaac aaaaaaacca 6780
ccgctaccag cggtggtttg tttgccggat caagagctac caactcectttt tceccgaaggta 6840
actggcttca gcagagcgca gataccaaat actgttctte tagtgtagcc gtagttagge 6900
caccacttca agaactctgt agcaccgcct acatacctcg ctctgctaat cctgttacca 6960
gtggctgetyg ccagtggcga taagtcgtgt cttaccgggt tggactcaag acgatagtta 7020
ccggataagg cgcageggte gggctgaacyg gggggttegt gcacacagece cagcettggag 7080
cgaacgacct acaccgaact gagataccta cagcgtgage tatgagaaag cgccacgett 7140
ccecgaaggga gaaaggcgga caggtatcceg gtaagceggea gggteggaac aggagagcege 7200
acgagggagc ttccaggggg aaacgcectgg tatctttata gtcectgtcegg gtttegeccac 7260
ctctgacttg agcgtcgatt tttgtgatge tcgtcagggg ggcggagcect atggaaaaac 7320
gccagcaacg cggecttttt acggttectg gecttttget ggeccttttge tcacatggte 7380
tttectgegt tatcccctga ttectgtggat aaccgtatta ccgectttga gtgagetgat 7440
accgctegee gcagecgaac gaccgagege agegagtcag tgagcgagga agcggagage 7500
gcccaatacg caaaccgcect ctececccgege gttggecgat tcattaatgce agetggcacg 7560
acaggtttcce cgactggaaa gcgggcagtg agcgcaacgce aattaatgtg agttagctca 7620
ctcattaggce accccaggct ttacacttta tgcttcecgge tcgtatgttg tgtggaattg 7680
tgagcggata acaatttcac acaggaaaca gctatgacca tgattacgcc aagcgcgtca 7740
attaaccctc actaaaggga acaaaagctg ttaattaa 7778
SEQ ID NO: 66 moltype = DNA length = 8177
FEATURE Location/Qualifiers
misc_feature 1..8177

note = Matrice CD25 locus_IL12a 2A IL12b pCLS30520 full

sequence

source 1..8177

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 66
gtttattatt cctgttccac agctattgtc tgccatataa aaacttaggc caggcacagt 60
ggctcacace tgtaatccca gcactttgga aggccgaggce aggcagatca caaggtcagg 120
agttcgagac cagcctggcece aacatagcaa aaccccatct ctactaaaaa tacaaaaatt 180
agccaggcat ggtggegtgt gecactggttt agagtgagga ccacattttt ttggtgccgt 240
gttacacata tgaccgtgac tttgttacac cactacagga ggaagagtag aagaacaatc 300
ggttctggeyg tgaaacagac tttgaatttt gaccttectca agttggeggg agacgtggag 360
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tccaacccag ggcccatgtg gecccectggg tcagecteee agecaccgece ctcacctgee 420
geggecacayg gtetgcatcee ageggetege cctgtgtece tgcagtgecg getcagcatg 480
tgtccagege gcagectect cecttgtgget accctggtece tectggacca cctcagtttyg 540
gccagaaace tcceegtgge cactccagac ccaggaatgt teccatgect tcaccactece 600
caaaacctgce tgagggccgt cagcaacatg ctccagaagyg ccagacaaac tctagaattt 660
tacccttgca cttctgaaga gattgatcat gaagatatca caaaagataa aaccagcaca 720
gtggaggcect gtttaccatt ggaattaacc aagaatgaga gttgcctaaa ttccagagag 780
acctcttteca taactaatgg gagttgectg gectccagaa agacctettt tatgatggece 840
ctgtgectta gtagtattta tgaagacttg aagatgtacc aggtggagtt caagaccatg 900
aatgcaaagc ttctgatgga tcctaagagg cagatcttte tagatcaaaa catgctggca 960
gttattgatg agctgatgca ggccctgaat ttcaacagtg agactgtgcc acaaaaatcc 1020
tcecttgaag aaccggattt ttataaaact aaaatcaagce tctgcatact tcecttcatget 1080
ttcagaattc gggcagtgac tattgataga gtgatgagct atctgaatgc ttccggaage 1140
ggagctacta acttcagcct gctgaagcag gctggagacyg tggaggagaa ccctggacct 1200
atgtgtcacc agcagttggt catctcecttgg ttttccecetgg tttttetgge atctecccte 1260
gtggccatat gggaactgaa gaaagatgtt tatgtcgtag aattggattg gtatccggat 1320
gccectggag aaatggtggt cctcacctgt gacacccctyg aagaagatgg tatcacctgg 1380
accttggacc agagcagtga ggtcttaggc tctggcaaaa ccctgaccat ccaagtcaaa 1440
gagtttggag atgctggcca gtacacctgt cacaaaggag gcgaggttct aagccattceg 1500
ctecctgetge ttcacaaaaa ggaagatgga atttggtcca ctgatatttt aaaggaccag 1560
aaagaaccca aaaataagac ctttctaaga tgcgaggcca agaattattc tggacgttte 1620
acctgetggt ggctgacgac aatcagtact gatttgacat tcagtgtcaa aagcagcaga 1680
ggctecttetyg acccccaagg ggtgacgtge ggagctgcta cactctectgce agagagagte 1740
agaggggaca acaaggagta tgagtactca gtggagtgec aggaggacag tgcctgccca 1800
gctgetgagyg agagtctgce cattgaggtc atggtggatg ccgttcacaa gctcaagtat 1860
gaaaactaca ccagcagctt cttcatcagg gacatcatca aacctgaccc acccaagaac 1920
ttgcagctga agccattaaa gaattctcgg caggtggagg tcagctggga gtaccctgac 1980
acctggagta ctccacattc ctacttctcee ctgacattct gegttcaggt ccagggcaag 2040
agcaagagag aaaagaaaga tagagtcttc acggacaaga cctcagccac ggtcatctge 2100
cgcaaaaatg ccagcattag cgtgcgggcce caggaccgct actatagctce atcttggage 2160
gaatgggcat ctgtgccctg cagtgagggce agaggcagcec tgctgacctg cggcgacgte 2220
gaggagaacc ccgggeccat gggggcaggt gecaccggece gegecatgga cgggecgege 2280
ctgctgetgt tgctgcttet gggggtgtcee cttggaggtyg ccaaggaggce atgccccaca 2340
ggectgtaca cacacagcegg tgagtgctge aaagcctgca acctgggega gggtgtggee 2400
cagccttgtg gagccaacca gaccgtgtgt gageccctgee tggacagcegt gacgttctee 2460
gacgtggtga gcgcgaccga gccgtgcaag ccgtgcacceyg agtgegtggg getccagage 2520
atgtcggecge cgtgcgtgga ggccgatgac gccgtgtgee gcectgegecta cggctactac 2580
caggatgaga cgactgggcg ctgcgaggeg tgccgegtgt gegaggceggyg ctcegggecte 2640
gtgttctect gceccaggacaa gcagaacacc gtgtgcgagg agtgccccga cggcacgtat 2700
tcecgacgagg ccaaccacgt ggaccegtge ctgecctgea cegtgtgega ggacaccgag 2760
cgccagetee gegagtgcac acgctgggece gacgcecgagt gegaggagat ccctggecgt 2820
tggattacac ggtccacacc cccagagggce tceggacagea cagceccccag cacccaggag 2880
cctgaggcac ctccagaaca agacctcata gecagcacgg tggcaggtgt ggtgaccaca 2940
gtgatgggca gctcccagee cgtggtgace cgaggcacca ccgacaacct catccctgte 3000
tattgctcca tecctggctge tgtggttgtg ggtecttgtgg cctacatage cttcaagagg 3060
tgaaaaacca aaagaacaag aatttcttgg taagaagccg ggaacagaca acagaagtca 3120
tgaagcccaa gtgaaatcaa aggtgctaaa tggtcgccca ggagacatcc gttgtgettg 3180
cctgegtttt ggaagctcetg aagtcacatc acaggacacg gggcagtggce aaccttgtet 3240
ctatgccagce tcagtcccat cagagagcga gcgctaccca cttctaaata gcaatttcge 3300
cgttgaagag gaagggcaaa accactagaa ctctccatct tattttcatg tatatgtgtt 3360
catgcgateg ctceggtgcee cgtcagtggg cagagcgcac atcgeccaca gtccccgaga 3420
agttgggggg aggggtcggc aattgaacgg gtgcctagag aaggtggcgce ggggtaaact 3480
gggaaagtga tgtcgtgtac tggctccgec ttttteccga gggtggggga gaaccgtata 3540
taagtgcagt agtcgccgtg aacgttcettt ttcgcaacgg gtttgeccgec agaacacage 3600
tgaagcttcg aggggctege atctctectt cacgcgecccg ccgecctacce tgaggccgee 3660
atccacgececg gttgagtege gttcectgecge ctcececcgectg tggtgectee tgaactgegt 3720
ccgccgteta ggtaagttta aagctcaggt cgagaccggg cctttgtcecg gegctecctt 3780
ggagcctacce tagactcagce cggctctecca cgctttgecet gaccctgett gctcaactet 3840
acgtctttgt ttcgttttet gttctgegee gttacagatce caagctgtga ccggegecta 3900
cctgagatca ccggcgccac catggcecttcet taccctggac accagcatge ttctgecttt 3960
gaccaggctyg ccagatccag gggccactcece aacaggagaa ctgccctaag acccagaaga 4020
cagcaggaag ccactgaggt gaggcctgag cagaagatge caaccctget gagggtgtac 4080
attgatggac ctcatggcat gggcaagacc accaccactc aactgcectggt ggcactggge 4140
tccagggatg acattgtgta tgtgcctgag ccaatgacct actggagagt gctaggagcece 4200
tctgagacca ttgccaacat ctacaccacc cagcacaggce tggaccaggg agaaatctct 4260
gctggagatg ctgectgtggt gatgacctcect gecccagatca caatgggaat gccectatget 4320
gtgactgatg ctgttctgge tcctcacatt ggaggagagg ctggctcecttce tcatgcecccect 4380
ccacctgecece tgaccctgat ctttgacaga caccccattg cagccctget gtgctaccca 4440
gcagcaaggt acctcatggg ctccatgacc ccacaggctg tgctggcttt tgtggccecctg 4500
atccctecaa cectecctgg caccaacatt gttctgggag cactgectga agacagacac 4560
attgacaggc tggcaaagag gcagagacct ggagagagac tggacctgge catgetgget 4620
gcaatcagaa gggtgtatgg actgctggca aacactgtga gatacctcca gtgtggaggce 4680
tcttggagag aggactgggg acagctctct ggaacagcag tgccccctca aggagctgag 4740
cceccagteca atgctggtec aagaccccac attggggaca ccctgttcac cctgttcaga 4800
gccectgage tgctggcectcee caatggagac ctgtacaatg tgtttgectg ggcetctggat 4860
gttctagecca agaggctgag gtccatgcat gtgttcatec tggactatga ccagtcccect 4920
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gctggatgca gagatgctct gctgcaacta acctctggca tggtgcagac ccatgtgacce 4980
acccctggca gcatccccac catctgtgac ctagccagaa cctttgccag ggagatggga 5040
gaggccaact aaggcgcgece actcgagege tagcetggeca gacatgataa gatacattga 5100
tgagtttgga caaaccacaa ctagaatgca gtgaaaaaaa tgctttattt gtgaaatttg 5160
tgatgctatt gectttatttg taaccattat aagctgcaat aaacaagtta acaacaacaa 5220
ttgcattcat tttatgtttc aggttcaggg ggaggtgtgg gaggtttttt aaagcaagta 5280
aaacctctac aaatgtggta tggaaggcgc gcccaattcg ccctatagtg agtcgtatta 5340
cgtegegete actggceccgte gttttacaac gtcgtgactg ggaaaaccct ggcgttacce 5400
aacttaatcg ccttgcagca catccceccctt tcegeccagetg gecgtaatage gaagaggccece 5460
gcaccgaaac gcccttcecca acagttgege agectgaatg gegaatggga gegecctgta 5520
gcggegcatt aagcgcggcg ggtgtggtgg ttacgcgcag cgtgaccgcet acacttgcecca 5580
gcgeectage geccgetect ttegetttet teccttectt tetegecacg ttegecgget 5640
ttccecegtca agctctaaat cgggggctcece ctttagggtt ccgatttagt getttacgge 5700
acctcgaccce caaaaaactt gattagggtg atggttggce tgtagtgggce catagccctg 5760
atagacggtt tttcgccctt tgacgttgga gtccacgtte tttaatagtg gactcttgtt 5820
ccaaactgga acaacactca accctatctc ggtctattct tttgatttat aagggatttt 5880
gccgattteg gectattggt taaaaaatga gctgatttaa caaaaattta acgcgaattt 5940
taacaaaata ttaacgctta caatttaggt ggcacttttc ggggaaatgt gcgcggaacc 6000
cctatttgtt tatttttcta aatacattca aatatgtatc cgctcatgag acaataaccc 6060
tgataaatgc ttcaataata ttgaaaaagg aagagtatga gtattcaaca tttcecgtgte 6120
gcccttatte cettttttge ggcattttge cttectgttt ttgctcacce agaaacgctg 6180
gtgaaagtaa aagatgctga agatcagttg ggtgcacgag tgggttacat cgaactggat 6240
ctcaacagcg gtaagatcct tgagagtttt cgccccgaag aacgttttcce aatgatgage 6300
acttttaaag ttctgctatg tggcgceggta ttatccecgta ttgacgccgg gcaagagcaa 6360
cteggtegee gcatacacta ttctcagaat gacttggttg agtactcacc agtcacagaa 6420
aagcatctta cggatggcat gacagtaaga gaattatgca gtgctgccat aaccatgagt 6480
gataacactg cggccaactt acttctgaca acgatcggag gaccgaagga gctaaccgct 6540
tttttgcaca acatggggga tcatgtaact cgccttgatce gttgggaacc ggagctgaat 6600
gaagccatac caaacgacga gcgtgacacc acgatgectg tagcaatggce aacaacgttg 6660
cgcaaactat taactggcga actacttact ctagcttcce ggcaacaatt aatagactgg 6720
atggaggcgg ataaagttgc aggaccactt ctgcgctegg cceccttecgge tggctggttt 6780
attgctgata aatctggagc cggtgagcgt ggttctegeg gtatcattge agcactgggg 6840
ccagatggta agccctceceg tatcgtagtt atctacacga cggggagtca ggcaactatg 6900
gatgaacgaa atagacagat cgctgagata ggtgcctcac tgattaagca ttggtaactg 6960
tcagaccaag tttactcata tatactttag attgatttaa aacttcattt ttaatttaaa 7020
aggatctagg tgaagatcct ttttgataat ctcatgacca aaatccctta acgtgagttt 7080
tcgttecact gagcgtcaga ccccgtagaa aagatcaaag gatcttcecttg agatcctttt 7140
tttctgegeg taatctgetyg cttgcaaaca aaaaaaccac cgctaccage ggtggtttgt 7200
ttgccggatc aagagctacc aactcttttt ccgaaggtaa ctggcttcag cagagcgcag 7260
ataccaaata ctgttcttct agtgtagccg tagttaggce accacttcaa gaactctgta 7320
gcaccgcecta catacctcecge tctgctaatce ctgttaccag tggcectgctgce cagtggcecgat 7380
aagtcgtgtce ttaccgggtt ggactcaaga cgatagttac cggataaggc gcagcggtceg 7440
ggctgaacygyg ggggttcegtyg cacacagccce agcttggage gaacgaccta caccgaactg 7500
agatacctac agcgtgagct atgagaaagce gecacgctte ccgaagggag aaaggcggac 7560
aggtatccgg taageggcag ggtcggaaca ggagagcgea cgagggaget tccaggggga 7620
aacgccetggt atctttatag tectgteggg tttegccace tctgacttga gegtcecgattt 7680
ttgtgatgct cgtcaggggg gcggagccta tggaaaaacg ccagcaacgce ggccttttta 7740
cggttectgg cecttttgetg gecttttget cacatggtcect ttectgegtt atccecctgat 7800
tctgtggata accgtattac cgcctttgag tgagctgata ccgctecgecg cagccgaacyg 7860
accgagcgca gcgagtcagt gagcgaggaa geggagageg cccaatacgce aaaccgecte 7920
tceececgegeg ttggecgatt cattaatgca gctggcacga caggtttcecce gactggaaag 7980
cgggcagtga gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggctt 8040
tacactttat gcttccgget cgtatgttgt gtggaattgt gagcggataa caatttcaca 8100
caggaaacag ctatgaccat gattacgcca agcgcgtcaa ttaaccctca ctaaagggaa 8160

caaaagctgt taattaa 8177
SEQ ID NO: 67 moltype = DNA length = 6349
FEATURE Location/Qualifiers
misc_feature 1..6349
note = Matrice PD1 locus_ILl2a 2A IL12b pCLS30511 full
sequence
source 1..6349

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 67
tegegegttt cggtgatgac ggtgaaaacce tctgacacat gcagctcceccyg gagacggtca 60
cagcttgtet gtaageggat gecgggagca gacaagccceg tcagggcegeyg tcagegggtg 120
ttggegggty tceggggetgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accatatgeg gtgtgaaata ccgcacagat gegtaaggag aaaataccgce atcaggcgcece 240
attcgecatt caggctgcge aactgttggg aagggcgate ggtgegggece tcttegetat 300
tacgccaget ggcgaaaggg ggatgtgetg caaggcgatt aagttgggta acgccagggt 360
tttcecagte acgacgttgt aaaacgacgg ccagtgaatt cgagctceggt acctecgcgaa 420
tgcatctaga tgactcccca gacaggecct ggaacccceee caccttetece ccagecctge 480
tegtggtgac cgaaggggac aacgccacct tcacctgcag cttctccaac acatcggaga 540
gettegtget aaactggtac cgcatgagcc ccagcaacca gacggacaag ctggccgect 600
tceccegagga ccgcagecag cccggecagg actgecegett cegtgtcaca caactgccca 660
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acgggegtga cttcecacatg agegtggtca gggecceggeyg caatgacage ggcacctace 720
tetgtgggge cggttetgge gtgaaacaga ctttgaattt tgaccttete aagttggegg 780
gagacgtgga gtccaaccca gggceccatgt ggcccectgg gtcagectec cagccaccge 840
cctcacctge cgcggecaca ggtctgeate cageggeteg cectgtgtece ctgecagtgee 900
ggctcagecat gtgtccageg cgcagectcee tecttgtgge taccctggte ctectggace 960
acctcagttt ggccagaaac ctccecegtgg ccactccaga cccaggaatg ttcecccatgee 1020
ttcaccacte ccaaaacctg ctgagggecg tcagcaacat gctcecagaag gccagacaaa 1080
ctctagaatt ttacccttgc acttctgaag agattgatca tgaagatatc acaaaagata 1140
aaaccagcac agtggaggcc tgtttaccat tggaattaac caagaatgag agttgcctaa 1200
attccagaga gacctctttc ataactaatg ggagttgcct ggectccaga aagacctctt 1260
ttatgatggc cctgtgcctt agtagtattt atgaagactt gaagatgtac caggtggagt 1320
tcaagaccat gaatgcaaag cttctgatgg atcctaagag gcagatcttt ctagatcaaa 1380
acatgctggce agttattgat gagctgatgc aggccctgaa tttcaacagt gagactgtge 1440
cacaaaaatc ctcccttgaa gaaccggatt tttataaaac taaaatcaag ctctgcatac 1500
ttecttecatge tttcagaatt cgggcagtga ctattgatag agtgatgagce tatctgaatg 1560
cttcecggaag cggagctact aacttcagcec tgctgaagca ggctggagac gtggaggaga 1620
accctggacce tatgtgtcac cagcagttgg tcatctcecttg gttttceccctg gtttttetgg 1680
catctececect cgtggccata tgggaactga agaaagatgt ttatgtcgta gaattggatt 1740
ggtatccgga tgcccctgga gaaatggtgg tcectcacctg tgacaccect gaagaagatg 1800
gtatcacctg gaccttggac cagagcagtg aggtcttagg ctctggcaaa accctgacca 1860
tccaagtcaa agagtttgga gatgctggcece agtacacctg tcacaaagga ggcgaggtte 1920
taagccattc gctcectgetyg cttcacaaaa aggaagatgg aatttggtcc actgatattt 1980
taaaggacca gaaagaaccc aaaaataaga cctttctaag atgcgaggcc aagaattatt 2040
ctggacgttt cacctgctgg tggctgacga caatcagtac tgatttgaca ttcagtgtca 2100
aaagcagcag aggctcttcect gacccccaag gggtgacgtg cggagcectgcect acactcectcectg 2160
cagagagagt cagaggggac aacaaggagt atgagtactc agtggagtgc caggaggaca 2220
gtgcectgecee agetgctgag gagagtcetge ccattgaggt catggtggat gccecgttcaca 2280
agctcaagta tgaaaactac accagcagct tcttcatcag ggacatcatc aaacctgacc 2340
cacccaagaa cttgcagctg aagccattaa agaattctcg gcaggtggag gtcagectggg 2400
agtaccctga cacctggagt actccacatt cctacttcecte cctgacattc tgcgttcagg 2460
tccagggcaa gagcaagaga gaaaagaaag atagagtctt cacggacaag acctcagcca 2520
cggtcatctg ccgcaaaaat gccagcatta gcgtgcggge ccaggaccge tactataget 2580
catcttggag cgaatgggca tcectgtgccct gcagtgaggg cagaggcagce ctgctgacct 2640
geggegacgt cgaggagaac cccgggecca tgggggcagg tgccaccgge cgegecatgg 2700
acgggcecegeg cctgetgetg ttgctgette tgggggtgte ccttggaggt gccaaggagg 2760
catgccccac aggcectgtac acacacageg gtgagtgetyg caaagcctge aacctgggeg 2820
agggtgtggce ccageccttgt ggagccaacc agaccgtgtg tgagccctge ctggacageg 2880
tgacgttcte cgacgtggtyg agcgcgaccg agccgtgcaa gccgtgcacce gagtgegtgg 2940
ggctceccagag catgtcggcg ccgtgegtgg aggccgatga cgcegtgtge cgetgegect 3000
acggctacta ccaggatgag acgactggge getgcgagge gtgecgegtyg tgcgaggcegg 3060
gctegggect cgtgttcectcee tgccaggaca agcagaacac cgtgtgcgag gagtgccceccg 3120
acggcacgta ttccgacgag gccaaccacg tggaccegtyg cctgecctge accgtgtgeg 3180
aggacaccga gcgccagetce cgcgagtgea cacgetggge cgacgccgag tgcgaggaga 3240
tcectggeeg ttggattaca cggtccacac ceccagaggg cteggacage acagecccca 3300
gcacccagga gcctgaggca cctcecagaac aagacctcat agecagcacyg gtggcaggtg 3360
tggtgaccac agtgatgggc agctcccage cegtggtgac ccgaggcacce accgacaacce 3420
tcatceetgt ctattgctec atcctggetg ctgtggttgt gggtettgtg gectacatag 3480
ccttcaagag gtgatctaga gggcccegttt aaacccgcectg atcagectcecg actgtgectt 3540
ctagttgcca geccatctgtt gtttgcccct ccceccgtgee ttecttgace ctggaaggtg 3600
ccactcceccac tgtcectttec taataaaatg aggaaattge atcgcattgt ctgagtaggt 3660
gtcattctat tctggggggt ggggtggggce aggacagcaa gggggaggat tgggaagaca 3720
atagcaggca tgctggggat gcggtgggct ctatgactag tggcgaattc ggcgcagatce 3780
aaagagagcce tgcgggcaga gectcagggtg acaggtgegyg cceteggagge cccggggcag 3840
gggtgagctyg agccggtcect ggggtgggtg tcccctectyg cacaggatca ggagctceccag 3900
ggtcgtaggg cagggaccce ccagctccag tccagggcte tgtecctgcac ctggggaatg 3960
gtgaccggca tctectgtect ctagetcetgg aagcacccca gcccectcectag tcectgeccctca 4020
ccectgaccece tgacccteca cectgacccee gtecctaacce ctgacctttg atcggatccece 4080
gggcecgteg actgcagagg cctgcatgca agcecttggegt aatcatggtc atagetgttt 4140
cctgtgtgaa attgttatcc gctcacaatt ccacacaaca tacgagccgg aagcataaag 4200
tgtaaagcct ggggtgccta atgagtgagce taactcacat taattgegtt gegctcactg 4260
ccegetttee agtcgggaaa cctgtegtge cagectgcatt aatgaatcgg ccaacgcgeg 4320
gggagaggcg gtttgcgtat tgggcgctcet teccgettecet cgctcactga ctegetgege 4380
tcggtegtte ggctgecggeyg agcggtatca gctcactcaa aggcggtaat acggttatcece 4440
acagaatcag gggataacgc aggaaagaac atgtgagcaa aaggccagca aaaggccagg 4500
aaccgtaaaa aggccgcegtt getggegttt ttccatagge tccgeccccce tgacgagcat 4560
cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga caggactata aagataccag 4620
gecgttteecee ctggaagcecte cctegtgege tectectgtte cgaccctgece gcttaccgga 4680
tacctgteceg cetttcecteee ttegggaage gtggcgettt ctcatagcte acgctgtagg 4740
tatctcagtt cggtgtaggt cgttcgctcec aagectgggct gtgtgcacga accccccgtt 4800
cagcccgacce gcectgegectt atccggtaac tatcgtettg agtccaacce ggtaagacac 4860
gacttatcge cactggcagce agccactggt aacaggatta gcagagcgag gtatgtagge 4920
ggtgctacag agttcttgaa gtggtggcct aactacggcet acactagaag aacagtattt 4980
ggtatctgeg ctectgctgaa gccagttacce ttcggaaaaa gagttggtag ctettgatce 5040
ggcaaacaaa ccaccgctgg tageggtggt ttttttgttt gcaagcagca gattacgcege 5100
agaaaaaaag gatctcaaga agatcctttg atcttttcta cggggtctga cgctcagtgg 5160
aacgaaaact cacgttaagg gattttggtc atgagattat caaaaaggat cttcacctag 5220
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atccttttaa attaaaaatg aagttttaaa tcaatctaaa gtatatatga gtaaacttgg 5280
tctgacagtt accaatgctt aatcagtgag gcacctatct cagcgatctg tctatttegt 5340
tcatccatag ttgcctgact ccccgtegtg tagataacta cgatacggga gggcttacca 5400
tctggeccca gtgctgcaat gataccgcga gacccacgct caccggctcecce agatttatca 5460
gcaataaacc agccagccgg aagggccgag cgcagaagtg gtectgcaac tttatccgee 5520
tccatccagt ctattaattg ttgccgggaa gctagagtaa gtagttcgecc agttaatagt 5580
ttgcgcaacg ttgttgccat tgctacaggc atcgtggtgt cacgctcecgte gtttggtatg 5640
gcttecatteca gcteccecggtte ccaacgatca aggcgagtta catgatcccce catgttgtge 5700
aaaaaagcgg ttagctccectt cggtectcecceg atcgttgtca gaagtaagtt ggccgcagtg 5760
ttatcactca tggttatggc agcactgcat aattctctta ctgtcatgcc atccgtaaga 5820
tgcttttetg tgactggtga gtactcaacc aagtcattct gagaatagtg tatgcggcga 5880
ccgagttget cttgcccgge gtcaatacgg gataataccg cgccacatag cagaacttta 5940
aaagtgctca tcattggaaa acgttcttcg gggcgaaaac tctcaaggat cttaccgectg 6000
ttgagatcca gttcgatgta acccactcgt gcacccaact gatcttcage atcttttact 6060
ttcaccageg tttetgggtyg agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata 6120
agggcgacac ggaaatgttg aatactcata ctcttccttt ttcaatatta ttgaagcatt 6180
tatcagggtt attgtctcat gagcggatac atatttgaat gtatttagaa aaataaacaa 6240
ataggggttc cgcgcacatt tccccgaaaa gtgccacctg acgtctaaga aaccattatt 6300

atcatgacat taacctataa aaataggcgt atcacgaggc cctttegte 6349
SEQ ID NO: 68 moltype = AA length = 14
FEATURE Location/Qualifiers
VARIANT 5

note = MISC_FEATURE - Xaa is Ile or Val
VARIANT 13

note = MISC_FEATURE - Xaa is Lys, Arg, or Gln
source 1..14

mol type = protein
organism = Human immunodeficiency virus 1
SEQUENCE: 68

LQARXLAVER YLXD 14
SEQ ID NO: 69 moltype = AA length = 14
FEATURE Location/Qualifiers
VARIANT 13

note = MISC_FEATURE - Xaa is Lys, Ala, or Gln
VARIANT 14

note = MISC_FEATURE - Xaa is Asp or His
source 1..14

mol type = protein
organism = Human immunodeficiency virus 2
SEQUENCE: 69

LQARVTAIEK YLXX 14
SEQ ID NO: 70 moltype = AA length = 14

FEATURE Location/Qualifiers

source 1..14

mol type = protein
organism = Simian immunodeficiency virus
SEQUENCE: 70

LQARLLAVER YLKD 14
SEQ ID NO: 71 moltype = AA length = 14

FEATURE Location/Qualifiers

source 1..14

mol type = protein

organism = unidentified

note = Moloney murine leukemia virus
SEQUENCE: 71

LONRRGLDLL FLKE 14
SEQ ID NO: 72 moltype = AA length = 14

FEATURE Location/Qualifiers

source 1..14

mol type = protein

organism = unidentified

note = Human T-cell lymphotropic virus
SEQUENCE: 72

AQNRRGLDLL FWEQ 14
SEQ ID NO: 73 moltype = AA length = 14

FEATURE Location/Qualifiers

source 1..14

mol type = protein
organism = Mason-Pfizer monkey virus
SEQUENCE: 73
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LONRRGLDLL TAEQ 14
SEQ ID NO: 74 moltype = AA length = 14
FEATURE Location/Qualifiers
source 1..14

mol type = protein

organism = Homo sapiens
SEQUENCE: 74
LONRRALDLL TAER 14
SEQ ID NO: 75 moltype = AA length = 14
FEATURE Location/Qualifiers
source 1..14

mol type = protein

organism = Homo sapiens
SEQUENCE: 75
LONRRGLDML TAAQ 14
SEQ ID NO: 76 moltype = AA length = 14
FEATURE Location/Qualifiers
source 1..14

mol type = protein

organism = unidentified

note = Human endogenous retrovirus K
SEQUENCE: 76
LANQINDLRQ TVIW 14
SEQ ID NO: 77 moltype = AA length = 14
FEATURE Location/Qualifiers
source 1..14

mol type = protein

organism = Feline leukemia virus
SEQUENCE: 77
LONRRGLDIL FLQE 14

SEQ ID NO: 78 moltype = AA length = 9
FEATURE Location/Qualifiers
source 1..9

mol type = protein

organism = Human immunodeficiency virus 1

SEQUENCE: 78

GALFLGFLG
SEQ ID NO: 79 moltype = AA length = 9
FEATURE Location/Qualifiers
REGION 1..9

note = Synthetic peptide
source 1..9

mol type = protein
organism = synthetic construct
SEQUENCE: 79

AGFGLLLGF
SEQ ID NO: 80 moltype = AA length = 9
FEATURE Location/Qualifiers
REGION 1..9

note = Synthetic peptide
source 1..9

mol type = protein

organism = synthetic construct
SEQUENCE: 80
AGLFLGFLG

1-71. (canceled)

72. A method for preparing a population of engineered
primary human NK or T cells for immunotherapy compris-
ing:

providing primary human NK or T cells;

introducing an exogenous coding sequence encoding an
interleukin selected from IL-15, IL-12, or IL-2 with a
sequence-specific endonuclease targeting an endog-
enous gene into the primary human NK or T cells;

cleaving the endogenous gene and inserting the exog-
enous coding sequence into the endogenous gene such
that said interleukin is under transcriptional control of
the promoter of the endogenous gene, while disrupting
the coding sequence of the endogenous gene,

wherein the endogenous gene is selected from one encod-
ing PD1, LAG3, TIGIT, CRTAM, CASP3, SMAD2,
SKIL, TGIF1, BATF, IL-10, or PRDM1; and

introducing an exogenous coding sequence encoding a
chimeric antigen receptor (CAR) or a recombinant
TCR into the primary human NK or T cells;
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wherein said engineered primary human NK or T cells
secrete a level of the interleukin sufficient to enhance
the antitumor activity of the cells.

73. The method of claim 72, wherein said interleukin is
1L-2.

74. The method of claim 72, wherein said interleukin is
IL-12.

75. The method of claim 72, wherein said interleukin is
IL-15.

76. The method of claim 72, wherein said exogenous
sequence is introduced into the PD1 gene.

77. The method of claim 72, wherein more than 50% of
said engineered primary human NK or T cells are TCR
negative T-cells and/or more than 50% of said engineered
primary human NK or T cells are CAR positive cells.

78. The method of claim 72, wherein the CAR is an
antiCD22 CAR.

79. The method of claim 73, wherein the CAR is an
antiCD22 CAR.

80. The method of claim 74, wherein the CAR is an
antiCD22 CAR.

81. The method of claim 75, wherein the CAR is an
antiCD22 CAR.

82. The method of claim 76, wherein the CAR is an
antiCD22 CAR.

83. The method of claim 77, wherein the CAR is an
antiCD22 CAR.

84. The method of claim 72, wherein the exogenous
coding sequence encoding an interleukin is inserted into the
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middle of the PD1 open reading frame using TALENS
having the sequence of SEQ ID NO:20 and 21.

85. The method of claim 73, wherein the exogenous
coding sequence encoding an interleukin is inserted into the
middle of the PD1 open reading frame using TALENS
having the sequence of SEQ ID NO:20 and 21.

86. The method of claim 74, wherein the exogenous
coding sequence encoding an interleukin is inserted into the
middle of the PD1 open reading frame using TALENS
having the sequence of SEQ ID NO:20 and 21.

87. The method of claim 75, wherein the exogenous
coding sequence encoding an interleukin is inserted into the
middle of the PD1 open reading frame using TALENS
having the sequence of SEQ ID NO:20 and 21.

88. The method of claim 76, wherein the exogenous
coding sequence encoding an interleukin is inserted into the
middle of the PD1 open reading frame using TALENS
having the sequence of SEQ ID NO:20 and 21.

89. The method of claim 77, wherein the exogenous
coding sequence encoding an interleukin is inserted into the
middle of the PD1 open reading frame using TALENS
having the sequence of SEQ ID NO:20 and 21.

90. The method of claim 72, wherein said exogenous
sequence is introduced into the LAG3 gene.

91. The method of claim 72, wherein said exogenous
sequence is introduced into the TIGIT gene.

#* #* #* #* #*



