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INDUCIBLE CHIMERIC CYTOKINE RECEPTORS

CROSS REFERENCE TO RELATED APPLICATIONS
[8001] The present application claims the benefit of priority to U.S. Provisional
Application No. 62/637,600, filed on March 2, 2018, the contents of which are hereby

incorporated by reference in their entirety.

REFERENCE TO SEQUENCE LISTING
[0002] This application is being filed electronically via EFS-Web and includes an

elecironically submitied sequence listing in .txf format. The .txt file contains a sequence
fisting entitled "ALGN_016_01WO_Seqglist_3T28” created on February 27, 2019, and
having a size of ~814 KB. The sequence listing contained in this .ixt file is part of the

specification and is incorporated herein by reference in its entirety.

FIELD

[0003] The present invention relates generally to inducible chimeric cytokine receptors

for use with immune celis {e.q., T cells) to ireai disease.

BACKGROUND

[6004] Chimeric antigen receptor T (CAR-T) celis have entered the clinic and have

demonstrated very promising resuits (Maus, M. et al., 2014, Blood 123, 2625-35).
Although the majority of subjects have been treated with autologous CAR-T celis which
are derived from the subject’'s own T celis, aliogensic CAR-T cells derived from healthy
donors offers a more commercially viable off-the-shelf option with the potential to treat a
broader range of subjects.

[8005] Allogeneic CAR-T celis are generated by endowing T cells from healthy donors
with CARSs that are specifically activated by tumor associaled antigens. Allogeneic CAR-
T cells that do not express functional TCR (e.g., via knockout or knockdown) are
deficient in basal TCR signaling. Basal TCR signaling increases persistence. TCR
mobilizes Ca®*, eventually leading to NFAT and NFkB activation. Although cytokines
can increase persistence through STATS, this does not reproduce native TCR signaling.
Thus, there is a need for compositions and methods to improve allogeneic CAR-T celi

persistence.
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SUMMARY
[0O08] The present invention provides inducible chimeric cytokine receptors
responsive 1o a ligand, e.g., a small molecule or protein, uses of such receptors for
improving the functional aclivities of genetically modified T cells {e.q., gene-modified
antigen-specific T celis, such as chimeric antigen receptor T {(CAR-T) celis), cells
comprising the inducible chimeric cyickine receptors, and compositions comprising such
cells. In particular, the present invention provides methods and compositions for
bolstering the therapeutic efficacy of CAR-T cells.
[0007] iIn one aspect, the invention provides an inducible chimeric cyiokine receptor
comprising: a dimerization domain; a tyrosine kKinase activating domain; and a tyrosine
effector domain.
[0008] iIn some embodiments, the tyrosine kinase activating domain comprises a
Janus Kinase (JAK)-binding domain of, or derived from, a protein. In some of these
embodiments, the tyrosine kinase activating domain further comprises a transmembrane
domain.
[008] In some embodiments, the tyrosine kinase activating domain comprises a
tyrosine kinase domain of, or derived from, a receptor tyrosine kinase (RTK). In some of
these emboediments, the iyrosine kinase activating domain further comprises a
transmembrane domain.
[8010] In some embodiments, the tyrosinge effector domain comprises a STAT-
activation domain of, or derived from, at least one receptor. In some embodiments, the
tvrosine effector domain comprises at least two STAT-activation domains of, or derived
from, two receptors. In some embodiments, the tyrosine effector domain comprises
STAT-activation domains of, or derived from, at least three, four, or more receptors.
160111 In some embodiments, the tyrosine effector domain comprises a portion of the
cytoplasmic tail of, or derived from, at least one receplor tyrosine kinase (RTK).
[0012] in some embodiments, the dimerization domain binds o a ligand such as
AP1903, AP20187, dimeric FKE06, or a dimeric FK506-like analog.
[0013] In some embodimenis, the dimerization domain comprises an FKBP
polypepiide. In some embodiments, the FKBP polypeptide is an FKBP12 polypeptide.
In some embodiments, the FKBP12 polypeptide contains the amino acid substitution
F38V (SEQ 1D NO.: 218).
[0014] In some embodiments, the dimerization domain comprises an amino acid

seguence selected from the group consisting of. (i) a FKBP polypeptide containing one

-2.
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or more amino acid substitutions, (i) two or three tandem repeats of an unmodified
FKBP polypeptide, and (i) two or three tandem repeats of a FKBP polypeptide
comntaining one or more amino acid substitutions.

[0015] In some embodiments, the dimerization domain comprises a dimerization
domain sequence selected from SEQ 1D NOs.: 68-87.

[0016] In some embodiments, the dimerization domain comprises an FKBP
dimerization domain sequence selected from SEQ 1D NOs.: 89-73.

[0017] In some embodiments, the dimerization domain comprises an amino acid
sequence of, or derived from, a polypeplide selected from the group consisting of
FREP12, FKBP12{F38V), an exiraceliular domain of OX-40, and an exiraceliular domain
of a TNFRZ superfamily receptors. In exemplary embodiments, the TNFR2 superfamily
receptor is BCMA, TACI, or BAFFR.

[0018] iIn some smbodiments, the dimerization domain binds a small molecule. In
exemplary embodiments, a small molecule is AP1903, AP20187, dimeric FK506, or a
dimeric FK508-like analog. In some embodiments, the dimerization domain binds &
protein.

[0018] In some embodiments, the dimerization domain comprises an amino acid
saguence of, or derived from, a protein selected from the group consisting of FKBP,
cyclophilin, stergid binding protein, esirogen binding protein, glucocorticoid binding
protein, vitamin D binding protein, tetracycline binding protein, extraceliuiar domain of a
cytokine receptor, receptor tyrosine kinase, TNFR-family receptor, and immung co-
receptor.

[0020] In some embodiments, the immune co-recepior, from which the dimerization
domain is derived from, is selected from the group consisting of. erythropoistin receptor,
profactin receptor, growth hormone receplor, thrombopoietin receptor, granulocyte
colony-stimulating factor receptor, GP130, common gamma chain receplor, common
beta chain receptor, IFN aipha receptor, IFN gamma receptor, IFN lambda receptor,
IL2AL15 receptor, IL3 receptor, IL4 receptor, IL5 receplor, 1LY receplor, 1LY receptor,
IL10 receptor, IL12 receptor, IL13 receptor, 1L20 receptor, 1L21 receptor, IL22 receptlor,
.23 receptor, IL.27 receptor, TSLP Receptor, G-CSF receptor, GM-CSF receptor, CNTF
recepior, OSM receptor, LIF receptor, CT-1 receplor, TGFBRY/ALKLS, TGFBRZ,
EGFR/MHER1, ERBB2/MHERZ, ERBBI/HERS3, ERRB4/HER4, INSR, IGF-1R, IRR,
PDGFRA, PDGFRB, CSF-1R, KIT/SCFR, FLK2/FLT3, VEGFR1, VEGFR2, VEGFRS,
FGFR-1, FGFR-2, FGFR-3, FGFR-4, CCK4, TRKA, TRKB, TRKC, MET, RON, EPHA1,

-3.
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EPHAZ, EPHAS, EPHA4, EPHAS, EPHAS, EPHA7Y, EPHAS, EPHB1, EPHB2Z, EPHB3,
EPHB4, EPHBS, EPHBES, AXL, MER, TYRO3, TIE, TEK, RYK, BDR1, BDR2, RET,
ROS, LTK, ALK, ROR1, ROR2, MUSK, AATYK, AATYKZ, AATYKS, RTK108, TNFR1,
Fas, TRAILR1, TRAILR2, NGFR, DR3, DR6, EDAR, TNFRZ, LTbR, OX40, CD40,
CD27, CD30, 4-1BB, RANK, Fn1i4, TACIH BAFFR, HVEM, BCMA, GITR, TROY, RELT,
XEDAR, TRAILRS, TRAILR4, OPG, DcR3, PD-1, CDB0, CD86, ICOS-L, ICOS, CTLA-4,
BTLA, CD180, LAG3S, and TIM3.

[0021] In some embodiments, the tyrosineg kinase activating domain comprises a JAK-
binding domain of or derived from, a receptor. in an exemplary embodiment, the
receptor is a hormones receptor.

(00221 In some embodiments, the tyrosine kinase activating domain comprises a JAK-
binding domain of, or derived from, a protein or a receptor selecied from the group
consisting of EPCR, GP130, PRLR, GHR, GCSFR, and TPOR/MPLR.

f0023] In some embodiments, the iyrosine kinase aclivating domain comprises a
tyrosine kinase domain of, or derived from, a RTK, wherein the RTK is selecled from the
group consisting of EGFR/MHER1, ERBB2/HERZ, ERBB3/HERS3, ERRB4/HER4, INSR,
IGF-1R, [IRR, PDGFRA, PDGFRB, CSF-1R, KIT/SCFR, FLKZ/FLTS, VEGFR1,
VEGFRZ, VEGFRS3, FGFR-1, FGFR-2, FGFR-3, FGFR-4, CCK4, TRKA, TRKE, TRKC,
MET, RON, EPHA1, EPHAZ, EPHA3, EPHA4, EPHAS5, EPHAB, EPHA7, EPHAS,
EPHB1, EPHBZ, EPHES, EPHB4, EPHBS, EPHBSG, AXL, MER, TYRQOS, TiE, TEK, RYK,
DDR1, DDR2, RET, ROS, LTK, ALK, ROR1, ROR2, MUSK, AATYK, AATYKZ,
AATYKS, and RTK108. In an exemplary embodiment, the RTK is EGFR.

[0024] In some embodiments, the tyrosine kinase activating domain comprises a
tyrosine Kinase activating domain sequence selected from SEQ 1D NOs.: 88-133.

[0025] In some embodiments, the transmembrane domain present in the tyrosine
kinase activating domain comprises a transmembrane domain of, or derived from, a
protein selected from the group consisting of: EPOR, GP130, PRLR, GHR, GCSFR, PD-
1, and TPOR/MPLR.

[G026] In some embodiments, the transmembrane domain comprises a
tfransmembrane domain derived from TPOR/MPLR. In some embodiments, the
transmembrane domain is derived from amino acids 478-582 of the naturally occurring
TPOR/MPLR sequence of SEQ 1D NO.. 64,

[0027] In some embodiments, the transmembrane domain comprises a deletion

variant of the amino acid region 478-582 of the naturally occurring TPOR/MPLR

-4 .
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sequence of SEQ ID NO.: 84, In some embodiments, the delstion variant comprises a
deletion of 1 to 18 amino acids from the region 478-582 of the naturally occurring
TPOR/MPLR sequence of SEQ 1D NO.. 64, In some embodiments, the deletion variant
comprises a deletion of 1 to 18 amino acids from the region 489-510 of the naturally
ocourring TPOR/MPLR sequence of SEQ 1D NO.. 64

[0028] iIn some embodiments, the transmembrane domain comprises an insertion
variant of the amino acid region 478-582 of the naturally occurring TPOR/MPLR
sequence of SEQ ID NO.. 64. In some embodiments, the insertion variant comprises an
insertion of 1 to 8 amino acids in the region 478-582 of the naturally occurring
TPORMPLR sequence of SEQ 1D NO.: 84, In some embodiments, the insertion variant
comprises an insertion of 1 to 8 amino acids in the region 489-510 of the naturally
oceurring TPOR/MPLR sequence of SEQ ID NO.: 84, In exemplary embodiments, the
amino acids inserted in the insertion variant are selected from the group consisting of:
leucine, valine, and isoleucine.

[0029] In some embodiments, the tyrosine effector domain comprises at least one
STAT-activation domain of, or derived from, a receptor. In some embodiments, the
tyrosine effector domain comprises at least fwo STAT-activation domains of, or derived
from, two receplors. In some embodiments, the tyrosine effector domain comprises
STAT-activation domains of, or derived from, at least three, four, or more receptors. In
some embodiments, the receptors are hormone receptors and/or cyiokine receptors.
[8030] In some emboediments, the tyrosine effector domain comprises STAT-activation
domains of, or derived from, al least one, two, three, four, or more receptors, wherein
the receptors are selected from the group consisting of BLNK, IL2ZRG, EGFR, EpoR,
GHR, IFNAR1, IFNARZ, IFNAR1/2, IFNLR1, IL10R1, IL12Rb1, IL12Rbe, IL21R, IL2RD,
IZsmall, IL7R, IL7Ra, ILOR, IL15R, and IL21R.

[0031] In some embodiments, the tyrosine effector domain comprises a cylotall (a
portion of the cytoplasmic tail of a receptor comprising one or more tyrosine residues
that can be phosphorylated) of, or derived from, st least one, two, three, four, or more
receptors, wherein the receptor is a cylokine receptor, hormone receptor, and/or a RTK.
[0032] iIn some embodimentis, an inducible chimeric cytokine receptor comprises a
dimerization domain; a tyrosine kinase activaling domain comprising a transmembrans
domain and a JAK-binding domain; and a tyrosine effector domain comprising at least

one STAT-activation domain of or derived from, a receptor. In some of these
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embodiments, the tyrosine effector domain may comprise STAT-activation domains of,
or derived from, at least two, three, four, or more receptors.

[8033] In some embodiments, an inducible chimeric cylokine receptor comprises a
dimerization domain; a tyrosing kinase activating domain comprising a transmembrane
domain and a JAlK-binding domain; and a tyrosine effector domain comprising at least
one cytotail of, or derived from, a receptor. In some of these embodiments, the tyrosine
effector domain may comprise cylotails of, or derived from, at least two, three, four, or
more recepiors.

[0034] iIn some embodimentis, an inducible chimeric cytokine receptor comprises a
dimerization domain comprising an FKBP polypeptide; a tyrosine kKinase activating
domain comprising a transmembrane domain and a JAK-binding domain, wherein the
transmembrane domain comprises a transmembrane domain of, or derived from, a
protein selected from the group consisting of EPOR, GP130, PRLR, GHR, GCSFR, PD-
1, and TPCR, and the JAK-binding domain comprises a JAK-binding domain of, or
derived from, a protein selected from the group consisting of. EPOR, GP130, PRLR,
GHR, GCSFR, and TPOR; and a tyrosine effector domain comprising at least one
STAT-activation domain of, or derived from, a receptor selected from the group
consisting of BLNK, IL2RG, EGFR, EpoR, GHR, IFNAR1, IFNAR2, IFNAR1/2, IFNLR1,
IL10R1, HL12Rb1, IL12Rb2, IL21R, 1L2RDb, IL2small, IL7R, IL7Ra, L8R, IL15R, and
(L21R. In some of these embodiments, the tyrosine effector domain comprises STAT-
activation domains of, or derived from, at least two, three, four, or more receptors.
[0035] In some embodiments, the tyrosine effector domain comprises a tyrosine
gffector domain sequence selected from SEQ 1D NOs.: 134-178.

[0038] In some embodiments, the dimerization domain is lccated at the N-terminus of
the inducible chimeric cyickine receplor.

[0037] In some embodiments, the dimerization domain is located af the C-terminus of
the inducible chimeric cytokine receptor.

f0038] In some embodiments, the inducible chimeric cytokine recepior provided herein
comprises a membrane-targeling motif. In exemplary embodiments, the membrane-
targeting motif comprises a myristoylation motif.

[0038] In some embodiments, the inducible chimeric cytokine receptor provided herein
is myristoylated.

[0040] In some embodiments, the inducible chimeric cytokine receptor comprises a

seguence disciosed in Tables 2A or 2B. In some embodimentis, the inducible chimeric
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cytokine receptor comprises a sequence selected from SEQ 1D NOs.. 1-58, 187-215,
and 225-311.

160411 In another aspect, the present disclosure provides polynuciectides comprising a
nucleic acid sequence encoding the inducible chimeric cytokine receplors described
herein. in anoither aspect, the present disclosure provides an expression vector
comprising the polynucleotides.

10842] in another aspect, the present disclosure provides an engineered immune cell
comprising at least one inducible chimeric cytokine receptor disclosed herein. In some
embodiments, the engineered immune cell comprises at least two inducible chimeric
cytokine receptors. In some embodiments, the engineered immune cell comprises at
least three or four inducible chimeric cylokine receptors disclosad herein.  VWhen more
than one inducible chimeric cylokine recepior is present in the immune cells, ithe
dimerization domain, the tyrosine kinase aclivating domain, and the tyrosine effector
domain of each receptor can be the same or different.

[0043] In another aspect, the present disclosure provides an engineered immune cell
comprising at least one polynuciectide encoding inducible chimeric cviokine receptor
disclosed herein.

100441 In some embodiments, the enginesred immune cell further comprises a
chimeric antigen receptor (CAR) or a polynuclectide encoding a CAR.

[0045] in some embodiments, the immune cell is selected from the group consisting of:
T cell, dendritic cell, killer dendritic cell, mast cell, NK-cell, macrophage, monocyte, and
B-cell.

[0048] iIn some embodiments, the immune cell is derived from a stem cell. In
exemplary embodiments, the immune cell is derived from adult stem cells, non-human
stem cells, cord blood stem cells, progenitor cells, bone marrow stem cells, induced
pluripotent stem cells, totipotent stem cells or hematopoietic stem cells.

[0047] in some embodiments, the immune cell is a T cell. In some embodimenis, the
immune cell is an autclogous T cell. In some embodiments, the immune cell is an
allogeneic T cell.

[0048] in another aspect, the present disclosure provides a method of modulating an
engineered immune cell in a subject, the method comprising administering a ligand to a
subject that has previously been administered an engineered immune cell described
herein, wherein the dimeric ligand binds 1o the dimerization domain of the inducible

chimeric cylokine receptor. In an exemplary embodiment, the ligand is AP1802.
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[0048] In another aspect, provided herein is a method of preparing an engineered
immune cell, the method comprising introducing a polynuclestide or an expression
vector comprising a polynuclectide encoding an inducible chimeric cytokine receptor into
an immune cell. In an exemplary embodiment, the immune cell is selected from the
group consisting of T cell, dendritic celi, kilier dendritic cell, mast cell, NK-celi,
macrophage, monocyte, B-cell, and an immune cell derived from a stem cell. In an
exemplary embodiment, the immune cellisa T cell.

[G050] In another aspect, the disclosure provides an isolated immune cell comprising:
(i) at least one inducible chimeric cytokine receptor comprising a dimerization domain, a
tyrosine kinase aclivating domain, and a tyrosine effector domain as disciosed hersin;
and (i) a chimeric antigen receptor (CAR) comprising an extracellular ligand-binding
domain, a fransmembrane domain, and an intraceliular signaling domain.

[0051] In some embodiments, the isolated immune cell comprises at least two
inducible chirmeric cytokine recepiors. In some other embodiments, the isolated immune
cell comprises three or four inducible chimeric cytokine receptors.

[0052] in some embodiments, the isolated immune cell of the present disclosure
exhibits improved persistence upon contact with a ligand that binds to the dimerization
domain relative o persistence of an isolated immune cell that does not express the
inducible chimeric cytokine receptor.

[0053] In some embodiments, the isclated immune cell of the present disclosure
exhibits increased activation of STAT upon contact with a ligand that binds {o the
dimerization domain relative to activation of STAT shown by an isclated immune cell
that does not express the inducible chimeric cytokine receptor. The STAT activated in
the cell can be STAT1, STAT2, STAT3, STAT4, STATS, STATS, or combinations
thereof.

[0054] In some embodiments, the activation of STAT by the isolated immune cell of
the present disclosure, upon contact with a ligand that binds {0 the dimerization domain,
increases with the dose ¢of the ligand compared {o activation of STAT shown by the
isolated immune cell that does not express the inducible chimeric cylokine receplor.
[0055] iIn some embodiments, the isolated immune cell of the present disclosure
exhibits increased cytotoxicity upon contact with a ligand that binds to the dimerization
domain compared o cviotoxicity exhibiled by an isolated immune cell that does not

express the inducible chimeric cytokine receptor.
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[G056] In some embodiments, the isolated immune cell of the present disclosure
expands {proliferates) upon contact with a ligand that binds to the dimerization domain
compared o an isclated immune cell that doss not express the inducible chimeric
cytokine receptor.

[0057] in some embodiments, the level of cell markers for stem cell memory (Tscm)
and/or central memory (Tcm) on the isolated immune cell of the present disclosure are
increased or maintained upon contact with a ligand that binds to the dimerization
domain compared to the level of these markers on an isolated immune cell that does not
express the inducible chimeric cytokine recepior.

[0058] In one aspect, provided herein is a method of generating an isolated immune
cell comprising an inducible chimeric cylokine receptor disclosed herein, the method
comprising the steps of: (@) providing an immune cell, (b) introducing into the immune
cell a polynuclectide that encodes a chimeric antigen recepior (CAR) comprising an
extraceliular ligand-binding domain, & fransmembrane domain, and an intraceliular
signaling domain; and (¢} introducing into the immune cell a polynucieotide that encodes
the inducible chimeric cytokine receptor.

[0058] In some embodiments, step ¢ of the above method comprises stably
expressing the inducible chimeric cylokine receptor into the cell.

[00603] in some embodiments, in siep ¢} of the above method, the polynuclectide that
encedes the inducible chimeric cytokine receptor is introduced infe the cell by a
transposon/transposase system, a viral-based gene transfer system, or eleclroporation.
[00681] In some embodiments, in step b) of the above method, the polynucliectide that
encodes the chimeric antigen receptor is introduced into the cell by a
transposon/transposase system or a viral-based gene transfer system.

00621 In some embodiments, the viral-based gene iransfer system comprises
recombinant retrovirus or lentivirus.

[0063] in some embodiments of the above method, step (b) occurs prior {o step (¢} or
step {¢) occurs prior o step (b

[0064] In one aspect, the present disclosure provides a pharmaceutical composition
comprising the isolated immune cell described herein.

[0085] In one aspect, the present disclosure provides a method for treating a disorder
in a subject, wherein the method comprises administering the isolated immune cell
comprising an inducible cytokine receptor disclosed herein or administering the

pharmaceuiical composilion comprising such immune celils.
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[G066] In another aspect, the present disclosure provides use of the isolated immune
cell disclosed herein or a pharmaceutical composition comprising the isolated immune
cell for treating a disorder.

[0067] In some embodiments, the celis or the pharmaceutical composition are
provided to the subject more than once.

[0068] In some embodiments, the celis or the pharmaceutical composition are
provided to the subject atleastabout 1, 2, 3, 4, 5, 8, 7, or more days apart

[G0698] In some embodiments, the subject has been previously ireated with a
therapeutic agent prior o administration of the isclated immune cell or the
pharmaceutical composition. In an exemplary embodiment, the therapeutic agent is an
antibody or chemotherapeutic agent

[0070] in some embodiments, the disorder ireated using the methods of the present
disclosure is a viral disease, a bacterial disease, a cancer, an inflammatory disease, an
immune disease, or an aging- associaled disease. The cancer can be a hematological
malignancy or a solid cancer.

[0071] iIn some embodiments, the hematological malignancy treated using the present
methods is selected from acute lymphoblastic leukemia (ALL), acute myeloid leukemia
(AML), chronic myelogencus leukemia (CML), chronic eosinophilic leukemia (CEL),
myelodysplasia syndrome (MDS), non-Hodgkin's lymphoma (NHL), or multiple myeloma
(MM},

I0872] In some embediments, the solid cancer treated using the present methods is
selected from billary cancer, bladder cancer, bone and soft tissue carcinoma, brain
tumor, breast cancer, cervical cancer, colon cancer, colorectal adenoccarcinoma,
colorectal cancer, desmoid tumor, embryonal cancer, endometrial cancer, esophageal
cancer, gastric cancer, gastric adenocarcinoma, glioblastoma multiforme, gynecological
tumor, head and neck squamous cell carcinoma, hepatic cancer, lung cancer, malignant
melanoma, ostecsarcoma, ovarian cancer, pancreatic cancer, pancreatic ducial
adenocarcinoma, primary astrocylic tumor, primary thyroid cancer, prosiate cancer,
renal cancer, renal cell carcinoma, rhabdomyosarcoma, skin cancer, soft tissue
sarcoma, testicular germ- cell tumor, urothelial cancer, uterine sarcoma, or uterine

cancer.

- 10 -



CA 03091681 2020-08-18

WO 2019/169290 PCT/US2019/020340

Brief Description of the Drawings

[6073] FIG. 1 depicts a schematic diagram of an exemplary inducible chimeric cytokine
receptor.

[0074] FIG. 2A depicts a schematic diagram of FKBP binding rapamycin to inhibit
mTOR,

[0075] FIG. 2B depicts a schematic diagram of FKBP™ binding to rapamycin-like
compounds.

[0078] FIG. 2C depicts a schematic diagram of AP1803 dimerizing FKBPFY,

[6077] FIG. 3 depicts a schematic diagram of an exemplary inducible chimeric cytokine
receptor.

[0078] FIG. 4 depicts a bar graph summarizing results of a STATS assay testing
function of the indicated inducible chimeric cyiokine receptors.

[86079] FiG. 5A depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[06080] FiG. 5B depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[6081] FiG. 6 depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cytokine receplors.

[0082] FiG. 7 depicis a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cytokine receptors.

[0083] FiG. 8 depicts a graph summarizing resulls of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptor.

[6084] FiG. 9 depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[0085] FIG. 10A depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cytokine receptors.

[0086] FIG. 10B depicts a graph summarizing results of a cell-based reporier assay
testing function of the indicated inducible chimeric cylokine receptors.

[06087] FiG. 10C depicts a schematic showing the fraditional approach of engineering
chimeric cytokine receptors.

[6088] FIG. 10D depicts a schematic showing the approach used in the present
disclosure for engineering chimeric cytokine receptors.

[0089] FIG. 10E depicts a schematic of the chimeric receptors tested in a cell-based

reporter assay in Example 5C.
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[6090] FIG. 10F depicts a graph summarizing resulls of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[6091] FIG. 11 depicts a graph summarizing resulis of a cell-based reporter assay
testing function of the indicated inducible chimeric cytokine receptors.

[0092] FIG. 12 depicts a schematic illustration of NFAT with AP-1binding to a promoter
sequernce.

[0083] FIG. 13 depiclts a schematic diagram of the MEK/ERK pathway leading {o
upregulation of Fos through Myc/Max.

[6084] FIG. 14 depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[0095] FIG. 15 depicts a schematic diagram of the BTK pathway.

[0096] FIG. 16 depicts a graph summarizing the effects of the indicated inducible
chimeric cylokine receptors on cell growth.

[0087] FIG. 17 depicts a graph summarizing the effects of the indicated inducible
chimeric cytokine receptors on cell survival.

[6098] FIG. 18 depicts a graph summarizing the effects of the indicated inducible
chimeric cytokine receptors on cell phenotype.

[60998] FIG. 19 depicts a graph summarizing the effects of the indicated inducible
chimeric cylokine recepiors on cell phenciype.

[8100] FIG. 20 depicts a graph summarizing the effects of the indicated inducible
chimeric cytokine receptors on cytokine releasse.

[6101] FIG. 21 depicts a graph summarizing the effects of the indicaled inducible
chimeric cytokine recepiors on cytokine release.

[6102] FIG. 22 depicts a graph summarizing the effects of the indicated inducible
chimeric cylokine receptors on proliferation in the absence of signaling.

[0103] FIG. 23 depicts a graph summarizing the effects of the indicated inducible
chimeric cylokine recepiors on cytokine release in the absence of signaling.

[8104] FIG. 24 depicts a graph summarizing the effects of the indicated inducible
chimeric cytokine receptors on cytokine release in the absence of signaling.

[6108] FIG. 25 depicts a graph summarizing the effects of the indicated inducible
chimeric cytokine receptors on cell growth.

[0106] FIG. 26 depicts a schematic of exemplary inducible cytokine receptors with dual

tyrosine effector domains.
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[0107] FIG. 27A depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[6108] FIG. 27B depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cytokine receptors.

[0109] FIG. 28A depicts a schematic of an exemplary construct comprising a CAR and
an inducible cyiokine receptor.

[8110] FIG. 28B shows transduction efficiencies of T cells transduced with a vector
comprising the construct shown in FIG. 28A.

[6111] FIG. 28C depicits a graph summarizing results of @ FACS analysis testing
function of the indicated inducible chimeric cytokine receptors.

[0112] FIG. 29 depicts a graph summarizing results of a FACS analysis testing
function of the indicated inducible chimeric cyiokine receptors.

[8113] FIG. 30A depicts a schematic of an exemplary construct comprising a CAR and
an inducible cylokine receptor.

[0114] FIG. 30B depicts a graph summarizing results of an in vitro assay testing
cytotoxicity of the indicated CAR-T celis.

[6118] FIG. 30C depicts a graph summarizing resulfs of an jn vifro assay testing
cytotoxicity of the indicated CAR-T celis.

[0116] FIG. 30D depicts a graph summarizing results of an in vitro assay festing
cytotoxicity of the indicated CAR-T celis.

[8117] FIG. 30t depicts a graph summarizing results of an /n vitro assay testing
cytotoxicity of the indicated CAR-T celis.

[6118] FIG. 31A depicts a graph summarizing resulis of a tumor volume assay for the
indicated treatment groups.

[61198] FIG. 31B depicts a graph summarizing results of a tumor volume assay for the
indicated treatment group.

[06120] FIG. 31C depicts a graph summarizing results of a tumor volume assay for the
indicated treatment group.

[06121] FIG. 31D depicts a graph summarizing results of a tumor volume assay for the
indicated treatment group.

[6122] FIG. 31E depicts a graph summarizing resuits of a tumor volume assay for the
indicated freatment group.

[0123] FIG. 31F depicts a graph summarizing results of a tumor volume assay for the

indicated treatment group.
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[0124] FIG. 310G depicts a graph summarizing results of a tumor volume assay for the
indicated treatment group.

[0125] FiG. 31H depicts a graph summarizing overall survival for the indicated
treatment groups.

[0126] FIG. 22A depicts a graph summarizing expansion of the indicated CAR-T cells.
[8127] FIG. 32B depicts a graph summarizing the effects of the indicated inducible
chimeric cytokine receptors on cell phenotype.

[0128] FIG. 33A depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[6128] FIG. 33B depicts a graph summarizing resulls of a cell-based reporter assay
testing function of the indicated inducible chimeric cytokine receptors.

[0130] FIG. 33C depicis a graph summarizing results of a cell-based reporier assay
testing function of the indicated inducible chimeric cylokine receptors.

[8131] FIG. 33D depicts a graph summarizing results of a celi-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[0132] FIG. 34 A depicts a schematic of exemplary constructs comprising a CAR and
an inducible cytokine receptor.

[0133] FIG. 34B depicts a graph summarizing resulls of an in vitro assay testing
cytotoxicity of the indicated CAR-T celis.

[8134] FIG. 34C depicts a graph summarizing resuits of an in vitro assay testing
cytotoxicity of the indicated CAR-T celis.

[0135] FIG. 34D depicts a graph summarizing results of an /n vitro assay testing
cytotoxicity of the indicated CAR-T celis.

[86138] FIG. 34E depicts a graph summarizing results of an assay testing expansion of
the indicated CAR-T cells.

[0137] FIG. 34F depicts a graph summarizing results of an assay testing expansion of
the indicated CAR-T cells.

[80138] FIG. 35A depicts a schematic of exemplary constructs comprising a CAR and
an inducible chimeric cytokine receptor.

[6138] FIG. 35B depicts a graph showing expansion of control CAR-T cells comprising
the indicated inducible chimeric cytokine receptors.

[0140] FIG. 35C depicts a graph showing expansion of CAR-T celis comprising the

indicated inducible chimeric cytokine receplors.
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[0141] FIG. 35D depicis a graph showing expansion of CAR-T celis comprising the
indicated inducible chimeric cytokine receptors.

[0142] FIG. 35E depicts a graph showing expansion of CAR-T celis comprising the
indicated inducible chimeric cytokine receplors.

[0143] FIG. 36A depicts a schematic of an exemplary inducible chimeric cyiokine
receptor.

[0144] FIG. 36B depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[6145] FIG. 36C depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[0146] FIG. 37A depicts a schematic of exemplary inducible chimeric cylokine
receptors.

[8147] FIG. 378 is a schematic of the interactions between the receptors BCMA, TACH,
and BAFFR with their ligands BAFF and APRIL.

[0148] FIG. 37C depicts a graph summarizing results of a celi-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[6148] FIG. 37D depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cytokine receplors.

[0150] FIG. 38A shows the amino acid seguences for the wildtype TpoR and various
transmembrane deletion variants.

[8151] FIG. 38B shows the amino acid sequences for the wildtype TpoR and various
fransmembrane inseriion variants.

[0152] FIG. 38C depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[0153] FIG. 38A depicts a schematic of an exemplary inducible chimeric cyickine
receptor.

[0154] FIG. 398 depicts a graph summarizing results of a cell-based reporter assay
testing function of the indicated inducible chimeric cylokine receptors.

[0155] FIG. 40A depicts a graph summarizing results of an in vitro cytotoxicity assay of
CAR-T cells comprising the indicated inducible chimeric cyiokine receptor.

[61868] FIG. 408 depicts a graph summarizing resuits of an in vitro cytotoxicity assay of
CAR-T cells comprising the indicated inducible chimeric cytokine receptor.

[0157] FIG. 40C depicts a graph summarizing resulis of an in vilro cylotoxicity assay of

CAR-T cells comprising the indicated inducible chimeric cytokine receptor.
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[0158] FIG. 40D depicts a graph summarizing results of an in vitro cytotoxicity assay of
CAR-T cells comprising the indicated inducible chimeric cytokine receptor.

[0159] FiG. 40k depicts a graph summarizing results of an in vitro cytotoxicity assay of
CAR-T cells comprising the indicated inducible chimeric cytokine receptor.

[0160] FIG. 40F depicis a graph summarizing results of an in vifro cytotoxicity assay of
CAR-T cells comprising the indicated chimeric receptor.

[8161] FIG. 41A depicis a graph summarizing the effects of the indicated inducible
chimeric cytokine receptors on cytokine release.

[01682] FIG. 41B depicts a graph summarizing the effects of the indicated inducible
chimeric cytckine receptors on cytokine release.

[0163] FIG. 42A depicts a graph summarizing the effects of the indicated inducible
chimeric cylokine recepiors on cyiokineg release.

[8164] FIG. 428 depicts a graph summarizing the effects of the indicated inducible
chimeric cytokine receptors on cytokine releasse.

[0165] FIG. 43 depicts a graph summarizing enrichment of CAR-T cells comprising the
indicated chimeric cyiokine recepiors.

[861868] FIG. 44A depicts a graph summarizing the memory subset distribution of CAR-
T cells comprising the indicated chimeric cytokine receplor.

[0167] FIG. 44B depicts a graph summarizing the memory subset distribution of CAR-
T cells comprising the indicated chimeric cytokine receptor.

[80168] FIG. 440 depicts a graph summarizing the memory subset distribution of CAR-
T cells comprising the indicated chimeric cytokine recepior.

[0168] FIG. 44D depicts a graph summarizing the memory subset distribution of CAR-
T cells comprising the indicated chimeric cytokine receptor.

[0170] FIG. 44k depicts a graph summarizing the memory subset distribution of CAR-
T cells comprising the indicated chimeric cytokine receptor.

[0171] FIG. 44F depicts a graph summarizing the memory subset disiribution of CAR-
T cells comprising the indicated chimeric cytokine receptor.

[0172] FIG. 440 depicts a graph summarizing the memory subset distribution of CAR-
T cells comprising the indicated chimeric cytokine recepior.

[6173] FIG. 45A depicts a graph summarizing the effect of the indicated inducible
chimeric cytokine receptor on cell phenctype.

[0174] FIG. 45B depicts a graph summarizing the effect of the indicated inducible

chimeric cyioking receptor on cell phenotype.
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[0175] FIG. 450 depicts a graph summarizing the effect of the indicated inducible
chimeric cytokine receptor on cell phanotype.
[0176] FIG. 45D depicts a graph summarizing the effect ¢of the indicated inducible
chimeric cyloking receptor on cell phenotype.
[0177] FIG. 45E depicts a graph summarizing the effect of the indicated inducible
chimeric cylokine recepior on cell phenotype.
[0178] FIG. 45F depicts a graph summarizing the effect of the indicated inducible
chimeric cytokine receptor on cell phanotype.
[6178] FIG. 450G depicis a graph summarizing the effect of the indicated inducible

chimeric cytokine receptor on cell phanotype.

Detailed Descrintion

[0180] The present invention provides chimeric receptors and uses thereof for
improving in vivo persistence and therapeutic efficacy of immune cells. Receptors
responsive to a ligand, such as a small molecule {(e.g., AP1803) or protein (e.g., Epo,
Tpo, or PD-L1) are provided herein. Also provided are cells comprising such inducible
chimeric cytokine receptors, compositions comprising such cells, and methods for
improving the functional aclivities of isolated T cells, such as CAR-T cells. Alsc provided
herein are CAR-T cells having improved persistence, and methods of using such CAR-T

calls for treating a disorder.

General Technigues

[0181] The practice of the invention will employ, unless otherwise indicated,
conventional techniques of molecular biclogy (including recombinant fechniques),
microbiclogy, cell biology, biochemistry and immunology, which are within the skill of the
art. Such techniques are explained fully in the literature, such as, Molecular Cloning: A
Laboratory Manual, second edition (Sambrook et al., 1988} Cold Spring Harbor Press;
Oligonucleotide Synthesis (M.J. Gait, ed., 1984), Metheds in Molecular Biclogy,
Humana Press; Cell Biology: A Laboratory Notebook (J.E. Cellis, ed., 1998) Academic
Press; Animal Cell Culture (R.1. Freshney, ed., 1887); Introduction to Cell and Tissue
Culture (J.P. Mather and P.E. Roberts, 1898} Plenum Press; Cell and Tissue Culiure:
Laboratory Procedures (A. Doyle, J.B. Griffiths, and D.G. Newsll, eds., 1993-1988) J.
Wiley and Sons;, Methods in Enzymology (Academic Press, Inc); Handbook of

Experimental immunoclogy (DM, Weir and C.C. Blackwell, eds.); Gene Transfer Vectors

- 17 -



CA 03091681 2020-08-18

WO 2019/169290 PCT/US2019/020340

for Mammalian Cells (J.M. Miller and M.P. Calos, eds., 1887); Current Protocols in
Molecular Biclogy (F.M. Ausubel et al, eds., 1987), PCR: The Polymerase Chain
Reaction, (Muilis et al., eds., 1994); Current Protocols in immunoclogy (J.E. Coligan et
al.,, eds., 1891), Short Protocols in Molecular Biclogy (Wiley and Sons, 1999);
immuncbiology (C.A. Janeway and P. Travers, 1997); Antibodies {(P. Finch, 1897);
Antibodies: a practical approach (D. Catty., ed., IRL Press, 1988-1988); Monoclonal
antibodies: a practical approach (F. Shepherd and C. Dean, eds., Oxford University
Press, 2000), Using antibodies: a laboratory manual (E. Harlow and D. Lane (Cold
Spring Harbor Laboratory Press, 1999} The Antibodies (M. Zanetti and J.D. Capra,

eds., Harwood Academic Publishers, 1995).

Definitions

[0182] As used herein “aulologous” means that cells, a cell line, or population of cells
used for treating subjects are originating from said subject or from a Human Leucocyle
Antigen (HLA) compatible donor.

[0183] As used herein “allogeneic” means that cells or population of cells used for
treating subjects are not originating from said subject but from a donor.

[0184] As used herein, the term "endogencus” refers to any material from or produced
inside an organism, cell, tissue or sysiem.

[0185] As used herein, the term "exogenous" refers {0 any material introduced from or
produced outside an organism, cell, tissue or system.

[0186] As used herein, “immune cell” refers to a cell of hematopoietic origin
functionally involved in the initiation and/or execution of innate and/or adaptative
immune response. Examples of immune cells include T cells, o.¢., alpha/beta T cells
and gamma/delia T cells, B cells, natural Killer (NK} cells, natural killer T (NKT) cells,
invariant NKT cells, mast cells, myeloic-derived phagocytes, dendritic cells, killer
dendritic cells, macrophages, and monocytes. The term “immune cell” as used herein
also refers to cells derived from, for example without limitation, a stem cell. The stem
cells can be adult stem cells, non-human embryonic stem cells, more particularly non-
human stem cells, cord blood stem cells, progenitor celis, bone marrow stem cells,
induced piuripotent stem cells, tolipotent stem cells or hematopoietic stem cells.

[3187] The terms “polypeptide”, “digopeptide”, “peptide” and “protein” are used
interchangeably herein io refer {o chains of amino acids of any length, preferably,

relatively short chains {e.g., 10-100 amino acids) as well as longer chains containing
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about 10-250, 10-500, 10-1000, 50-200, 50-500, or 50-1000 amino acids. The chain
may be linear or branched, it may comprise modified amino acids, and/or may be
interrupted by non-amine acids. The terms also encompass an aming acid chain that
has been modified naturally or by intervention; for example, disulfide bond formation,
glycosylation, lipidation, acetylation, phosphorylation, or any other manipulalion or
modification, such as conjugation with a labeling component. Also included within the
definition are, for example, polypeplides containing one or more analogs of an amino
acid {including, for example, unnatural amino acids, etc)), as well as other modifications
known in the art. 1t is understood that the polypeptides can occur as single chains or
associated chains.

[0188] As used herein, the term “expression” refers io the transcription and/or
transiation of a particular nucleotide seqguence driven by a promoter.

[0188] As used herein, "expression vector” refers 1o a vector comprising a recombinant
polynuciectide comprising expression contrel sequences operalively linked 1o a
nucieotide sequence 1o be expressed. Expression veciors include all those known in the
art, including cosmids, plasmids {e.g., naked or contained in liposomes) and viruses
{e.g., lentiviruses, retroviruses, adenoviruses, and adeno- associated viruses) that
incorporate the recombinant polynuclectide.

[0190] As used herein, “operably linked” refers to the association of nucieic acid
saquences on a single nucleic acid fragment so that the function of one is affected by
the other. For example, a promoter is operably linked with a coding sequence when itis
capable of affecting the expression of that coding sequence (i.e., that the coding
sequence is under the transcriptional conirol of the promoter).

(01911 As used herein, "expression control sequence” means a nucleic acid sequence
that directs transcription of a nucleic acid. An expression control sequence can be a
promoter, such as a conslitutive or an inducible promoter, or an enhancer. The
expression confrol seguence is operably linked o the nucleic acid sequence to be
transcribed.

[0192] “Fromoter” and “promoter sequence” are used interchangeably and refer to a
DNA sequence capable of controlling the expression of a coding sequence or functional
RNA. In general, a coding sequence is located 3' t1© a promoter sequence. i is
understood by those skilled in the art that different promoters may direct the expression
of a gene in different lissues or cell types, or at different stages of development, or in

response to different environmenial or physiological conditions.
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[0193] In any of the vectors of the present invention, the vecior optionally comprises a
promoter disclosed herein.

[6194] A “host cell” includes an individual cell or cell culture that can be or has been a
recipient for vector(s) for incorporation of polynuciectide inserts. Host cells include
progeny of a single host cell, and the progeny may not necessarily be completely
identical (in morphology or in genomic DNA complement) to the original parent cell due
fo natural, accidental, or deliberate mutation. A host cell includes cells transfected in
vivo with a polynucleotide(s) of this invention.

[0185] The term "exiraceliular ligand-binding domain” as used herein refers {o an
gligo- or polypeptide that is capable of binding a ligand. Preferably, the domain will be
capable of interacting with a cell surface molecule. For example, the extraceliular ligand-
binding domain may be chosen o recognize a ligand that acts as a cell surface marker
on target cells associated with a particular disease state.

I01868] The term “stalk domain” or "hinge domain” are used interchangeably herein to
refer to any oligo- or polypeptide that functions to link the transmembrane domain to the
extraceliular ligand- binding domain. In particular, staik domains are used to provide
more flexibility and accessibility for the extraceliular ligand-binding domain.

61971 The term "intracellular signaling domain” refers 1o the portion of a protein which
transduces the effector signal funclion signal and directs the cell to perform a
specialized function.

10188] A "co-stimulatory molecule” as used herein refers to the cognale binding
partner on a T cell that specifically binds with a co-stimulatory ligand, thereby mediating
a co-stimulatory response by the cell, such as, but not limited fo proliferation. Co-
stimulatory molecules include, bul are not limited to an MHC class | molecule, BTLA and
Toll ligand receptor. Examples of costimulatory molecules include CD27, CD28, CD8, 4-
18B (CD137), OX40, CD30, CD40, PD-1, ICOS, lymphocyle function-associated
antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3 and a ligand that specifically
binds with CD83 and the like.

[0198] A "co-stimulatory ligand” refers {0 a molecule on an antigen presenting cell that
specifically binds a cognate co-stimulatory signal molecule on a 7 cell, thereby providing
a signal which, in addition to the primary signal provided by, for instance, binding of a
TCRICD3 complex with an MHC molecule loaded with peptide, mediates a T cell
response, including, but not limited to, proliferation activation, differentiation and the like.
A co-stimulatory ligand can include but is not limited to CD7, B7-1 (CD80), B7-2 (CD8B),
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PD-L1, PD-L2, 4-1BBL, OX40L, inducible costimulatory ligand (ICOS-L), interceliular
adhesion molecuie (ICAM, CD30L, CD40, CD70, CD83, HLA-G, MICA, M1CB, HVEM,
lymphotoxin B receptor, 3/TRE, ILT3, iLT4, an agonist or antibody that binds Toll ligand
receptor and a ligand that specifically binds with B7-H3. A co-stimulatory ligand also
encompasses, inter alia, an antibody that specifically binds with a co-stimulatory
molecule present on a T cell, such as but not limited o, CD27, CD28, 4-1BB, CGX40,
CD30, CD40, PD-1, 1ICOS, lymphocyte funclion-associated antigen-1 (LFA-1), CD2,
CD7, LTGHT, NKG2C, B7-H3, a ligand that specifically binds with CD83.

[0200] An "antibody” is an immunoglobuiin molecule capable of specific binding o a
target, such as a carbohydrate, polynuclectide, lipid, polypeptide, elc., through at least
one antigen recognition site, located in the variable region of the immunogliobulin
molecule. As used herein, the iferm encompasses not only intact polycional or
monocional antibodies, but also antigen-binding fragments thereof (such as Fab, Fab’,
F{ab'z, and Fv), and any other modified configuration of the immunoglobulin molecule
that comprises an antigen recognition site including, for example without limitation,
single chain {scFv} and domain antibodies {including, for example, shark and camelid
antibodies), and fusion proteins comprising an antibody, antibody mimetic or any protein
that provides specific protein-protein interaction.

[0201] The term "antigen-binding fragment” or “antigen binding portion” of an antibody,
as used herein, refers to one or more fragmenis of an intact antibody that refain the
ability to specifically bind to a given antigen. Antigen binding functions of an antibody
can be performed by fragments of an intact antibody. Examples of binding fragments
encompassed within the term "aniigen binding fragment” of an antibody inciude Fab;
Fab’;, F(ab’),; an Fd fragment consisting of the VH and CH1 domains; an Fv fragment
consisting of the VL and VH domains of a single arm of an antibody; a single domain
antibody {(dAb) fragment (Ward et al., Nalure 341:544-548, 198%), and an isolaied
complementarity determining region (CDR).

10202] An antibody, an antibody conjugate, or a polypeptide that “preferentially binds”
or “specifically binds” (used interchangeably herein} to a target (e.g., BCMA protein) is a
term well understood in the art, and methods {0 determine such specific or preferential
binding are also well known in the art. A molecule is said to exhibil “specific binding” or
“‘oreferential binding” if it reacts or associates more frequently, more rapidly, with greater
duration and/or with greater affinity with a particular cell or substance than it does with

alternative cells or subsiances. An antibody “specifically binds” or “preferentially binds”
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to a target if it binds with greater affinity, avidity, more readily, and/or with greater
duration than # binds to other substances. 1t is also understood that by reading this
definition, for example, an antibody (or moisty or epitope) that specifically or
preferentially binds to a first targel may or may not specifically or preferentially bindto a
second target. As such, “specific binding” or “preferential binding” does not necessarily
require (although it can include) exclusive binding. Generally, but not necessarily,
reference 1o binding means preferential binding.

[0203] As known in the art, "polynuclectide,” or “nucleic acid,” as used interchangeably
herein, refer o chains of nucieotides of any length, and include DNA and RNA. The
nuclectides can be deoxyribonuclecotides, ribonuclectides, modified nuclectides or
hases, and/or their analogs, or any subsirate that can be incorporated into a chain by
DNA or RNA poilymerase. A polynuciectide may comprise modified nucleotides, such
as methviated nucleotides and their analogs. If present, modification to the nucleotide
structure may be imparted before or afler assembly of the chain. The sequence of
nucieotides may be interrupted by non-nuclectide components. A polynucieotide may
be further modified after polymerization, such as by conjugation with a labeling
component. Cther types of modifications include, for example, “caps”, substifution of
one or more of the naturally occurring nuclectides with an analog, internuciectide
modifications such as, for example, those with uncharged linkages (e.g., methyi
phosphonates, phosphotriesters, phosphoamidates, carbamates, elc.) and with charged
linkages (2.g., phosphorothicates, phosphorodithioates, eic.), those containing pendant
moieties, such as, for example, proteins (8.g., nucleases, ioxins, antibodies, signal
peptides, poly-L-lysine, elc), those with intercalators (e.q., acridine, psoralen, sic),
those containing chelators (e.q., metals, radioactive metals, boron, oxidative metals,
gic.), those containing alkviators, those with modified linkages (e.g., alpha anomeric
nucleic acids, etc.), as well as unmodified forms of the polynucleotide(s). Further, any of
the hydroxyl groups ordinarily present in the sugars may be replaced, for example, by
phosphonate groups, phosphate groups, protected by standard protecting groups, or
activated o prepare additional linkages o additional nucleolides, or may be conjugated
o solid supports. The 5 and 3’ terminal OH can be phosphorylated or substituted with
amines or organic capping group moisties of from 1 to 20 carbon atoms. Other
hydroxyls may also be derivatized to standard protecting groups. Polynuclectides can
also contain analogous forms of ribose or deoxyribose sugars that are generally known

in the art, including, for example, 2-O-methyl-, 2-O-allyl, 2’-fluoro- or 2-azido-ribose,
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carbocyclic sugar analogs, alpha- or beta-anomeric sugars, epimeric sugars such as
arabinose, xyioses or lyxoses, pyranose sugars, furancse sugars, sedoheptuloses,
acyclic anglogs and abasic nucleoside anaiogs such as methyi riboside. One or more
phosphodiester linkages may be replaced by alternative linking groups. These
alternative linking groups include, but are not limited f{o, embodiments wherein
phosphate is replaced by P{O)5(‘thicate”), P(S)S (“dithicate”), (O)NR, ("amidate”),
P{OIR, P{OYOR’, CO or CHy (“formacetal”), in which each R or R’ is independently H or
substituted or unsubstituted alkyl (1-20 C) optionally containing an ether (-O-) linkage,
aryl, alkenyl, cycioalkyl, cycloalkenyl or araldyl. Not all linkages in a polynucleotide
need be identical. The preceding description applies to all polynuclectides referred to
herein, including RNA and DNA.

[0204] As used herein, “transfection” refers to the uptake of exogenous or
heterologous RNA or DNA by a cell. A cell has been *transfected” by exogenous or
heterologous RNA or DNA when such RNA or DNA has been infroduced inside the cell
A cell has been “ransformed” by exogenous or heterologous RNA or DNA when the
fransfected RNA or DNA effecis a phenolypic change. The transforming RNA or DNA
can be integrated (covalently linked) into chromosomal DNA making up the genome of
the cell.

[0205] As used herein, “transformation” refers o the transfer of a nucleic acid fragment
into the genome of a host organism, resulling in genetically stable inheritance. Host
organisms containing the transformed nucleic acid fragments are referred 1o as
“tfransgenic” or “recombinant” or “transformed” organisms.

[0208] As used herein, “subsiantially pure” refers to material which is al jeast 50%
pure {i.e., free from contaminants), more preferably, at least 80% pure, more preferably,
at least 95% pure, yet more preferably, at least 98% pure, and most preferably, at least
99% pure.

[0207] As used herein, “treatment” is an approach for obtaining beneficial or desired
clinical results. For purposes of this invention, beneficial or desired clinical resulis
include, but are not limited to, one or more of the following: reducing the proliferation of
{or destroying) neoplastic or cancerous cells, inhibiting metastasis of neoplastic cells,
shrinking or decreasing the size of tumor, remission of a disease (e.¢., cancer),
decreasing symptoms resulting from a disease {e.¢., cancer), increasing the guality of
life of those suffering from a disease {(e.q., cancer), decreasing the dose of other

medications required to treat a disease (e.q., cancer}, delaving the progression of a
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disease {e.q., cancer), curing a disease {(e.g., cancer), and/or prolong survival of
subjects having a disease (e.g., cancer).

[0208] “Ameliorating” means a lessening or improvement of one or more symptoms as
compared io not administering a treatment. "Ameliorating” also includes shortening or
reduction in duration of a symptom.

[0208] As used herein, an “effective dosage” or “effective amount” of drug, compound,
or pharmaceutical composition is an amount sufficient to effect any one or more
beneficial or desired results. For prophylactic use, beneficial or desired resulls include
gliminating or reducing the risk, lessening the severity, or delaying the outset of the
disease, including biochemical, histological and/or behavioral symptoms of the disease,
its complications and intermediaie pathological phenotypes presenting during
deveiopment of the disease. For therapeutic use, beneficial or desired resulis include
clinical results such as reducing incidence or amelioration of one or more symptoms of
varicus diseases or conditions {such as for example cancer}, decreasing the dose of
other medications required to treal the disease, enhancing the effect of another
medication, and/or delaying the progression of the disease. An effective dosage can be
administered in one or more administrations. For purposes of this invention, an effective
dosage of drug, compound, or pharmaceutical composition is an amount sufficient to
accomplish prophyiactic or therapeutic treatment either directly or indirectly. As is
understood in the clinical context, an effective dosage of a drug, compound, or
pharmaceutical composition may or may not be achieved in conjunction with another
drug, compound, or pharmaceutical composition. Thus, an “effective dosage” may be
considerad in the context of administering one or more therapeutic agents, and a single
agent may be considered to be given in an effective amount if, in conjunction with one or
more other agents, g desirable result may be or is achisved.

[0210] As used herein, the term “subject’ refers to any veriebraie including, without
fimitation, humans and other primates {e.g., chimpanzees, cynomologous monkeys, and
other apes and monkey species), farm animals (e.g., catlle, sheep, pigs, goats and
horses), sport animals, pets including domestic mammals {e.g., dogs and cats},
laboratory animals (e.g., rabbiis, rodents such as mice, rats, and guinea pigs), and birds
{e.g., domeslic, wild and gams birds such as chickens, turkeys and other gallinacenus
birds, ducks, geese, and the like). In some embodiments, the subject is a mammal. In

exemplary embodiments, the subject is a human.
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[0211] As used herein, "vecior” means a construct, which is capable of delivering, and,
preferably, expressing, one or more gene(s) or sequence(s) of interest in a host cell
Examples of veclors include, but are not limited to, viral veciors, naked DNA or RNA
expression veclors, plasmid, cosmid or phage vectors, DNA or RNA expression vectors
associated with cationic condensing agents, DNA or RNA expression vectors
encapsulated in liposomes, and certain eukaryotic celis, such as producer cells.

10212] As used herein, "pharmaceutically acceptable carrier” or "pharmaceutical
acceptable excipient” includes any material which, when combined with an active
ingredient, aliows the ingredient to retain biclogical activity and is non-reactive with the
subject's immune system. Examples include, but are not limited to, any of the standard
pharmaceutical carriers such as a phosphate buffered saline solution, water, emulsions
such as oilfwater emulsion, and variocus types of welling agenis. Preferred diluents for
aerosol or parenteral administration are phosphate buffered saline (PBS) or normal
(0.9%) saline. Compositions comprising such carriers are formulated by well-known
conventional methods (see, for example, Remington's Pharmaceutical Sciences, 18th
edition, A. Gennaro, ed., Mack Publishing Co., Easton, PA, 19980, and Remington, The
Science and Practice of Pharmacy 21st Ed. Mack Publishing, 2005).

[0213] Reference to “gboul” a value or parameter herein includes {(and describes)
embodiments thal are direcied {o that value or parameter per se. For example,
description referring to “about X includes description of “X.”  Numeric ranges are
inclusive of the numbers defining the range.

[0214] it is understood thal wherever embodiments are described herein with the
language “comprising,” otherwise analogous embodimenis described in terms of
‘consisting of” and/or “consisting essentially of’ are also provided.

[02158] \Where aspecis or embodiments of the invention are described in terms of a
Markush group or other grouping of aliernatives, the invention encompasses not only
the entire group listed as a whole, but each member of the group individually and all
possible subgroups of the main group, but alse the main group absent one or more of
the group members. The invention also envisages the explicit exclusion of one or more
of any of the group members in the claimed invention.

[0216] Unless otherwise defined, all technical and scientific terms used hersin have
the same meaning as commonly understood by one of ordinary skill in the art fo which
this invention belongs. In case of conflict, the present specification, including definitions,

will control. Throughout this specification and claims, the word "comprise,” or variations
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such as "comprises” or "comprising” will be understood to imply the inclusion of a stated
integer or group of inlegers but not the exclusion of any other integer or group of
integers. Unless otherwise required by context, singular terms shall include pluralities
and plural terms shall include the singuiar.

[0217] Exemplary methods and materials are described herein, although methods and
materials similar or equivalent to those described herein can also be used in the praclice
or testing of the invention. The materials, methods, and examples are illustrative only

and not intended o be limiting.

inducible chimeric cyiokine recepiors and improved isolated immune cells

[0218] Inducible chimeric cytokine recepiors, cells comprising such receptors, and
methods comprising such ceils are provided herein. Also provided are uses of such
inducible chimeric cylokine receptors for improving the functional activities of isolated
immune cells, e.q., isolated T cells, such as isolated T cells comprising chimeric
antigenic receptor (CAR). The methods and compositions provided herein are useful for
improving in vive and in vifro persistence, cyioloxicily, memory phenotype, and/or
therapeutic efficacy of immune cells comprising CARs, such as CAR-T celis.

102181 In some embodiments, an inducible chimeric cytokine receptor provided herein
comprises, in any order: a dimerization domain, a tyrosine kinase activating domain, and
a tyrosine effector domain. Optionally, an inducible chimeric cylokine receptor provided
herein can include a membrane-targeting motif. Ligand-mediated dimerization of an
inducible chimeric cylokine receptor provided herein induces receptor-mediated
signaling events in host celis containing the inducible chimeric cyiokine receptor. In
some embodiments, this signaling can result in improved persistence. For example, in
an exemplary embodiment, dimerization of the inducible chimeric cyiokine receptor
provided herein by a ligand would activate the JAK-STAT pathway and mimic signaling
induced by a natural cyiokine recepior. By "mimic”, it is meani that the signaling
cascade activated by the inducible chimeric cytokine receptor of the present disclosure
would be similar to the signaling cascade activated by a natural cytokine receptor, while
the magnitude of activation induced by the chimeric cyiokine recepiors of the present
disclosure could be different from that of a natural cylokine receptor. For example, if an
inducible chimeric cytokine recepior of the present disclosure and a natural cyiokine
receptor both activate a STAT transcription factor; it is possible that the level of

activation of STAT by the two receptors can be similar or different.
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[0220] The “dimerization domain” of an inducible chimeric cytokine receplor may be
any amino acid sequence that can be induced to dimerize or even trimsrize or
multimerize by a ligand that can bind to the dimerization domain.  Accordingly, the
dimerization domain is a ligand binding domain. in some embodiments, the dimerization
domain of an inducible chimeric cyiokine receptor provided herein can be present
outside the celi membrane. I some smbodiments, the dimerization domsain of an
inducible chimeric cylokine receptor can be present inside the cell.

[0221] In some embodiments, the ligand that binds to the dimerization domain is a
dimeric ligand. For exampie, the dimerization domain may cortain the amino acid
segquence of an FK506 Binding Protein ('FKBP"). The FKBP protein specifically binds to
the drug FK506. Ligands that are multimeric analogs of FK508 (i.e. ligands which
contain at least two copies of FK508, or derivatives thereof) can induce the dimerization
of a first protein and second protein that each contain the amino acid sequence of an
FKBP, by the ligand binding to both the first protein and second protein, and thereby
bringing them together. The first and the second protein can be identical or different.
Thus, inducible chimeric cylokine receptors provided herein may be induced to dimerize
by exposure of the inducible chimeric cytokine receptor to a suitable dimeric ligand
which binds 1o the dimerization domain of the inducible chimeric cytokine receptor.
[0222] in some embodiments, a dimerization domain of an inducible chimeric cyiokine
receptor provided herein may contain amino acid sequences of or derived from, for
example, FKBPs, cyclophiling, steroid binding proteins, estrogen binding protsins,
glucocorticoid binding proteins, vitamin D binding proteins, or tetracycline binding
proteins. As used herein, an “FKBP polypeptide”, “cyclophiiin polypeptide” or like refers
to a polypeptide having the aming acid sequence of the respective protein, or a portion
thereof or variant thereof, wherein the portion or varnant thereof retains the ability o bind
to the corresponding ligand (e.q. for a FKBP polypeptide, the ligand FK508 and relaied
molecules) with high affinity.

[0223] In some embediments, a dimerization domain of an inducible chimeric cviokine
receptor provided herein may contain amino acid sequences of, or derived from, the
extracellular domains of a cyiokine receptor such as, for example withoul limitation,
erythropoietin receptor, prolactin receptor, growth hormone receptor, thrombopoistin
receptor, granulocyte colony-stimulating factor receptor, GP130, the common gamma
chain receptor, common beta chain receptor, IFN alpha receptor, IFN gamma receptor,

IFN lambda recepior, {L2/L15 recepior, L3 recepior, L4 recepior, IL5 recepior, IL7
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receptor, L9 receptor, IL10 receptor, IL12 receptor, 1L13 receptor, 1L20 recepior, [L21
receptor, 1L.22 receptor, IL23 receptor, IL27 receptor, TSLP Receptor, G-CSF receptor,
GM-CSF receptor, CNTF receptor, OSM receptor, LiF receptor, CT-1 receptor,
TGFBR1V/ALKLS, and TGFBR2. In some embodiments, a dimerization domain of an
inducible chimeric cytokine receptor provided herein may coniain amino acid seguences
of or derived from the extracellular domains of receptor tyrosine kinases (RTK) such as
EGFR/HER1, ERBB2/MHER2, ERBBI/MHERS3, ERRB4/HER4, INSR, IGF-1R, IRR,
PDGFRA, PDGFRB, CSF-1R, KIT/SCFR, FLK2/FLT3, VEGFR1, VEGFR2, VEGFRS,
FGFR-1, FGFR-2, FGFR-3, FGFR-4, CCK4, TRKA, TRKB, TRKC, MET, RON, EPHAT,
EPHAZ, EPHAS, EPHA4, EPHAS, EPHAS, EPHAY, EPHAS, EPHB1, EPHB2, EPHB3,
EPHB4, EPHBS, EFPHBG, AXL, MER, TYROS3, TIE, TEK, RYK, DDR1, DDR2Z, RET,
ROS, LTK, ALK, ROR1, ROR2, MUSK, AATYK, AATYK2, AATYKS, and RTK108. The
extraceliular domains of cytokine recepiors and RTKs may be dimerized by the
corresponding ligand or agonist {(e.g., for a thrombopoietin receptor polypeplide,
corresponding ligands included, for example, TRPO, eltrombopag, and related
molecuies).

[0224] In some embodiments, a dimerization domain of an inducible chimeric cylokine
receptor provided hereln may contain amino acid sequences of or derived from, for
example, the extraceliular domains of TNFR family receptors such as TNFR1, Fas,
TRAILR1, TRAILR2, NGFR, DR3, DR, EDAR, TNFR2Z, LThR, OX40, CD40, CD27,
CD30, 4-1BB, RANK, Fni4, TACI BAFFR, HVEM, BCMA, GITR, TROY, RELT,
XEDAR, TRAILR3, TRAILR4, OPG, DcR3. The exiraceilular domain of TNFR family
receptors multimerize upon binding io a trimeric TNFR ligand. An exemplary
dimerization domain aminoc acid sequence that is derived from a TNFR family receptor
{containing the BCMA extraceliular domain) is:
MLOMAGQCSONEYFDSLLHACIPCQLRCSSNTPPLTCORYCNASVTNSVKGTNA
(BEQ D NO: 216). In some embodiments, a dimerization domain of an inducible
chimeric cytokine receptor provided herein may contain amino acid sequences of or
derived from, for example, the extracellular domains of immune co-recepiors or ligands
such as PD-1, CDBO, CD86, ICOS-L, ICOS, CTLA-4, BTLA, CD160, LAGS, or TIM2.
The extraceliular domains of immune co-receptors cluster upon binding a cell presenting
the corresponding ligand. An exemplary dimerization domain amino acid sequence that
is derived from an immune co-recepior {(containing the PD-1 exiracellular) is:
MOIPQAPWPVVWAVLOLGWRPGCWFLDEPDRPWNPPTFSPALLVWWTEGDNATFTCSF
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SNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTOLPNGRDFHMSVVR
ARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGOFQTLY
(SEQ D NGO 217).

[0225] In some embodiments, the dimerization domain may contain an FKBP
polypeptide amino acid sequence. FKBPs are a group of proteins that have prolyi
isomerase activity and bind to the drug FK508 and other related drugs.

[0228] Optionally, the FKBP may be human FKBP12 {(also known as FKBP1A;
GenBank: CAG48965.1). Optionally, a FKBP12 polypeptide may contain the F36V
mutation. FKBP12 containing the F36V mutation binds with high affinity {0 the dimeric
ligand AP1903 (Jemal, A. et al, CA Cancer J. Clinic. 58, 71-96 (2008); Scher, H. |, and
Kelly, W. K., Journal of Clinical Oncology 11, 1566-72 (1993)). In addition, FKBP12
containing the F36Y mutation binds 1o AP1903 with much higher affinity than wild-type
FKBP12 binds AP1303.

102271 An exemplary dimerization domain amino acdid sequence (containing an
FKBP12 polypeptide with the F3sy mutation) is:
GVOVETISPGDGRTFPKRGOATCVVHYTGMLEDGKKVDSSRDRNKPFKFMLGKGEVIR
CWEEGVAQMSVGQRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLES (SEQ 1D
NO: 218).

[0228] in some embodiments, a dimerization domain of an inducible chimeric cyiokine
receptor may contain an aminge acid sequence of an FKBP comprising a modification
selected from the group consisting of. (i) a FKBP polypeptide containing one or more
amino acid substitutions, (i) two or three tandem repeats of an unmodified (naturally
occurring)y FKBP amino acid sequence, and (iil) two or three tandem repeats of a FKBP
polypeptide containing one or more amino acid substitutions.  In some embodiments,
the FKBP protein is a human FKBP protein (GenBank: CAG48965.1) and the
modifications to FKBP described herein are made to the human FKBF protein. In some
embodiments, the one or more aminge acid substitutions in FKEP include one or more of:
F38YV, L106P, E31G, R71G, and K105k, residues in reference to the human FRKBP
protein (GenBank: CAG46965.1).  In the embodiments, where the dimerization domain
comprises two or three tandem repeais of the dimerization domain seqguences disciosed
hersin, each repeat may comprise a different mutation of that sequence. For example,
in an exemplary embodiment, the dimerization domain comprises three tandem repeats

of an FKBP sequence, where one of the repeats comprises a natural FKBF sequence, a
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second repeal comprises FKBP confaining F36V substitution, and a third repeat
comprises FKBP containing F38Y and L106P substitutions, in any order.

102281 In some embodiments, a dimerization domain of an inducible chimeric cyiokine
receptor may contain an amino acid sequence of an FKBP comprising a modification
selected from the group consisting of () a FKBP polypeplide containing F38V
substitution, (i) a FKBP polypeptide containing F38Y and L106F substitutions, (iil) a
FKBP polypeptide containing £E316G, F38Y, R71G, and K105E substitutions, and (iv) two
or three tandem repeats of any of these FKBP polypeptides.

[0230] iIn some embodimentis, a dimerization domain may be cyclophilin polypeptide
amino acid sequence. Cyclophiling are proteins that bind to ciclosporin {cyclosporin A},
Cyclophilins include, for example, cyclophilin A and cyclophilin D.

[0231] in some embodiments, a dimerization domain may have any of the
characteristics of the ligand binding region disclosed in US Patent No. 8434935, which
is hereby incorporated by reference for all purposes.

[0232] In some embodiments, a dimerization domain of an inducible chimeric cyiokine
receptor of the present disclosure may comprise an amine acid sequence of, or derived
from, a polypeptide selected from the group consisting of FKBP12(F38V), an
extracellular domain of OX-40, and an extraceliular domain of a TNFR2 superfamily
receptors {e.g., BCMA, TACI, BAFFR).

[0233] In some embodiments, a dimerization domain of an inducible chimeric cytokine
receptor provided hergin comprises a dimerization domain amino acid sequence
disclosed in Table 1B.

[0234] As used herein, a “dimeric” ligand may optionally contain more than two copies
of a suitable binding molecule (i.e. the ligand may be multimsric), howsver, such ligands
may still be considered “dimeric” as used herein, based on the ability of such ligands 10
dimerize corresponding binding molecules.  Similarly, in some embodiments, a
“dimerization domain” as provided herein may be capable of supporting multimerization
(2.g. in the event that multiple copies of the dimerization domain are provided in the
same molecule), however, such domains may also still be considered “dimerization
domains” as used herein, based on the ability of such domains o dimerize. Typically,
caspase-9 signaling can be effeclively induced upon dimerization of caspase-9
molecules (i.e. trimerization or other multimerization is not required). In addition,

references herein to a “ligand” are to a dimeric ligand (for example, when referring to a

-30-



CA 03091681 2020-08-18

WO 2019/169290 PCT/US2019/020340

“ligand” which induces dimerization of a chimeric caspase-8 protein provided herein),
urtless the contaxt clearly dictates otherwise.

[02358] As used herein, a tyrosine kinase activating domain of an inducible chimeric
cytokine receptor provided herein may comprise a transmembrane domain followed by a
Janus Kinase (JAK) binding domain or the tyrosine kinase of a RTK. JAK and RTK
kinases are activated by multimerization. JAKs include JAK1, JAKZ, JAKS, and TYKZ,
and bind o a juxtamembrane motif consisting of a Box 1 and Box 2 motif. An exemplary
tyrosine kinase activating domain amino acid sequence that aclivates a JAKZ kinase
{containing the Ervthropoieiin Recepior transmembrane, Box 1, and Box 2 molifs) is:
SEPVSGPTPSDLDPLILTLSLILVVILVLLTVLALLSHRRALKQKIWPGIPSPESEFEGLFT
THKGNFQLWLYQNDGCLWWSPCTPFTEDPPASLEVLSERC (SEQ ID NO: 219). In
some embodiments, the fransmembrane domain may contain mutations that reduce
ligand-independent dimerization.

f0238] In some embodiments, the tyrosine kinase activating domain of an inducible
chimeric cylokine receptor provided herein comprises a JAK binding domain of, or
derived from, a protein. In some embodiments, the protein is a receptor. in some
embodiments, the protein is a hormone receptor or a cyickine receptor.

[0237] In some embodiments, the fyrosine kinase activating domain comprises a JAK
binding domain of, or derived from, a protein selected from the prolactin receptor
(PRLRY, growth hormone recepior (GHR), thrombopoistin recepior/ myeloproliferative
feukemia protein receptor (TPOR/MPLR), erythropoistin receptor (EFOR), granulocyle
colony-stimulating factor receptor (GCSFR), or GP130. The term "derived from” means
one or more modifications are made o the natural seguence. For exampie, only a
portion of the natural sequance may be used, or the natural sequence may be modified
to contain a substitution, insertion, and/or deletion mutations, or a combination of these
modifications. In some embodiments, the JAK binding domain comprises a JAK binding
domain of, or derived from, TPOR or EPOR.

f0238] In some embodiments, the tyrosine kinase activating domain of an inducible
chimeric cylokine recepitor provided herein comprises a transmembrane domain of, or
derived from, a protein selected from the PRLR, GHR, TPORMPLR, EPOR, GCSFR,
and GP130.

[0238] In some embediments, the tyrosine kinase activaling domain of an inducible
chimeric cytokine receptor provided herein comprises a transmembrane domain of, or

derived from, PD-1. In these embodiments, the tyrosine kinase activating domain
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further comprises a JAK-binding domain or a tyrosine kinase domain of, or derived from,
a receptor as describad herein.

02401 In some embediments, the tyrosine kinase activaling domain of an inducible
chimeric cytokine receptor provided herein comprises a transmembrane domain and a
JAK-binding domain or a fransmembrane domain and a tyrosine kinase domain,
wherein the transmembrane domain is derived from a cytokine/hormone receptor (e.g.,
TpoR), a monomerized cylokine/hormone receptor {e.g., EpoR L2415 L242F), or
monomeric receptors {e.g., PD1). “Monomerized cyiokine/hormone receptor” as used
herein refers 1o a cylokine receptor or a hormone recepior that is a homodimer or a
heterodimear in natural form but is mutated to exist as a monomeric receptor.

[0241] In some embodiments, the tyrosine kinase activating domain of an inducible
chimeric cytokine receptor provided herein comprises a transmembrane domain of, or
derived from, TPOR/MPLR. An exemplary full length sequence of naturally occurring
TRPOR/MPLR is shown in Table 1A (SEQ 1D NO.. 84). In some embodiments, the
tyrosine kinase activating domain comprises a transmembrane domain of, or derived
from, the TPORMPLR sequence shown in Table 1A,  For example, in some
embodiments, the tyrosine kinase aclivating domain comprises aming acids 478-582 of
TPOR/MPLR shown in Table 1A (this sequence is also shown as “TPOR/MPLR (478-
582) (wildtype sequence)” in Table 1C).

[0242] in some other embodiments, the tyrosine kinase activating domain comprises a
sequence derived from amino acids 478-582 of TPOR/MPLR shown in Table 1A, In
these embodiments, the tyrosine kinase aclivating domain of an inducible chimeric
cytokine receptor comprises a seguence derived from amino acids 478-582 of
TPORMPLR shown in Table 1A, wherein the sequence comprises one or more
mutations selected from the group consisting of substitution, deletion, insertion, and
combinations thereof. In an exemplary embodiment, the tyrosine kinase activaling
domain comprises a deletion variant of the amine acid seguence 478-582 of
TRPOR/MPLR shown in Table 1A. In some embodiments, the deletion variant comprises
adeletionof1, 11020, 11018, 11018, 11017, 1to 16, 110 15, 110 14, 110 13, 1 t0o 12,
1011, 11010, 1109, 1108 107, 1106, 1105, 1to4, 1103, 110 2, amino acids
from the region 478-582 of TPOR/MPLR shown in Table 1A, In some embodiments, the
deletion variant comprises a deletionof 1, 11020, 11018, 11018, 11017, 11018, 1 10
15, 11014, 110 13, 11012, 11011, 11010, 110 9, 1108, 1107, 1106, 1105, 1104, 1
to 3, 1 t0 2, amino acids from the region 48¢-510 of TPORMPLR shown in Table 1A, In
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an exemplary embodiment, the tyrosine kinase aclivating domain comprises a delstion
variant of the amino acid sequence 478-582 of TROR/MPLR shown in Table 1C.

[0243] In some embediments, the tyrosine kinase activating domain comprises an
insertion variant of the amino acid sequence 478-582 of TPOR/MPLR shown in Table
1A, In some embodiments, the insertion variant comprises an insertion of 1, 1 {0 10, 1
o8 1108 1107, 1t06 1105 1104, 110 3, 1102, amino acids in the region 478-582
of TPOR/MPLR shown in Table 1A, In an exemplary embodiment, the tyrosine kinase
activating domain comprises an insertion variant of the amino acid sequence 478-582 of
TRPORMPLR shown in Table 1C. In some embodiments, the amino acids that are
inserted into the insertion variants are selected from the group consisting of. leucine,
valineg, and iscleucine.

[0244] in some embodiments, the iyrosine kinase activating domain of an inducible
chimeric cyiokine receptor comprises a sequence derived from amino acids 478-582 of
TRPOR/MPLR shown in Table 1A, wherein the sequence comprises a combination of
deletions and insertions of amino acids in this region. In an exemplary embodiment, the
tyrosine kinase activating domain of an inducible chimeric cyiokine receptor comprises a
sequence derived from amino acids 478-582 of TPOR/MPLR shown in Table 1A,
wherein the sequence comprises a deletion of 1 o 18 amino acids from the region 478-
582 and an insertion of 1 10 8 amino acids in the region 478-582. In ancther exemplary
embodiment, the tyrosine kinase aclivating domain of an inducible chimeric cytokine
receptor comprises a sequence derived from amino acids 489-510 of TRPORMPLR
shown in Table 1A, wherein the sequence comprises a deletion of 1 to 18 amino acids
from the region 489-510 and an insertion of 1 to & amino acids in the region 488-510. In
some embodiments, the amine acids that are inserted inlo the insertion varianis are
salected from the group consisting of: leucine, valine, and iscleucine.

[0245] In some embodiments, the tyrosine kinase activating domain of an inducible
chimeric cylokine receptor comprises a sequence disclosed in Table 1C.

10248] In some embodiments, the tyrosine kinase activating domain of an inducible
chimeric cytokine recepior comprises a delelion and/or insertion variant of the
transmembrane domain of PRLR, GHR, EPOR, GCSFR, or GP130. Exemplary full
length sequences of naturally occurring PRLR, GHR, EPOR, GCSFR, and GP130 are
disclosed in Table 1A along with their accession numbers. From this disclosure, the
transmembrane domains of PRLR, GHR, EPOR, GCSFR, and GP130 can be located
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and insertion and/or deletion varianis of these transmembrane domains can be
prepared.

(02471 In some embodiments, the transmembrane and/or the JAK binding domain of
the tyrosine kinase aclivating domain may be derived from, for example, the common
gamma chain receptor, commeon beta chain receptor, IFN alpha receptor (IFNAR), IFN
gamma receptor (IFNGR), IFN iambda receptor (IFNLR}, I[L2/L1S recepior
(ILZRALTER), IL3 receptor (IL3R), IL4 recepior (L4AR)Y, IL5 receptor (ILAR), 1LY receptor
(IL7R), 1LY receptor (ILOR), IL10 receptor (IL10R), IL12 receptor (IL12R), IL13 receptor
(IL123R), 1L20 receptor (IL20R), 1L21 receptor {(IL21R), 1L22 receptor (IL2ZR), [L23
receptor (IL23R), 1L.27 receptor ({L27R), TSLP Receptor (TSLPR), G-CSF receptor
(GCSFR), GM-CSF receptor (GMCSFR), CNTF receptor (CNTFR), OSM receptor
(OSMR), LIF receptor (LIFR), or CT-1 receptor (CT1R).

[0248] iIn some embodiments, the iyrosine kinase activating domain of an inducible
chimeric cytokine receptor provided herein comprises a tyrosing kinase domain of, or
derived from, a receptor tyrosine kinase (RTK). An exemplary tyrosine kinase activating
domain from a RTK that aclivates a RTK kinase {(containing the Epidermal Growth
Factor Receptor transmembrane and kinase domains) is:
GLEGCPTNGPKRIPSIATGMVGALLLLLVVALGIGLFMRRRHIVRKRTLRRLLQERELVEP
LTPSGEAPNQALLRILKETEFKKIKVLGESGAFGTVYKGLWIPEGERKVKIPVAIKELREATS
PKANKEHLDEAYVMASVDNPHVCRLLGICLTSTVQLITOLMPFGCLLDYVREHKDNIGS
QY LLNWCVQIAKGMNYLEDRRLVHRDLAARNVLVKTPQHVKITDF GLAKLLGAEEKEY
HAEGGKVPIKWMALESILHRIYTHQSDVWSY GV TVWELMTFGSKPYDGIPASEISSILE
KGERLPQPPICTIDVYMIMVKCWMIDADSRPKFRELHEFSKMARDPORYL  (SEQ 1D

NO: 220). In some embodiments, the tyrosineg kinase activating domain comprises a

transmembrane domain and a tyrosine kinase domain derived from other RTKs such as,
for example, EGFR/HER1, ERBB2/HERZ, ERBB3/HERS, ERRB4/MHER4, INSR, IGF-1R,
IRR, PDGFRA, PDGFRB, CSF1R, KIT/SCFR, FLKZ/FLT3, VEGFR1, VEGFRZ,
VEGFRS, FGFR-1, FGFR-2, FGFR-3, FGFR-4, CCK4, TRKA, TRKB, TRKC, MET,
RON, EPHA1, EPHAZ2, EFPHAS3, EPHA4, EPHAS, EPHAS, EPHAT, EPHAS, EPHBA1,
EPHB2, EPHR3, EPHE4, EPHBS, EPHBES, AXL, MER, TYRO3, TIE, TEK, RYK, DDR1,
DDR2, RET, ROS&, LTK, ALK, ROR1, ROR2, MUSK, AATYK, AATYK2, AATYKS, or
RTK1086.

[02498] In some embodiments, the tyrosineg kinase activating domain comprises a

tyrosine kinasa domain of, or derived from, EGFR.
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[0250] In some embodiments, the tyrosine kinase aclivating domain comprises a
tyrosine kinase activating domain sequence disclosed in Table 1B.

102511 In some embodimenis, a tyresine effector domain may contain a portion of the
cytoplasmic tail (cytotail) of at least one receptor such as a cytokine receptor, hormone
receptor, or RTK, or a tyrosing kinase adaptor protein. The “cytotail” as used herein is
the portion that confains one or more tyrosine residues that are capable of being
phosphoryiated by a Kinase upon activation. Tyrosines within the cyiotzil or adaptor
protein become phosphorylated by an activated tyrosine kinase. The phosphorylated
tyrosine motifs recruit signal transduction factors. An exemplary tyrosine effector domain
amino acid sequence from a cylckine receptor {(containing the 1L2Rb distal cytotail) is:
VTQLLLQODKVPEPASLSSNHSLTSCFTNQGYFFFHLPDALEIEACQVYFTYDPYSEED
PRDEGVAGAPTGESSPQPLOPLSGEDDAYCTFPSRDDLLLFSPSLLGGPSPPSTAPGES
GAGEERMPPSLOERVPRDWDPQPLGPPTPGVPDLVDFQPPPELVLREAGEEVPDAG
PRECVSFPWSRPPGOGEFRALNARLPLNTDAYLSLQELQGQDFTHLY (SEQ 1D NO:
221).

[0252] The cyiotails of certain recepiors, such as cyiokine recepiors and hormone
receptors, comprise STAT-activation domains (can also be referred to herein as STAT-
binding domains). In some embodiments, the tyrosine effector domain of the inducible
chimeric cytokine receptors provided herein comprises at least one STAT-activation
domain of, or derived from, a receptor. In some embodiments, the tyrosine effector
domain of the inducible chimeric cytokine receptors provided hersin comprises at least
two, three, four, or more STAT-activation domains of, or derived from, two, three, four,
or more receptors. The receptors can be cyiokine receptors and/or hormone receptors.
[0253] In some embodiments, the tyrosine effector domain of an inducible chimeric
cytokine receptor comprises a cyiotall (a portion of the cyteplasmic tail that contains one
or more tyrosine residues that are capable of being phosphorylated by a kinase) of, or
derived from, at least one, two, three, four, or more receptors (e.g., cytokine receptor,
hormone receptor, or RTK) or fyrosine kinase adapior proteins.  In an exemplary
embodiment, the tyrosine effector domain of an inducible chimeric cyiokine receptor
comprises a cytotail of, or derived from, a cytokine recepior and a cytotail of, or derived
from, a hormone receptor.  in another exemplary embodiment, the tyrosine effector
domain of an inducible chimeric cytokine receplor comprises a cyiotall of, or derived
from, a cyiokine receplor and a cytotail of, or derived from, a RTK. In yet another

exemplary embodiment, the tyrosine effector domain of an inducible chimeric cytokine
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receptor comprises a cyiotail of, or derived from, a hormone receplor and a cylotail of,
or derived from, a RTK. In yetl ancother exemplary embodiment, the tyrosine effector
domain of an inducible chimeric cytokine receplor comprises a cyiotall of, or derived
from, & hormone recepior; a cytotail of, or derived from, a RTK, and a cytotail of, or
derived from, a cytokine receptor. Similar combinations of cylotails where at least one
of the cyiotails comprises a phosphorylatable tyrosine-containing portion of a tyrosine
Kinase adaptor profein are contemplated. When the tyrosine effector domain of an
inducible chimeric cytokine receptor comprises more than one cytotail, the cytotails can
be present in any order.

[0254] In some smbodiments, the tyrosine effecior domain of the inducible chimeric
cytokine receptors comprises a STAT-activation domain of, or derived from, two
cylokine receptors. in some embodiments, the tyrosine effecior domain of the inducible
chimeric cytoking receptors comprises a STAT-activation domain of, or derived from, at
least one recepior selecied from the group consisting of BLNK (B-cell linker profein},
H2RG, EGFR, EpoR, GHR, IFNAR1, IFNARZ, IFNAR1/2, IFNLR1, IL10R1, IL12Rb1,
12Rb2, IL21R, IL2Rb, iL2small, IL7R, IL7Ra, LS8R, IL15R, and IL21R. When the
tyrosine effector domain comprises more than one STAT-activation domain, the STAT-
activation domains are in tandem with one domain being membrane-proximal and the
other domain{s) being membrane-distal.

[0255] iIn some embodiments, the tyrosineg effector domain of an inducible chimeric
cytokine receptor comprises a cyctall of, or derived from, a first receplor selected from
the group consisting of BLNK IL2RG, EGFR, EpoR, GHR, IFNAR1, IFNARZ,
IFNAR1/2, IFNLR1, IL10R1, IL12Rb1, 1L12Rb2, IL21R, IL2Rb, iL.2small, IL7R, IL7Ra,
ILOR, IL15R, and L21R, and a cytotail of, or derived from, a second receptor selected
from the group consisting of BLNK, IL2RG, EGFR, EpoR, GHR, IFNAR1, IFNARZ,
IFNAR1/Z, IFNLR1, IL10R1, IL12Rb1, HL12Rb2, IL21R, IL2Rb, IL2small, IL7R, IL7Ra,
ILOK, IL15R, and IL21R. in these embodiments, the cyotail from the first recepior can
be membrane-proximal and the cyotall from the second receplor can be membrane-
distal or vice versa. Similar embodiments, where the tyrosine effector domain of an
inducible chimeric cylokine receptor comprises more than two, such as three, four, or
more, cyiotails from the receptors described in this paragraph are encompassad by the
present disclosure.

[0256] In some embodiments, the tyrosine effector domain of the inducible chimeric

cylokine receptors comprises at least one tyrosine effector domain sequences disciosed
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in Table 1B. In some embodiments, the tyrosine effector domain comprises at least two
tyrosine effector domain sequences disclosed in Table 1B. When more than ons
tyrosine effector domain seguence disclosed in Table 1B is present, any of the
saquence can be membrane-proximal and the other seguence(s) can be membraneg-
distal.

[0257] in some embodiments the tyrosine effector domain contains sequences from
the cytotail of cylokine receptors such as the common gamma chain receptor, commoen
beta chain receptor, IFN aipha receptor, IFN gamma receptor, IFN lambda receptor,
L2415 receptor, IL3 receplor, 1L4 receptor, IL5 recepior, L7 receptor, 1LY receptor,
.10 receptor, IL12 receptor, IL13 receptor, 1L.20 receptor, 1L21 receptor, IL.22 receplor,
IL.23 receptor, IL27 receptor, TSLP Receptor, G-CSF receptor, GM-CSF receptor, CNTF
receptor, OSM receptor, LIF receptor, CT-1 receptor, Erythropoietin Recepior, Growth
Hormone Receptor, Prolactin Receptor, Thrombopoietin receptor, or GP130. An
exemplary tyrosine effector domain aming acid sequence from a RTK {containing the
EGFR distal cytotail) is:
VIGGDERMHLPSPTDSNFYRALMDEEDMDDVVDADEYLIPQQGFFSSPETSRTPLLSS
LSATSNNSTVACIDRNGLOSCPIKEDSFLORYSSDPTGALTEDSIDDTFLPVPEYINQSY
FKRPAGSVONPVYHNQPLNPAPSRDPHYQDRPHSTAVGNPEYLNTVQFTCVYNSTFDSP
AHWAQKGSHOISLDNPDYQQDFFPEKEAKPNGIFKGETAENAEYLRVAPQOSSEFIGA
(BEQ D NO: 222). in some embodiments the tyrosine effector domain contains
sequences from the cytotail of RTK such as EGFR/HER1, ERBB2/MHERZ,
ERBB3/HER3, ERRB4/HER4, INSR, IGF-1R, IRR, PDGFRA, PDGFRB, CSF-1R,
KIT/SCFR, FLK2/FLT3, VEGFR1Y, VEGFR2, VEGFRS3, FGFR-1, FGFR-2, FGFR-3,
FGFR-4, CCK4, TRKA, TRKB, TRKC, MET, RON, EPHA1, EPHAZ, EPHAZ, EPHA4,
EPHAS, EPHAS, EPHATY, EPHAS, EPHB1Y, EPHB2, EPHB3, EPHB4, EPHBS, EFHBS,
AXL, MER, TYRO3, TIE, TEK, RYK, DDR1, DDR2, RET, ROS, LTK, ALK, ROR1,
RORZ, MUSK, AATYK, AATYKZ, AATYKS, or RTK108. An exemplary tyrosine effector
domain amino acid sequence from a tyrosine kinase adaptor protein (containing the
BLNK tyrosine dormain) is:
ASESPADEEEQWSDDFDSDYENPDEHSDSEMYVMPAEENADDSYEPPPVEQETRPY
HPALPFARGEYIDNRSSQRHSPPFSKTLPSKPSWPSEKARLTSTLRPALTALQKPQVPR
KPKGLLEDEADYVYPVEDNDENYIHPTESSSPRPEKAPMYNR (SEQ 1D NO: 223). In
some embodiments the tyrosine effector domain contains sequences from or bind to
adaptor proteins such as ALX, BLNK, Grb7, Nsp, SLP-78, SOCS, TSAd, APS, Bam32,
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Crk, Gads, Grb2, Nck, SLAP, She, FRS2, Dab, Dok, IRS, eps8, AFAP110, Gab, ADAP,
Carmatl, Cas, CINSS, Cortactin, E3B1, Vinexin, SKAPR-55, BANK, BCAP, Dof, Paxiliin,
LAT, LAX, LIME, NTAL, FPAG, SIT, or TRIM.

[0258] In some embodimenis, the tyrosing effector domain of an inducible chimeric
cytokine receplor provided herein may contain sequences from one or more cytokine
receptors, RTKs, and/or adaptor proteinsg.  In some embodiments, the sequences may
be in tandem. In some embodiments, the tyrosine effect domain may contain, for
example, shorler iyrosine-containing peptides from the cyiokine receplor, RTK, or
tyrosine kinase adaptor protein. In some embodiments, the tyrosing effector domain can
be a synthetic sequence capable of binding one or more proteins comprising, for
example, phosphor-tyrosine binding protein (PTB) domains, Src homology 2 (8H2)
domains, C2 domains, and/or Src homology 3 (8H3) domains.

[02598] In some embodiments, an inducible chimeric cylokine receptor provided herein
comprises a dimerization domain; a tyrosine kinase activating domain comprising a
fransmembrane domain and a JAK-binding domain, and a tyrosine effector domain
comprising a STAT-activation domain of, or derived from, at least one receptor. In some
of these embodiments, the dimerization domain comprises an FKBP polypeptide; the
transmembrane domain comprises a transmembrane domain of, or derived from, a
protein selected from the group consisting of: EPOR, GP130, PRLR, GHR, GCSFR, PD-
1, and TPOR; the JAK-binding domain comprises a JAK-binding domain of, or derived
from, a protein selected from the group consisting of EPOR, GP130, FRLR, GHR,
GCSFR, and TPOR; and the STAT-activation domain comprises a STAT-activation
domain of, or derived from, at ieast one receptor selected from the group consisting of:
BLNK, IL2RG, EGFR, EpoR, GHR, IFNAR1, IFNARZ, IFNAR1/2, IFNLR1, HA0OR1,
IL12Rb1, IL12R02, H21R, IL2Rb, IL2small, IL7R, IL7Ra, HLOR, IL15R, and IL21R.
[0260] In some embodiments, an inducible chimeric cytokine receptor provided herein
comprises a dimerization domain selected from Table 1B, a tyrosine kinase aclivating
domain selected from Table 1B or Table 1C, and a tyrosine effector domain selected
from Table 1B.

[0251] iIn some embodiments, an inducible chimeric cytokine receptor provided herein
comprises a sequence selected from Table 2A or Table 2B. In some embodiments, the
inducible chimeric cytokineg receptor comprises a sequence selected from SEQ 1D NOs.:
1-58, 187-215, and 225-311.
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[0262] Table 1A provides exemplary full length sequences of naturally occurring
receptors provided in the disclosure, from which the transmembrane proteins are
derived. The sequences provided in Table 1A are reference sequences, in relation t©

which later mutations are expressed, for example in Tables 1B and 1C.

Table 1A: Exemplary Naturally Occurring Receptors

>AAI12154.1 Erythropoietin receptor [Homo sapiens] SEQ
iD

MDHLGASLWPQVGSLCLLLAGAAWAPPPNLPDPKFESKAALLAARGPEELLCFTERL | 58
EDLVOFWEEAASAGVGPGNYSFSYQLEDEPWKLCRLHQAPTARGAVRFWCSLFTA
DTSSFVPLELRVTAASGAPRYHRVIHINEVWLLDAPVGLVARLADESGHVVLRWLPPP
ETPMTSHIRYEVDVSAGNGAGSVORVEILEGRTECVLSNLRGRTRYTFAVRARMAEF
SFGGFWSAWSERPVSLLTPSDLDPLILTLSLILVVILVLLTVLALLSHRRALKOKIWRGIFS
FPESEFEGLFTTHKGNFQLWLYQNDGCLWWEPCTPFTEDPPASLEVLSERCWGTMQ
AVEPGTDDEGPLLEPVGSEHAQDTYLVLDKWLLPRNPPSEDLPGPGGSVDIVAMDE
GSEASSCSSALASKPSPEGASAASFEYTILDPSSQLLRPWTLCPELPPTPPHLKYLYL
VVEDSGISTDYSSGDSQGAQGGLSDGRYSNPYENSLIPAAERPLPPSYVACS

>AAIMT403.1 interleukin 6 signal transducer {GP130, oncostatin M receptor) &0
[Homo sapiens]
MLTLOTWLVOALFIFLTTESTGELLDPCGYISPESPVVQLHSNFTAVOVLKEKCMDYF
HVYNANYIVWRKTNHFTIPKEQYTHNRTASSVTFTDIASLNIQLTCNILTFGOLEQNVYGITH
ISGLPPEKPKNLSCIVNEGKKMRCEWDRGRETHLETNFTLKSEWATHKFADCKAKRD
TRPTSCTVDYSTVYFVNIEVVWWEAENALGKVTSDHINFDPVYKVKPNPPHNLSVINSEEL
SSILKLTWTNPSIKSVHLKYNIQYRTKDASTWSQIPRPEDTASTRSSFTVODLKPFTEYY
FRIRCMKEDGKGYWSDWSEEASGITYEDRPSKAPSFWYKIDPSHTQGYRTVQLVYVWK
TLPPFEANGKILDYEVTLTRWKSHLQNYTVNATKLTVNLTNDRYVATLTVRNLVGKSD
AAVLTIPACDFQATHPVMDLKAFPKDNMLVYWEWT TPRESVKKYILEWCVLSDKAPCIT
DWOQEDGTVHRTYLRGNLAESKCYLITVTPVYADGPGSPESIKAYLKQAPPSKGPTV
RTKKVGKNEAVLEWDQLPVDVONGFIRNYTIFYRTHGNETAVNVDSSHTEYTLSSLTS
DTLYMVRMAAYTDEGGKDGPEFTFTTPKFAQGEIEAIVVPVCLAFLLTTLLGVLFCFNK
ROULIKKHIWPNVPDPSKSHIAQWSPHTPRRHNFNSKDQMYSDGNFTDVSVVEIEAND
KKPFPEDLKSLDLFKKEKINTEGHSSGIGGSSCMSESSRPSISSSDENESSQNTSSTVQ
YSTVVHSGYRHOQVPSVOQVFSRSESTQPLLDSEERPEDLQLVDRHYDGGDGILPRQAY
FKQNCSOHESSPDISHFERSKQVSSYNEEDFVRLKQOISDHISQESCGSGAMEKMFQE
VSAADAFGPGTEGQVERFETVGMEAATDEGMPKSYLPOTVROGGYMPQ

>XP 011512371.1 prolactin receptor isoform X2 [Homo sapiens] &1
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MKENVASATVFTLLLFLNTCLLNGQLPPGKPEIFKCRSPNKETFTCWWRPGTDGGLP
TNYSLTYHREGETLMHECPDYITGGPNSCHFGKOYTSMWRTYIMMVNATNQMGSSF
SDELYVDVTYIVQPDPPLELAVEVKQPEDRKPYLWIKWSPPTLIDLKTGWFTLLYEIRL
KPEKAAEWEIHFAGOQTEFKILSLHPGQKYLVQVRCKPDHGYWSAWSPATFIQIPSD
FTMNDTTVWISVAVLSAVICLHVWAVALKGYSMVTCIFPPVPGPKIKGFDAHLLEKGKS
EELLSALGCODFPPTSDYEDLLVEYLEVDDSEDQHLMSVHSKEHPSOQGMKPTYLDPD
TOSGRGSCDSPSLLSEKCEEPQANPSTFYDPEVIEKPENPETTHTWDPQCISMEGKI
PYFHAGGSKCSTWPLPQPSQHNPRSSYHNITDVCELAVGPAGAPATLLNEAGKDALK
SSQTIKSREEGKATOQQREVESFHSETDOQDTPWLLPQEKTPFGSAKPLDYVEIHKVNK
DGALSLLPKQRENSGKPKKPGTPENNKEYAKVSGVMDNNILVLVPDPHAKNVACFEE
SAKEAPPSLEONQAEKALANFTATSSKCRLOLGGLDYLDPACFTHSFH

>NP_000154.1 growth hormone receptor isoform 1 precursor [Homo sapiens]

MDLWQLLLTLALAGSSDAFSGSEATAAILSRAPWSLOSYNPGLEKTNSSKEPKFTKCR
SPERETFSCHWTDEVHHGTKNLGPIQLFYTRRNTGEWTQEWKECPDYVSAGENSC
YFNSSFTSIWIPYCIKLTSNGGTYDEKCFSYDEIVOPDPPIALNWTLLNVSLTGIHADIOQ
YRWEAPRNADIOKCGWMVLEYELQYKEVNETKWKMMDPILTTSVPVYSLKVDKEYEVY
RVREKQRNSGNYGEFSEVLYVTLPOMSQFTCEEDFYFPWLLHIFGIFGLTVMLFVELF
SKQAQRIKMLILPPVPYPKIKGIDPDLLKEGKLEEVNTILAIHDSYKPEFHSDDSWVEFIEL
DIDEPDEKTEESDTDRLLSSDHEKSHONLGVKDGDSGRTSCCEPDILETDFNANDIHE
GTSEVAQPQRLKGEADLLCLDGKNQNNSPYHDACPATOQQPSVIQAEKNKPQPLPTE
GAESTHOAAHIQLSNPSSLESNIDFYAQVSDITRPAGSVVLSPGOKNKAGMSQCDMHPE
MYSLCQENFLMDNAYFCEADAKKCIPVAPHIKVESHIOPSLNQEDIYITTESLTTAAGR
PGTGEHVPGSEMPVPDYTSIHIVOSPQGLILNATALPLPDKEFLSSCGYVETDQLNKIM
F

62

>XP_01685585%.1 granulocyte colony-stimulating factor receptor isoform X1
[Homo sapiens]

MARLGNCSLTWAALILLLPGSLEECGHISVSAPIVHLGDPITASCHKQNCSHLDPEPQ!
PWRLGAELQPGGROQARLEDGTQESHTLPHLNHTQAFLSCCLNWGNSLQE.DOVELR
AGYPPAIPHNLSCLMNLTTSSLICQWEPRPGPETHLPTSFTLKSFKSRGNCOTQGDSILD
CVPKDGQSHCCIPRKHLLLYQNMGIVWWQAENALGTSMSPQLCLDPMDVVKLEPPML
RTMDFSPEAAPPQAGCLQLCWEPWQRGLHINQKCELRHKPQRGEASWALVGPLPL
EALQYELCGLLFPATAYTLQIRCIRWPLPGHWSDWSPSLELRTTERAPTVRLDTWWRQ
RQLODPRTVQLFWKPYPLEEDSGRIQGYVVSWRFPSGOAGAILPLCNTTELSCTFHLPS
EAQEVALVAYNGAGTSORPTPVVFSESRGPALTREHAMARDPHSLWYGWEPPNPWE
QGYVIEWGLGPPSASNSNKTWRMEONGRATGFLLKENIRPFQLYERVTRPLYQDTMG
PSQHVYAYSOEMAPSHAPELHLKHIGKTWAQLEVWWPEPPELGKSPLTHYTIFWTNAQ
NQSFSAILNASSRGFVLHGLEPASLYHIHLMAASQAGATNSTVLTEMTLTRPEGSELHHL
GLFGLLLLLTCLCGTAWLCCSPNRKNPLWPSVPDFAHSSLGSVYWRFTIMEELPGPRQG
COWLGQTSEMSRALTPHPCVODAFQLPGLGTPRPITKLTVLEEDEKKPVPWESHNSSET
CGLPTLVQTYVLQGDPRAVSTQPQSQSGTSDOVLYGQLLGSPTSPGRPGHYLRCDST
GPLLAGLTPSPKSYENLWFQASPLGTLVTPAPSQEDDCVFGRLLNFPLLQGIRVHGM
EALGSF

63

>NP 005364.1 thrombopoietin receptor precursor [Homo sapiens]

MPSWALFMVTSCLLLAPONLAQVESQDVSLLASDSERPLKCFSRTFEDLTCFWDEEEA
APSGTYQLLYAYPREKPRACPLSSQSMPHFGTRYVCQFPDQEEVRLFFPLHEWAVKN
VELNQTRTORVLFVDSVGLPAPPSHKAMGGSQPGELOISWEEPAPEISDFLRYELRY
GPRDPKNSTGFTVIQLIATETCCPALQRPHSASALDQSPCAQPTMPWQDGPKOTSP
SREASALTAEGGSCLISGLOPGNSYWLQLRSEPDGISLGGSWGSWSLPVTVDLPGD

64
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AVALGLOQCFTLDLKNVTCOWQQOQDHASSQGFFYHSRARCCPRDRYPIWENCEEEE
KTNPGLOTPQFSRCHFKSRNDSHHRILVEVTTAPGTVHSYLGSPFWIHQAVRLPTPNLH
WREISSGHLELEWQHPSSWAAQETCYQLRYTGEGHODWKVLEPPLGARGGTLELR
PRERYRLQLRARLNGPTYQGPWSSWSDPTRVETATETAWISLVTALHLVLGLSAVLG
LLLERWQFPAHYRRLRHALWPSLPDLHRVLGQYLRDTAALSPPKATVSDTCEEVEPS
LLEILPKSSERTRPLPLCSSCAGMDYRRLOPSCLGTMPLSVCPPMAESGSCCTTHIANH
SYLPLSYWQQP

[0263] Exemplary amino acid sequences useful in the inducible chimeric cyiokine

receptors provided herein are shown in Tabie 1B.

Table 1B
N-terminal membrane | Amino acid sequence SEQ
targeting motif iD
CD8 signal peptide MALPVTALLLPLALLLHAARP 85
Myristoylation Motif MGSSKSKPKDPSQR 86
Epitope tag Amino acid seguence SEQ
18]
Myc EQKLISEEDL 87
V5 IPNPLLGLDST 88
Dimerization domain | Amino acid sequence SEQ
iD
FKBP(F36Y) MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE | 89
DGKKVDESSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSVGORAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE
FKBP({F36V)- MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE | 70
FKBP({F38V) DGKRVDESSRDRNKPFRFMLGKQEVIRGWEEGY

AOMBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLGVQVETISPGDGRTFFKRGQTCVY
HYTGMLEDGKKVDESSRDRNKPFKFMLGKQEWY!
RGWEEGVAQMSVGQRAKLTISPDYAYGATGHP
GHPPHATLVFDVELLKLE

FKBP(F3EYV,L106P) MGVQVETISPGDGRTFPKRGQTCYVHYTGMLE | 71
DGKKVDESRDRNKPFKFMLGKQEVIRGWEEGY
AOMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKP

FRBP(F36V,L106F)- MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE | 72
FKBP(F36Y,L106P) DGKKVDSSRDRNKPFKFMLGKGEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKPGVQVETISPGDGRTFPKRGQTCWY
HYTGMLEDKKVDSSRDRNEKPFKFMLGKQEVIR
GWEEGVAQMSVGQRAKLTISPRDYAYGATGHPG
HPPHATLVFDVELLKPE

FRKBRP(E21G,36V R71G | MGVQVETISPGDGRTFPKRGQTCVVHYTGMLG |73
,K105E)- DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
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FRBP(E31G,36Y R71G | AQMSYCQGAKLTISPDYAYGATGHPGIPPHATL
,K105E) VEDVELLELGVQVETISPGDGRTFPKRGQTCWY
HYTGMLGDGKKVDSSRDRNKPFKFMLGKQEV!
ROWEEGVAQMSVGQGAKLTISPDYAYGATGHP
GHPPHATLVFDVELLELE

ALKS/TGFBR1(1-126) | MEAAVAAPRPRLLELVLAAAAAAAAALLPGATAL |74
QCFCHLCTKDNFTCVTDGLCFVSVTETTDKVIH
NSMCIAEIDLIPRDRPFVCAPSSKTGSVTTTYCC
NODHCONKIELPTTVKSSPGLGPVEL

TGFBR2(1-166) MGRGLLRGLWPLHIVEWTRIASTIPPHVQKSVN |75
NDMIVTDNNGAVKFPQLCKFCDVRFSTCDNQK

SCMSNCSITSICEKPQEVOVAVWRKNDENITLET
VOHDPKLPYHDFILEDAASPRKCIMKEKKKPGETF
FMCSCSESDECNDNIFSEEYNTSNPDLLLVIFG

EpoR(1-236) MDHLGASLWPQVGSLCLLLAGAAWAPPPNLPD | 76
PRFESKAALLAARGPEELLCFTERLEDLVCFWE
EAASAGVGPGNYSFSYQLEDEPWKLORLHQAR
TARGAVRFWCSLPTADTSSFVYPLELRVTAASGA
PRYHRVIHINEVVLLDAPVGLVARLADESGHVVL
RWLPPPETPMTSHIRYEVDVSAGNGAGSVQRY
EHLEGRTECVLSNLRGRTRYTFAVRARMAEPSF
GGFWSAW

PHR(1-220) MKENVASATVFTLLLFLNTCLLNGQLPPGKPEIF | 77
KCRSPNKETFTCWWRPGTDGGLPTNYSLTYHR
EGETLMHECPDYITGGPNSCHFGKOYTSMWRT
YIMMVYNATNQMGSSFSDELYVDVTYIVQPDPPL
ELAVEVKQPEDRKPYLWHMWSPPTLIDLKTGWF
TLLYEIRLKPEKAAEWEIHFAGOQQTEFKILSLHPG
QKYLVQVRCKPDHGYWSAWSP

GHR{1-250) MDLWQLLLTLALAGSSDAFSGSEATAAILSRAP |78
WSLQSVNPGLKTNSSKEPKFTKCRSPERETFSC
HWTDEVHHGTKNLGPIQLFYTRRNTQEWTQEW
KECPDYVSAGENSCYFNSSFTSIWIPYCIKLTSN
GGTVDEKCFSVDEIVQPDPPIALNWTLLNVSLTG
HADIQVRWEAPRNADIOKGWMVLEYELQYKEY
NETKWKMMDPILTTSVPVYSLKVDKEYEVRVRS
KQRNSGNYGEFSEVLYVT

TPORMPLR({1-478) MPSWALFMVTSCLLLAPQNLAQVESQDVELLAS | 79
DSEPLKCFSRTFEDLTCFWDEEEAAPSGTYQLL
YAYPREKPRACPLSSQESMPHFGTRYVCQFPDQ
EEVRLFFPLHLWYKNVFLNQTRTQRVLFVDSVEG
LPAPPSHKAMGGSQPGELQISWEEPAPEISDFL

RYELRYGPRDPKNSTGPTVIQUIATETCCPALQR
PHSASALDQSPCAQPTMPWQDGPKQTSPSRE

ASALTAEGGSCLISGLAPGNSYWLQLRSEPDG!

SLGGSWGESWSLPVTVDLPGDAVALGLQCFTLD
LKNVTCQWQQODHASSQGFFYHSRARCCFRD
RYPIWENCEEEEKTNPGLOTPQFSRCHFKSRN

DSHHILVEVTTAPGTVHSYLGSPFWIHQAVRLPT
PNLHWREISSGHLELEWQHPSSWAAQETCYQL
RYTGEGHQDWKVLEPPLGARGGTLELRPRSRY
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RLOLRARLNGPTYQGPWSSW

EGFR({1-631) MRPSGTAGAALLALLAALCPASRALEEKKVCQG | 80
TENKLTOLGTFEDHFLSLORMFNNCEVVLGNLE!
TYVORNYDLSFLKTIGEVAGYVLIALNTVERIPLE
NLQHRGNMYYENSYALAVLSNYDANKTGLKELF
MRNLQEHLHGAVRFSNNPALCNVESIQWRDIVS
SDFLSNMSMDFQNHLGSCQKCDPSCPNGSCOW
GAGEENCOKLTKHCAQQCSGRCRGKSPSDCC
HNOCAAGCTGPRESDCLVCRKFRDEATCKDTC
FPRLMLYNPTTYQMDVNPEGKYSFGATCVKKCFP
RNYVVTDHGSCVRACGADSYEMEEDGVRKCK
KCEGPCRKVCONGIGIGEFKDSLSINATNIKHFKN
CTSISGDLRHILPVAFRGDSFTHTPRPLDPQELDILK
TVKEITGFLLUIGAWPENRTDLHAFENLEIRGRTK
QHGQFSLAVYSLNITSLGLRSLKEISDGDVHSGN
KNLCYANTINWKKLFGTSGOKTKISNRGENSCK
ATGOVCHALCSPEGCWGPEFRDCVSCRNVSER
GRECVDKCNLLEGEPREFVENSECIQCHPECLP
QAMNITCTGRGPDNCIQCAHYIDGPHCOVKTCPA
GVMGENNTLVWKYADAGHVCHLCHPNCTYGOC
TGP

FGFR1(1-362) MWEWKCLLFWAVLVTATLCTARPSPTLRPEQAQ | 81
PWGAPVEVESFLYHPGDLLOLRCRIRDDVQSIN
WLRDGVOLAESNRTRITGEEVEVQDSVPADSG
LYACVTSSPSGSDTTYFSVYNVEDALPSSEDDDD
DDDSSSEEKETDNTKPNRMPVARFYWTSPEKME
KKLHAVPAAKTVKFKCPSSGTPNPTLRWLKNGK
EFKPDHRIGGYKVRYATWSHMDSVVPSDKGNY
TCIVENEYGSINHTYQLDVWWERSPHRPILQAGLP
ANKTVALGENVEFMCKVYSDPQPHIOWLKHIEY
NGSKIGPDNLPYVOQILKTAGYNTTDKEMEVLHLR
NVSFEDAGEYTCLAGNSIGLSHHSAWLTVLEAL

PDGFRA(1-514) MGTSHPAFLVLGCLLTGLSLILCQLSLPSILPNEN | 82
EKVVQLNSSFSLRCFGESEVSWQYPMSEEESS
DVEIRNEENNSGLFVTVLEVSSASAAHTGLYTCY
YNHTQTEENELEGRHIYIYVPDPDVAFVPLGMT
DYLVIVEDRDDSAIPCRTTDPETPVTLHNSEGVVF
ASYDSRQGFNGTFTVGRYICEATVKGKKFQTIFF
NVYALKATSELDLEMEALKTVYKSGETIVVTCAY
FNNEVVDLOWTYPGEVKGKGITMELEEIKVPSIKL
VYTLTVPEATVKDSGDYECAARQATREVKEMKK
VTISVHEKGFIEIKPTFSQLEAVNLHEVKHFVVEY
RAYPPFRISWLKNNLTUENLTEITTDVEKIQEIRY
ROSKLKLIRAKEEDSGHYTIVAGNEDAVKSYTFEL
LTQVPSSILDLVDDHHGSTGGQTVRCTAEGTRL
PDIEWMICKDIKKCNNETSWTILANNVSNHTEIHS
RORSTVEGRVTFAKVEETIAVRCLAKNLLGAEN
REL

PDGFRB(1-518) MRLPGAMPALALKGELLLLSLLLLLEPQISQGLY | 83
VTPPGPELVLNVSSTFVLTCSGSAPVVWERMS
QEPPQEMAKAQDGTFSSVLTLTNLTGLDTGEYF
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CTHNDSRGLETDERKRLYIFVPDPTVGFLPNDA
EELFIFLTEITEITIPCRVTDPQLVVTLHEKKGDVA
LPVPYDHORGFSGIFEDRSYICKTTIGDREVDSD
AYYVYRLOVSSINVSYNAVOTVVRGQGENITLMCI
VIGNEVYNFEWTYPRKESGRLVEPVTDFLLDMP
YHIRSILHIPSAELEDSGTYTCNVTESYNDHQDE
KAINITYVESGYVRLLGEVGTLQFAELHRSRTLQ
VWFEAYPPPTVLWFKDNRTLGDSSAGEIALSTR
NVSETRYVSELTLVRVKVAEAGHYTMRAFHEDA
EVOLSFOLQINVPVRVLELSESHPDSGEQTVRC
RGRGMPQPNIWSACRDLKRCPRELPPTLLGNS
SEEESQLETNVTYWEEEQEFEVVSTLRLAHVDR
PLSYRCTLRNAVGQDT

BCMA (1-54)

MLOMAGQCSQNEYFDSLLHACIPCQLRCSESNT
PPLTCQRYCNASVTNSVKGTNA

84

BAFF-R (1-78)

MRRGPRSLRGRDAPAPTPCVPAECFDLLVYRHC
VACGLLRTPRPKPAGASSPAPRTALOPQESVGA
GAGEAALPLPGLL

85

TACI (1-165)

MSGLGRSRRGGRSRVDQEERFPQGLWTGVAM
RECPEEQYWDPLLGTCMSCKTICNHQSQRTCA
AFCRSLESCRKEQGKFYDHLLRDCISCASICGOH
PRKQCAYFCENKLRSFYNLPPELRRORSGEVEN
NSDNSGRYQGLEHRGSEASPALPGLEKLSADQY
ALVYS

86

OX40 (1-214)

MCVGARRLGRGPCAALLLLGLGLSTVTGLHCVG
DTYPSNDRCCHECRFPGNGMYSRCSRSQNTVC
RPCGPGFYNDVVYSSKRFCKPCTWONLRSGSERK
QLCTATQDTVCORCRAGTQPLDSYKPGVDCARC
PPGHFSPGDNQACKPWTNCTLAGKHTLOPASN
SEDAICEDRDPPATQPQETQGPPARPITVQPTE
AWPRTSQGPSTRPVEVPGGRA

87

Tyrosine kinase
activating domain

Amino acid sequence

SEQ
D

CDB{138-206)

TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGA
VHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYC

88

EpoR(237-
338:1.241G,L.242P)

SEPVSGPTPSDLDPLILTLSLILVWVILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFGQ
LWLYQNDGCLWWOPCTPFTEDPPASLEVLSER
C

89

EpoR(237-338)

SEPVSGPTPSDLDPLILTLSLILVWWILVLLTVLALLS
HRRALKOKIWPGIPSPESEFEGLFTTHKGNFQL
WLYQNDGCLWWSPCTPFTEDPPASLEVLSERC

80

EpoR(237-
282:1.241G,L.242P)

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKI

g1

GP130(B0S-700)

TTPKFAQGEIEANVVPVCLAFLLTTLLGVLFCFNK
ROLIKKHIWPNVPDPSKSHIAQWSPHTPRPRHNF
NSKDOMYSDGNFTDVSVVEIEAND

82

PriR(221-319)

ATFIQIPSDFTMNDTTVWISVAVLSAVICLHVWAY
ALKGYSMVTCIFPPVPGPKIKGFDAHLLEKGKSE
ELLSALGCQDFPPTSDYEDRLLVEYLEVDD

g3
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GHR{251-352) LPOQMSQFTCEEDFYFPWLLINFGIFGLTVMLFVE | 84
LFSKQQRIKMLILPPVPVPKIKGIDPDLLKEGKLE
EVNTILAIHDSYKPEFHSDDSYWEFIELDIDE

GCEFR{614-710) LTEMTLTPEGSELHILGLFGLLLLLTCLCGTAWL | 85
CCSPNRKNPLWPSVPDPAHSSLGSYWWIPTIMEE
DAFQLPGLGTPPITKLTVLEEDEKKPVPWE

TPOR/MPLR(478-582) | SDPTRVETATETAWISLYTALHLVLGLSAVLGLLL | 86
LRWQFPAHYRRLRHALWPSLPDLHRVLGGYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT

PLPL

TROR/MPLR(478-528) | SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL | 97
LRWOFPAHYRRLRHAL

EGFR({632-979) GLEGCPTNGPKIPSIATCMYGALLLLLVVALGIGL | 98

FMRRRHIVRKRTLRRLLQERELVEPLTPSGEAP
NOALLRILKETEFKKIKVLGSGAFGTVYKGLWIPE
GERKVKIPVAIKELREATSPKANKEILDEAYVMASY
DNPHVCRLLGICLTSTVQLITQLMPFGCLLDYVR
EHKDNIGSQYLLNWOVQIAKGMNYLEDRRLVHR
DLAARNVLVKTPQHVKITDFGLAKLLGAEEKEYH
AEGGKVPIKWMALESILHRIYTHOSDVWSYGYT
VWELMTFGSKRPYDGIPASEISSILEKGERLPOPPY
CTIDVYMIMVYKCWMIDADSRPKFRELHEFSKMA
RDPQRYL

FGFR1(363-767) EERPAVMTSPLYLEHYCTGAFLISCMVGSEVIVYK | 89
MKSGTKKSDFHSOMAVHKLAKSIPLRRQVTVSA
DESASMNSGVELVRPSRLSSSGTPMLAGVSEY
ELPEDPRWELPRDRLVLGKPLGEGCFGOVVLA
EAIGLDKDKPNRVTKVAVKMLKSDATEKDLSDLI
SEMEMMKMIGKHKNIINLLGACTOQDGPLYVIVEY
ASKGNLREYLQARRPPGLEYCYNPSHNPEEQL
SSKDLVSCAYQVARGMEYLASKKCIHRDLAARN
VLVTEDNVMKIADFGLARDIHHIDYYKKTTNGRL
PYKWMAPEALFDRIYTHQSDVWSFGVLLWEIFT
LGGSPYPGVPVEELFKLLKEGHRMDKPSNCTN
ELYMMMRDCWHAVPSORPTFKQLVEDLDRIVA
LTSNQEYL

PDGFRA(S15-954) KEVAPTLRSELTVAAAVLVLLVIVIISLIVLVVIWKQ | 100
KPRYEIRWRVIESISPDGHEYIYVDPMOLPYDSR
WEFPRDGLVLGRVLGSGAFGKWEGTAYGLSR
SQPYMKVAVKMLKFTARSSEKQALMSELKIMTH
LGPHLNIVNLLGACTKSGPIYHTEYCFYGDLYNY
LHKNRDSFLSHHPEKPKKELDIFGLNPADESTRS
YVILSFENNGDYMDMKQADTTQYVPMLERKEY
SKYSDIGRSLYDRPASYKKKSMLDSEVKNLLSD
DNSEGLTLLDLLSFTYQVARGMEFLASKNCVHR
DLAARNVLLAQGKIVKICDFGLARDIMHDSENYVS
KGSTFLPVKWMAPESIFDNLYTTLSDVWSYGILL
WEIFSLGGTPYPCMMVDSTFYNKIKSGYRMAKP
DHATSEVYEIMVKCOWNSEPEKRPFPSFYHLSEIVE
NLL

PDGFRB(515-862) CEVIVVPHSLPFKVYVVISAILALVVLTHSLIHLIMLW | 101
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QKKPRYEIRWKVIESVSSDGHEYYVDPMQOLPY
DETWELPRDQLVLGRTLGSGAFGQVVEATAHG
LSHSQATMEVAVKMLKSTARSSEKOALMSELKI
MSHLGPHLNVWNLLGACTKGGPIYHTEYCRYGD
LVDYLHRNKHTFLOHHSDKRRPPSAELYSNALP
VGLPLFSHVSLTGESDGGYMDMSKDESYVDYVP
MLDMKGDVKYADIESSNYMAPYDNYVPSAPER
TCRATLINESPVLSYMDLVGFSYQVANGMEFLA
SKNCVHRDLAARNVLICEGKLVKICDFGLARDIM
RDSNYISKGSTFLPLKWMAPESIFNSLYTTLSDY
WEFGILLWEIFTLGGTPYPELPMNEQFYNAIKRG
YRMAQPAHASDEIYEIMOKCWEEKFEIRPPFSQ

LVLLLERLL
murine EpoR(236- SEPASLLTASDLDPLILTLSLILVLISLGPTVEALLS | 102
337,L.264G,L265P) HRRTLQOKIWPGIPSPESEFEGLFTTHKGNFQL
WLLAQRDGCLWWSEPGSSFPEDPPAHLEVLSEPR
EpoR(273-508) SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFG {103

LWLYONDGCLWWEPCTPFTEDPPASLEVLSER
CWGTMOAVEPGTDDEGRLLEPVGSEHAQDTYL
VLDKWLLPRNPPSEDLPGPGGSVDIVAMDEGS
EASSCSSALASKRFSPEGASAASFEYTILDPSSQL
LRPWTLCPELPPTPPHLKYLYLVVSDSGISTDYS
SGDSQGAQGGLSDGPYSNPYENSLIPAAERPLPP

SYVACS
Tyrosine effector Amino acid seguence SEQ
domains D
IL7R(318-45%9) ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSEP | 134

NCPSEDVWITPESFGRDSSLTCLAGNVSACDAP!
LSSSRSLDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ

ILZRDb(333-551) VTOLLLOQDKYVPERPASLSSNHSLTSCFTNQGYF | 135
FFHLPDALEIEACQVYFTYDPYSEEDPDEGVAG
APTGSSPQRPLOPLSGEDDAYCTFPSRDDLLLFS
PSLLGGPSPPSTAPGGSGAGEERMPPSLQERY
PRDWDPOPLGPPTPGVPDLVDFQPPPELVLRE
AGEEVPDAGPREGVSFPWSRPPGQGEFRALNA
RLPLNTDAYLSLQELQGQDPTHLY

IFNAR1(508-557) ISTIATVEETNQTDEDHKKYSSQTSQDSGNYSN | 136
EDESESKTSEELQQDFY
IFNARZ(310-515) KKKVWDYNYDDESDSDTEAAPRTSGGGYTMH | 137

GLTVRPLGQASATSTESQLIDPESEEEPDLPEVD
VELPTMPKDSPOQQLELLSGPCERRKSPLGDRPFP
EEDYSSTEGSGGRITFNVDLNSVFLRVLDDEDS
DDLEAPLMLSSHLEEMVDPEDPDNVQSNHLLAS
GEGTQPTFPSFSSEGLWSEDARSDOSDTSESD

VDLGDGYIMR
IFNAR1Z(IFNARA ISTIATVEETNGQTDEDHKKYSSQTSQDSGNYSN | 138
residues 508-557- EDESESKTSEELQQDFVKKKVWIYNYDDESDS

IFNARZ2 residues 310- | DTEAAPRTSGGGY TMHGLTVRPLGOASATSTE
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515) SQLIDPESEEEPDLPEVDVELPTMPKDSPQOLE
LLSGPCERRKSPLODPFPEEDYSSTEGSGGRIT
FNVDULNSVFLRVLDDEDSDDLEAPLMLSSHLEE
MVDPEDPDNVQSNHLLASGEGTQPTFPSPSSE
GLWSEDAPSDQSDTSESDVDLGDGYIMR

IFNLR1(300-520) RGVRPTPRVRAPATOQQTRWKKDLAEDEEEEDE | 130
EDTEDGVSFQPYIEPPSFLGQEHQAPGHSEAG
GVDSGRPRAPLVPSEGSSAWDSESDREWASTY
DSSWDRAGSSGYLAEKGPGQGPGGDGHOESL
FPPEFSKDSGFLEELPEDNLSSWATWGTLPPEPR
NLVPGGPPVSLOTLTFCWESSPEEEEEARESE!
EDSDAGSWGAESTQRTEDRGRTLGHYMAR

Common Gamma IPPKGGALGEGPGASPCONQHSPYWAPPCYTLK | 140
Chain(335-369) PET
ILOR(358-521) TALLTCGPARPWKSVALEEEQEGPGTRLPGNLS | 141

SEDVLPAGCTEWRVQTLAYLPQEDWAFTSLTR
PAPPDSEGSRSSSSSSSESNNNNYCALGCYGG
WHLSALPGNTQSSGRIPALACGLSCDHOGLETQ
QGVAWVLAGHCORPGLHEDLQGMLLPSVLSKA
RSWTF

H21R(322-538) PRSPAKRLOQLTELQEPAELVESDGVYPKFPSFWPT | 142
AQNSGGSAYSEERDRPYGLVSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLEPSPGLEDRPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKPP
LADGEDWAGGLPWGGRSPGGVSESEAGSPLA
GLDMDTFDSGFVGSDCSSPVECDFTSRPGDEGP
PREYLRQWWVIPPPLSSPGFOAS

GHR(353-638) PDEKTEESDTDRLLSSDHEKSHSNLGVKDGDS | 143
GRTSCCEPDILETDFNANDIHEGTSEVAQPORL
KGEADLLCLDQKNONNSPYHDACPATQQPSV!
QAEKNKPQPLFTEGAESTHQAAHIQLSNPSSLS
NIDFYAQVSDITPAGSVVLSPGQKNKAGMSEQCD
MHPEMVSLCOENFLMDNAYFCEADAKKCIPVAR
HIKVESHIOPSLNQEDIYITTESLTTAAGRPGTGE
HYPGSEMPYPRDYTSIHIVOSPQGLILNATALPLP
DKEFLSSCGYVSTDOLNKIMP

EpoR(339-508) WOETMQAVEPGTDDEGPLLEPVGSEHAQDTYLY | 144
LDKWLLPRNPPSEDLPGPGGSVDIVAMDEGSE
ASSCESALASKPSPEGASAASFEYTILDPSSQLL
RPWTLCPELPPTPPHLKYLYLVWSDSGISTDYSS
GDEQGAQGGLSDGPYSNPYENSLIPAAEPLPPS
YVACS

murine ILZRb(337-539) | AVQLLLLOKDSAPLPSFSGHSOASCFTNQGYFF | 145
FHLPNALEIESCOVYFTYDPCVEEEVEEDGSRL
PEGSPHPPLLPLAGEQDDYCAFPPRDDLLLFSP
SLETPNTAYGGSRAPEERSPLSLHEGLFPSLASR
DLMGLARPLERMPEGDGEGLSANSSGEQASVP
EGNLHGQDQDRGQGPILTLNTDAYLSLQELQAG
DSVHL]

murine [L7Ra(316-459) | ARDEVESFLPNDLPAQPEELETQGHRAAVHSAN | 146
RSPETSVSPPETVRRESPLRCLARNLSTCNAPP
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LLSSREPDYRDGDRNRPPVYQDLLPNSGNTNY
PVRPVPOPLPFOSGILIPVSORGRISTSSVLNQEE
AYVTMSSFYQNK

EGFR({955-1186) VIQGDERMHLFSPTDENFYRALMDEEDMDDVY | 147
DADEYLIPQQGFFSSPSTSRTPLLSSLSATENNS
TVACIDRNGLQSCPIKEDSFLARYSSDPTGALTE
DSIDDTFLPVPEYINQSVPKRPAGSVONPYYHN
QPLNPAPSRDPHYQDPHSTAVGNPEYLNTVGP
TCVNSTFDSPAHWAQKGSHQISLDNPDYQQDF
FPKEAKPNGIFKGSTAENAEYLRVAPQSSEFIGA

EGFR{955- VIQGDERMHLPSPTDSNFFRALMDEEDMDDVY | 148

1186, Y974F,d1045- DADEYLIPOQGFFSSPSTSRTPLLSSLSATSNNS

10&67) TVACIDRNGLOSCPIKEDSFLORIDDTFLPVPEY]
NQSVPKRPAGSVONPYYHNQPFPLNPAPSRDPHY
QDPHSTAVGNPEYLNTVAPTCVNSTFDSPAHW
AQKGSHQISLDNPDYQQDFFPKEAKPNGIFKGS
TAENAEYLRVAPQSSEFIGA

EGFR(855- VIQGDERMHLPSPTDSNFFRALMDEEDMDDVY | 149

1009, Y974F) DADEYLIPQQGFFSSPSTSRTP

EGFR({1019-1085) NNSTVACIDRNGLQSCPIKEDSFLQRIDDTFLRPY | 150
FPEYINQSVPKRFPAGSVONPY

EGFR(1037- KEDSFLQRIDDTFLPVPEFINQSVPKRPAGSVON | 151

1103;Y1088/1101F d10 | PYYHNQPLNPAPSRDPHFQD

45-1057)

EGFR(1066- VPEFINQSVPKRPAGEVQNPVFHNQPLNPAPSR | 152

1118,y 10068/1086F) DPHYQDPHSTAVGNPEYLNTY

EGFR(1122-1165) PEYLNTVOQPTCVYNSTFDSPAHWAQKGSHQISLD | 153
NPDYQQDFFPKEAKPNGIFKG

EGFR{1133- WAQKGSHQISLDNPDFQQDFFPKEAKPNGIFKG | 154

1186,Y1148F) STAENAEYLRVAPQSSEFIGA

HL12Rb2({775-825) SDFKPENPACPWTVLPAGDLPTHDGYLPSNIDD | 155
LPSHEAPLADSLEELEPQ

IL7R{376-416) ACDAPILSSSRELDCRESGKNGPHVYGDLLLSL | 156
GTTNSTLP

H.7R(424-459) GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQ | 157
NG

IL7R(376-416,424-459) | ACDARILSSSRSLDCRESGKNGPHVYYQDLLLSL | 158
GTTNSTLPQGQPILTSLGSNQEEAYVTMSSFYQ
NG

IL7R{424-459,Y456F) GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFFQ | 159
NQ

IL7R{376-416,424- ACDAPILSSSRELDCRESGKNGPHVYQDLLLSL | 160

459, Y456F) GTTNSTLRPOGOPILTSLGENQEEAYVTMSSFFQ
NQ

{L2Rbsmall(393-433) DEGVAGAPTGSSPQPLQFLSGEDDAYCTFRFSR | 161
DDLLLFSPSGQGEFRALNARLPLNTDAYLSLQEL
QGQDPTHLY

iL2Rbsmall(518-551) GOGEFRALNARLPLNTDAYLSLQELQGQDPTHL | 162
3

H.2Rbsmall{339- QQDKVPEPASLSSNHSLTSCFTNQGYFFFHLPD | 163

379,283-433)

ALEIEACODEGVAGAPTGSSPOPLAPLSGEDDA
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YCTFPSRDDLLLFSPS
{L2Rbsmall(33¢- QQDKYPEPASLSSNHSLTSCFTNGQGYFFFHLPD | 164
379,518-551) ALEIEACQ
GQGEFRALNARLPLNTDAYLSLQELQGQDPTHL
\
iL2Rbsmall{393- DEGVAGAPTGSSPQPLOPLSGEDDAYCTFPSR | 165
433,518-551) DOLLLFSPSGQGEFRALNARLPLNTDAYLSLOEL
QGQDPTHLY
iL2Rbsmall{339- QQDKVPEPASLSSNHSLTSCFTNQGYFFFHLIPD | 168

379,393-433,518-551) | ALEIEACQDEGVAGAPTGSSPORLAPLSGEDDA
YCTFPSRDDLLLFSPEGOGEFRALNARLPLNTD

AYLSLQELQGQDPTHLY
IFNARZsmall(310-352) | KKKVWDYNYDDESDSDTEAAPRTSGGGYTMH | 167
GLTVRPLGQASA
IFNARZsmall{486-515) | EGLWSEDAPSDQSDTSESDVDLGDGYIMR 168
IFNARZsmali{(310- KKKVWDYNYDDESDSDTEAAPRTSGGGYTMH | 169
3562,486-515) GLTVRPLGQASA
EGLWSEDAPSDQSDTSESDVDLGDGYIMR
BLNK(53-208) ASESPADEEEQWSDDFDSDYENPDEHSDSEMY | 170

VMPAEENADDSYEPPPVEQETRPVHPALPFAR
GEYIDNRSSORHSPPFSKTLPSKPSWPSEKARL
TSTLPALTALOKPQVPPKPKGLLEDEADYVWVRY
EDNDENYIHPTESSSPPFEKAPMYNR

BLNK(53-208,Y72F) ASESPADEEEQWSDDFDSDFENPDEHSDSEMY | 171
VMPAEENADDSYEPPPVEQETRPVHPALPFAR
GEYIDNRSSORHSPPFSKTLPSKPSWPSEKARL
TSTLPALTALOKPQVPPKPKGLLEDEADYVVRY
EDNDENYIHPTESSSPPRPEKAPMVYNR

BLNK(53- ASESPADEEEQWSDDFDSDFENPDEHSDSEMY | 172
208;Y72F YO6F) VMPAEENADDSFEPPPVEQETRPYHPALPFAR
GEYIDNRSSORHSPPFSKTLPSKPSWRSEKARL
TSTLPALTALOKPQVPPKPKGLLEDEADYVVPY
EDNDENYIHPTESSSPRPRPEKAPMVNR

EpoR(339-508) WGETMQAVERPGTDDEGPLLEPVGSEHAGDTYLY [ 173
LDKWLLPRNPPSEDLPGPGGSVDIVAMDEGSE
ASSCSSALASKPSPEGASAASFEYTILDRPSSQLL
RPWTLCRELPPTPPHLKYLYLVVSDSGISTDYSS
GDSGGAQGGLSDGPYSNPYENSLIPAAEPLPPS
YVACS

IL12Rb2{714-862) VTPVFRHPPCSNWPOREKGIQGHOQASEKDMM | 174
HSASSPPPPRALQAESROQLYDLYRVLESRGSDP
KPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPOHISLEVFPSSSLHPLTFSC

GDKLTLDQLKMRCDSLML

iL12Rb1{622-662) WDKGERTEPLEKTELPEGAPELALDTELSLEDG | 175
DRCKAKM

iL10R1(304-578) VOPELKNLDLHGSTDSGRFGSTKPSLOTEEPQFL | 176

LPDPHPOQADRTLGNREPPVLGDSCSSGEENGET
DEGICLOEPSLEPSTGPTWEQQVGSNSRGQDD
SGIDLVONSEGRAGDTQGGSALGHHSPPEPEY
PGEEDPAAVAFQGYLRQTRCAEEKATKTGCLE
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EESPLTDGLOPKFGRCLVDEAGLHPPALAKGYL
KQDPLEMTLASSGAPTGOWNQOPTEEWSLLALS
SCHSDLGISDWSFAHDLAPLGCVAAPGGLLGSFN
SDLVTLPLISSLOSSE

Other constructs Amino acid sequence SEQ
D

Myristoyl-Myd88-CD40- | MGESSKSKPKDPSQRMAAGGPGAGSAAPVEST | 177
FKBP(F38V)xZ SSLPLAALNMRVRRRLSLFLNVRTQVAADWTAL
{GoCART) AEEMDFEYLEIRQLETQADFTGRLLDAWQGRP
GASVGRLLELLTKLGRDDVLLELGPSIEEDCQKY
ILKQQOQEEAEKPLQVAAVDSSVPRTAELAGITTL
DOPLGHMPERFDAFICYCPSDIKKVAKKPTNKA
PHPKQEPQEINFPDDLPGSNTAAPVQETLHGCQ
PVTOQEDGKESRISVQERQGVQVETISPGDGRTF
PRRGQTCVVHYTGMLEDGKKVDSSRDRNKPFK
FMLGKQEVIRGWEEGVAQMSYGORAKLTISPD
YAYGATGHPGHPPHATLVFDVELLKLGVQVETIS
PGDGRTFPKRGQTCVVHYTGMLEDGKKVDESR
DRNKPFKFMLGKQEVIRGWEEGVAQMSVGAR
AKLTISPDYAYGATGHPGHPPHATLVFDVELLKL
E

TagBFP MSELIKENMHMKLYMEGTVDNHHFKCTSEGEG | 178
KPYEGTQTMRIKVVEGGPLPFAFDILATSFLYGS
KTFINHTQGIPDFFKQSFPEGFTWERVTTYEDG
GVLTATQDTSLQDGCLIYNVKIRGYNFTSNGPY
MQKKTLGWEAFTETLYPADGGLEGRNDMALKL
VGGSHLUANIKTTYRSKKPAKNLKMPGVYYVDY
RLERIKEANNETYVEQHEVAVARYCDLPSKLGH
KLN

[0264] Exemplary transmembrane and JAK-binding sequences of or derived from,
TRPORMPLR useful in the inducible chimeric cytokine receptors provided herein are

shown in Table 1C.

Table 1C

Tyrosine kinase Amino acid sequence SEQ
activating domain iD
comprising a JAK
binding domain and
transmembrane
domain varianis of
TPOR
PD1{158-191)- PSPSPRPAGQFQTLVVGWWGGLLGSLVLLVWVYL | 104
TPORMPLR (514-582) | AV

RWOFPAHYRRLRHALWPSLPDLHRVLGQYLRD

TAALSPPKATVSDTCEEVEPSLLEILPKSSERTPL

PL
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TRPOR/MPLR(478-582) | SDPTRVETATETAWISLYVTALHLVLGLSAVLGLLL | 105
{(wildtype sequence} LRWOFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

TPOR/MPLR(N-1) SDPTRVETATETWISLVTALHLVLGLSAVLGLLLL | 108
RWQFPAHYRRLRHALWRFSLPDLHRVLGQYLRD
TAALSPPKATVSDTCEEVEPSLLEILPKSSERTPL
PL

TRPOR/MPLR(N-2) SDPTRVETATETISLVTALHLVLGLSAVLGLLLLR | 107
WOFPAHYRRLRHALWPSLPDLHRVLGQYLRDT
AALSPPKATVSDTCEEVEPSLLEILPKSSERTRL
PL

TPOR/MPLR(N-2+1) SOPTRVETATETLISLVTALHLVLGLSAVLGLLLL | 108
RWQFPAHYRRLRHALWRFSLPDLHRVLGQYLRD
TAALSPPKATVSDTCEEVEPSLLEILPKSSERTPL
PL

TRPOR/MPLR(N-3) SDPTRVETATETSLVTALHLVLGLSAVLGLLLLR | 109
WQFPAHYRRERHALWPSLPDLHRVLGQYLRDT
AALSPPKATVSDTCEEVEPSLLEILPKSSERTRL
PL

TPOR/MPLR(N-4) SOPTRVETATETLVTALHLVLGLSAVLGLLLLRW | 110
QFPAHYRRLRHALWPSLPDLHRVLGQYLRDTA
ALSPPKATYSDTCEEVEPSLLEILPKSSERTPLPL

TPOR/MPLR(N-4+1) SOPTRVETATETILVTALHLVLGLSAVLGLLLLRW | 111
OFPAHYRRLRHALWPSLPDLHRYLGQYLRDTA
ALSPPKATVSDTCEEVEPSLLEILPKSSERTPLPL

TPOR/MPLR(N-5} SOPTRVETATETVTALHLVLGLSAVLGLLLLRWG | 112
FRPAHYRRLRHALWRPSLPDLHRVLGQYLRDTAAL
SPPKATVSDTCEEVEPSLLEILPKSSERTPLPL

TPOR/MPLR(N-8) SDPTRVETATETTALHLVLGLSAVLGLLLLRWGF | 113
FPAHYRRLRHALWPSLPDLHRVLGQYLRDTAALS
PPKATVSDTCEEVEPSLLEILPKSSERTPLFL

TPOR/MPLR(N-7} SOPTRVETATETALHLVLGLSAVLGLLLLRWQFP | 114
AHYRRLRHALWPSLPDLHRVLGQYLRDTAALSP
PKATVSDTCEEVEPSLLEILPKSSERTPLIFL

TPOR/MPLR(N-8) SDPTRVETATETLHLVLGLSAVLGLLLLRWQOFPA | 115
HYRRLRHALWPSLPDLHRVLGQYLRDTAALSPF
KATVSDTCEEVEPSLLEILPKSSERTPLPL

TPOR/MPLR(N-9) SDPTRVETATETHLVLGLSAVLGLLLLRWQOFPA | 116
HYRRLRHALWPSLPDLHRVLGQYLRDTAALSPF
KATVSDTCEEVEPSLLEILPKSSERTPLPL

TPOR/MPLR{N-10) SOPTRVETATETLVLGLSAVLGLLLLRWQFPAHY | 117
RRLRHALWPSLPDLHRVLGQYLRDTAALSPRFKA
TVSDTCEEVEPSLLEILPKSSERTPLPL

TPORMPLR{N-11) SDPTRVETATETVLGLSAVLGLLLLRWQFPAHY | 118
RRLRHALWPSLPDLHRVLGQYLRDTAALSPPKA
TVSDTCEEVEPSLLEILPKSSERTPLPL

TRPOR/MPLR(N-12) SOPTRVETATETLGLSAVLGLLLERWQOQFPAHYR | 119
RLRHALWPSLPDLHRVLGQYLRDTAALSPPKAT
VSDTCEEVEPSLLEILPKSSERTPLPL
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TPORMPLR(N-13)

SDPTRVETATETGLSAVLGLLLLRWQOFPAHYRR
LRHALWPSLPDLHRVLGQYLRDTAALSPPKATY
SOTCEEVEPSLLEHLPKSSERTPLPL

126

TRPOR/MPLR{N-14)

SDPTRVETATETLSAVLGLLLLRWQFPAHYRRL
RHALWPSLPDLHRVLGQYLRDTAALSPPKATVS
DTCEEVEPSLLEILPKSSERTPLPL

121

TPORMPLR(N-15)

SDPTRVETATETSAVLGLLLLRWQFPAHYRRLR
HALWPSLPDLHRVLGQYLRDTAALSPPKATVSD
TCEEVEPSLLEILPKSSERTPLPL

122

TRPOR/MPLR{N-16)

SDPTRVETATETAVLGLLLLRWQFPAHYRRLRH
ALWPSLPDLHRVLGQYLRDTAALSPFKATVSDT
CEEVEPSLLEILPKSSERTPLPL

123

TRPORMPLR{N-17)

SOPTRVETATETVLGLLLLRWQFPAHYRRLRHA
LWPSLPDLHRVLGQYLRDTAALSPRPKATVSDTC
EEVEFSLLEILPKSSERTPLPL

124

TRPOR/MPLR(N-18)

SDPTRVETATETLGLLLLRWQFPAHYRRLRHAL
WPSLPDLHRVLGQYLRDTAALSPPKATVSDTCE
EVEPSLLEILPKSSERTPLPL

125

TPORMPLR(N+1)

SOPTRVETATETAWLISLVTALHLVLGLSAVLGLL
LLRWQFPAHYRRLRHALWPSLPDLHRVLGQYL
ROTAALSPPKATVEDTCEEVEPSLLEILPKSSER
TPLPL

126

TPORMPLR(N+2)

SDPTRVETATETAWVLISLVTALHLVYLGLSAVLG
LLLLRWOFPAHYRRLRHALWPSLPDLHRVLGQY
LRDTAALSPPRKATYSDTCEEVEPSLLEILPKSSE
RTPLPL

127

TPORMPLR(N+3)

SOPTRVETATETAWLVLISLVTALHLVLGLSAVL
GLLLLRWQOFPAHYRRLRHALWPSLPDLHRVLG
QYLRDTAALSPPKATVSDTCEEVEPSLLEILPKS
SERTPLPL

128

TPOR/MPLR(N+4)

SDPTRVETATETAWILVLISLVTALHLVLGLSAVL
GLLLLRWQFPAHYRRLRHALWRSLPDLHRVLG
QYLRDTAALSPPKATVSDTCEEVEPSLLEILFKS
SERTPLPL

128

TPORMPLR(N+5)

SDPTRVETATETAWLILVLISLVTALHLVLGLSAY

LGLLLLRWQFPAHYRRLRHALWPSLPDLHRVLG
QYLRDTAALSPPKATVSDTCEEVEPSLLEILPKS

SERTPLPL

136

TPORMPLR(N+B)

SOPTRVETATETAWLLILVLISLVTALHLVLGLSA
VLGLLLLRWQFPAHYRRLRHALWPSLPDLHRVL
GQYLRDTAALSPPKATVSDTCEEVERSLLEILPK
SSERTPLPL

131

TPORMPLRIN+7)

SDPTRVETATETAWVLLILVLISLVTALHLVLGLS
AVLGLLLLRWQFPAHYRRLRHALWPSLPDLHRY
LGAYLRDTAALSPPKATVSDTCEEVERPSLLEILP
KSSERTPLPL

132

TPOR/MPLR(N+8)

SOPTRVETATETAWLVLLILVLUISLVTALHLVLGL
SAVLGLLLLRWQFPAHYRRLRHALWPSLPDLHR
VLGQYLRDTAALSPPKATVEDTCEEVEPSLLEIL
PKSSERTPLPL

133
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[0265] In another aspect provided herein are isolated immune cells comprising one or
more inducible chimeric cyiokine receptors disclosed herein. In other embodiments,
isolated immune cells provided herein comprise (i) one or more inducible chimeric
cytoking receplors disclosed herein and (i) a chimeric antigen receptor (CAR).
Advantageously, the isclated immune cells provided herein exhibit improved persistence
upon contact with a ligand that binds to the dimerization domain relative {o celis that do
not express the inducible chimeric cytokine receptor. In some embodiments, the
isolated immune cells provided herein exhibit improved cylotoxicity, increased
expansion, and/or increased levels of memory phenolype markers upon contact with a
ligand that binds to the dimerization domain relative to cells that do not express the
inducible chimeric cytokine recepior. The improvement in persistence, cytoloxicity,
expansion, and/or memory phenotype markers exhibited by isolated immune cells
comprising inducible chimeric cyickine receptors described herein can be in vifro or in
vive. In some embodiments, isolated immune cell is selecied from the group consisting
of: T cell, dendritic cell, killer dendritic cell, mast cell, NK-cell, macrophage, monocyte,
and B-cell.

[02668] In some embodiments, isolated immune cell is an isolated T cell. In some
embodiments, isolated T cells provided herein comprise one or more inducible chimeric
cylokine receptors disclosed herein. In other embodiments, isolated T celis provided
herein comprise (i} one or more inducible chimeric cytokine receptors disclosed herein
and (i} a chimeric antigen receptor (CAR). Advantageously, the isclated T cells provided
herein exhibit improved in vivo persistence upon contact with a ligand that binds o the
dimerization domain relative {o ceils that do not express the inducible chimeric cytokine
receptor. In some embodiments, the isolated T cells provided herein exhibit improved
cytotoxicity, increased expansion, and/or increased levels of memory phenotype
markers upon contact with a ligand that binds to the dimerization domain relative (o cells
that do not express the inducible chimeric cytokine receplor. The improvement in one or
more of these features can be in vitro or in vivo.

[0267] In some embodiments, the isclated immune cell comprising one or more
inducible chimeric cytokine receptors disclosed herein exhibits () increased in vivo
persistence, (i) increased STAT activation, (iil) increased cyiotoxicity, {iv) increased
lavels of memory phenolype markers, (v) increased expansion (proliferation), or
combinations of these functional features, upon contact with a ligand that binds to the

dimerization domain, relative {0 an isolaled immune celi thai does not express the
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inducible chimeric cytokine receptor. In some embodiments, the improvement in the
one or more functional features described herein is dose-dependent, i.e., the functional
activity of the immune cell comprising the inducible chimeric cylokine receptors
increases upon contact with increasing doses of the ligand that binds 1o the dimerization
domain. In some embodiments, STATs activated by the inducible chimeric cytokine
receptors include STATY, STATZ, STAT3, STAT4, STATS, STATS, or combinations
thereof. Activation of STAT includes recruitment of STAT, phosphoyration of STAT,
and/or dimerization of STAT or translocation of STAT. In some embodiments, memory
phenotype markers increased or maintained by the immune cell comprising the
inducible chimeric cvickine receptor include stem cell memory (Tscm) marker and
central memory (Tom) marker.

[0268] in some embodiments, the improvement in one or more functional features
exhibited by an immune cell comprising an inducible chimeric cytokine receptor provided
herein is at least about 2 fold, 2.5 foid, 3 fold, 3.5 fold, 4 foid, 4.5 fold, 5 fold, 6 foid, 7
fold, 8 fold, 9 fold, 10 fold, 15 fold, 20 fold, 25 fold, 30 fold, 40 fold, 50 fold, 60 fold, 70
fold, 80 fold, 20 fold, 100 fold, 125 fold, 150 fold, 200 fold, 250 fold, 200 fold, 350 fold,
400 fold, 450 fold, or even about 500 fold, including values and ranges therebetween,
compared fo an immune cell that does not express the inducible chimeric cyiokine
receptor.

[0268] iIn some embodiments, the improvement in one or more functional features
exhibited by an immune cell comprising an inducible chimeric cytokine receptor provided
herein is at least about 10%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 70%,
75%, 80%, 90%, 100%, 125%, 150%, 200%, 250%, 300%, 350%, 400%, or even about
500%, including values and ranges therebetween, compared o an immune cell that
does not express the inducible chimeric cytokine receptor.

[0270] In some embodiments, an isolated immune cell, such as an isolated T celi, of

the invention comprises an inducible chimeric cytokine receptor shown in Table 2A.

Table 2A: Exemplary inducible chimeric cytokine receptor sequences

Receptor name Amingo acid sequence SEQ
iD

CD8 8S&-Myc- MALPVTALLLPLALLLHAARP 1

FKBP{F38V)-

EpoR{237- EQKLISEEDL

508;L.241G,L242P)-V5
MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
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AQMBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDRPPASLEVLSER
c

WGETMOQAVEPGTDDEGPLLEPVGSEHAQDTYLY
LOKWLLPRNPPSEDLPGPGGSVDIVAMDEGSE
ASBUSSALASKPSPEGASAASFEYTILDPSEQLL
RPWTLCPELPPTPPHLKYLYLVVSDSGISTDYSS
GDSQGAQGGLSDGPYSNPYENSLIPAAEPLPPS
YVACS

IPNPLLGLDST

V5 EpoR(273-508)- IPNPLLGLDST 2
FKBP(F36V)-
FKBP(F36Y) SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
CWGTMQAVERPGTDDEGPLLEPVGSEHAQDTYL
VLDKWLLPRNPPSEDLPGPGGSVDIVAMDEGS
EASSCSSALASKPSPEGASAASFEYTILDPSSOL
LRPWTLCPELPPTPPHLKYLYLVVSDSGISTDYS
SGDSQGAQGGLSDGPYSNPYENSLIPAAEPLPP
SYVACS

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLGVQVETISPGDGRTFPKRGATCVY
HYTGMLEDGKKVDSSRDRNKPFKFMLGKQEVI
RGWEEGVAQMSVGORAKLTISPDYAYGATGHP
GIIPFPHATLVFDVELLKLE

V5-EpoR(273-508)- IPNPLLGLDST 3
FKBP(E31G,36V,R71G
JK105E)- SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
FKBR(E31G,36V,R71G | LWLYONDGCLWWSFCTPFTEDPFASLEVLSER
K105E) CWGTMQAVEPGTDDEGPLLEPVGSEHAQDTYL
VLDKWLLFPRNPRSEDLPGRGGSYDIVAMDEGS
EASSCSSALASKPSPEGASAASFEYTILDPSEGL
LRPWTLCPELPPTPPHLKYLYLVVSDSGISTRDYS
SGDEQGAQGGLSDGPYSENPYENSLIPAAERPLPP
SYVACS

MGVOVETISPGDGRTFPKRGQTCVVHYTGMLG
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSEVGQGAKLTISPDYAYGATGHPGHPPHATL
VEDVELLELGVQVETISPGDGRTFPKRGQTCVY
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HYTGMLGDGKKVDSSRDRNKPFKFMLGKQEV!
RGWEEGVAQMSVGQGAKLTISPOYAYGATGHP
GIPPHATLVFDVELLELE

CDB 38-Myc- MALPVTALLLPLALLLHAARP 4
FKBP(F36V)-

EpoR(237- EQKLISEEDL

338:1.241G L242P)-

GHR(353-638) MGVQVETISPGDGRTFPKRGATCVVHY TGMLE

DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDRPPASLEVLSER
c

PDEKTEESDTDRLLSSDHEKSHSNLGVKDGDS
GRTSCCEPDILETDFNANDIHEGTSEVAQPQRL
KGEADLLCLDQKNQNNSPYHDACPATQQPSVI
CAEKNKPQPLFTEGAESTHQAAHIQLSNPSSLS
NIDFYAQVSDITPAGSVVLSPGQKNKAGMSEQCD
MHPEMVSLCQENFLMDNAYFCEADAKKCIPVAP
HIKVESHIQPSLNQEDIYITTESLTTAAGRPGTGE
HVPGSEMPVPDYTSIHIVOSPOQGLILNATALPLP

DKEFLSSCGYVSTDQLNKIMP
CDB 38-Myc- MALPVTALLLPLALLLHAARP 5
FKBP(F36V)-
EpoR(237- EQKLISEEDL
338:1.241G L.242F)-
IL2RDB(333-551) MGVQVETISPGDGRTFPKRGATCVVHY TGMLE

DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDRPPASLEVLSER
c

VTOLLLOQQDKVPEPASLSSNHELTSCFTNQGYF
FFHLPDALEIEACQVYFTYDPRYSEEDPDEGVAG
APTGSSPQPLOPLSGEDDAYCTFPSRDDLLLFS
PSLLGGPSPRSTAPGGSGAGEERMPPSLQERY
PROWDFQPLGPPTPGVPDLVDFQPPPELVLRE
AGEEVPDAGPREGVSFPWSRPPGQGEFRALNA
REPENTDAYLSLQELQGQDPTHLY

Ch8 55-Myc- MALPVTALLLPLALLLHAARP 6
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FKBB(F38V)-
EpoR(237-
338:1.241G L242P)-
IL7R(316-459)

EQKLISEEDL

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
ACQMSVGQRAKLTISPRDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
C

ARDEVEGFLQDTFPOQQLEESEKQRLGGDVQSF
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAF
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ

CD8 SS-Myc-
FKBP(F238V)-
EpoR(237-
338:1.241G,L242P)-
IL12Rb2(714-862)

MALPVTALLLPLALLLHAARP
EQKLISEEDL

MGVOVETISPGDGRTFPKRGOQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHKGNFQ
LWLYQNDGCLWWISPCTRPFTEDPPASLEVLSER
C

VTPVFRHPPCSNWPQREKGIQGHQASEKDMM
HSASSPPPPRALQAESRQLYDLYRKVLESRGSDP
KPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQHISLSVFPSSSLHPLTFSC

GOKLTLDQLKMRCDSLML
Cch8 85-Mye- MALPVTALLLPLALLLHAARP
FKBP{F36V)-
EpoR{237- EQKLISEEDL

338,L2410G,L.242F)-
IL12Rb2(775-825)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVWWILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWESPCTPFTEDPPASLEVLSER
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C

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ

CD8 S&-Myc-
FKBP(F238V)-
EpoR(237-
338:1.241G,L242P)-
IL21R(322-538)

MALPVTALLLPLALLLHAARP
EQKLISEEDL

MGVOVETISPGDGRTFPKRGOQTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHRKGNFQ
LWLYQNDGCLWWISPCTRPFTEDPPASLEVLSER
C

PREPAKRLQLTELQEPAELVESDGVPKPSFWRPT
AQNSGGSAYSEERDRPYGLVSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKRPP
LADGEDWAGGLPWGGRSPGGYSESEAGSPLA
GLDMDTFDEGFVGSDCESSPVECDFTSPGDEGR
PRSYLRQWVVIPPPLSSPGPOAS

CD8 S&-Mye-
FKBP(F36V)-
EpoR(237-
338;L.241G,1L.242P)-
IFNARZ(310-515)

MALPVTALLLPLALLLHAARE
EQKLISEEDL

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVWWILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFO
LWLYQNDGCLWWSEPCTPFTEDPPASLEVLSER
C

KKKYWDYNYDDESDSDTEAAPRTSGGGY TMH
GLTVRPLGOASATSTESQLIDPESEEERPDLPEVD
VELPTMPKDSPQGLELLSGPCERRKSPLQDPFP
EEDYSSTEGSGGRITFNVDLNSVFLRVLDDEDS
DOLEAPLMLSSHLEEMVDPEDPDNVQSNHLLAS
GEGTQPTFPSPSSEGLWSEDAPSDOSDTSESD
VDLGDGYIMR

10

CD8 5S-Mye-
FKBP(F36V)-

MALPVTALLLPLALLLHAARP

11
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EpoR{237- EQKLISEEDL
338,L2410G,L.242F)-
IFNAR1(300-520) MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE

DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVWWILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWEPCTPFTEDPPASLEVLSER
C

RGVRPTPRVRAPATOQTRWKKDLAEDEEEEDE
EDTEDGVSFQPYIEPFSFLGQEHQAPGHSEAG
GVDSGRPRAPLVPSEGSSAWDSSDREWASTY
DSSWDRAGSSGYLAEKGPGQGPGGDGHAESL
PPPEFSKDSGFLEELPEDNLSSWATWGTLPPER
NLVPGGPPVSLQTLTFCWESSPEEEEEARESE!
EDSDAGSWGAESTQRTEDRGRTLGHYMAR

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 12
FKBP(F36V)-

MUEpoR(236- EQKLISEEDL

337:L264G L2B5P)-

mulL2Rb(337-539) MGVQVETISPGDGRTFPKRGATCVVHY TGMLE

DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMBVGORAKLTISPDYAYGATGHPGHPPHATL
VEFDVELLKLE

SEFASLLTASDLDPLILTLSLILVLISLGPTVLALLS
HRRTLOGKIWPGIPSFESEFEGLFTTHKGNFQL
WLLORDGCLWWEPGSSFPEDPRPAHLEVLSEPR

AVQLLLLOKDSAPLPSPSGHSQASCFTNQGYFF
FHLPNALEIESCQVYFTYDPCVEEEVEEDGSRL
PEGSPHPPLLPLAGEQDDYCAFPPRDDLLLFSP
SLETPNTAYGGSRAPEERSPLSLHEGLPSLASR
DLMGLQRPLERMPEGDGEGLSANSSGEQASYP
EGNLHGQDODRGOGPILTINTDAYLSLQELQAQ

DSVHLI
CD8 SS-Myc- MALPVTALLLPLALLLHAARP 13
FKBP(F36V)-
muEpoR(236- EQKLISEEDL
337:1.264G,1.265P)-
mulL7R(316-459) MGVOVETISPGDGRTFPKRGOTCVVHY TGMLE

DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPASLLTASDLDPLILTLSLILVLISLGPTVLALLS
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HRRTLOQOKIWRGIPSPESEFEGLFTTHKGNFQL
WLLQRDGCLWWSPGSSFRPEDPPARHLEVLSERPR

ARDEVESFLPNDLPAQPEELETQGHRAAVHSAN
RSPETSVSPRPETVRRESPLRCLARNLSTCNARP
LLSSRSPDYRDGDRNRPPVYQDLLPNSGNTNY
PVPVROPLPFQSGILIPVSORQPISTSSVLNQEE

AYVTMSSFYQNK

CD8 $8-Myc- MALPVTALLLPLALLLHAARP 14

FKBR(F38Y)-

EpoR(237- EQKLISEEDL

338,L.241G,L242P)-

IL7R(316-459)- MGVQVETISPGDGRTFPKRGQTCVVHY TGMLE

IL12Rb2(775-825) DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
C
ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP)
LSSSRSLDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ
SOPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 15

FKBP{F36V)-

GBP130(609-700)- EQKLISEEDL

IL7R(316-459)-

IL12Rb2(775-825) MGVQVETISPGDGRTFPKRGATCVVHY TGMLE

DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

TTPKFAQGEIEAIVVPVCLAFLLTTLLGVLFCFNK
RODLIKKHIWPNYPDPSKSHIAQWSPHTPPRHNF
NSKDOMYSDOGNFTDVSVVEIEAND

ARDEVEGFLQDTFPOQLEESEKQRLGGDVQSF
NCPSEDVVITPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLASGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ
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SDPKPENPACPWTVLFAGDLPTHDGYLPSNIDD

LPSHEAPLADSLEELEPQ
CD8 SS-Myc- MALPVTALLLPLALLLHAARP 1%
FKBP(F36V)-PriR(221-
319)-IL7R(316-459)- EQKLISEEDL

IL12Rb2(775-825)
MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

ATFIQIPSDFTMNDTTVWISVAVESAVICLHVWAY
ALKGYSMVTCIFPPVPGPKIKGFDAHLLEKGKSE
ELLSALGCQDFPPTSDYEDLLVEYLEVDD

ARDEVEGFLQDTFPOQQLEESEKQRLGGDVQSF
NCPSEDVVITRPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA

YVTMSSFYQNGQ
SOPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ

Cch8 85-Mye- MALPVTALLLPLALLLHAARP 17

FKBP(F36V)-GHR(251-

352)-IL7R(316-459)- EQKLISEEDL

IL12Rb2(775-825)
MGVQVETISPGDGRTFPKRGOQTCVYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

LPOMSQFTCEEDFYFPWLLIHFGIFGLTVMLFVF
LESKOQRIKMUILPPYPVPKIKGIDPDLLKEGKLE
EVNTILAIHDSYKPEFHSDDSWVEFIELDIDE

ARDEVEGFLQDTFPOQLEESEKQRLGGDVQSF
NCPSEDVVITPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPRFSLAQSGILTLNPVAQGQPILTSLGSNOEEA

YYTMSSFYQNG
SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 18

FKBP(F36V)-

GCSFR(614-710)- EQKLISEEDL

IL7R(316-459)-
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IL12R0h2(775-825) MGVQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMBVGORAKLTISPDYAYGATGHPGHPPHATL
VEFDVELLKLE

LTEMTLTPEGSELHHLGLFGLLLLLTCLCGTAWL
CCESPNRKNPLWPSVPDPAHSSLGSWVPTIMEE
DAFQLPGLGTPPITKLTVLEEDEKKPVPWE

ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSRELDCRESGKNGPHYYQDLLLSLGTTNST
LPPRFSLAQSGILTLNPVAQGQPILTSLGSNOEEA
YVYTMSESFYQNQ

SOPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ

CD8 58-Myc- MALPVTALLLPLALLLHAARP 18
FKBP(F36V)-
TPOR/MPLR(478-582)- | EQKLISEEDL
IL7R(316-459)-
IL12Rb2(775-825) MGVQVETISPGDGRTFPKRGATCVVHY TGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
ACQMSVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQOFPAHYRRLRHALWPSLFDLHRVLGOYLR
DTAALSPPKATVSDTCEEVERSLLEILPKSSERT
FPLEPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSREBLDCRESGKNGPHYVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA

YVTMSSFYQNQ
SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 20

FKBP(F36V)-

EpoR(237- EQKLISEEDL

338:1.241G,1.242P)-

IL7R(376-416) MGVOVETISPGDGRTFPKRGOTCVVHY TGMLE

DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
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SHRRALKQKIWPGIPSFESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTRPFTEDRPPASLEVLSER
C

ACDAPILSSSRELDCRESGKNGPHYYQDLLLSL
GTTNSTLP

338,L2410G,L.242F)-
IL7R(424-459,Y4506F)

MGVQVETISPGDGRTFPKRGOQTCVYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMBVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 21

FKBP(F36Y)-

EpoR(237- EQKLISEEDL

338:L241G,L242P)-

IL7R(424-459) MGVQVETISPGDGRTFPKRGATCVVHY TGMLE
DGKKVDSSRORNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWSPCTPFTEDPPASLEVLSER
C
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQ
NQ

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 22

FKBP(F36Y)-

EpoR(237- EQKLISEEDL

338:L241G,L242P)-

IL7R(376-416,424-459) | MGVQVETISPGDGRTFPKRGQTCVVHY TGMLE
DGKKVDSSRORNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWSPCTPFTEDPPASLEVLSER
C
ACDAPILSSSRSLDCRESGKNGPHYYQDLLLSL
GTTNSTLPQGOPILTSLGSNQEEAYVTMSSFYQ
NG

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 23

FKBP(F36V)-

EpoR(237- EQKLISEEDL
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SERPVSGPTPSDLDPLILTLSLILVVILVGRTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWEPCTPFTEDPPASLEVLSER
C

GILTLNPVAQGORILTSLGENQEEAYVTMSSFEG
NQ

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 24

FKBP(F36V)-

EpoR(237- EQKLISEEDL

338:1.241G,L.242P)-

IL7R(376-416,424- MGVQVETISPGDGRTFPKRGATCVVHY TGMLE

459, Y456F) DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVWILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWSPCTPFTEDPPASLEVLSER
C
ACDAPILSSSRSLDCRESGKNGPHYVYQDLLLSL
GTTNSTLPQGQPILTSLGSNQEEAYVTMSSFEQ
NQ

CD8 $8-Myc- MALPVTALLLPLALLLHAARP 25

FKBR(F38Y)-

EpoR(237- EQKLISEEDL

338,L.241G,L242P)-

IL2Rb(393-433) MGVQVETISPGDGRTFPKRGQTCVVHY TGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
C
DEGVAGAPTGSSPQPLOFPLSGEDDAYCTFPSR
DDLLLFSPS

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 76

FKBR(F38Y)-

EpoR(237- EQKLISEEDL

338,L.241G,L242P)-
(L2Rb(518-551)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
ACQMSVGQRAKLTISPRDYAYGATGHPGHPPHATL
VIFDVELLKLE
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SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
C

GQGEFRALNARLPLNTDAYLSLQELQGQDPTHL
\

338,L241G,L242P)-
[LZRb(393-433,518-

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE

CD8 $8-Myc- MALPVTALLLPLALLLHAARP 27

FKBR(F38Y)-

EpoR(237- EQKLISEEDL

338,L.241G,L242P)-

IL2Rb(339-373,393- MGVQVETISPGDGRTFPKRGQTCVVHY TGMLE

433) DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
C
QODKVPEPASLSSNHSLTSCFTNQGYFFFHLPD
ALEIEACQDEGVAGAPTGSSPQPLOPLSGEDDA
YCTFPSRDDLLLFSPS

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 28

FKBP(F36V)-

EpoR(237- EQKLISEEDL

338:1.241G,1.242P)-

IL2Rb(339-379,518- MGVOVETISPGDGRTFPKRGOTCVVHY TGMLE

551) DGKKVDSSRORNKPFKFMLGKQEVIRGWEEGY
AQMSVGORAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFO
LWLYQNDGCLWWSPCTPFTEDPPASLEVLSER
C
QQDKVPEPASLSSNHSLTSCFTNQGYFFFHLPD
ALEIEACQ
GQGEFRALNARLPLNTDAYLSLQELOGODPTHL
Y

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 29

FKBP(F238V)-

EpoR(237- EQKLISEEDL
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E51)

DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHRKGNFQ
LWLYQNDGCLWWISPCTRPFTEDPPASLEVLSER
C

DEGVAGAPTGSSPQPLOPLSGEDDAYCTFPSR
DDLLLFSPSGQGEFRALNARLPLNTDAYLSLGQEL
QGQDPTHLY

CD8 S&-Myc-
FKBP(F238V)-
EpoR(237-
338:1.241G,L242P)-
IL2Rb(339-379,393-
433 518-551)

MALPVTALLLPLALLLHAARP
EQKLISEEDL

MGVOVETISPGDGRTFPKRGOQTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHRKGNFQ
LWLYQNDGCLWWISPCTRPFTEDPPASLEVLSER
C

QQDKVPEPASLESSNHSLTSCFTNQGYFFFHLPD
ALEIEACQDEGVAGAPTGESPQPLORPLSGEDDA
YCTFPSRDDLLLFSPSGOGEFRALNARLPLNTD

30

338,L241G,L242P)-
EGFR{955-1186)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTRPFTEDRPPASLEVLSER
C

VIQGDERMHLPSPTDSNFYRALMDEEDMDDVY
DADEYLIPQQGFFSSPSTSRTRPLLSSLSATSNNS
TVACIDRNGLQSCPIKEDSFLQRYSSDPTGALTE
DSIDDTFLPVPEYINQSVPKRPAGSVONPVYHN
QPLNPAPSRDPHYQDPHSTAVGNPEYLNTVQP
TCVNSTFDSPAHWAQKGSHOISLDNPDYQQDF

AYLSLOELQGQDPTHLY
CD8 SS-Myc- MALPVTALLLPLALLLHAARP 31
FKBP(F36Y)-
EpoR(237- EQKLISEEDL
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FPRKEAKPNGIFKGSTAENAEYLRVAPQOSSEFIGA

338:L.241G,L242P)-
EGFR(1019-1085)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVWVILVGPTVLALL

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 32

FKBR(F38Y)-

EpoR(237- EQKLISEEDL

338,L.241G,L242P)-

EGFR(955-1044,1058- | MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE

1186,Y974F) DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
C
VIQGDERMHLPSPTDSNFFRALMDEEDMDDVY
DADEYLIPQOGFFSSPSTSRTPLLSSLSATSNNS
TVACIDRNGLOSCPIKEDSFLQRIDDTFLPVPEYI
NQSVPKRPAGSVQNPYYHNOPLNPAPSRDPHY
QDPHSTAVGNPEYLNTVQPTCYNSTFDSPAHW
AQKGSHQISLDNPDYQODFEPKEAKPNGIFKGS
TAENAEYLRVAPQSSEFIGA

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 33

FKBP(F36Y)-

EpoR(237- EQKLISEEDL

338:L241G,L242P)-

EGFR(955- MGVQVETISPGDGRTFPKRGATCVVHY TGMLE

1009, Y974F) DGKKVDSSRORNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWSPCTPFTEDPPASLEVLSER
C
VIQGDERMHLPSPTDSNFFRALMDEEDMDDVY
DADEYLIPQQGFFSSPSTSRTR

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 34

FKBP(F36Y)-

EpoR(237- EQKLISEEDL
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SHRRALKQKIWPGIPSFESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTRPFTEDRPPASLEVLSER
C

NNSTVACIDRNGLOSCRIKEDSFLOQRIDDTFLRPY
PEYINQSYPKRPAGSVONPY

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 35

FKBP(F36Y)-

EpoR(237- EQKLISEEDL

338:L241G,L242P)-

EGFR(1037- MGVQVETISPGDGRTFPKRGATCVVHY TGMLE

1044,1058- DGKKVDSSRORNKPFKFMLGKOEVIRGWEEGY

1103;Y1068/1101F) AQMSVGQRAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWSPCTPFTEDPPASLEVLSER
C
KEDSFLQRIDDTFLPVPEFINQSVPKRPAGSVQN
PVYHNQPLNPAPSRDPHFQD

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 36

FKBP(F36Y)-

EpoR(237- EQKLISEEDL

338:L241G,L242P)-

EGFR(1066- MGVQVETISPGDGRTFPKRGATCVVHY TGMLE

1118;Y 1068/1086F) DGKKVDSSRORNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWSPCTPFTEDPPASLEVLSER
C
VPEFINQSVPKRPAGSVONPYFHNOPLNPAPSR
DPHYQDPHSTAVGNPEYLNTV

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 37

FKBP(F36Y)-

EpoR(237- EQKLISEEDL

338:L.241G,L242P)-
EGFR(1122-1165)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVWVILVGPTVLALL
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SHRRALKQKIWPGIPSFESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTRPFTEDRPPASLEVLSER
C

PEYLNTVOPTCVYNSTFDSPAHWAQKGSHQISLD
NPDYQQDFFPKEAKPNGIFKG

338,L241G,1L.242P)-
BLNK(53-208,Y72F)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSYGORAKLTISPDYAYGATGHPGHPPHATL

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 33

FKBP(F36Y)-

EpoR(237- EQKLISEEDL

338:L241G,L242P)-

EGFR(1133- MGVQVETISPGDGRTFPKRGATCVVHY TGMLE

1186,Y1148F) DGKKVDSSRORNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWSPCTPFTEDPPASLEVLSER
C
WAQKGSHQISLDNPDFQODFEPKEAKPNGIFKG
STAENAEYLRVAPQSSEFIGA

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 39

FKBP(F36Y)-

EpoR(237- EQKLISEEDL

338:L241G,L242P)-

BLNK(53-208) MGVQVETISPGDGRTFPKRGATCVVHY TGMLE
DGKKVDSSRORNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILVVILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYQNDGCLWWSPCTPFTEDPPASLEVLSER
C
ASESPADEEEQWSDDFDSDYENPDEHSDSEMY
VMPAEENADDSYEPPPVEQETRPVHPALPFAR
GEYIDNRSSQRHSPPFSKTLPSKPSWPSEKARL
TSTLPALTALQKPQVEPKPKGLLEDEADYVVRY
EDNDENYIHPTESSSPPPEKAPMYNR

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 40

FKBP(F36V)-

EpoR(237- EQKLISEEDL
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VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFO
LWLYQNDGCLWWSEPCTPFTEDPPASLEVLSER
C

ASESPADEEEQWSDDFDSDFENPDEHSDSEMY
VMPAEENADDSYEPPPVEQETRPVHPALPFAR
GEYIDNRSSQRHSPPFSKTLPSKPSWPSEKARL
TSTLRPALTALOKPQVPPKPKGLLEDEADYVVPYV
EDNDENYIHPTESSSFPPEKAPMYNR

CD8 SS-Myc- MALPVTALLLPLALLLHAARP 41

FKBP(F36V)-

EpoR(237- EQKLISEEDL

338:L.241G L242F)-

BLNK(53- MGVQVETISPGDGRTFPKRGATCVVHY TGMLE

208;Y72F, Y96F) DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSVGORAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE

SERPVSGPTPSDLDPLILTLSLILVWILVGFTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
EWLYQNDGCLWWSPCTRPFTEDPPASLEVLSER
C

ASESPADEEEQWSDDFDSDFENPDEHSDSEMY
VMPAEENADDSFERPPPVEGETRPVHPALPFAR
GEYIDNRSSORHEPPFSKTLFSKPSWPSEKARL
TSTLRPALTALQKPQYPPKPKGLLEDEADYVVPY
EDNDENYIHPTESSSPPPEKAPMVNR

Ch8 55-FKBP{F36YV)- | MALPVTALLLPLALLLHAARP 42
TPOR/MPLR{478-582)-
IL7R(316-459) MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE

DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWOFFAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

ARDEVEGFLQDTFPOQLEESEKQRLGGDVQSF
NCPSEDVVITPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLASGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ
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CD8 SSFKBP(F36V)-
TPOR/MPLR(478-582)-
IL2RB(333-551)

MALPVTALLLPLALLLHAARE

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPKATVSDTCEEVEPSLLEILPKSSERT
PLPL

VTQLLLQODKYPEPASLSSNHSLTSCFTNQGYF
FFHLPDALEIEACQVYFTYDPYSEEDPDEGVAG
APTGSSPOPLQPLSGEDDAYCTFPSRDDLLLES
PSLLGGPSPPSTAPGGSGAGEERMPPSLAQERY
PROWDPQPLGPPTPGVPDLVDFOPPPELVLRE
AGEEVPDAGPREGYSFPWSRPPGQGEFRALNA
RLPLNTDAYLSLQELQGQDPTHLY

43

CD8 SS-FKBP(F38V)-
TPOR/MPLR(478-582)-
IL2Rbsmali(393-
433,518-551)

MALPVTALLLPLALLLHAARP

MGVQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQOFPAHYRRLRHALWPSLFDLHRVLGOYLR
DTAALSPPKATVSDTCEEVERSLLEILPKSSERT
FPLEPL

DEGVAGAPTGSSPOPLAPLSGEDDAYCTFPSR
DDLLLFSPSGQGEFRALNARLPLNTDAYLSLQEL
QGQDPTHLY

44

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582)-
IL2Rbsmali(339-
379,393-433,518-551)

MALPVTALLLPLALLLHAARP

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

QQDKVPERPASLESSNHSLTSCFTNQGYFFFHLPD
ALEIEACQDEGVAGAPTGSSPQPLAOPLSGEDDA
YCTFPSRDDLLLFSPSGOGEFRALNARLPLNTD

45
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AYLSLQELQGQDFTHLY

Ch8 S5-FKBP{F36V)- | MALPVTALLLPLALLLHAARP 48
TPOR/MPLR(478-582)-
IL7R(316-458)- MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
IL12Rb2(775-825) DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VEFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPKATVSDTCEEVERSLLEILPKSSERT
PLPL

ARDEVEGFLODTFPQOLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSREBLDCRESGKNGPHYVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ

CDh8 SS-FKBP(F36V)- | MALPVTALLLPLALLLHAARP 47
TPOR/MPLR{478-582)-
IL7R(316-450)- MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
IL21R{322-538) DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAPY
LSSSRELDORESGKNGPHYYQDLLLSLGTTNST
LPPPFSLQSGILTLNPVAQGQPILTSLGENQEEA
YVTMSSFYQNQ

PREPAKRLOLTELQEPAELVESDGVPKPSFWPT
AQNSGGSAYSEERDRPYGLVSIDTVTVLDAEGP
CTWPRPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKPP
LADGEDWAGGLPWGGRSPGGVSESEAGSPLA
GLDMDTFDSGFVYGSDCSSPVECDFTSPGDEGP
PRSYLRQWVVIPPPLSSPGPQOAS

Ch8 SS-FKBP(F26V)- | MALPVTALLLPLALLLHAARP 438
TPOR/MPLR{478-582)-
(L21R(322-538})- MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
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IL7R(316-458) DGKKYDSSRODRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SDPTRVETATETAWISLVTALHLYLGLSAVLGLLL
LRWQFFAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

PREPAKRLQLTELQEPAELVESDGVPKPSFWRPT
AQNSGGSAYSEERDRPYGLVSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKFR
LADGEDWAGGLPWGGRSPGGYSESEAGSPLA
GLDMDTFDEGFVGSDCESSPVECDFTSPGDEGR
PRSYLRQWVVIPPPLSSPGPOAS

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ

Ch8 55-FKBP{F36YV)- | MALPVTALLLPLALLLHAARP 49
TPOR/MPLR(478-582)-
(LZ2Rbsmall{(393- MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
433,518-551)- DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
IL21R(322-538) AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWOFPAHYRRLRHALWPSLPDLHRVLGAOYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

DEGVAGAPTGSSPQPLOPLSGEDDAYCTFPSR
DDLLLFSPSGQGEFRALNARLPLNTDAYLSLQEL
QGQDPTHLY

PREPAKRLOLTELQEPAELVESDGVPKPSFWPT
AQNSGGSAYSEERDRPYGLYSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLERSPGLEDRPLL
DAGTTVLSCGCVYSAGSPGLGGPLGSLLDRLKPP
LADGEDWAGGLPWGGRSPGGVSESEAGSFLA
GLDMDTFDSGFVGSDCSSPVECDFTSPGDEGP
PREYLROWVVIPPPLSSPGPQAS

Ch8 55-FKBP{F36YV)- | MALPVTALLLPLALLLHAARP 50
TPOR/MPLR(478-582)-
IL21R(322-538)- MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
IL2Rbsmall{(393- DGKKYDSSRDRNKPFKFMLGKOEVIRGWEEGY
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433,5618-551)

AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLFDLHRVLGOYLR
DTAALSPPKATVSDTCEEVEFSLLEILPKSSERT
FPLEPL

PROPAKRLOLTELQEPAELVESDGVPKPSFWPT
AQNSGGSAYSEERDRPYGLYSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVYSAGSPGLGGPLGSLLDRLKPP
LADGEDWAGGLPWGGRSPGGVSESEAGSFLA
GLDMDTFDSGFVGSDCSSPVECDFTSPGDEGP
PREYLROWVVIPPPLSSPGPQAS

DEGVAGAPTGSSPQPLOPLSGEDDAYCTFPSR
DDLLLFSPSGQGEFRALNARLFPLNTDAYLSLQEL
QGQDPTHLY

CD8 SS-FKBP(F38V)-
TPOR/MPLR(478-582)-
IL2Rbsmali(33%-
379,393-433 518-551)-
IL21R(322-538)

MALPVTALLLPLALLLHAARP

MGVQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQOFPAHYRRLRHALWPSLFDLHRVLGOYLR
DTAALSPPKATVSDTCEEVERSLLEILPKSSERT
FPLEPL

QODKVPEPASLSSNHSLTSCFTNQGYFFFHLPD
ALEIEACODEGVAGAPTGSSPOPLQPLSGEDDA
YCTFPSRODLLLFSPSGQGEFRALNARLPLNTD
AYLSLOELQGQDPTHLY

PREPAKRLOLTELQEPAELVESDGVPKPSFWPT
AGNSGGSAYSEERDRPYGLYSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKPP
LADGEDWAGGLPWGGRSPGGVSESEAGSFLA
GLDMDTFDSGFVYGSDCSSPVECDFTSPGDEGP
PREYLROWVVIPPPLSSPGPQAS

51

CD8 SS-FKBP(F36v)-
TPOR/MPLR(478-582)-
IL21R(322-538)-
IL2Rbsmali(339-
379,393-433,518-551)

MALPYTALLLPLALLLHAARP

MGVOVETISPGDGRTFPKRGOQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

52
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SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWOFPAHYRRLRHALWPSLPDLHRVLGOYLR
DTAALSPPKATVSDTCEEVEPSLLEILPKSSERT
PLPL

PREPAKRLOLTELQEPAELVESDGVPKPSFWPT
AGNSGGSAYSEERDRPYGLYSIDTVTVLDAEGP
CTWPRPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKPP
LADGEDWAGGLPWGGRSPGGVSESEAGSPLA
GLDMDTFDSGFVYGSDCSSPVECDFTSPGDEGP
PREYLROWVVIPPPLSSPGPQAS

QQDKVPERPASLESSNHSLTSCFTNQGYFFFHLPD
ALEIEACQDEGVAGAPTGSSPQPLAOPLSGEDDA
YCTFPSRDDLLLFSPSGOGEFRALNARLPLNTD
AYLSLQELQGQDFTHLY

Ch8 SS-FKBP(F26V)- | MALPVTALLLPLALLLHAARP 53
TPOR/MPLR{478-582)-
IL2ZRbsmali{393- MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
433,518-551)- DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
(L7R(316-459) AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

DEGVAGAPTGSSPQPLOPLSGEDDAYCTFPSR
DDLLLFSPSGQGEFRALNARLPLNTDAYLSLQEL
QGODPTHLY

ARDEVEGFLQDTFPOQLEESEKQRLGGDVQSF
NCPSEDVVITRPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLASGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNGQ

CD8 S6-FKBRP(F38V)- | MALPVTALLLPLALLLHAARP 54
TRPOR/MPLR({478-582)-
IL7R(316-450)- MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
(L2Rbsmali(393- DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
433,518-851} AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPKATVSDTCEEVEPSLLEILPKSSERT
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PLPL

ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSRELDCRESGKNGPHYYQDLLLSLGTTNST
LPPPFSLQSGILTLNPYAQGQPILTSLGSNGEEA
YVYTMSESFYQNQ

DEGVAGAPTGSSPOPLAPLSGEDDAYCTFPSR
DDLLLFSPSGQGEFRALNARLPLNTDAYLSLQEL
QGQDPTHLY

CDh8 SS-FKBP(F36V)- | MALPVTALLLPLALLLHAARP 55
TPOR/MPLR{478-582)-
IL2Rbsmali{339- MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
379,393-433,518-551)- | DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
(L7R(316-459) AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

QQDKVPERPASLESSNHSLTSCFTNQGYFFFHLPD
ALEIEACQDEGVAGAPTGSSPQPLAOPLSGEDDA
YCTFPSRDDLLLFSPSGOGEFRALNARLPLNTD
AYLSLQELQGQDPTHLY

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP!
LSSSRELDURESGKNGPHVYQDLLLSLGTTNGT
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ

Ch8 55-FKBP{F36V)- | MALPVTALLLPLALLLHAARP 56
TPOR/MPLR(478-582)-
(L7R({316-459)- MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
IL2Rbsmali{339- DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
379,393-433,518-551) | AGMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWOFPAHYRRLRHALWPSLPDLHRVLGOYLR
DTAALSPPKATVSDTCEEVEPSLLEILPKSSERT
PLPL

ARDEVEGFLQDTFPOQQLEESEKQRLGGDVQSF
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAF
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
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YVTMSSFYQNQ

QQDKVPEPASLESSNHSLTSCFTNQGYFFFHLPD
ALEIEACQDEGVAGAPTGESPQPLORPLSGEDDA
YCTFPSRDDLLLFSPSGOGEFRALNARLPLNTD
AYLSLQELQGQDFTHLY

CD8 SS-FKBP(F36V)- | MALPVTALLLPLALLLHAARP 57
PD1(156-191)-
TPOR/MPLR (514- MGVQVETISPGDGRTFPKRGATCVVHY TGMLE
582)-IL7R(316-459)- DGKKVDSSRORNKPFKFMLGKOEVIRGWEEGY
IL12Rb2(775-825) AQMSVGORAKLTISPDYAYGATGHPGIPPHATL
VFDVELLKLE

PSPSPRPAGQFOTLVVGVVGGLLGSLYLLYWYL
AV

RWQOFPAHYRRLRHALWPSLPDLHRVLGQYLRD
TAALSPPRKATVSDTCEEVEPSLLEILPKSSERTPL
PL

ARDEVEGFLQDTFPOQLEESEKQRLGGDVQSF
NCPSEDVVITPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLASGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ

SOPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ

Cha 35-FKBP{F36V)- | MALPVTALLLPLALLLHAARP 58
TPOR/MPLR(478-582)-
EGFR{(1122-1165) MGVQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQOFPAHYRRLRHALWPSLFDLHRVLGOYLR
DTAALSPPKATVSDTCEEVEFSLLEILPKSSERT
FPLEPL

PEYLNTVOQPTCVYNSTFDSPAHWAQKGSHQISLD
NPDYQQDFFPKEAKPNGIFKG

CD8 S&-FKBPRP{F38V}- MALPVTALLLPLALLLHAARP 187
TPOR/MPLR{478-582)-
IL7R(316-45%9)- MCGVQVETISPGDRGRTFPKRGOQTCVWWHYTGMLEDGK
IL12Rb2(775-825) KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIIPPHATLVFDVELLKLE
FKBP switch containing
wildiype TpoR TM SDPTRVETATETAWISLVTALHLVLGLSAVLGLLLLR
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sequence

WQAFPAHYRRLRHALWPSLPDLHRVLGQYLRDTAAL
SPPKATVSDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVYQEPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMESFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

CD8 8S-FKBP(F3gV)-
TPOR/MPLR{478-582;N-
-IL7R(316-459)-
IL12Rb2(775-825)

MALPVTALLLPLALLEHAARP

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIIPPHATLVFDVELLKLE

SDPTRVETATETWISLVTALHLVLGLSAVLGLLLLRW
QFPAHYRRLRHALWPSLPDUHRVLGQYLRDTAALSP
PKATVEDTCEEVEPSLLEILPKSGSERTPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGENQEEAYVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

188

CDB SS-FKBP(F36V)-
TPOR/MPLR(478-582;N-
2-ILTR(316-459)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVOVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETISLVTALHLVLGLSAVLGLLLLRWQF
PAHYRRLRHALWPSLPDLHRVLGQYLRDTAALSPPK
ATVSDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVWVITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGFPHVYQDLLLSLGTTNSTLPPPFSLAQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

188

CD8 SE-FKBP(F36V)-
TPOR/MPLR(478-582:N-
2+1)-IL7TR(316-459)-
IL12RB2(775-825)

MALPVTALLLPLALLEHAARP

MGVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETLISLVTALHLVLGLSAVLGLLLLRWGQ
FPAHYRRLRHALWPSLPDLHRVLGOQYLRDTAALSPP
KATVSDTCEEVEPSLLEILPKSGSERTPLPL
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ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMESFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

CD8 S5-FKBP(Fa6V)-
TPOR/MPLR(478-582:N-
3)-ILTR(316-450)-
IL12Rb2(775-825)

MALPVTALLLPLALLEHAARP

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIIPPHATLVFDVELLKLE

SDPTRVETATETSLVTALHLVLGLSAVLGLLLLRWQF
PAHYRRLRHALWPSLPDLHRVLGQYLRDTAALSPPK
ATVSDTCERVEPSLLEILPKGSERTRPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LOCRESGKNGPHVYYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGENQEEAYVTMSESFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

191

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582;N-
4)-ILTR(316-459)-
H.12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVOVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSEVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETLVTALHLVLGLSAVLGLLLLRWGFP
AHYRRLRHALWPSLPDLHRVLGQYLRDTAALSPPKA
TVSDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQEPNCP
SEDVWVITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGFPHVYQDLLLSLGTTNSTLPPPFSLAQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

192

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582:N-
4+1)-IL7TR(316-458)-
IL12RB2(775-825)

MALPVTALLLPLALLEHAARP

MGVQVETISPGDGRTFPKRGAQTCVVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETILVTALHLVLGLSAVLGLLLLRWQFP
AHYRRLRHALWPSLPDLHRVLGQYLRDTAALSPPKA
TVEDTCEREVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQSPNCP

193
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SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

CDB8 S3-FKBP(Fa6V)-
TPOR/MPLR(478-582:N-
5)-ILTR(316-458)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETVTALHLVLGLSAVLGLLLLRWQFPA
HYRRLRHALWPSLPDLHRVLGQYLRDTAALSPPKAT
VEDTCEEVERPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LOCRESGKNGPHVYYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGENQEEAYVTMSESFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

194

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582:N-
8}-IL7R(316-459)-
H.12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVQVETISPGDGRTFPKRGQATCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSEVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETTALHLVLGLSAVLGLLLLRWOFPAH
YRRLRHALWPRPSLPDLHRVLGOYLRDTAALSPPKATY
SDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQEPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSSERS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPRPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPFTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

195

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582:N-
7)-IL7R(316-458)-
IL12Rb2(775-825)

MALPVTALLLPLALLEHAARP

MGVQVETISPGDGRTFPKRGAQTCVVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLYFDVELLKLE

SDPTRVETATETALHLVLGLSAVLGLLLLRWQFPAHY
RRLRHALWPSLPDLHRVLGQYLRDTAALSPPKATVE
DTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVYQEPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQOS
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GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

CDB SS-FKBP(Fa6V)-
TPOR/MPLR(478-582:N-
8)-ILTR(316-453)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVOVETISPGDGRTFPKRGAQTCYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETLHLVLGLSAVLGLLLLRWQFPAHYR
RLRHALWPSLPDLHRVLGQYLRDTAALSPPKATVSD
TCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYQDLLLSLGTTNSTLPPPFELQAS
GILTLNPVAQGQPILTSLGENQEEAYVTMSESFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

197

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582:N-
9)-IL7R(316-459)-
IL.12Rb2(775-825)

MALPVTALLLPLALLEHAARP

MGVQVETISPGDGRTFPKRGQATCVVHYTGMLEDGK
KVDSSRORNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE

SDPTRVETATETHLVLGLSAVLGLLLLRWQFPAHYR
RLRHALWPSLPDLHRVLGOYLRDTAALSPRPKATVED
TCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSSERS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPRPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLPFTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

198

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582:N-
10)-IL7R(316-458)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVQVETISPGDGRTFPKRGAQTCVVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLYFDVELLKLE

SDPTRVETATETLVLGLSAVLGLLLLRWOFPAHYRRL
RHALWPSLPDLHRVLGQYLRDTAALSPPKATVSDTC
EEVEPSLLEILPKSSERTFLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMESFYONQ
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SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

CDB SS-FKBP(Fa6V)-
TPOR/MPLR(478-582:N-
11)-ILTR(316-459)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVOVETISPGDGRTFPKRGAQTCYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETVLGLSAVLGLLLLRWQFPAHYRRL
RHALWPSLPDLHRVLGQYLRDTAALSPPKATVEDTC
EEVERPSLLEILFPKSSERTPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYQDLLLSLGTTNSTLPPPFELQAS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

200

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582:N-
12)-IL7R(316-459)-
IL.12Rb2(775-825)

MALPVTALLLPLALLEHAARP

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRORNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE

SDPTRVETATETLGLSAVLGLLLLRWQAQFPAHYRRLR
HALWPSLPDLHRVLGGQYLRDTAALSPPKATVSDTCE
EVEPSLLEILPRSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSSERS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

201

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582:N-
13)-IL7R(316-458)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVQVETISPGDGRTFPKRGOQTCVVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLYFDVELLKLE

SDPTRVETATETGLSAVLGLLLLRWOQFPAHYRRLRH
ALWPSLPDLHRVLGQYLRDTAALSPPKATVEDTCEE
VEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMESFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ
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CDB SS-FKBP(F36V)-
TPOR/MPLR(478-582;N-
14)-IL7TR(316-459)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVOVETISPGDGRTFPKRGAQTCYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETLSAVLGLLLLRWQFPAHYRRLRHA
LWPSLPDLHRVLGQYLRDTAALSPPKATVEDTCEEY
EPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVWVITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYQDLLLSLGTTNSTLPPPFELQAS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

203

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582:N-
15)-IL7R(316-459)-
IL12RB2(775-825)

MALPVTALLLPLALLEHAARP

MGVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETSAVLGLLLLIRWGFPAHYRRLRHAL
WPSLPDLHRVLGQYLRDTAALSPPKATVSDTCEERVE
PSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQSPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

204

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582:N-
16)-IL7R(316-458)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVQVETISPGDGRTFPKRGOQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETAVLGLLLLRWQFPAHYRRLRHALW
PSLPDLHRVLGQYLRDTAALSPPKATYSDTCEEVEP
SLLEILPKSSERTPLPL

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

205

CD38 8S-FKBP(F36V)-

MALPVTALLLPLALLLHAARP

206
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TPORIMPLR(478-582:N-
17)-IL7TR(316-459)-
IL12RB2(775-825)

MGVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE

SDPTRVETATETVLGLLLLRWGQFPAHYRRLRHALWP
SLPDLHRVLGQYLRDTAALSPPKATVEDTCERVEPRS
LLEILPKGSERTRPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQSPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-582:N-
18)-IL7R(316-458)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVQVETISPGDGRTFPKRGOQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETLGLLLLRWQFPAHYRRLRHALWPS
LPDLHRVLGQYLRDTAALSPPKATVSDTCEEVEPSLL
EILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

207

CDB SS-FKBP(Fa6V)-
TPOR/MPLR(478-
582:N+1)-IL7R(316-45%)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVOVETISPGDGRTFPKRGAQTCYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETAWLISLVTALHLVLGLSAVLGLLLLR
WQFPAHYRRLRHALWPSLPDUHRVLGQYLRDTAAL
SPPKATVSDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGENQEEAYVTMSESFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

208

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-
582:N+2)-1L7R(316-459)-

MALPVTALLLPLALLLHAARP

MGVOQVETISPGDGRTFPKRGQATCVVHYTGMLEDGK
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HA2Rb2(775-825)

KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETAWVLISLVTALHLVLGLSAVLGLLLL
RWOFPAHYRRLRHALWPSLPDLHRVLGQYLRDTAA
LSPPKATVSDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQSPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYONQ

SDPKPENPACPWITVLPAGDLPTHDGYLPSNIDERLPS
HEAPLADSLEELEPQ

CD8 SG-FKBP(F38V)-
TPOR/MPLR{478-

532 N+3)-ILTR(316-458)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETAWLVLISLVTALHLVLGLSAVLGLLL
LRWOFPAHYRRLRHALWRSGLPRLHRVLGGYLRDTA
ALSPPKATYSDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

210

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-
582:N+4)-1L7TR(316-45%)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVOVETISPGDGRTFPKRGAQTCYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETAWILVLISLVTALHLVLGLSAVLGLL
LERWQFPAHYRRLRHALWPSLPDLHRVLGQYLRDT
AALSPPKATVSDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYQDLLLSLGTTNSTLPPPFELQAS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

211

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-
582:N+5)-1L7TR(316-459)-
IL.12Rb2(775-825)

MALPVTALLLPLALLEHAARP

MGVQVETISPGDGRTFPKRGQATCVVHYTGMLEDGK
KVDSSRORNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE

212
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SDPTRVETATETAWLILVLISIVTALHLVLGLSAVLGL
LEERWQFPAHYRRLRHALWPSLPDLHRVLGQYLRD
TAALSPPRATVEDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVYQEPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMESFYONQ

SDPKPENPACPWITVLPAGDLPTHDGYLPSNIDERLPS
HEAPLADSLEELEPQ

CD8 S&-FKBP(F386V)-
TPOR/MPLR{478-

532, N+G)-ILTR(316-458)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIIPPHATLVFDVELLKLE

SDPTRVETATETAWLLILVLISLVTALHLVLGLSAVLG
LELLRWOFPAHYRRLRHALWPSLPDLHRVLGQYLRD
TAALSPPKATVSDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGENQEEAYVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

213

CDB SS-FKBP(F36V)-
TPOR/MPLR(478-
582:N+7)-IL7TR(316-459)-
IL12Rb2(775-825)

MALPVTALLLPLALLLHAARP

MGVOVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETAWVLLILVLISLVTALHLVLGLSAVL
GLLLLRWQFPAHYRRLRHALWPSLPDLHRVLGQYL
ROTAALSPPKATVSDTCEEVEPSLLEILPKSSERTPL
PL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYQDLLLSLGTTNSTLPPPFELQAS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

214

CD8 SS-FKBP(F36V)-
TPOR/MPLR(478-
582:N+7)-IL7TR(316-459)-
L.12Rb2(775-825)

MALPVTALLLPLALLEHAARP

MGVQVETISPGDGRTFPKRGQATCVVHYTGMLEDGK
KVDSSRORNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE

215
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SDPTRVETATETAWLVLLILVLISLVTALHLVEGLSAVL
GLLLLRWQFPAHYRRLRHALWPSLPDLHRVLGQYL
ROTAALSPPKATVEDTCEEVEPSLLEILPKESERTPL
PL

ARDEVEGFLODTFPQQLEESEKQRLGGDVYQEPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMESFYONQ

SDPKPENPACPWITVLPAGDLPTHDGYLPSNIDERLPS
HEAPLADSLEELEPQ

02711 In some embodiments, an isolated immune cell, such as an isolated T cell, of

the invention comprises an inducible chimeric cytokine receptor shown in Table 2B.

Tabie 2B: Exemplary inducible chimeric cytokine receptor sequences

Receptor name Amino acid sequence SEQ
iD
FKBP({F36V)- MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE | 225
EpoR(237- DGKKVDSSRORNKPFKFMLGKQEVIRGWEEGY
508;L.241G,1L.242P) AQMSVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTRFTEDPPASLEVLSER
C

WGETMQAVEPGTDDEGPLLEPVGSEHAQDTYLY
LDWKWLLPRNPPSEDLPGPRGGSYDIVAMDEGSE

ASSCSSALASKPSPEGASAASFEYTILDPSSQLL
RPWTLCPELPFTPPHLKYLYLVVSDSGISTDYSS
GOBOGAQGGLSDGRYSNPYENSLIPAAEPLPPS

YVACS
EpoR{273-508)- SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFG | 226
FKBP{F36V)- EWLYQNDGCLWWSPCTRPFTEDPPASLEVLSER
FKBP(F38V) CWGTMQAVEPGTDDEGPLLEPVGSEHAQDTYL

VLDKWLLPRNPPSEDLPGPGGSVDIVAMDEGS
EASSCSSALASKPSPEGASAASFEYTILDPSSQL
LRPWTLCPELFPTPPHLKYLYLVVSDSGISTDYS
SGDSQGAQGGLSDGPYSNPYENSLIPAAERLFP
SYVACS

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
ACQMSVGQRAKLTISPRDYAYGATGHPGHPPHATL
VEDVELLKLGVQVETISPGDGRTFPKRGQTCVY
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HYTGMLEDGKKVDSSRDRNKPFKFMLGKOEV!
RGWEEGVAQMSVGQRAKLTISPDYAYGATGHP
GIPPHATLVFDVELLKLE

EpoR(273-508)-
FKBP(E316,36V,R71G
K105E)-
FKBP(E31G,36V,R71G
K105E)

SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
EWLYQNDGCLWWSPCTRPFTEDPPASLEVLSER
CWGTMQAVEPGTDDEGPLLEPVGSEHAQDTYL
VLDKWLLPRNPPSEDLPGPGGSVDIVAMDEGS
EASSCSSALASKPSPEGASAASFEYTILDPSSQL
LRPWTLCPELFPTPPHLKYLYLVYSDSGISTDYS
SGDSQGAQGGLSDGPYSNPYENSLIPAAERLFP
SYVACS

MGVQVETISPGDGRTFPRKRGQTCVVHYTGMLG
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
ACQMSVGQGAKLTISPDYAYGATGHPGHPPHATL
VEDVELLELGVQVETISPGDGRTFPKRGQTCVY
HYTGMLGDGKKVDSSRDRNKPFKFMLGKQEV!
RGWEEGVAQMSVGQGAKLTISPOYAYGATGHP
GIPPHATLVFDVELLELE

227

FKBP(F36V)-
EpoR(237-
338;L.241G,1L.242P)-
GHR({353-838)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTRPFTEDRPPASLEVLSER
C

PREKTEESDTDRLLSSDHEKSHSNLGVKDGDS
GRTSCCEPDILETDFNANDIHEGTSEVAQPQRL
KGEADLLCLDQKNOQNNSPYHDACPATQOPSVI
QAEKNKRPOPLPTEGAESTHOAARHIOLSNPSSLS
NIDFYAQVSDITRPAGEVVLSPGQKNKAGMSQCD
MHPEMVSLCQENFLMDNAYFCEADAKKCIPVAP
HIKVESHIGPSLNQEDIYITTESLTTAAGRPGTGE
HVPGSEMPVPDYTSIHIVQSPQGLILNATALPLP
DKEFLSSCGYVSTDOLNKIMP

228

FKBP(F36V)-
EpoR(237-
338:1.241G L.242F)-
IL2RB(333-551)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVWWILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFO
LWLYQNDGCLWWSPCTPFTEDPPASLEVLSER
C

229

- 88 -




WO 2019/169290

CA 03091681 2020-08-18

PCT/US2019/020340

VTQLLLQODKYPEPASLSSNHSLTSCFTNQGYF
FFHLPDALEIEACQVYFTYDPYSEEDPDEGVAG
APTGSSPOPLQPLSGEDDAYCTFPSRDDLLLFS
PSLLGGPSPPSTAPGGSGAGEERMPPSLOERY
PROWDPQPLGPPTPGYPDLYDFOPPPELVLRE
AGEEVPDAGPREGYSFPWSRPPGQGEFRALNA
RLPLNTDAYLSLQELQGQDPTHLY

FKBP(F36V)-
EpoR(237-
338:L241G,L242P)-
IL7R(316-459)

MGVQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDRPPASLEVLSER
c

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSRBLDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ

230

FKBP(F36V)-
EpoR(237-
338:L.241G L242F)-
IL12Rb2(714-862)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVWWILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFO
LWLYQNDGCLWWSEPCTPFTEDPPASLEVLSER
C

VTPVFRHPPCENWROREKGIQGHQASEKDMM
HSASSPPPPRALQAESRQLVDLYKVLESRGSDP
KPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQHISLSVFPSSSLHPLTFSC
GDKLTLDQLKMRCDSLML

231

FKBP(F38V)-
EpoR(237-
338:1.241G,L242P)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
ACQMSVGQRAKLTISPRDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
C

SDPKPENFPACPWTVLPAGDLFTHDGYLFSNIDD

232
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LPSHEAPLADSLEELEPQ

FKBP(F36V)-
EpoR(237-
338:1.241G,L.242P)-
IL21R(322-538)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHRKGNFQ
LWLYQNDGCLWWISPCTRPFTEDPPASLEVLSER
C

PREPAKRLOLTELQEPAELVESDGVPKPSFWPT
AQNSGGSAYSEERDRPYGLVSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKRPP
LADGEDWAGGLPWGGRSPGGYSESEAGSPLA
GLDMDTFDSGFVGSDCSSPVECDFTSPGDEGH
PRSYLRQWVVIPPPLSSPGPOAS

233

FKBB(F38V)-
EpoR(237-
338,L.241G,L242P)-
IFNAR2(210-515)

MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VEFDVELLKLE

SERPVSGPTPSDLDPLILTLSLILVWILVGFTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
EWLYONDGCLWWSPCTPFTEDRPRPASLEVLSER
C

KKKVWDYNYDDESDSDTEAAPRTSGGGY TMH
GLTVRPLGQASATSTESQLIDFESEEEPDLPEVD
VELFTMPKDSPQGLELLSGPCERRKSPLODPFP
EEDYSSTEGSGGRITFNVDLNSVFLRVLDDEDS
DDLEAPLMLSSHLEEMVDPEDPDNVQSNHLLAS
GEGTOPTFPSPSSEGLWSEDAPSDQSDTSESD
VDLGDGYIMR

234

FKBP{F36V)-
EpoR(237-
338;L.241G,1L.242P)-
IFNAR1(300-520)

MGVOVETISPGDGRTFPKRGOQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTRPFTEDRPPASLEVLSER
C

RGVRPTPRVRAPATQOTRWKKDLAEDEEEEDE
EDTEDGVSFQPYIEPPSFLGQEHOAPGHSEAG
GVDSGRPRAPLYPSEGSSAWDSSDREWASTY

235
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DSSWDRAGSSGYLAEKGPGQGPGGDGHQESL
PRPPEFSKDSGFLEELPEDNLSSWATWGTLRPPEP
NLVPGGPPVSLQTLTFCWESSPEEEEEARESE]
EDSDAGSWGAESTQRTEDRGRTLGHYMAR

FRBP(F38V)-
muEpoR{236-
337,L.264G L265P)-
mullL2Rb{337-539)

MGVQVETISPGDGRTFPKRGOQTCVYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMBVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEFASLLTASDLDPLILTLSLILVLISLGPTVLALLS
HRRTLOQOKIWPGIPSPESEFEGLFTTHKGNFQL
WLLORDGCLWWEPGSSFPEDPRPAHLEVLSEPR

AVQLLLLQKDSAPLPSPSGHSQASCFTNQGYFF
FHLPNALEIESCQVYFTYDPCVEEEVEEDGSRL
PEGSPHPPLLPLAGEQDDYCAFPPRDDLLLFSP
SLETPNTAYGGSRAPEERSPLSLHEGLPSLASR
DLMGLQRPLERMPEGDGEGLSANSSGEQASYP
EGNLHGODODRGOGPILTLNTDAYLSLQELOAQ
DSVHLI

236

FRBP(F38V)-
muEpoR{236-
337,L.264G L265P)-
mulL7R(316-459)

MGVQVETISPGDGRTFPKRGOQTCVYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMBVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEFASLLTASDLDPLILTLSLILVLISLGPTVLALLS
HRRTLOQOKIWPGIPSPESEFEGLFTTHKGNFQL
WLLORDGCLWWEPGSSFPEDPRPAHLEVLSEPR

ARDEVESFLPNDLFAQPFEELETQGHRAAVHSAN
RSPETSVSPPETVRRESPLRCLARNLSTCNAPP
LLSSRSPDYRDGDRNRPPVYQDLLPNSGNTNY
PVRVPQPLPFQSGILIPYVSQROAPISTSSVLNQEE
AYVTMBEFYQNK

FKBB(F38V)-
EpoR(237-
338,L.241G,L242P)-
IL7R(316-459)-
IL12Rb2(775-825)

MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VEFDVELLKLE

SERPVSGPTPSDLDPLILTLSLILVWILVGFTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
EWLYONDGCLWWSPCTPFTEDRPRASLEVLSER
C

ARDEVEGFLODTFPQOLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSREBLDCRESGKNGPHYVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA

238
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YVTMSSFYQNQ
SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ
FKBP{F36V)- MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE | 238
GP130(608-700)- DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
IL7R(316-450)- AQMBVGORAKLTISPDYAYGATGHPGHPPHATL
IL12Rh2(775-825) VFDVELLKLE

TTPKFAQGEIEAIVVPVCLAFLLTTLLGVLFCFNK
RODLIKKHIWPNYPDPSKSHIAQWSPHTPPRHNF
NSKDOMYSDOGNFTDVSVVEIEAND

ARDEVEGFLQDTFPOQLEESEKQRLGGDVQSF
NCPSEDVVITPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPRFSLAQSGILTLNPVAQGQPILTSLGSNOEEA
YVTMSSFYQNQ

SOPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ

FKBP(F26V)-PriR(221- | MGVQVETISPGDGRTFPRKRGQTCVVHYTGMLE | 240
IM-IL7R(316-459)- DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
IL12Rh2(775-825) ACQMSVGQRAKLTISPRDYAYGATGHPGHPPHATL
VFDVELLKLE

ATFIQIPSDFTMNDTTVWISVAVLSAVICLHVWAY
ALKGYSMVTCIFPPVPGPKIKGFDAHLLEKGKSE
ELLSALGCQODFPPTSDYEDLLVEYLEVDD

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP!
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLFTHDGYLFSNIDD
LPSHEAPLADSLEELEPQ

FKBP(F38V)-GHR(251- | MGVOVETISPGDGRTFPKRGOQTCVVHYTGMLE | 241
352)-IL7R(316-459)- DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
IL12Rb2(775-825) AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

LPOMSQFTCEEDFYFPWLLHIFGIFGLTVMLFVF
LFSKQQRIKMLILPPYPVPKIKGIDPDLLKEGKLE
EVNTILAIHDSYKPEFHSDDSWVEFIELDIDE

ARDEVEGFLQDTFPOQLEESEKQRLGGDVQSF
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NCPSEDVVITRPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA

YVTMSSFYQNGQ
SOPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ
FKBP(F38Y)- MGOVQVETISPGDGRTFPKRGQTCYVHYTGMLE | 242
GCSFR(814-710)- DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
IL7R(316-458)- AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
IL12Rb2(775-825) VFDVELLKLE

LTEMTLTPEGSELHHLGLFGLLLLLTCLCGTAWL
CCSPNRKNPLWPSVPDPAHSSLGSWYPTIMEE
DAFQLPGLGTPPITKLTVLEEDEKKPVPWE

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAPY
LSSSRELDORESGKNGPHYYQDLLLSLGTTNST
LPPPFSLQSGILTLNPVAQGQPILTSLGENQEEA

YVTMSSFYQNQ
SDPKPENPACPWTVLPAGDLFTHDGYLFSNIDD
LPSHEAPLADSLEELEPQ
FKBP{F36V)- MGVOVETISPGDGRTFPKRGQTCVVHYTGMLE | 243
TPOR/MPLR({478-582)- | DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
IL7R(316-459)- AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
HAZRb2(775-825) VFDVELLKLE

SDPTRVETATETAWISLVTALHLYLGLSAVLGLLL
LRWQFFAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSRELDCRESGKNGPHYYQDLLLSLGTTNST
LPPPFSLQSGILTLNPYAQGQPILTSLGSNGEEA

YVYTMSESFYQNQ
SOPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ
FKBP(F36V)- MGVQVETISPGDGRTFPRKRGQTCVVHYTGMLE | 244
EpoR(237- DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
338,L241G,1L.242P)- AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
IL7R(376-418) VEDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVWVILVGPTVLALL
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SHRRALKQKIWPGIPSFESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTRPFTEDRPPASLEVLSER
C

ACDAPILSSSRELDCRESGKNGPHYYQDLLLSL
GTTNSTLP

FKBP(F36V)-
EpoR(237-
338:L.241G L242F)-
IL7R(424-459)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVWWILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFO
LWLYQNDGCLWWSEPCTPFTEDPPASLEVLSER
C

GILTLNPVAQGOPRILTSLGSNQEEAYVTMSSFYQ
NQ

245

FKBB{F38Y)-
EpoR(237-
338,L.241G,L242P)-
IL7R(376-416,424-459)

MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VEFDVELLKLE

SERPVSGPTPSDLDPLILTLSLILVWILVGFTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
EWLYONDGCLWWSPCTPFTEDRPRASLEVLSER
C

ACDARILSSSRELDCRESGKNGPHYYQDLLLSL
GTTNSTLPQGQPILTSLGSNQEEAYVTMSSFYQ
NQ

246

FKBP(F36V)-
EpoR(237-

338:1.241G L.242F)-
IL7R(424-459:Y 456F)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILVWWILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFO
LWLYQNDGCLWWEPCTPFTEDPPASLEVLSER
C

GILTENPVAQGOPILTSLGSNQEEAYVTMSSFEG
NQ

247

FKBB{F38Y)-
EpoR(237-
338,L.241G,L242P)-
IL7R(376-416,424-

MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VEDVELLKLE

248
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459, Y 456F)

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
C

ACDAPILSSSRELDCRESGKNGPHYYQDLLLSL
GTTNSTLPOQGOPILTSLGSNQEEAYVTMSSFEQ
NQ

FKBB{F38Y)-
EpoR(237-
338,L.241G,L242P)-
IL2Rb(393-433)

MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VEFDVELLKLE

SERPVSGPTPSDLDPLILTLSLILVWILVGFTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
EWLYONDGCLWWSPCTPFTEDRPRASLEVLSER
C

DEGVAGAPTGSSPOPLAPLSGEDDAYCTFPSR
DODLLLFSPS

249

FKBP(F38V)-
EpoR(237-
338:1.241G,L242P)-
IL2RbB(518-551)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
ACQMSVGQRAKLTISPRDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
C

GQGEFRALNARLPLNTDAYLSLQELQGQDPTHL
V

250

FKBP(F36V)-
EpoR(237-
338:L.241G L242F)-
IL2Rb(339-379,393-
432)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHRKGNFQ
LWLYQNDGCLWWSPCTRFTEDPPASLEVLSER
C

QQDKVPERPASLESSNHSLTSCFTNQGYFFFHLPD
ALEIEACQDEGVAGAPTGESPQPLORPLSGEDDA
YCTFPSRDDLLLFGPS

251

FKBP(F36V)-

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE

252
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EpoR(237-
338,241, L242P)-
IL2Rb(339-379,518-
551)

DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHRKGNFQ
LWLYQNDGCLWWISPCTRPFTEDPPASLEVLSER
C

QQDKVPEPASLESSNHSLTSCFTNQGYFFFHLPD
ALEIEACQ
GQGEFRALNARLPLNTDAYLSLQELQGQDPTHL
V

FKBP(F36V)-
EpoR(237-
338:L.241G L242F)-
IL2RB(393-433,518-
551)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMEYGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFO
LWLYQNDGCLWWSEPCTPFTEDPPASLEVLSER
C

DEGVAGAPTGSSPQPLOPLSGEDDAYCTFPSR
DDLLLFSPSGQGEFRALNARLPLNTDAYLSLQEL
QGODPTHLY

253

FKBB{F38Y)-
EpoR(237-
338,L.241G,L242P)-
IL2Rb(339-373,393-
433,518-551)

MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VEFDVELLKLE

SERPVSGPTPSDLDPLILTLSLILVWILVGFTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
EWLYONDGCLWWSPCTPFTEDRPRASLEVLSER
C

QUDKVPEPASLSSNHSLTSCFTNQGYFFFHLPD
ALEIEACODEGVAGAPTGSSPOPLQPLSGEDDA
YCTFPSRODLLLFSPSGQGEFRALNARLPLNTD
AYLSLQELQGQDPTHLY

254

FKBP(F36V)-
EpoR(237-
338:L.241G,L242P)-
EGFR(955-1186)

MGVQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDRPPASLEVLSER
C

255
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VIQGDERMHLPSPTDSNFYRALMDEEDMDDWY
DADEYLIPQOGFFSSPSTSRTPLLSSLSATENNS
TVACIDRNGLQSCPIKEDSFLQRYSSDPTGALTE
DSIDDTFLPVPEYINQSVPKRPAGSVQNPVYHN
QPLNPAPSRDPHYQDPHSTAVGNPEYLNTYQP
TCVNSTFDSPAHWAQKGSHQISLDNPDYQQDF
FPREAKPNGIFKGSTAENAEYLRVAPQSSEFIGA

FKBP(F36V)-
EpoR(237-
338:1.241G,L.242P)-
EGFR(955-1044,1058-
1186;Y974F)

MGVOVETISPGDGRTFPKRGOQTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHRKGNFQ
LWLYQNDGCLWWISPCTRPFTEDPPASLEVLSER
C

VIQGDERMHLPSPTDSNFFRALMDEEDMDDVY
DADEYLIPQQGFFSSPSTSRTRPLLSSLSATSNNS
TVACIDRNGLQSCPRIKEDSFLORIDDTFLPVPEY!
NQSVPKRPAGSVONPYYHNQPLNPAPSRDPHY
QOPHSTAVGNPEYLNTVOPTCVYNSTFDSPAHW
AGKGSHQISLDNPDY QQDFFPKEAKPNGIFKGS
TAENAEYLRVAPQSSEFIGA

256

FKBB{F38Y)-
EpoR(237-
338,L.241G,L242P)-
EGFR(955-

1009, Y974F)

MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VEFDVELLKLE

SERPVSGPTPSDLDPLILTLSLILVWILVGFTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
EWLYONDGCLWWSPCTPFTEDRPRASLEVLSER
C

VIQGDERMHLPSPTDSNFFRALMDEEDMDDVY
DADEYLIPQQGFFSSPSTORTP

257

FKBP(F38V)-
EpoR(237-
338:1.241G,L242P)-
EGFR(1013-1085)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
ACQMSVGQRAKLTISPRDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDPPASLEVLSER
C

NNSTVACIDRNGLQSCRIKEDSFLORIDDTFLPY

258
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PEYINQSVPKRPAGSVONPY

FKBP{F36V)- MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE | 258

EpoR{237- DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY

338,L2410G,L.242F)- AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL

EGFR{1037- VFDVELLKLE

1044,10568-

1103, Y1068/1101F) SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHRKGNFQ
LWLYQNDGCLWWISPCTRPFTEDPPASLEVLSER
C
KEDSFLQRIDDTFLPVPEFINQSVPKRPAGSVON
PYYHNQPLNPAPSRDPHFQD

FKBP{F36V)- MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE | 260

EpoR{237- DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY

338;L.241G,1L.242P)- AQMBVGORAKLTISPDYAYGATGHPGHPPHATL

EGFR{10686- VFDVELLKLE

1118;Y1068/1086F)

SERPVSGPTPSDLDPLILTLSLILVVILVGRTVLALL
SHRRALKQKIWPGIPSPESEFEGLFTTHKGNFQ
EWLYQNDGCLWWSPCTRPFTEDPPASLEVLSER
C
VPEFINGSVPKRPAGSYQNPVFHNQPLNFPAPSR
DFHYQDPHSTAVGNPEYLNTY

FKBP{F38Y)- MGOVQVETISPGDGRTFPKRGQTCYVHYTGMLE | 261

EpoR{237- DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY

338,L241G,L242P)- AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL

EGFR{1122-1185) VFDVELLKLE
SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDRPPASLEVLSER
C
PEYLNTVOPTCVNSTFDSPAHWAQKGSHQISLD
NPDYQQDFFPKEAKPNGIFKG

FKBP(F36V)- MGVOVETISPGDGRTFPKRGQTCVVHYTGMLE | 262

EpoR(237- DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY

338,L241G,1L.242P)- AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL

EGFR{1133- VEDVELLKLE

1186,Y1148F)

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHKGNFQ
LWLYQNDGCLWWISPCTRPFTEDPPASLEVLSER
C
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WAQKGSHQISLDNPDFQQDFFPKEAKPNGIFKG
STAENAEYLRVAPQSSEFIGA

FKBB{F38Y)-
EpoR(237-
338,L.241G,L242P)-
BLNK(53-208)

MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
VEFDVELLKLE

SERPVSGPTPSDLDPLILTLSLILVWILVGFTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
EWLYONDGCLWWSPCTPFTEDRPRASLEVLSER
C

ASESPADEEEQWSDDFDSDYENPDEHSDESEMY
VMPAEENADDSYEPRFVEQETRPVHPALPFAR
GEYIDNRSSORHSPPFSKTLFSKPSWPSEKARL
TSTLRPALTALQKPQYPPKPKGLLEDEADYVVPY
EDNDENYIHFTESSSPPPEKAPMVNR

283

FKBP(F36V)-
EpoR(237-

338:1.241G,L.242P)-
BLNK(53-208,Y72F)

MGVOVETISPGDGRTFPKRGOQTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWILVGPTVLALL
SHRRALKQKIWPGIPSFESEFEGLFTTHRKGNFQ
LWLYQNDGCLWWISPCTRPFTEDPPASLEVLSER
C

ASESPADEEEQWSDDFDSDFENPDEHSDSEMY
VMPAEENADDSYEPPPVEQETRPVHPALPFAR
GEYIDNRSSQRHSFPFSKTLPSKPSWPSEKARL
TSTLPALTALQKPQVFPKPKGLLEDEADYVVRPY
EDNDENYIHPTESSSFPPEKAPMYNR

264

FKBP(F36V)-
EpoR(237-
338:L.241G,L242P)-
BLNK(53-
208,Y72F Y96F)

MGVQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SEPVSGPTPSDLDPLILTLSLILWWILVGPTVLALL
SHRRALKOKIWPGIPSPESEFEGLFTTHKGNFQ
LWLYONDGCLWWSPCTPFTEDRPPASLEVLSER
C

ASESPADEEEQWSDDFDSDFENPDEHSDSEMY
VMPAEENADDSFEPPPVEQETRPVHPALPFAR
GEYIDNRSSQRHSPPFSKTLPSKPSWPSEKARL
TSTLPALTALQKPQVPPKPKGLLEDEADYVVPY
EDNDENYIHFTESSSPPPEKAPMVNR

265
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FKBB{F38Y)-
TPOR/MPLR(478-582)-
IL7R(316-459)

MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMBVGORAKLTISPDYAYGATGHPGHPPHATL
VEFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLFDLHRVLGQYLR
DTAALSPPKATVSDTCEEVEPSLLEILPKSSERT
PLPL

ARDEVEGFLODTFPQOLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ

266

FKBP(F36V)-
TPOR/MPLR(478-582)-
IL2Rb(333-551)

MGVOVETISPGDGRTFPKRGOQTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SDPTRVETATETAWISLVTALHLYLGLSAVLGLLL
LRWQFFAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

VTQLLLQOQDKVPEPASLSSNHSLTSCFTNQGYF
FFHLPDALEIEACQVYFTYDPYSEEDPDEGVAG
APTGSSPOPLQPLSGEDDAYCTFPSRDDLLLFS
PSLLGGPSPPSTAPGGESGAGEERMPPSLOERY
PRDWDPQPLGPPTPGYPDLYDFOPPPELVLRE
AGEEVPDAGPREGVSFPWSRPPGQGEFRALNA
RLPLNTDAYLSLQELQGQDPTHLY

267

FKBB{F38Y)-
TPOR/MPLR(478-582)-
IL2Rbsmali(393-
432,518-551)

MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMBVGORAKLTISPDYAYGATGHPGHPPHATL
VEFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPKATVSDTCEEVERSLLEILPKSSERT
PLPL

DEGVAGAPTGSSPOPLAPLSGEDDAYCTFPSR
DOLLLFSPSGOGEFRALNARLPLNTDAYLSLQEL
QGQDPTHLY

268

FKBP(F36V)-
TPOR/MPLR(478-582)-
IL2Rbsmali(339-

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSYGORAKLTISPDYAYGATGHPGHPPHATL

269
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379,393-433,518-651) | VFDVELLKLE

SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

QQDKVPERPASLESSNHSLTSCFTNQGYFFFHLPD
ALEIEACQDEGVAGAPTGSSPQPLAOPLSGEDDA
YCTFPSRDDLLLFSPSGOGEFRALNARLPLNTD

AYLSLQELQGQDPTHLY
FKBP(F36V)- MGVQVETISPGDGRTFPRKRGQTCVVHYTGMLE | 270
TPOR/MPLR(478-582)- | DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
(L7R({316-459)- AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
IL12Rb2(775-825) VFDVELLKLE

SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWOFFAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

ARDEVEGFLODTFPOQLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLASGILTLNPVAQGQPILTSLGSNQEEA

YVTMSSFYQNQ
SOPKPENPACPWTVLPAGDLPTHDGYLPSNIDD
LPSHEAPLADSLEELEPQ
FKBP(F38V)- MGVQVETISPGDGRTFPRKRGQTCVVHYTGMLE | 271
TPOR/MPLR(478-582)- | DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
[L7R({316-45%)- ACQMSVGQRAKLTISPRDYAYGATGHPGHPPHATL
(L21R(322-538) VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWOFPAHYRRLRHALWPSLPDLHRVLGAOYLR
DTAALSPPKATVSDTCEEVEPSLLEILPKSSERT
PLPL

ARDEVEGFLQDTFPOQQLEESEKQRLGGDVQSF
NCPSEDVVITRPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNGQ

PRSFPAKRLOLTELOERPAELVESDGVPKRPSFWPT
AQNSGGSAYSEERDRPYGLYSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLERPSPGLEDPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKPP
LADGEDWAGGLPWGGRESPGGVSESEAGSPLA
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GLDMDTFDSGFVGSDCSSPVECDFTSPGDEGH
PRSYLRQWVVIPPPLSSPGPOAS

FRBP{F36Y)- MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE | 272
TPOR/MPLR({478-582)- | DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
H21R(322-538)- AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
IL7R(316-45%) VEFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPKATVSDTCEEVERSLLEILPKSSERT
PLPL

PREPAKRLOLTELQEPAELVESDGVPKPSFWPT
AQNSGGSAYSEERDRPYGLYSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLERSPGLEDRPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKPP
LADGEDWAGGLPWGGRSPGGVSESEAGSFLA
GLDMDTFDSGFVGSDCSSPVECDFTSPGDEGP
PREYLROWVVIPPPLSSPGPQAS

ARDEVEGFLQDTFPOQLEESEKQRLGGDVQSF
NCPSEDVVITPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLASGILTLNPVAQGQPILTSLGSNQEEA

YVTMSSFYQNQ
FRBP{F36Y)- MGVYQVETISPGDGRTFPKRGQTCYVHYTGMLE | 273
TPOR/MPLR({478-582)- | DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
IL2Rbsmall(393- AGMSBVGQRAKLTISPRDYAYGATGHPGHPPHATL
433,518-551)- VEFDVELLKLE

IL21R(322-538)
SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPKATVSDTCEEVERSLLEILPKSSERT
PLPL

DEGVAGAPTGSSPOPLAPLSGEDDAYCTFPSR
DOLLLFSPSGOGEFRALNARLPLNTDAYLSLQEL
QGQDPTHLY

PREFPAKRLOLTELOERPAELVESDGVPKPSFWPT
AQNSGGSAYSEERDRPYGLVSIDTVIVLDAEGP
CTWPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKPP
LADGEDWAGGLPWGGRSPGGYSESEAGSPLA
GLDMDTFDSGFVGSDCSSPYECDFTSPGDEGH
PREYLROWVVIPPPLESFGPOAS

FKBP{F38Y)- MGOVQVETISPGDGRTFPKRGQTCYVHYTGMLE | 274
TPOR/MPLR({478-582)- | DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
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IL21R{322-538)-
(LZ2Rbsmall{(393-
433,518-551)

AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQOFPAHYRRLRHALWPSLFDLHRVLGOYLR
DTAALSPPKATVSDTCEEVEFSLLEILPKSSERT
FPLEPL

PROPAKRLOLTELQEPAELVESDGVPKPSFWPT
AQNSGGSAYSEERDRPYGLYSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVYSAGSPGLGGPLGSLLDRLKPP
LADGEDWAGGLPWGGRSPGGVSESEAGSFLA
GLDMDTFDSGFVGSDCSSPVECDFTSPGDEGP
PREYLROWVVIPPPLSSPGPQAS

DEGVAGAPTGSSPQPLOPLSGEDDAYCTFPSR
DDLLLFSPSGQGEFRALNARLFPLNTDAYLSLQEL
QGQDPTHLY

FKBP(F36V)-
TPOR/MPLR(478-582)-
IL2Rbsmali(33%-
379,393-433 518-551)-
IL21R(322-538)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
ACQMSVGQRAKLTISPRDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWOFPAHYRRLRHALWPSLPDLHRVLGOYLR
DTAALSPPKATVSDTCEEVEPSLLEILPKSSERT
PLPL

CQDKVPERPASLESNHSLTSCFTNQGYFFFHLPD
ALEIEACQODEGVAGAPTGSSPQPLAPLSGEDDA
YCTFPSRDDLLLFSPSGQGEFRALNARLPLNTD
AYLSLOELQGQDPTHLY

PREPAKRLOQLTELQEPAELVESDGYPKPSFWPT
AQNSGGSAYSEERDRPYGLVSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKPR
LADGEDWAGGLPWGGRSPGGVSESEAGSPLA
GLDMDTFDSGFVGSDCSSPVECDFTSPGDEGP
PRSYLRQWVVIPPPLSSPGPQOAS

275

FKBP(F36V)-
TPOR/MPLR(478-582)-
IL21R(322-538)-
IL2Rbsmali(335-
379,393-433,518-551)

MGVOVETISPGDGRTFPKRGOTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPKATVSDTCEEVEPSLLEILPKSSERT

276
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PLPL

PREPAKRLQLTELQEPAELVESDGVPKPSFWRPT
AQNSGGSAYSEERDRPYGLVSIDTVTVLDAEGP
CTWPCSCEDDGYPALDLDAGLEPSPGLEDPLL
DAGTTVLSCGCVSAGSPGLGGPLGSLLDRLKRPP
LADGEDWAGGLPWGGRSPGGYSESEAGSPLA
GLDMDTFDEGFVGSDCESSPVECDFTSPGDEGR
PRSYLRQWVVIPPPLSSPGPOAS

QUDKVPEPASLSSNHSLTSCFTNQGYFFFHLPD
ALEIEACODEGVAGAPTGSSPOPLQPLSGEDDA
YCTFPSRDDLLLFSPSGQGEFRALNARLPLNTD

AYLSLQELQGQDPTHLY
FKBP{F38Y)- MGOVQVETISPGDGRTFPKRGQTCYVHYTGMLE | 277
TRPOR/MPLR(478-582)- | DGKKVDSSRDRNKFPFKFMLGKQEVIRGWEEGY
IL2Rbsmali(393- AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
433,518-551) VFDVELLKLE

IL7R(316-459)
SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQFPAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPKATVSDTCEEVEPSLLEILPKSSERT
PLPL

DEGVAGAPTGSSPOPLAPLSGEDDAYCTFPSR
DDLLLFSPSGQGEFRALNARLPLNTDAYLSLQEL
QGQDPTHLY

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP!
LSSSRELDURESGKNGPHVYQDLLLSLGTTNGT
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA

YVTMSSFYQNQ
FKBP(F36V)- MGVQVETISPGDGRTFPRKRGQTCVVHYTGMLE | 278
TPOR/MPLR(478-582)- | DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
(L7R({316-459)- AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
IL2ZRbsmali{393- VFDVELLKLE

433,518-551)
SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWOFFAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

ARDEVEGFLQDTFPOQLEESEKQRLGGDVQSF
NCPSEDVVITPESFGRDSSLTCLAGNYSACDAR
LSSSRELDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLASGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ
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DEGVAGAPTGSSFQPLOPLSGEDDAYCTFPSR
DDLLLFSPSGQGEFRALNARLPLNTDAYLSLQEL
QGODPTHLY

FKBP(F36V)-
TPORIMPLR(478-582)-
IL2Rbsmall(339-
379,393-433,518-551)-
IL7R(316-459)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKOEVIRGWEEGY
AQMSVGQRAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SDPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWOFFAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

CQDKYPERPASLSSNHSLTSCFTNQGYFFFHLPD
ALEIEACQDEGVAGAPTGSSPQPLOPLSGEDDA
YCTFPSRDDLLLFSPSGQGEFRALNARLPLNTD
AYLSLQELQGQDFTHLY

ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSRELDCRESGKNGPHYYQDLLLSLGTTNST
LPPPFSLQSGILTLNPYAQGQPILTSLGSNGEEA
YVYTMSESFYQNQ

279

FKBP(F36V)-
TPOR/MPLR(478-582)-
IL7R(316-459)-
IL2Rbsmali(339-
379,393-433,518-551)

MGVQVETISPGDGRTFPKRGQTCYVHYTGMLE
DGKKVDSSRDRNKFFKFMLGKQEVIRGWEEGY
AQMSBVGQRAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

SOPTRVETATETAWISLVTALHLVLGLSAVLGLLL
LRWQOFPAHYRRLRHALWPSLFDLHRVLGOYLR
DTAALSPPKATVSDTCEEVEFSLLEILPKSSERT
FPLEPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAP
LSSSRBLDCRESGKNGPHVYQDLLLSLGTTNST
LPPPFSLOSGILTLNPVAQGQPILTSLGSNQEEA
YVTMSSFYQNQ

QOQDKVPEPASLSSNHSLTSCFTNQGYFFFHLRPD
ALEIEACQDEGVAGAPTGSSPQPLAOPLSGEDDA
YCTFPSRDDLLLFSPSGOGEFRALNARLPLNTD
AYLSLQELQGQDPTHLY

280

FKBP(F38V)-PD1(156-
191)-TPORMPLR
(514-582)-1L7TR(316-
459)-IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGOQTCVYVHYTGMLE
DGKKVDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMBVGORAKLTISPDYAYGATGHPGHPPHATL
VFDVELLKLE

281
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PSPSPRPAGQFQTLYVOEVYGGLLGSLVLELVWYL
AVl

RWOFPAHYRRLRHALWPSLPDLHRVLGQYLRD
TAALSPPKATYSDTCEEVEPSLLEILPKSSERTPL
PL

ARDEVEGFLQDTFPQQLEESEKQRLGGDVOQSP
NCPSEDVVITPESFGRDSSLTCLAGNVSACDAPY
LSSSRELDORESGKNGPHYYQDLLLSLGTTNST
LPPPFSLQSGILTLNPVAQGQPILTSLGENQEEA
YVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLFTHDGYLFSNIDD
LPSHEAPLADSLEELEPQ

FKBP(F36V)-
TPOR/MPLR(478-582)-
EGFR(1122-1165)

MGVOVETISPGDGRTFPKRGOQTCVVHYTGMLE
DGKKYDSSRDRNKPFKFMLGKQEVIRGWEEGY
AQMSEVGORAKLTISPDYAYGATGHPGHPPHATL
VEDVELLKLE

SDPTRVETATETAWISLVTALHLYLGLSAVLGLLL
LRWQFFAHYRRLRHALWPSLPDLHRVLGQYLR
DTAALSPPRATVSDTCEEVEPSLLEILPKSSERT
PLPL

PEYLNTVOPTCVNSTFDSPAHWAQKGSHQISLD
NPDYQQDFFPKEAKPNGIFKG

282

FKBP(F38V)-
TPOR/MPLR(478-582)-
IL7R(316-459)-
IL12Rb2(775-825)

FKBP switch containing
wildtype TpoR TM
sequence

MGVOVETISPGDGRTFPKRGAQTCYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETAWISLVTALHLVLGLSAVLGLLLLR
WQFPAHYRRLRHALWPSLPDLHRVLGQYLRDTAAL
SPPRATVEDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYQDLLLSLGTTNSTLPPPFELQAS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

283

FKBP(Fa6V)-
TPOR/MPLR(478-582:N-
1)-IL7R(316-459)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETWISLVTALHLVLGLSAVLGLLLLRW
QFPAHYRRLRHALWPSLPDLHRVLGQYLRDTAALSP
PRATVSDTCEEVEPSLLEILPKESERTPLPL

284
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ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMESFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

FKBP(F38V)-
TPOR/MPLR(478-582:N-
NILTR(316-458)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETISLVTALHLVLGLSAVLGLLLLRWQF
PAHYRRLRHALWPSLPDLHRVLGQYLRDTAALSPPK
ATVSDTCERVEPSLLEILPKGSERTRPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGENQEEAYVTMSESFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

285

FKBP(F36V)-
TPOR/MPLR(478-582:N-
2+13-1L7TR(316-459)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQATCVVHYTGMLEDGK
KVDSSRORNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE

SDPTRVETATETLISLVTALHLVLGLSAVLGLLLLRWGQ
FRPAHYRRLRHALWPSLPDLHRVLGQYLRDTAALSPP
KATVSDTCEEVEPSLLEILPKGSERTRPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQEPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPRPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

286

FKBP(F36V)-
TPOR/MPLR(478-582:N-
3)-IL7R(316-458)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGOQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLYFDVELLKLE

SDPTRVETATETSLVTALHLVLGLSAVLGLLLLRWQF
PAHYRRLRHALWPSLPDLHRVLGQYLRDTAALSPPK
ATVSDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

287
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FKBP(Fa6V)-
TPOR/MPLR(478-582:N-
4)-IL7R(316-450)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETLVTALHLVLGLSAVLGLLLLRWGQFP
AHYRRLRHALWPSLPDLHRVLGQYLRDTAALSPPKA
TVEDTCEREVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVYQEPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYGDLLLSLGTTNSTLPPPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

288

FKBP(F36V)-
TPOR/MPLR(478-582:N-
4+ ILTR(316-458)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETILVTALHLVLGLSAVLGLLLLRWQFP
AHYRRLRHALWPSLPDLHRVLGOQYLRDTAALSPPKA
TVEDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

289

FKBP(F38V)-
TPOR/MPLR(478-582;N-
5)-ILTR(316-459)-
IL12Rb2(775-825)

MGVOVETISPGDGRTFPKRGAQTCYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSEVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETVTALHLVLGLSAVLGLLLLRWQFPA
HYRRLRHALWPSLPDLHRVLGQYLRDTAALSPPKAT
VEDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVWVITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYQDLLLSLGTTNSTLPPPFELQAS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

290

FKBP(Fa6V)-
TPOR/MPLR(478-582:N-
8)-IL7R(316-450)-
\L12RB2(775-825)

MGVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETTALHLVLGLSAVLGLLLLRWQFFPAH
YRRLRHALWPSLPDLHRVLGQYLRDTAALSPPKATY
SDTCEEVEPSLLEILPKSSERTPLPL

291
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ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMESFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

FKBP(F38V)-
TPOR/MPLR(478-582:N-
T-ILTR(316-450)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETALHLVLGLSAVLGLLLLRWGQFPAHY
RRLRHALWPSLPDLHRVLGQYLRDTAALSPPKATVS
DTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGENQEEAYVTMSESFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

292

FKBP(F36V)-
TPOR/MPLR(478-582:N-
8)-IL7R(316-459)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQATCVVHYTGMLEDGK
KVDSSRORNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE

SDPTRVETATETLHLVLGLSAVLGLLLLRWQFPAHYR
RLRHALWPSLPDLHRVLGOYLRDTAALSPRPKATVED
TCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQEPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPRPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

293

FKBP(F36V)-
TPOR/MPLR(478-582:N-
9)-IL7R(316-458)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGOQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLYFDVELLKLE

SDPTRVETATETHLVLGLSAVLGLLLLRWOQFPAHYR
RLRHALWPSLPDLHRVLGQYLRDTAALSPPKATVSD
TCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ
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FKBP(Fa6V)-
TPOR/MPLR(478-582:N-
10)-IL7R(316-459)-
IL.12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETLVLGLSAVLGLLLLRWQFPAHYRRL
RHALWPSLPDLHRVLGQYLRDTAALSPPRKATVSDTC
EEVEPSLLEILPKSSERTRPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVYQEPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYGDLLLSLGTTNSTLPPPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

295

FKBP(F36V)-
TPOR/MPLR(478-582:N-
1D)-IL7R(316-458)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETVLGLSAVLGLLLERWOFPAHYRRL
RHALWPSLPDULHRVLGOYLRDTAALSPPKATYSDTC
EEVEPSLLEILPKESSERTPLPL

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

296

FKBP(F38V)-
TPOR/MPLR(478-582;N-
12)-IL7R(316-459)-
IL12Rb2(775-825)

MGVOVETISPGDGRTFPKRGAQTCYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSEVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETLGLSAVLGLLLERWQFPAHYRRLR
HALWPSLPDLHRVLGQYLRDTAALSPPKATVSDTCE
EVEPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVWVITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYQDLLLSLGTTNSTLPPPFELQAS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

297

FKBP(Fa6V)-
TPOR/MPLR(478-582:N-
13)-IL7R(316-459)-
IL12RB2(775-825)

MGVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETGLSAVLGLLLLRWGQFPAHYRRLRH
ALWPSLPDLHRVLGQYLRDTAALGPPKATVEDTCER
VEPSLLEILPKGSERTPLPL
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ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMESFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

FKBP(F38V)-
TPOR/MPLR(478-582:N-
14)-IL7TR(316-459)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETLSAVLGLLLLRWQFPAHYRRLRHA
LWPSLPDLHRVLGQYLRDTAALSPPKATVEDTCEEY
EFPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGENQEEAYVTMSESFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

299

FKBP(F36V)-
TPOR/MPLR(478-582:N-
15)-IL7R(316-459)-
IL.12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQATCVVHYTGMLEDGK
KVDSSRORNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE

SDPTRVETATETSAVLGLLLLRWGFPAHYRRLRHAL
WPSLPDLHRVLGQYLRDTAALSPRPKATVSDTCEEVE
PSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQEPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPRPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

300

FKBP(F36V)-
TPOR/MPLR(478-582:N-
18)-IL7R(316-458)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGOQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSEVG
QRAKLTISPDYAYGATGHPGIPPHATLYFDVELLKLE

SDPTRVETATETAVLGLLLLRWQFPAHYRRLRHALW
PSLPDLHRVLGQYLRDTAALSPPKATYSDTCEEVEP
SLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ
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FKBP(Fa6V)-
TPOR/MPLR(478-582:N-
17)-IL7TR(316-459)-
IL.12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETVLGLLLLRWGQFPAHYRRLRHALWP
SLPDLHRVLGQYLRDTAALSPPKATVEDTCERVEPRS
LEEILPKGSERTRPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVYQEPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYGDLLLSLGTTNSTLPPPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

302

FKBP(F36V)-
TPOR/MPLR(478-582:N-
18)-IL7R(316-458)-
IL12Rb2(775-825)

MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK
KVDSSRDRNKPFKFMLGRKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETLGLLLLRWQOQFPAHYRRLRHALWPS
LPDLHRVLGOYLRDTAALSPPKATVSDTCEEVERPSLL
EILPKSSERTPLPL

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

303

FKBP(F38V)-
TPOR/MPLR(478-
582:N+1)-IL7R(316-45%)-
IL12Rb2(775-825)

MGVOVETISPGDGRTFPKRGAQTCYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSEVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETAWLISLVTALHLVLGLSAVLGLLLLR
WOFPAHYRRLRHALWPSLPDLHRVLGQYLRDTAAL
SPPRATVEDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVWVITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYQDLLLSLGTTNSTLPPPFELQAS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

304

FKBP(Fa6V)-
TPOR/MPLR(478-
582;N+2)-IL7TR(316-450)-
\L12RB2(775-825)

MGVQVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE

SDPTRVETATETAWVLISLVTALHLVLGLSAVLGLLLL
RWOFPAHYRRLRHALWPSLPDLHRVLGQYLRDTAA
LSPPKATVSDTCEEVEPSLLEILPKSSERTPLPL

305
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ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMESFYONQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS

HEAPLADSLEELEPQ
FKBP{F38V)- MGVQVETISPGDGRTFPEKRGATCVVHYTGMLEDGK | 306
TPOR/MPLR{478- KVDSSRDRNKPFKFMLGRQEVIRGWEEGVAQMSVG

582 N+3)-IL7TR(316-458)- | QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE
IL12RDb2(775-825)
SDPTRVETATETAWLVLISLVTALHLVLGLSAVLGLLL
LRWOFPAHYRRLRHALWPSLPRLHRVLGGYLRDTA
ALSPPKATVSDTCEEVEPSLLEILPKESERTPLPL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGENQEEAYVTMSESFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS

HEAPLADSLEELEPQ
FKBP(F36V)- MGVQVETISPGDGRTFPKRGQATCVVHYTGMLEDGK | 307
TPOR/MPLR(478- KVDSSRORNKPFKFMLGKQEVIRGWEEGVAQMSVG

582;N+4)-IL7TR(316-459)- | QRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE
HAZRb2(775-825)
SDPTRVETATETAWILVLISLVTALHLVLGLSAVLGLL
LERWQFPAHYRRLRHALWPRPSLPDLHRVLGQYLRDT
AALSPPKATYSDTCEEVERPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDYQEPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPRPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS

HEAPLADSLEELEPQ
FRBP({F28Y)- MGVQVETISPGDGRTFPKRGOUTCVVHYTGMLEDGK | 308
TPOR/MPLR{478- KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG

582;N+5)-IL7R(316-458)- | QRAKLTISPDYAYGATGHPGIPPHATLYFDVELLKLE
IL12Rb2(775-825)
SDPTRVETATETAWLILVLISLVTALHLVLGLSAVLGL
LEERWOFPAHYRRLRHALWPSLPDLHRVLGQYLRD
TAALSPPKATVSDTCEEVEPSLLEILPKSSERTPLPL

ARDEVEGFLODTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ
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FKBP(F35V)- MGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGK | 309
TPOR/MPLR(478- KVDESRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
582;N+6)-1L7R(316-450)- | QRAKLTISPDYAYGATGHPGHIPPHATLVFDVELLKLE
HAZRb2(775-825)
SDPTRVETATETAWLLILVLISLVTALHLVLGLSAVLG
LELLRWQFPAHYRRLRHALWPSLPDLHRVLGQYLRD
TAALSPPRATVEDTCEEVEPSLLEILPKSSERTPLPL
ARDEVEGFLODTFPQQLEESEKQRLGGDVYQEPNCP
SEDWITPESFGRDSSLTCLAGNVSACDAPILSSSRS
LDCRESGKNGPHVYGDLLLSLGTTNSTLPPPFSLOS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYONQ
SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ
FRBPR({F36V)- MGVQVETISPGDGRTFPKRGATCVVHYTGMLEDGK | 310
TPOR/MPLR{478- KVDSSRDRNKPFKFMLGRKQEVIRGWEEGVAQMSVG

582;N+7)-IL7R(318-458)-
IL12Rb2(775-825)

QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETAWVLLILVLISLVTALHLVLGLSAVL
GLLLLRWOFPAHYRRLRHALWPSLPDLHRVLGOYL
REOTAALSPPRATVEDTCEEVEPSLLEILPKSSERTPL
PL

ARDEVEGFLOQDTFPQQLEESEKQRLGGDVQSPNCP
SEDVVITPESFGRDSSLTCLAGNVSACDAPILSESRS
LDCRESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSESFYQNQ

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

FKBP(F36V)-
TPOR/MPLR(478-
582:N+7)-IL7R(316-45%)-
IL12Rb2(775-825)

MGVOVETISPGDGRTFPKRGQTCVYVHYTGMLEDGK
KVDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVG
QRAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLE

SDPTRVETATETAWLVLLILVLISLVTALHLVLGLSAVL
GLLLLRWQFPAHYRRLRHALWPSLPDLHRVLGQYL
ROTAALSPPKATVSDTCEEVEPSLLEILPKSSERTPL
PL

ARDEVEGFLQDTFPQOLEESEKQRLGGDVQSPNCP
SEDVWWITPESFGRDSSLTCLAGNVSACDAPILSSERS
LOCRESGKNGPHVYQDLLLSLGTTNSTLPPPFELQAS
GILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQNG

SDPKPENPACPWTVLPAGDLPTHDGYLPSNIDDLPS
HEAPLADSLEELEPQ

311

[0272] The invention encompasses modifications to the inducible chimeric cytokine
receptors of the invention embodiments shown in Tables 2A and 2B, including

functionally squivalent proteins having modifications which do not significantly affect
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their properties and variants which have enhanced or decreased aclivity and/or affinity.
Modification of polypeptides is routine practice in the art and need not be described in
detail herein. bxamples of modified polypeptides include polypeptides with conservalive
substitutions of amino acid residues, one or more deletions or additions of amino acids
which do not significanily deleteriously change the functional activity, or which mature
{enhance) the affinity of the polypeptide for its ligand, or use of chemical analogs.
I0273] Amino acid sequence insertions include amino- and/or carboxyl-terming
fusions ranging in length from one residue to polypeptides containing a hundred or more
residues, as well as infraseguence insertions of single or muitiple amino acid residues.
Examples of terminal insertions include an antibody with an N-terminal methionyi
residue or the antibody fused to an epilope tag.
[0274] Substitution variants have at least one amino acid residue in the inducible
chimeric cyiokine recepior removed and a different residue inserted in its place.
Conservative substitutions are shown in Table 3 under the heading of "conservative
substitutions.” If such substitutions result in a change in biological aclivity, then more
substantial changes, denominated "exemplary substitutions” in Table 3, or as further
described below in reference to amino acid classes, may be introduced and the
products screened.

Table 3: Amino Acid Substitutions

Original Residue

{naturally

ceeurring  amino | Conservative

acid) Substitutions Exemplary Substitutions

Ala (A) Val Val: Ley; lle

Arg (R) Lys Lys;, Gin; Asn

Asn (N) Gin Gln; His; Asp, Lys; Arg

Asp (B Glu Glu; Asn

Cys (C) Ser Ser; Ala

Gin (G Asn Asn; Glu

Glu (E) Asp Asp; Gin

Gly (G) Ala Ala

His (H} Arg Asn; Gin, Lys; Arg

lie (1 Loy Leu; Va.i; Met: Ala: Phe;
Norteucine
Norleucine; lle; Val;, Met;

Lau (L) jle Ala: Phe

Lys (K} Arg Arg; Gln; Asn
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Original Residue

(naturally

occurring  amine | Conservative

acid) Substitutions Exemplary Substitutions

Met (M) Leu Leu; Phe; lle

Phe (F) Tyr Leu Val, lle; Ala; Tyr

Pro {F) Ala Ala

Ser (8) Thr Thr

Thr (T) Ser Ser

Trp (W) Tyr Tyr, Phe

Tyr (Y} Phe Trp; Phe; Thr; Ser

Val (V) Leu He; Leu_; Metl: Phe; Alg;
Norieucine

[0275] In some embodiments, inducible chimeric cytokine receptors may be
synthesized in situ in an isolated immune cell, such as a CAR-T cell, after introduction of
polynuclectides encoding the inducible chimeric cyiokine recepiors into the cell
Alternatively, inducible chimeric cytokine receptors may be produced ouiside of celis,
and then introduced into cells. Methods for introducing a polynuclectide construct into
celis are known in the arl. In some embodiments, stable transformation methods can be
used fo integrate the polynuclectide construct into the genome of the cell.  In other
embodiments, transient transformation methods can be used to transiently express the
polynuclectide construct, and the polynuclectide construct not integrated into the
genome of the cell. In other embodiments, virus-mediated methods can be used. The
polynuciectides may be introduced into a cell by any suitable means such as for
example, recombinant viral vectors {e.g. retroviruses, adenoviruses), liposomes, and the
fike. Transient transformation methods include, for example without limitation,
microinjection, electroporation or particle bombardment. Polynuclectides may be
included in vectors, such as for example plasmid vectors or viral vectors.

[0276] iIn some embodiments, an isolated immune cell, such as an iscolated T cali, of
the invention can comprise at ieast one inducible chimeric cylokine receptor and at least
one CAR. in some embodiments, an isolated immune cell, such as an isolated T celi,
can comprise at least a population of different inducible chimeric cytokine receptors and
at least one CAR. For example, a population of different inducible chimeric cytokine
receptors present in an isclated immune cell may comprise recepiors with the same

dimerization domain but different tyrosine kinase activating domains and different
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tyrosine effector domains, or receptors with the same dimerization domains, same
tyrosine kinase activating domains but different tyrosine effector domains, or receptors
with all three domains being different from each other, and the like. In some
embodiments, an isolated immune cell, such as an isclated T cell, can comprise at least
one inducible chimeric cytokine receptor and a population of CARs, each CAR
comprising different extracellular ligand-binding domains.

10277] introducing a population of different inducible chimeric cyickine receptors info
an immune cell can allow manipulation of the cell’'s functional outcome and/or
phenotype. For example, different inducible chimeric cyiokine receptors present in the
isolated immune cell can activate different intracellular signaling events, each resulting
in a particular functional outcome and/or directing the cell to a particular phenotype. By
manipulating the population of the inducibie chimeric cyiokine receptors introduced into
the cell, the cell's functional outcome and/or phenolype can be manipulated. For
example, the population of inducible chimeric cylokine receptors introduced into the
immune cell can be manipulated to comprise a greater number of receptors that aclivate
one STAT transcription factor over the other STATs thereby skewing the cell’s functional
outcome and/or phenotype to the one governed by that STAT.

[0278] In some embodiments of an isolated immune cell, such as an isolated T cell
provided herein, a CAR can comprise an exiracellular ligand-binding domain {e.g., a
single chain variable fragment (scFv)), a transmembrane domain, and an intraceliular
signaling domain. In some embodiments, the exiracellular ligand-binding domain,
fransmembrane domain, and intraceilular signaling domain are in one polypeptide, i.e.,
in a single chain. Multichain CARs and polypeptides are aiso provided herein. In some
embodiments, the multichain CARs comprise:  a first polypeptide comprising a
transmembrane domain and al least one exiraceliular ligand-binding domain, and a
sacond polypepiide comprising a transmembrane domain and at least one intracsliular
signaling domain, wherein the polypeptides assemble together to form a muitichain
CAR.

[0279] The extracellular ligand-binding domain of a CAR specifically binds to a target
of interest. The target of interest can be any molecule of interest, including, for example
without limitation BCMA, EGFRvHI, Fit-3, WT-1, CD20, CD23, CD30, CH38, CDY0,
CD33, CD133, LeY, NKG2D, C81, CD44v8, ROR1, CD19, Claudin-18.2 (Claudin-18A2,
or Claudini8 isoform 2), DLL3 (Delta-like protein 3, Drosophila Delta homolog 3, Deita3
), Muct? (Mucin1?, Muc3, Muc3), FAP alpha (Fibroblast Activation Protein aipha),
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Ly6GoD {(Lymphocyte antigen © complex locus protein G68d, cBorf23, GE6D, MEGTH1,
N(25), RNF43 (E3 ubiquitin-protein ligase RNF43, RING finger protein 43).

[0280] In some embodiments, the exitracellular ligand-binding domain of a CAR
comprises an scFv comprising the light chain variable (VL) region and the heavy chain
variable (VH) region of a target antigen specific monocional antibody joined by a flexible
finker. Single chain variable region fragments are made by linking light and/or heavy
chain variable regions by using a short linking peptide (Bird et al., Science 242:423-426,
1988). An example of a linking peptide is the GS linker having the amino acid sequence
(GGGES)s (SEQ ID NO: 224), which bridges approximately 3.5 nm between the
carboxy terminus of one variable region and the amino terminus of the other variable
region. Linkers of other sequences have been designed and used (Bird et al., 1988,
supra). In general, linkers can be short, flexible polypeptides and preferably comprised
of about 20 or fewer amino acid residues. Linkers can in turn be modified for additional
functions, such as attachment of drugs or aftachment {o solid supports. The single
chain varianis can be produced either recombinantly or synthetically. For synthetic
production of scFv, an automated synthesizer can be used. For recombinant production
of scFv, a suilable plasmid containing polynucleotide that encodes the scFv can be
introduced into a suitable host cell, either sukaryotic, such as veast, plant, insect or
mammalian cells, or prokaryolic, such as E. coli. Polynuclectides encoding the scFv of
interest can be made by routine manipulations such as ligation of polynuclectides. The
resultant sckFv can be isolated using standard protein purification techniques known in
the art.

[6281] The intracellular signaling domain of a CAR according to the invention is
responsible for intraceliular signaling following the binding of exdraceliular ligand-binding
domain to the target resulting in the activation of the immune cell and immune response.
The intracellular signaling domain has the ability to activate of at least one of the normal
effector functions of the immune cell in which the CAR is expressed. For example, the
effector function of a T cell can be a cytolytic activity or helper activity including the
secretion of cylokines.

[0282] In some embodiments, an intracellular signaling domain for use in a CAR can
be the cytoplasmic sequences of, for example without limitation, the T cell receptor and
co-receptors that act in concert to initiate signal transduction following antigen receptor
engagement, as well as any derivative or variant of these sequences and any synthetic

seguence that has the same functional capability. Intraceliular signaiing domains
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comprise two distinct classes of cytoplasmic signaling sequences: those that inifiate
antigen-dependent primary activation, and those that act in an antigen- independent
mannar o provide a secondary or co-stimulatory signal. Primary cytoplasmic signaling
saquences can comprise signaling motifs which are known as immunoreceptor yrosine-
based activaiion motifs of ITAMs. ITAMs are well defined signaling motifs found in the
intracytoplasmic tail of a variety of receptors that serve as binding sites for syk/zap70
class tyrosine kinases. bExamples of ITAM used in the invention can include as non-
fimiting examples those derived from TCRZ, FcRy, FeRB, FcRe, CD3y, CD36, CD3e¢,
CD5, CD22, CD79a, CD7%9b and CDB8d. In some embodiments, the intraceliular
signaling domain of the CAR can comprise the CD3¢ signaling domain. In some
embodiments the intraceliular signaling domain of the CAR of the invention comprises a
domain of a co-stimulatory molecule.

[86283] In some embodiments, the intracelivlar signaling domain of a CAR of the
invention comprises a part of co-stimulatory molecule selected from the group consisting
of fragment of 41BB (GenBank: AAAS3133.) and CD28 (NP_006130.1).

[0284] CARs are expressed on the surface membrane of the cell. Thus, the CAR can
comprise a transmembrane domain. Suilable fransmembrane domains for a CAR
disclosed herein have the ability 10 (a) be expressad at the surface of a cell, preferably
an immune cell such as, for example without limitation, lymphocyte cells or Natural killer
(NK) cells, and {(b) interact with the ligand-binding domain and intraceliular signaling
domain for directing celiular response of immune cell against a predefined target cell.
The transmembrane domain can be derived either from a natural or from a synthelic
source. The transmembrane domain can be derived from any membrane-bound or
transmembrane protein. As non-limiting examples, the transmembrane polypeptide can
be a subunit of the T cell receplor such as «, B, v or 8, polypeplide constituting CD3
complex, 1L-2 receplor p&5 {a chain), p75 (§ chain) or y chain, subunit chain of F¢
receptors, in particular Fey receptor 1l or CD proteins. Alternatively, the tfransmembrane
domain can be synthetic and can comprise predominantly hydrophobic residues such as
leucine and valine. In some embodimenis said transmembrane domain is derived from
the human CD8a chain (e.g., NP_001138345.1). The transmembrane domain can
further comprise a stalk domain between the exiracellular ligand-binding domain and
said fransmembrane domain. A stalk domain may comprise up to 300 amino acids,
preferably 10 to 100 amino acids and most preferably 25 to 50 amino acids. Stalk region

may be derived from ali or part of naturally occurring molecules, such as from all or part
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of the exiracellular region of CD8, CD4, or CD28, or from all or part of an antibody
constant region. Alternatively the stalk domain may be a synthetic sequence that
corresponds to a naturally occurring stalk sequence, or may be an entirely synthetic
stalk sequence. In some embodiments said stalk domain is a part of human CD8a chain
{e.g., NP_001138345.1). In another particuiar embodiment, said transmembrane and
hinge domains comprise a part of human CD8a chain. In some embodiments, CARs
disclosed herein can comprise an extracellular ligand-binding domain that specifically
binds BCMA, CD8a human hinge and transmembrane domains, the CD3{ signaling
domain, and 4-1BB signaling domain. in some embodiments, a CAR can be introduced
inte an immune cell as a transgene via a plasmid vector. In some embodiments, the
plasmid vector can also contain, for example, a selection marker which provides for
identification and/or selection of cells which received the vector.

[02858] Table 4 provides exemplary sequences of CAR components that can be used

in the CARs disclosed herein.

Table 4: Exemplary sequences of CAR Components

Domain Amino acid seqguence SEQ
iD

V5 epitope tag KRPIFNFLLGLDST 179

2173 scFv EIQLVQSGAEVKKPGESLRISCKGSGFNIEDYY! | 180

HWVROQMPGKGLEWMGRIDPENDETKYGPIFQG
HVTISADTSINTVYLOWSSLKASDTAMYYCAFR
GOVYWGEQGTTVTVESGGEGGEGGEGESGGEES
GGGGESDVVMTQSPDSLAVSLGERATINCKSSQ
SLLDSDGKTYLNWLOQKPGOPPKRLISLYSKLD
SGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYC
WOGTHFPGTFGGGTKVEIK

26C8 scFv QVQLQESGPGLVKPSETLSLTCTVSDNSISNYY | 181
WEWIRQPPGKGLEWIAYIYYSGTTNYNPSLKSR
VTISLDTSKNQFSLQLSSVTAADAAVYYCARVEH
WOFAFDIWGQGTMVTVESGEOGESGGEEEGE
GGSEWVLTOSPGTLSLEPGERATLSCRASQRVS
NTYLAWYQQNPGQAPRLLIYGASSRATGIPDRF
SGEGSGTDFTLTISRLEPEDFAVYYCQQYGTSP
LTFGGGTKVEIK

CD8 hinge and TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGA | 182

fransmembrane VHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYC

4-18B intraceliular KRGRKKLLYIFKOQPFMRPYQTTQEEDGCSCRFP | 183

signaling EEEEGGCEL

CD32z intraceliular RVKFSRSADAPAYQQGONQLYNELNLGRREEY | 184

signaling DVLDKRRGRDPEMGGKPRRKNPOEGLYNELQ
KOKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQALPPR
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BFP MSELIKENMHMKLYMEGTVDNHHFKCTSEGEG | 185
KPYEGTQTMRIKVVEGGPLPFAFDILATSFLYGS
KTFINHTQGIPDFFKQSFPEGFTWERVTTYEDG

GVLTATODTSLADGCLIYNVKIRGYNFTSNGPY

MQKKTLGWEAFTETLYPADGGLEGRNDMALKL
VGGSHLUIANIKTTYRSKKPAKNLEKMPGYYYVDY

RLERIKEANNETYVEQHEVAVARYCDLPSKLGH
KLN

P2A GSGATNFSLLKQAGDVEENPGP 186

[62868] CAR polypeplides may be synthesized in situ in the cell after introduction of
polynuciectides encoding the CAR polypeptides into the cell. Alternatively, CTAR
polypeptides may be produced cutside of cells, and then introduced into cells. Methods
for introducing a polynucleotide construct into cells are known in the arl. In some
embodiments, stable transformation methods can be used o inlegrate the
polynuclectide construct into the genome of the cell. In other embodiments, transient
fransformation methods can be used {o transiently express the pelynucieotide construct,
and the polvnuclectide construct not integrated into the genome of the cell. In other
embodiments, virus-mediated methods can be used. The polynuclectides may be
infroduced into a cell by any suitable means such as for example, recombinant viral
vectors {(e.g. retroviruses, adenoviruses), liposomes, and the like. Transient
transformation methods  include, for example without limitation, microinjection,
electroporation or particle bombardment. Polynucleotides may be included in vectors,
such as for exampie plasmid vectors or viral veciors.

[0287] Also provided herein are isolated immune cells comprising at least one
inducible chimeric cytokine receptor described herein. The isolated immune cells may
further comprise a chimeric antigenic receptor (CAR). Isolated immune cells modified to
express an inducible chimeric cylokine receptor and/or a CAR as referred throughout
the specification are also interchangeably referred 10 as engineered immune cells.
These isolated immune cells can be prepared according o any one of the methods
described herein. Any immune cell capable of expressing heterologous DNAs can be
used for the purpose of expressing the inducible chimeric cytokine recepior and CAR of
interest.  In some embodiments, the isolated immune cell is a T cell. In some
embodiments, an immuneg cell can be derived from, for exampile without limitation, a
stem cell. The stem celis can be aduit siem cells, non-human embryonic stem cells,
more particularly non-human stem cells, cord binod stem cells, progenitor cells, bone

marrow stem cells, induced pluripotent stem celis, totipotent stem cells or hematopoietic
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stem cells. Representative human cells are CD34+ cells. In some embodiments, the
isoiated immune call can be a dendritic cali, killer dendritic call, a mast call, a NK-call, a
macrophage, a monocyie, a B-cell or a 7 cell.  In some embodiments, the isclated
immune cell can be a T cell selected from the group consisting of inflammatory T-
iymphocytes, cyiotoxic T-lymphocyies, regulatory T-lymphocvies or helper T-
tymphocytes. In some embodiments, the cell can be derived from the group consisting
of CD4+ T-lymphocytes and CD8+ T-lymphocytes. In some embodiments, the isolated
immune cell is an autologous T cell. In some embodiments, the isolated immune cell is
an aliogeneic T cell.

[0288] In some embodiments, the CAR-immune celi {e.g., CAR-T cell) of the
disclosure comprises a polynuclectide encoding a suicide polypeptide, such as for
example RQR8. See, eg., WO20131533814A, which is hereby incorporated by
reference in its entirety. In some embodiments, a suicide polypeptide is expressed on
the surface of the cell. In some embodiments, a suicide polypeptide is included in the
CAR construct. In some embodiments, a suicide polypeptide is not part of the CAR
construct.

[62838] In some embodiments, the extracellular domain of any one of CARs disclosed
herein may comprise one or more epitopes specific for (specifically recognized by) a
monocional antibody. These epilopes are also referred to herein as mAb-specific
epitopes. Exemplary mAb-specific epitopes are disclosed in International Patent
Publication No. WG 2016/120218, which is incorporated herein in its entirety. In these
embodiments, the exiracellular domain of the CARs comprise antigen binding domains
that specifically bind to a target of interest and one or more epitopes that bind to one or
more monocional antibodies (mAbs). CARs comprising the mAb-specific epilopes can
be single-chain or multi-chain.

[0290] The inclusion of epitopes specific for monoclonal antibodies in the extraceliular
domain of the CARs described herein allows sorling and depletion of engineered
immune cells expressing the CARs. In some embodiments, allowing for depletion
provides a safety switch in case of deleterious effects, e.q., upon administration 1o a
subject.

[0291] Prior to expansion and genetic modification, a source of cells can be obtained
from a subject through a variety of non-limiting methods. Cells can be obtained from a
number of non-limiling sources, including peripheral blood mononuclear cells, bone

marrow, lymph node lissue, cord blood, thymus tissue, fissue from a site of infection,

-122-



CA 03091681 2020-08-18

WO 2019/169290 PCT/US2019/020340

ascites, pleural effusion, spleen tissug, and tumors. In some embodiments, any number
of immune call lines, such as T call lines, available and known 1o those skilled in the art,
may be used. In some embodiments, cells can be derived from a healthy donor, from a
subject diagnosed with cancer or from a subject diagnosed with an infeclion. In some
embodiments, celis can be part of a mixed population of cells which present different
phenotypic characteristics.

10282] Also provided herein are cell lines obtained from a transformed immune cell,
such as a transformed T cell, according o any of the methods described herein. In
some embodiments, an isolated immune cell such as an isolaied T cell according o the
invention comprises a polynuclectide encoding an inducible chimeric cytokine receptor.
I some embodiments, an isolated immune cell according o the invention comprises a
polynucieotide encoding an inducible chimeric cyitokine receptor and a polynucieotide
enceding a CAR. In some embodiments, an isolated immune cell according {o the
invention comprises a polynuclectide encoding an inducible chimeric cylokine receptor,
a polynucleoctide encoding a CAR, and a polynucleotide encoding an NK cell antagonist.
[0283] The isolated immune cells, such as isolated T cells, of the invention can be
activated and expanded, either prior to or afler genetic medification of the T cells, using
methods as generally described, for example without limitation, in U.S. Patents
5,352,604, 6,534,055, 6,005680, 6,692,064, 5858358, 6,887,468, 6,905681;
7,144 575, 7,087,318, 7,172,889, 7,232,568, 7,175,843, 5,883,223, 6905874,
8,797,514, 6,867,041, and U.B. Patent Application Fublication No. 20080121005
immune celis can be expanded in vitro or in vivo. Generally, the T cells of the invention
can be expanded, for example, by contact with an agent that stimulates & CD3 TCR
complex and a co-stimulatory molecule on the surface of the T cells {0 creale an
activation signal for the T cell. For example, chemicals such as calcium ionophors
A23187, phorbol 1Z2-myristate 13-acetate (PMA), or mitogenic leclins like
phytohemaggiutinin (PHA) can be used to create an activation signal for the T cell.
10284] In some embodiments, immune cell populations may be stimulated in vifro by
contact with an appropriate antibody or antigen-binding fragment thereof. For example,
T cell populations may be stimulated in vifro by contact with, for example, an anti-CD3
antibody, or antigen-binding fragment thereof, or an anti-CD28 antibody immobilized on
a surface, or by contact with a protein kinase C activator (e.g., bryostatiny in conjunction
with & calcium ionophore. For co-stimulation of an accessory molecule on the surface of

the T cells, a ligand that binds the accessory molecule is used. For example, a
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population of T cells can be contacted with an anti-CD3 antibody and an anti-CD28
antibody, under conditions appropriate for stimulating proliferation of the T cells.
Conditions appropriate for T cell culture include an appropriate media {e.g., Minimal
Essential Media or RPMI Meadia 1640 or, X-vivo &, (Lonza)) that may contain factors
necessary for proliferation and viability, including serum (e.qg., fetal bovine or human
serum), interleukin-2 (IL-2), insulin, IFN-y, 1L-4, IL-7, GM-CSF, HL.-10, IL-2, IL-15, TGFp,
and TNF, or any cther additives for the growth of cells known to the skilled artisan.
Other additives for the growth of celis include, but are not limited o, surfactant,
plasmanate, and reducing agenis such as N-acetyl- cysieine and Z-mercaptoethanoi.
Media can include RPMI 1840, A1M-V, DMEM, MEM, a- MEM, F-12, X-Vivo 1, and X-
Vive 20, Optimizer, with added amino acids, sodium pyruvate, and vitamins, either
serum-free or supplemented with an appropriaie 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 {0 support growth, for example,
an appropriate temperature (e.g., 37° C) and atmosphere (e.g., air plus 5% COy). T cells
that have bean exposed o varied stimulation times may exhibil different characteristics
[0285] in some embodimentis, the cells of the invention can be expanded by co-
culturing with tissue or cells. The cells can also be expanded in vivo, for example in the
subject's blood after administrating the cell inte the subject.

[0296] In another aspect, the invention provides compositions (such as a
pharmaceutical compositions) comprising any of the cells of the invention. In some
embodiments, the composition comprises an isolated T cell comprising a polynuclectide
encoding any of the inducible chimeric cytoking receplors described herein, and a
polynuciectide encoding a CAR.

[0297] Expression veciors and administration of polynucieotide compositions are
further described herein.

[0298] In another aspect, the inveniion provides a method of making any of the
polynuclectides described herein.

[0298] Polynuclestides complementary to any such sequences are also encompassed
by the invention. Polynucleotides may be single-stranded {coding or antisense} or
double-stranded, and may be DNA (genomic, cDNA or synthetic) or RNA molecules.

RNA moiecules include HnRNA moilecules, which contain introns and correspond (o a
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DNA molecule in a one-to-one manner, and mRNA molecules, which do not contain
intfrons.  Additional coding or non-coding sequences may, but need not, be present
within a polynuciectide of the invention, and a polynuclectide may, but need not, be
linked o other molecules and/or support materials.

[0300] Polynucleolides may comprise a native sequence (e, an endogenous
saquence that encodes an antibody or a portion thereof) or may comprise a variant of
such a sequence. Polynucleotide variants contain one or more substitutions, additions,
deletions and/or insertions such that the immunoreactivity of the encoded polypeptide is
not diminishad, relative o a native immunoreactive molecule. The effect on the
immunoreactivity of the encoded polypeptide may generally be assessed as described
herein. Varianis preferably exhibit at least about 70% identity, more preferably, at least
about 80% identity, vet more preferably, at least about 80% identity, and most
preferably, at least about 895% identily {0 a polynuclectide sequence that encodes a
native antibody or a portion thereof.

[G301] Two polynucleotide or polypeptide sequences are said to be "identical” if the
sequence of nucleotides or amino acids in the two sequences is the same when aligned
for maximum comrespondence as described below. Comparisons between ftwo
saguences are typically performed by comparing the sequences over a comparison
window o identify and compare local regions of sequence similarity. A "comparison
window" as used herein, refers to a segment of at least about 20 contiguous positions,
usually 30 1o about 75, or 40 to about 50, in which a seguence may be compared o a
reference sequence of the same number of configuous positions after the two
sequences are optimally aligned.

[6302] Optimal alignment of sequences for comparison may be conducted using the
Megalign program in the Lasergene suile of bicinformatics software (DNASTAR, inc.,
Madison, W), using default parameters. This program embodies several alignment
schemes described in the following references: Davhoff, M.O., 1878, A model of
gvolutionary change in proteins - Matrices for detecting distant relationships. In Dayhoff,
M.O. (ed.) Allas of Protein Sequence and Structure, National Biomedical Research
Foundation, Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein J., 1880, Unified
Approach to Alignment and Phylogenss pp. 626-645 Methods in Enzymology vol. 183,
Academic Press, Inc., San Diego, CA,; Higgins, D.G. and Sharp, P.M., 1989, CABIOS
5151-153; Myers, EW. and Muiler W., 1988, CABIOS 4:11-17; Robinson, E.D., 1971,
Comb. Theor. 11:105; Santou, N., Nes, M., 1987, Mol. Biol. Evol. 4:406-425; Sneath,
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P.H.A. and Sckal, R.R., 1973, Numerical Taxonomy the Principles and Practice of
Numerical Taxonomy, Freeman Press, San Francisco, CA; Wilbur, W.J. and Lipman,
D.J., 1983, Proc. Natl. Acad. Sci. USA 80:726-730.

[0303] Preferably, the "percentage of seguence ideniity” is determined by comparing
two optimally aligned seguences over a window of comparison of at least 20 positions,
wherein the portion of the polynuclestide or polypeptide sequence in the comparison
window may comprise additions or deletions {(i.e., gaps) of 20 percent or less, usually 5
to 15 percent, or 10 1o 12 percent, as compared o the reference sequences (which
does not comprise additions or deletions) for optimal alignment of the two seguences.
The percentage is calculated by determining the number of positions af which the
identical nucleic acid bases or amino acid residue occurs in both sequences o vield the
number of maiched positions, dividing the number of maiched positions by the {olal
number of positions in the reference sequence (i.e. the window size) and muitiplying the
results by 100 1o vield the percentage of sequence identity.

[0304] Varianis may also, or alternatively, be substantially homologous to & native
gene, or a portion or complement thereof. Such polynuclectide varianis are capable of
hybridizing under moderately stringent conditions 1o a naturally occurring DNA
saguence enceding a native antibody {(or a complementary sequence).

[03058] Suitable "moderately stringent conditions” include prewashing in a solution of 5
X 88C, 0.5% 3D&, 1.0 mM EDTA (pH 8.0); hybridizing at 50°C-85°C, 5 X 85C,
overnight; followed by washing twice at 85°C for 20 minutes with each of 2X, 0.5X and
0.2X 88C containing 0.1 % SDS.

[0308] As used herein, "highly stringent conditions” or "high stringency conditions” are
those that (1) employ low ionic strength and high temperature for washing, for example
0.015 M sodium chioride/0.0015 M sodium citrate/0.1% sodium dedecy! sulfate at 50°C;
{2) employ during hybridization a denaturing agent, such as formamide, for example,
50% ({vivy formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM sodium
chioride, 75 mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x 8SC (0.75 M
NaCl, 0.075 M sodium citrate}, 50 mM sodium phosphate (pH 6.8), 0.1% sodium
pyrophosphate, 5§ x Denhardt’s solution, sonicated salmon sperm DNA (50 pug/mb, 0.1%
SDS, and 10% dexiran sulfate at 42°C, with washes at 42°C in 0.2 x S8C {sodium
chioride/sodium citrate) and 50% formamide at 55°C, followed by a high-stringency
wash consisting of 0.1 x S8C containing EDTA at 55°C. The skilled artisan will
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recognize how to adjust the lemperature, ionic strength, etc. as necessary 1o
accommodate factors such as probe length and the like.

103077 i will be appreciated by those of ordinary skill in the art that, as a result of the
degeneracy of the genelic code, there are many nuclectide sequences that encode a
polypeptide as described herein.  Some of these polynuclectides bear minimal
homology to the nuclectide sequence of any native gene. Nonetheless, polynuclectides
that vary due io differences in codon usage are specifically contemplated by the
invention. Further, alleles of the genes comprising the polynuclectide sequences
provided herein are within the scope of the invention. Alleles are endogenous genes
that are altered as a resull of one or more mutations, such as deletions, additions and/or
substitutions of nuclectides. The resuliing mRNA and protein may, but need not, have
an altered structure or function. Alleles may be identified using standard techniques
{such as hybridization, amplification and/or database sequence comparison).

I8308] The polynuclectides of this invention can be obtained using chemical synthesis,
recombinant methods, or PCR. Methods of chemical polynuciectide synthesis are well
known in the art and need not be described in detail herein. One of skill in the art can
use the sequences provided herein and a commaercial DNA synthesizer to produce a
desired DNA sequence.

[0308] For preparing polynuciectides using recombinant methods, a polynucieotide
comprising a desired sequence can be inseried into a suitable vector, and the vector in
twm can be introduced into a suitable host cell for replication and amplification, as
further discussed herein. Polynuclectides may be inserted into host cells by any means
known in the art. Cells are transformed by introducing an exogenous polynuciectide by
direct uptake, endocytosis, transfection, F-mating or electroporation. Once introduced,
the excgenous polvnuciectide can be maintained within the cell as a non-integrated
vector (such as a plasmid) or integrated into the host cell genome. The polynuclectide
so amplified can be isolaled from the host cell by methods well known within the art.
See, e.q., Sambrook et al., 1989

[0310] Alternatively, PCR allows reproduction of DNA sequences. PCR technology is
well known in the art and is described in U.S. Patent Nos. 4,683,195, 4,800,159,
4,754,085 and 4,883,202, as well as PCR. The Polymerase Chain Reaction, Mullis et
al. eds., Birkauswer Press, Boston, 1984,

[0311] RNA can be obtained by using the isolated DNA in an appropriate vector and

inserting it into a suitable host cell. When the cell replicates and the DNA is transcribed
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into RNA, the RNA can then be isolated using methods well known to those of skill in
the art, as set forth in Sambrook et al., 1989, supra, for example.

[0312] Suitable cloning vectors may be constructed according o standard {echniques,
or may be selected from a large number of cloning veclors available in the art. While
the cloning vector selected may vary according to the host cell inlended o be used,
useful cloning vectors will gensrally have the ability to self-replicate, may possess a
single target for a particular restriction endonuclease, and/or may carry genes for a
marker that can be used in selecting clones containing the vector. Suitable examples
include plasmids and bacterial viruses, e.g., pUC18, pUC1S, Bluescript (e.g., pBS SK+)
and its derivatives, mp18, mp19, pBR322, pMBS, Calz1, pCR1, RP4, phage DNAs, and
shuttle vectors such as pSA3 and pAT28. These and many other cloning veclors are
available from commercial vendors such as BioRad, Strategene, and Invitrogen.

[0313] Expression vectors generally are replicable polynuciectide constructs that
contain a polvnuclectide according to the invention. It is implied that an expression
vector must be replicable in the host cells either as episomes or as an integral part of
the chromosomal DNA. Suitable expression vectors include but are not limited to
plasmids, viral vectors, including adenoviruses, adeno-associated virusss, retroviruses,
cosmids, and expression vector(s) disclosed in PCT Publication No. WO 87/04462.
Vector components may generally include, but are not limited to, one or more of the
following: a signal sequence; an origin of replication; one or more marker genes;
suitable transcriptional controlling elements {(such as promoters, enhancers and
terminator).  For expression (i.e., translation), one or more transiational controlling
elements are also usually reguired, such as ribosome binding sites, transiation initiation
sites, and stop codons.

[6314] The vectors containing the polynucleotides of interest can be introduced into
the host cell by any of a number of appropriate means, including eleciroporation,
transfection emploving calcium chioride, rubidium chioride, calcium phosphate, DEAE-
dextran, or other substances; microprojectiie bombardment, lipofection; and infection
{e.g., where the vector is an infectious agent such as vaccinia virus). The choice of
introducing vectors or polynuclectides will often depend on features of the host cell.
[86315] A polynuciectide encoding an inducible chimeric cytokine receptor or a CAR
disclosed herein may exist in an expression casselte or expression vecior (e.g., a
plasmid for introduction into a bacterial host cell, or a viral vector such as a baculovirus

vector for transfection of an insect host cell, or a plasmid or viral vector such as a
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lentivirus for transfection of a mammalian host cell). In some embodiments, a
polynuciectide encoding an inducible chimeric cytokine receptor and/or a CAR is
infroduced into an isolated immune cell using a non-viral veclor. Exemplary non-viral
vectors that may be used in the methods of the present disclosure include, but are not
fimited to, transposon-based vectors such as piggyBac™, Frog Prince, Sleeping Beauty
(2.g., SB100X vector), and the like. In socme embodiments, a polynucleotide encoding
an inducible chimeric cylokine recepior and/or a CAR is integrated into the cell’'s
genome. In some embodiments, the integration is site-specific. Exemplary methods to
provide site-specific integration include methods emploving genome-editing nucleases,
such as meganucleases, zinc finger nucleases (ZFNs), transcription activator-like
effecior nucleases (TALENs), and clustered, regularly interspaced, short palindromic
repeat-associated nucleases (CRISPR) such as Cas? endonuciease.

[0316] In some embodiments, a polynucleotide or vector can include a nucleic acid
saquence encoding ribosomal skip sequences such as, for example without limitation, a
sequence encoding a 2A peplide. 2A peptides, which were identified in the Aphthovirus
subgroup of picornaviruses, causes a ribosomal "skip” from one codon {0 the nexi
without the formation of a peptide bond between the two amino acids encoded by the
codons (see (Donnelly and Elliolt 2001, Alking, Wills et al. 2007, Doronina, Wu st al.
2008)). By "codon” is meant three nucleotides on an mRNA {or on the sense strand of a
DNA molecule) that are translated by a ribosome into one amino acid residue. Thus,
two, three, four, or more polypeptides can be synthesized from a single, contiguous
open reading frame within an ImRNA when the polypeptides are separated by a 2A
oligopeptide sequence that is in frame. Such ribosomal skip mechanisms are well
known in the art and are known 1o be used by several vectors for the expression of
saveral proteins encodad by a single messenger RNA.

[0317] To direct ransmembrane polypeptides info the secretory pathway of a host celi,
in some embodiments, a secretory signal sequence {(also known as a leader seqguence,
prepro sequence or pre sequence) is provided in a polynuclectide sequence or vector
sequence. The secretory signal sequence is operably linked to the transmembrane
nucieic acid sequence, i.e., the two sequences are joined in the correct reading frame
and positioned to direct the newly synthesized polypeptide info the secretory pathway of
the host cell. Secretory signal sequences are commonly positioned 5' to the nucieic acid
sequence encoding the polypeptide of interest, although certain secretory signal

seguences may be posiiioned elsewhere in the nucleic acid sequence of inlerest (see,
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e.q., Welch et al., U.S. Patent No. 5,037,743, Holland et al., U.S. Patent No. 5,143,830).
In some embodiments the signal peptide comprises the amino acid sequence shown in
SEQ 1D NO: 318 or 328. Those skilled in the art will recognize that, in view of the
degeneracy of the genelic code, considerable seguence variation is possible among
these polynucleotide molecules. In some embodimenis, nucleic acid seqguences of the
invention are codon-optimized for expression in mammalian cells, preferably for
gxpression in human cells. Cedon-optimization refers to the exchange in a sequence of
interest of codons that are generally rare in highly expressed genes of a given species
by codons that are generally frequent in highly expressed genes of such species, such
codons encoding the amino acids as the codons that are being exchanged.

[0318] Methods of preparing immune cells for use in immunotherapy are provided
herein. In some embodiments, the methods comprise introducing an inducibie chimeric
cytokine receptor and a CAR into immune cells, and expanding the celis. In some
embodiments, the invention relales to a method of engineering an immune cell
comprising: providing a cell and expressing an inducible chimeric cytokine receptor, and
expressing at the surface of the cell at ieast one CAR. In some embodiments, the
method comprises. transfecting the cell with at least one polynucleotide encoding an
inducible chimeric cytokine receptor, and at least one polynuciectide encoding a CAR,
and expressing the polynuciectides in the cell In some embodiments, the method
comprises. iransfecting the cell with at least one polynucleotide encoding an inducible
chimeric cytokine receplor, at least one polynuclectide encoding a CAR, and expressing
the polynucleoctides in the cell.

[0318] In some embodiments, the polynucieotides encoding the inducible chimeric
cytokine receptor and CAR are present in one or more expression vectors for stable
expression in the cells. In some embodiments, the polynuclectides are present in viral
vectors for stable expression in the cells. In some embodiments, the viral vectors may
be for exampie, lentiviral vectors or adenoviral vectors.

I8320] In some embodiments, polvnuclectides encoding polypeptides according 1o the
present invention can be mRNA which is infroduced directly into the cells, for example
by electroporation. In some embodimenis, cytoPulse fechnology, such as PulseAgile,
can be used to transiently permeabilize living cells for delivery of material into the cells
{e.g. hitp:/eyiopulse.com; us 8,078,490; PCT/US2011/000827; and
PCT/US2004/005237). Parameters can be modified in order to determine conditions for

hight transfection efficiency with minimal mortality.
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[0321] Also provided herein are methods of transfecting an immune cell, suchasa T
cell. In some embodiments, the method comprises: contacting an immune cell with
RNA and applying o an immune cell an agile pulse sequence consisting of. (&) an
elecirical pulse with a voltage range from about 2250 to 3000 V per centimeter; {(b) a
pulse width of 0.1 ms; {c) a pulse interval of about 0.2 to 10 ms between the electrical
pulses of step (@) and (b, (d) an electrical pulse with a voitage range from about 2250 fo
3000 V with a pulse width of about 100 ms and a pulse interval of about 100 ms
between the electrical pulse of step (b) and the first electrical pulse of step (¢); and (&)
four electrical pulses with a voltage of about 325 V with a pulse width of about 0.2 ms
and a pulse interval of 2 ms between each of 4 electrical pulses. In some embodiments,
a method of transfecting an immune cell comprises contacting said immune cell with
RNA and applying to immune cell an agile pulse sequence comprising: (@) an electrical
pulse with a vollage of about 2250, 2300, 2350, 2400, 2450, 2500, 2550, 2400, 2450,
2500, 2600, 2700, 2800, 290C or 3000V per centimeter; (b) a pulse width of 0.1 ms; (¢}
and a pulse interval of about 0.2, 0.5, 1, 2, 3, 4, 5, 8,7, 8 ¢ or 10 ms between the
electrical pulses of step (a) and (b), (d) one electrical pulse with a voltage range from
about 2250, of 2250, 2300, 2350, 2400, 2450, 2500, 2550, 2400, 2450, 2500, 2600,
2700, 2800, 2900 or 3000V with a pulse width of 100 ms and a pulse interval of 100 ms
between the electrical pulse of step (b} and the firsi electrical puise of step {¢); and (&) 4
electrical pulses with a voltage of about 325 V with a pulse width of about 0.2 ms and a
pulse interval of about 2 ms between each of 4 electrical pulses. Any values included in
the value range described above are disclosed in the present application.
Electroporation medium can be any suilable medium known in the arl. In some
embodiments, the slectroporation medium has conductivity in a range spanning about
0.01 to about 1.0 miliiSiemens.

[0322] In some embodiments, the method can further comprise a step of genetically
modifying a cell by inactivating at least one gene expressing, for example without
firitation, a component of the TCR, a target for an immunosuppressive agent, an HLA
gene, and/or an immune checkpoint protein such as, for example, PDCD1 or CTLA-4.
By inactivating a gene it is intended thai the gene of interest is not expressed in a
functional protein form. In some embodiments, the gene to be inactivated is selected
from the group consisting of, for example without limitation, TCRa, TCRE, CD52, GR,
deoxycytidine kinase (DCK), PD-1, and CTLA-4. In some embodiments the method

comprises inactivating one or more genes by introducing into the cells a rare-cutting
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endonuclease able to selectively inactivate a gene by selective DNA cleavage. In some
embodiments the rare-culting endonuclease can be, for example, a franscription
activator-like effector nuclease (TALE-nuclease) or Cas? endonuclease.

[0323] In another aspect, a step of genetically modifying cells can comprise: modifying
the immune cells by inactivating at ieast one Qene expressing a target for an
immunosuppressive agent, and; sexpanding the celis, oplionally in presence of the
immunosuppressive agent. An immunosupprassive agent is an agent that suppresses
immune function by one of several mechanisms of action. An immunosuppressive agent
can diminish the extent and/or voracity of an immune response. Non-limiting examples
of immunosuppressive agents iinclude calcineurin inhibitors, targets of rapamycin,
interleukin-2 o-chain blockers, inhibitors of inosine monophosphale dehydrogenase,
inhibifors of dihydrofolic acid reductase, corlicostercids, and immunosuppressive
antimetabolites. Some cytotoxic immunosuppressants act by inhibiting DNA synthesis.
Others may act through activation of T cells or by inhibiting the activation of helper cells.
The methods according to the invention allow conferring immunosuppressive resistance
to T celis for immunotherapy by inactivating the target of the immunosuppressive agent
in T celis. As nondimiting examples, targets for immunosuppressive agent can be a
receptor for an immunosuppressive agent such as for example without limitation CD52,
glucocorticoid receptor (GR), FKBP family gene members, and cyclophilin family gene

members.

Therapeutic Methods

[0324] isolated immune cells obtained by the methods described above, or cell lines
derived from such isclated immune cells, can be administered to a subject in need
thereof and used as a medicament.  In some embodiments, the isolated immune cell is
a T cell. In some embodiments, such a medicament can be used for treating a disorder
such as for example a viral disease, a bacterial disease, a cancer, an inflammatory
disease, an immune disease, or an aging- associated disease. In some embodiments,
the cancer can be selected from the group consisting of gastric cancer, sarcoma,
lymphoma, leukemia, head and neck cancer, thymic cancer, epithelial cancer, salivary
cancer, liver cancer, stomach cancer, thyroid cancer, lung cancer, ovarian cancer,
breast cancer, prostate cancer, esophageal cancer, pancrealic cancer, glioma,
leukemia, multiple myeloma, renal cell carcinoma, bladder cancer, cervical cancer,

choriocarcinoma, colon cancer, oral cancer, skin cancer, and melanoma. In some
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embodiments, the subject is a previously treated adult subject with locally advanced or
metastatic melanoma, squamous cell head and neck cancer (SCHNC), ovarian
carcinoma, sarcoma, or relapsed or refractory classic Hodgkin’s Lymphoma (cHL).
[0325] In some embodiments, isolated immune cells, such as isolated T cells,
according to the invention, or celi line derived from the isolated immune celis, can be
used in the manufacture of a medicament for treatment of a disorder in a subject in need
thereof In some embodiments, the disorder can be, for example, a cancer, an
autoimmune disorder, or an infection.

[0328] Also provided herein are methods for frealing subjects. In some embodiments,
the method comprises providing an isolated immune cell comprising an inducible
chimeric cytokine receptor of the invention o a subject in need thereof. In some
embodiments, the method comprises a siep of adminisiering isolated immune cells of
the invention o a subject in need thereof. In an exemplary embodiment, the method
comprises providing an isolated T cell comprising an inducible chimeric cytokine
receptor of the invention to g subject in need thereof In some embodiments, the
method comprises a siep of administering isolated T cells of the invention 10 a subject in
need thereof.

183271 In some emboediments, isolated immune cells of the invention can undergo
robust in vivo cell expansion and can persist for an extended amount of time.

[0328] The methods can further comprise administering one or more therapeutic
agents to a subject prior to administering the engineered immune cells bearing a CAR
and an inducible chimeric cytokine receptor provided herein. In certain embodiments,
the agent is a lymphodepleting (preconditioning) regimen. For example, methods of
lymphodepleting a subject in need of such therapy comprise administering o the subject
specified beneficial doses of cyclophosphamide (between 200 mg/m?/day and 2000
mg/m?/day, about 100 mg/m¥day and about 2000 mg/m%day; e.g., about 100
mg/m?/day, about 200 mg/m?day, about 300 mg/m¥/day, about 400 mg/m?/day, about
500 mg/m?/day, about 800 mg/m*/day, about 700 mg/m/day, about 800 mg/mé/day,
about 900 mg/m*/day, about 1000 myg/m%day, about 1500 mg/m%day or about 2000
mg/mé/day) and specified doses of fludarabine (between 20 mg/m%day and 300
mg/mé/day, between about 10 mg/m?/day and about 900 mg/m?/day; e.g., about 10
mg/mé/day, about 20 mg/m3/day, about 30 mg/m?/day, about 40 mg/m3/day, about 40
mg/mé/day, about 50 mg/m?/day, about 60 mg/m?day, about 70 mg/m?/day, about 80
mg/mé/day, about 90 mg/m?#/day, about 100 mg/m%/day, about 500 mg/m?/day or about
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2900 mg/m?day). An exemplary dosing regimen involves treating a subject comprising
administering daily to the patient about 300 mg/m?/day of cyclophosphamide in
combination or before or after administering about 30 mg/m?/day of fludarabine for three
days prior to adminisiration of a therapeutically effective amount of engineered immune
cells to the patien.

[0328] In some embodiments, notably in the case when the engineered cells provided
herein have been gene edited to eliminate or minimize surface expression of CD52,
lymphodepletion further comprises administration of an anti-CD52 antibody, such as
alemtuzumab. in some embodiments, the CD52 antibody is administered at a dose of
about 1-20 mg/day 1V, e.qg., about 13 mg/day IV for 1, 2, 3 or more days. The antibody
can be administered in combination with, besfore, or afier adminisiration of other
elements of a ivmphodepletion regime {e.g., cyclophosphamide and/or fludarabine).
[86330] In cerfain embodiments, compositions comprising CAR-expressing immune
effector cells disclosed herein may be administered in conjunction with any number of
chemotherapeutic agents.

[0331] Methods of treatment of the invention can be amelioraling, curative or
prophylactic. The method of the invention may be either part of an autologous
immunotherapy or part of an allogenic immunctherapy treatment. The invention is
particularly suitabie for allogeneic immunotherapy. [In an exemplary embodiment, T
cells from donors can be transformed into non-alloreactive cells using standard
protocols and reproduced as needed, thereby producing CAR-T cells which may be
administered fo one or several subjects. Such CAR-T cell therapy can be made
available as an “off the shelf’ therapeutic product.

[0332] iIn another aspect, the invention provides a method of inhibiting tumor growth or
progression in a subject who has a tumor, comprising administering to the subject an
effective amount of isolated immune cells as described herein. In ancther aspect, the
invention provides a method of inhibiting or preventing metastasis of cancer cells in a
subject, comprising administering to the subject in need thereof an effective amount of
isolated immune cells as described herein. In another aspect, the invention provides a
method of inducing tumor regression in & subject who has a tumor, comprising
administering o the subiect an effective amount of isclated immune cells as described
hersin. in an exemplary embodiment, the isolated immune cellis a T cell.

[0333] In some embodiments, the isolaled immune cells can be adminisiered

parenterally in a subject. in some embodiments, the subject is a human.
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[0334] Also provided is the use of any of the isolated immune cells provided herein in
the manufacture of a medicament for the treatment of cancer or for inhibiting tumor
growih or progression in a subject in need thereof. In an exemplary embodiment, the
isolated immune cell is a T cell.

[0335] in some embodiments, treatment can be administrated into subjects undergoing
an immunosupprassive treatment. Indeed, the invention preferably relies on cells or
popuiation of cells, which have been made resistant {0 at least one immunosuppressive
agent due o the inactivation of a gene encoding a receptor for such immunosuppressive
agent. In this aspect, the immunosuppressive treatment should heip the selection and
expansion of the immune cells according to the invention within the subject The
administration of the cells or population of cells according to the invention may be
carried oul in any convenient manner, including by aercosol inhalation, injection,
ingestion, transfusion, implantation or transplantation. The compositions described
herein may be administered {0 a subject subculaneously, intradermaliy, intratumorally,
intrancdally, intramedullary, intramuscularly, by intravenous or intralymphatic injection,
or infraperitoneally. in some embodiments, the cell compositions of the invention are
preferably administerad by infravenous injection.

[3336] In some embodiments the adminisiration of the cells or population of cells can
comprise administration of, for exampie, about 104 to about 10° cells per kg body weight
including all integer values of cell numbers within those ranges. In some embodiments
the administration of the cells or population of cells can comprise administration of about
10° to 10° cells per kg body weight including all integer values of celi numbers within
those ranges. The cells or population of cells can be administrated in one or more
doses. In some embodiments, said effactive amount of cells can be administrated as a
single dose. In some embodiments, said effective amount of cells can be administrated
as more than one dose over a period time. Timing of adminisiration is within the
judgment of managing physician and depends on the clinical condition of the subject.
The cells or population of celis may be obtained from any source, such as a blood bank
or a donor. VWhile individual needs vary, determination of optimal ranges of effective
amounts of a given cell type for a particular disease or conditions within the skill of the
art. An effective amount means an amount which provides a therapeutic or prophylactic
benefit. The dosage administrated will be dependeant 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. in some embodiments, an effective amount of cells or composition
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comprising those cells are administrated parenterally. In some embodiments,
administration can be an inlravencus administration. In some embodiments,

administration can be directly done by injection within a tumor.

Kits

[0337] The invention also provides kits for use in the instant methods. Kits of the
invention include one or more containers comprising an isolated immune cell comprising
one or more polynuciectide(s) encoding an inducible chimeric cytokine receptor and a
CAR as described herein, and instructions for use in accordance with any of the
methods of the invention described herein. Generally, these insfructions comprise a
description of administration of the isolated immune cell for the above described
therapeutic treatments. In an exemplary embodiment, kits may comprise an isolated T
celi.

[0338] The instructions relating to the use of the isolated immune cells as described
hersin generally include information as o dosage, dosing schedule, and route of
administration for the intended treatmeni. The containers may be unit doses, bulk
packages {(2.g., multi-dose packages) or sub-unit doses. Instructions supplied in the Kits
of the invention are typically written instructions on a label or package insert (e.g., &
paper sheet included in the Kkit), but machine-readable instructions (e.g., instructions
carried on a magnetic or optical storage disk) are also acceptabie.

[06338] The kits of this invention are in suitable packaging. Suitable packaging
includes, but is not limited to, vials, botlles, jars, flexible packaging (e.q., sealed Mylar or
plastic bags), and the like. Also contemplated are packages for use in combination with
a specific device, such as an inhaler, nasal administration device {e.q., an atomizer) or
an infusion device such as a minipump. A Kt may have a sterile access port (for
example the container may be an intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needie). The coniainer may aiso have a sierile
access port (for example the container may be an intravencus solution bag or a vial
having a stopper pierceable by a hypodermic injection needle). At least one aclive
agent in the composition is an isolated immune cell comprising an inducible chimeric
cytokine receptor and a CAR. The container may further comprise a second
pharmaceutically aclive agent.

[0340] Kits may optionally provide additional components such as buffers and
interpretive information. Normally, the kit comprises a container and a label or package

insert(s) on or associated with the container.
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[0341] The following examples are offered for illusirative purposes only, and are not
intended o limit the scope of the invention in any way. Indeed, various modifications of
the invention in addition to those shown and described herein will become apparent o
those skilled in the art from the foregoing description and fall within the scope of the

appended claims.

NUMBERED EMBODIMENTS

[0342] The inventions disclosed herein may be defined by reference to the following
numbered illustrative embodiments.
[0343] Embodiment 1. An inducible chimeric cyiokine receptor comprising:

a dimerization domain;

a tyrosine kinase activating domain,; and

a tyrosine effector domain.
[0344] Embodiment2. The inducible chimeric cyiokine receptor of embodiment 1,
wherein the dimerization domain binds a small molecule.
[0345] Embodiment3. The inducible chimeric cytokine recepior of embodiment 1 or
2, wherein the dimerization domain binds to the dimeric ligand AP1903, AP20187,
dimeric FK506G, or a dimeric FK506-like analeg.
[0346] Embodiment4. The inducible chimeric cytokine receptor of any one of
embodiments 1 to 3, wherein the dimerization domain comprises an FKBP12
polypeptide.
[0347] Embodiment5. The inducible chimeric cylokine recepior of embodiment 4,
wherein the FKBP12 polypeptide contains the amino acid substifution F36Y.
[0348] Embodiment8. The inducible chimeric cytokine recepior of embodiment 1,
wherein the dimerization domain binds a protein.
[0348] Embodiment?. The inducible chimeric cytokine receptor of embodiment 1,
wherein the dimerization domain comprises a polypeptide of a protein selected from the
group consisting of.  FKBP, cyclophilin, steroid binding protein, estrogen binding protein,
glucocorticoid binding protein, vitamin D binding protein, tetracycline binding protein,
extraceliular domain of a cytokine receplor, receptor tyrosine kinase, TNFR-family
receptor, and immune co-receptor.
[0350] Embodiment8.  The inducible chimeric cytokine receptor of embodiment 7,
wherein the immune co-recepltor is selected from the group consisting of. erythropoietin

receptor, prolactin receplor, growth hormone recepior, thrombopoistin receptor,
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granulocyte colony-stimulating factor receptor, GP130, common gamma chain receptor,
common beta chain recepior, IFN alpha receptor, IFN gamma receptor, IFN lambda
receptor, 1L2/1L15 receptor, IL3 receptor, L4 recepltor, L5 receplor, IL7 receptor, ILS
receptor, IL10 receptor, 1L12 recepior, 1L13 receptor, 1L20 recepilor, 1L21 receptor, 1L22
receptor, [L23 receptor, 1L27 recepior, TSLP Receptor, G-CSF receptor, GM-CSF
receptor, CNTF receptor, OSM receptor, LIF receptor, CT-1 receptor, TGFBR1/ALKLS,
TGFBR2Z, EGFR/MHER1, ERBB2/MER2, ERBB3I/HERS, ERRB4/HERY, INSR, IGF-1R,
IRR, PDGFRA, PDGFRB, CSF-1R, KIT/SCFR, FLK2/FLT3, VEGFR1, VEGFRZ,
VEGFR3, FGFR-1, FGFR-2, FGFR-3, FGFR-4, CCK4, TRKA, TRKB, TRKC, MET,
RON, EPHA1T, EPHAZ, EPHAS, EPHA4, EPHAS, EPHAS, EPHAY, EPHASB, EPHB1,
EPHBZ, EPHB3, EPHE4, EPHBS, EPHBG, AXL, MER, TYRQO3, TIE, TEK, RYK, DDR1,
DDR2, RET, RO, LTK, ALK, RCR1, ROR2, MUSK, AATYK, AATYKZ, AATYKS,
RTK108, TNFR1, Fas, TRAILR1, TRAILR2Z, NGFR, DRG3, DR8, EDAR, TNFR2, LTbR,
0OX40, CD40, CD27, CD30, 4-1BB, RANK, Fn14, TAC!, BAFFR, HVEM, BCMA, GITR,
TRQOY, RELT, XEDAR, TRAILR3, TRAILR4, OPG, DeR3, PD-1, CD80, CDE6, 1COS-L,
ICOS, CTLA-4, BTLA, CD160, LAGS, and TIMS.

[0351] Embodiment8. The inducible chimeric cytokine receptor of any one of
embodiments 1 to 8, wherein the tyrosine kinase activaling domain is derived from, or
comprises a polypeptide of, a protein selected from the group consisting of: common
gamma chain receptor, common beta chain receptor, IFN alpha receptor, IFN gamma
receptor, IFN lambda receptor, L2115 receptor, 1.3 receptor, L4 receptor, LS
receptor, IL7 receptor, 1LY receptor, 1L10 recepior, IL12 recepior, 1L13 receptor, IL20
receptor, [L.21 receptor, 1L22 recepior, 1L23 receptor, IL27 receptor, TSLP Receptor, G-
CSF receptor, GM-CSF receptor, CNTF receptor, OSM receptor, LIF receptor, CT-1
receptor, EGFR/HER1, ERBB2/HERZ, ERBB3/HER3, ERRB4/HER4, INSR, IGF-1R,
IRR, PDGFRA, PDGFRB, CSF-1R, KIT/SCFR, FLKZ/FLT3, VEGFR1, VEGFRZ,
VEGFRS, FGFR-1, FGFR-2, FGFR-3, FGFR-4, CCK4, TRKA, TRKB, TRKC, MET,
RON, EPHA1, EPHA2, EFHAS3, EPHA4, EPHAS, EPHAB, EPHAY, EPHAS, EPHB1,
EPHB2, EPHB3, EPHB4, EPHBS, EPHBEEG, AXL, MER, TYRQO3, TIE, TEK, RYK, DDR1,
DDR2, RET, ROSG, LTK, ALK, ROR1, ROR2, MUSK, AATYK, AATYKZ, AATYKS, and
RTK106 receptor.

[0352] Embodiment 10. The inducible chimeric cytokine receptor of any one of
embodiments 1 to 8, wherein the tyrosineg effector domain is derived from, or comprises

a poiypeptide of, a protein selected from the group consisting of: common gamma chain
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receptor, common beta chain receptor, [FN alpha receptor, IFN gamma receptor, IFN
lambda receptor, HL2/AL15 receptor, L3 receptor, L4 receptor, IS receptor, L7
receptor, 1LY receptor, IL10 recepior, IL12 receptor, 1L13 receptor, IL20 receptor, IL21
receptor, 1L.22 receptor, 1L23 receptor, IL27 receptor, TSLP Receptor, G-CSF receptor,
GM-CSF receptor, CNTF recepior, O8M receptor, LiF receptor, CT-1 receptor,
EGFR/MHER1, ERBB2/HERZ2, ERBBI/HER3, ERRB4/HER4, INSR, IGF-1R, IRR,
POGFRA, PDGFRB, CSF-1R, KIT/SCFR, FLK2/FLT3, VEGFR1, VEGFR2, VEGFRS,
FGFR-1, FGFR-2, FGFR-3, FGFR-4, CCK4, TRKA, TRKB, TRKC, MET, RON, EPHA1,
EPHAZ, EPHAS, EPHA4, EPHAS, EPHAS, EPHA7Y, EPHAS, EPHB1, EPHB2, EPHB3,
EPHB4, EPHBS, EPHBES, AXL, MER, TYRO3, TIE, TEK, RYK, BDR1, BDR2, RET,
ROS, LTK, ALK, ROR1, ROR2, MUSK, AATYK, AATYK2, AATYKS3, RTK108, ALX,
BLNK, Grb7, Nsp, SLP-78, B0OCS, TSAd, APS, Bam32, Crk, Gads, Grb2, Nck, SLAP,
She, FRS2, Dab, Dok, IRS, epsB, AFAP110, Gab, ADAP, Carmal, Cas, CING5,
Cortactin, E3B1, Vinexin, SKAPR-55, BANK, BCAF, Dof, Paxiliin, LAT, LAX, LIME, NTAL,
PAG, SIT, and TRIM.

[0353] Embodiment 11. The inducible chimeric cytokine receptor of any one of
embodiments 1 o 10, wherein the dimerization domain is located at the N-terminus of
the inducible chimeric cyickine receplor.

[0354] Embodiment 12. The inducible chimeric cytokine receptor of any one of
embediments 1 {o 10, wherein the dimerization domain is located at the C-terminus of
the inducible chimeric cytokine receptor.

[0355] Embodiment 13. The inducible chimeric cytokine receptor of any one of
embodiments 1 fo 12, wherein the inducible chimeric cyiokine receplor comprises a
transmembrane domain.

[0356] Embodiment 14. The inducible chimeric cytokine receptor of any one of
embodiments 1 to 13, wherein the inducible chimeric cytokine receptor comprises a
membrane-targeting motif.

I0357] Embodiment 15. The inducible chimeric cylokine receptor of embodiment 14,
wherein the membrane-targeting motif comprises a CD8 signal sequence or myristoyl.
[0358] Embodiment 18. The inducible chimeric cytokine receptor of any one of
embodiments 1 to 15, wherein the receptor is myristoviated.

[0358] Embodiment 17. The inducible chimeric cylokine recepior of embodiment 1,

wherein the dimerization domain comprises an FKBF polypeptide, the tyrosine kinase
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activating domain comprises an EpoR or TpoR polypeptide, and the tyrosine effector
domain comprises an LY receptor (IL7R) polypeptide.
[0360] Embodiment 18. The inducible chimeric cvtokine receptor of embodiment 17,
wherein the tyrosine effector domain further comprises an EGFR polypeptide.
[0361] Embodiment 18. The inducible chimeric cytokine receptor of embodiment 17,
wherein the tyrosine effector domain comprises IL7R(316-459), IL12Rb2(775-825),
and/or EGFR{1122-1165).
[0362] Embodiment 20. A polynuciectide comprising a nucleic acid sequence
encoding the inducible chimeric cyiokine receptor of any one of embodimentis 1 to 18.
[0363] Embodiment21. An expression vector comprising the polynucleotide of
embodiment 20
[0364] Embodiment 22. An engineered immune cell comprising the inducible chimeric
cyiokine receptor of any one of embodiments 1 o 18 or the polynuclectide of
embodiment 20.
[0365] Embodiment 23. The engineered immune cell of embodiment 22, wherein the
cell further comprises a chimeric antigen receptor (CAR) or a polynucieotide enceding a
CAR.
[0366] Embodiment 24. The engineered immune cell of embodiment 22 or 23,
wherein the immune cellisa T cell.
[0367] Embodiment 25, A method of modulating an enginesred immune cell in a
subject, the method comprising administering a dimeric ligand to a subject that has
previously been administered an engineered immune cell of any one of embodiments 22
o 24, wherein the dimeric ligand binds to the dimerization domain of the inducible
chimeric cytckine receptor.
[0368] Embodiment28. The method of embodiment 25, wherein the ligand is
AP1803.
[0368] Embodiment 27. A method of preparing an engineered immune cell, the
method comprising intreducing a polynuclestide of embodiment 20 or an expression
vector of embodiment 21 into the immune cell.
[0370] Embodiment 28. Anisoclated T cell comprising

() an inducible chimeric cytokine receptor comprising a dimerization domain, a
tyrosine kinase activating domain, and a tyrosine effector domain of a oytokine receplor;

and
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(i) a chimeric antigen receptor (CAR) comprising an exiracellular ligand-binding
domain, a transmembrane domain, and an intraceliular signaling domain.
[6371] Embodiment 28. The isolated T cell of embodiment 28, whersin the inducible
chimeric cytokine receptor is the inducible chimeric cylokine receptor of any one of
embodiments 1 io 19.
[0372] Embodiment 30. The isolated T cell of embodiment 28 or 29, wherein the
isolated T cell exhibits improved in vivo persistence relative 10 in vivo persistence of g
second isolated T cell, wherein the second isolated T cell comprises all components of
the isolated T cell except it does noi comprise the inducible chimeric cytokine receptor.
[0373] Embodiment31. A method of generating an isolated T cell, wherein the
method comprises the steps of:

{a) providing a T celi

(b modifying the T cell to express a chimeric antigen receptor (CAR) comprising
an extraceliular ligand-binding domain, a transmembrane domain, and an intraceliular
signaling domain; and

{c) modifying the T cell {0 express an inducible chimeric cytokine receptor.
[0374] Embodiment 32. The method of embodiment 31 wherein step ¢} comprises
stably introducing the inducible chimeric cyltokine receptor into the cell.
[0375] Embodiment 33. The method of embodiment 31 or 32, wherein step C)
comprises introducing a polynucleotide that encodes inducible chimeric cytokine
receptor to the cell by a transposonfiransposase sysiem, a viral-based gene transfer
system, or electroporation.
[0378] Embodiment 34. The method of any one of embodiments 31 o 33, wherein
step b} comprises introducing a polynuclectide that encodes the chimeric antigen
receptor to the cell by a transposonfiransposase system or a viral-based gene transfer
system.
[0377] Embodiment 35. The method of embodiment 34, wherein the viral-based gene
transfer system comprises recombinant retrovirus or lentivirus.
[0378] Embodiment 36. The method of any one of embodiments 31 o 35, wherein
step (b) occurs prior to step {c).
[0378] Embodiment 37. The method of any one of embodiments 31 to 35, wherein
step (¢) occurs prior o step {(b).
[0380] Embodiment 38. A pharmaceutical composition comprising the isolated T cell

of any one of embodiments 28 io 30 for use in treating a disorder.
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[0381] Embodiment 38. The pharmaceutical composition of embodiment 38, wherein
the disorder is cancer, aulcimmune diseass, or infaction.

[0382] Embodiment 40. The pharmaceutical composition of embodiment 38 or 38,
wherein the cells are to be provided more than once.

[0383] Embodiment41. The pharmaceutical composition of embodiment 40, wherein
the cells are to be provided to the individual at least about 1, 2, 3, 4, 5, 6, 7, or more
days apart.

[0384] Embodiment4Z. The pharmaceutical composition of embodiment 41, wherein
the disorder is a viral disease, a bacterial disease, a cancer, an inflammatory disease,
an immune disease, or an aging- associated disease.

[0385] Embodiment 43. A method for treating a disorder in a subject, wherein the
method comprises administering the isolated T cell of any one of embodiments 28 {0 30
to the subject.

f0388] Embodiment 44. The methed of 43, wherein the cells are provided o the
subject more than once.

[0387] Embodiment 45. The method of embodiment 43 or 44, wherein the subject has
been previcusly treated with a therapeutic agent prior to administration of the isolated T
celi.

[0388] Embodiment 48. The method of embodiment 45, wherein the therapeutic
agent is an antibody or chemotherapeutic agent.

f0388] Embodiment 47. The method of any one of embodiments 43 1o 46, wherein the
disorder is a viral disease, a bacterial disease, a cancer, an inflammatory disease, an
immune disease, or an aging- associated disease.

(03301 Embodiment 48. The method according o embodiment 47, wherein the cancer
is & hematolegical malignancy or a solid cancer.

[0391] Embodiment 48. The method according to embodiment 48, wherein the
hematological malignancy is selected from acute lymphoblastic leukemia (ALL), acule
myeloid leukemia (AML), chronic myelogencus leukemia (CML), chronic eosinophilic
leukemia (CEL), myelodysplasia syndrome (MDS), non-Hodgkin's lymphoma (NHL), or
muiiiple myeloma (MM).

[0392] Embodiment 50. The method according to embodiment 49, wherein the solid
cancer is selected from biliary cancer, bladder cancer, bone and soft lissus carcinoma,
brain tumor, breast cancer, cervical cancer, colon cancer, colorectal adenocarcinoma,

colorectal cancer, desmoid tumor, embryonal cancer, endometrial cancer, esophageal

-142-



CA 03091681 2020-08-18

WO 2019/169290 PCT/US2019/020340

cancer, gastric cancer, gastric adenocarcinoma, glioblastoma mulliforme, gynecological
tumor, head and neck squamous cell carcinoma, hepatic cancer, lung cancer, malignant
melanoma, ostecsarcoma, ovarian cancer, pancreatic cancer, pancrestic ductal
adenocarcinoma, primary asirocytic tumor, primary thyroid cancer, prostate cancer,
renal cancer, renal ceil carcinoma, rhabdomyosarcoma, skin cancer, soft lissue
sarcoma, testicular germ- cell tumor, urothelial cancer, ulerine sarcoma, or uterine

cancer.

EXAMPLES
Exampie 1A: Inducible chimeric cviokine recepiors

[0383] Cytokines known to enhance T celi persistence and function, such as IL-2, IL-7
and IL-15, signal through natural heterodimeric cytokine receptors that in tumn activate
JAKT and JAKS3 kinases {exemplary activation of JAK kinases is shown in FIG. 1)
inducible chimeric cytokine receplors (FIG. 1) were designed and demonstrated {o be
efficacious in regulating cytokine signaling in CAR-T cells (Examples infra). The
AP1903-inducible chimeric cytoking receptor is an AP1903-responsive FKBPP®Y fusion
protein. Endogenous FKBP binds rapamycin to inhibit mTOR (FIG. 24). FKBP™ binds
to rapamycin-like compounds (Rapalogs) (FIG. 2B). AP1803 is a clinically-safe rapalog
dimer that dimerizes FKBP™Y (FIG. 2C).

[6384] Of more than forty known cytokine receptors, there are five homodimers. These
five homodimers couple to JAKZ. JAKZ activates as a homodimer. One exemplary
embodiment of an inducible chimeric cytokine receptor provided herein is shown in FIG.
3.

[0385] To ulilize AP1903 with a variety of different receptors, heterodimeric cyiokine
receptors are converted into homodimers.

[0396] In some embodiments, FKBP is localed at the N-terminus of an inducible
chimeric cytokine receptor. In other embodiments, FKBP is located at the C-terminus of
an inducible chimeric cylokine receptor. In some embodiments, an inducible chimeric
cytokine receptor provided hersin has a ransmembrang domain. In other embodiments,
an inducible chimeric cytokine receptor provided herein lacks a fransmembrane domain.
in some embodimenis, an inducible chimeric cyiokine recepior provided herein is
myristoyiated. In other embodiments, an inducible chimeric cylokine receptor provided

herein is not myristoylated.
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Example 2: Comparisen of small-molecule inducible Epo receptors

[0397] This example illusirates efficacy of various inducible chimeric cyiokine
receptors provided hersin.
[0398] In this study, the following inducible chimeric cylokine receptors tested for
activity:

a. CD8 S3-Myc-FKBP(F38V)-EpoR(237-508;L.241G,L242P)-V5 (SEQ ID NO: 1)
V5-EpoR(273-508)
V5-EpoR(273-508)-FKBP({F36V)
VE-EpoR(273-508)-FKBP(E316,F36V,R71G K105E)
Myristoyl-V5-EpoR(273-508)-FKBP(F36V)
Myristoyl-V5-EpoR(273-508)-FKBP(E31G,F38Y,R71G K105E)
V5-EpoR{273-508)-FKBP(F368V)-FKBP{F38V) (SEQ ID NO 2)
V5-EpoR(273-508)-FKBP(E31G,F38V,R715,K105E)-
FKBP(E31G,F38Y R71G K105E) (SEQ 1D NO: 3)
i CD8 SS-Myc-FKBP(F36V)-CD8(138-206)-EpoR(273-508)-V5
j. FKBP(F36V,L106P)-FKBP(F38Y,L106P)-EpoR(273-508)-V5
K. FKBP(F36V,L106P)-EpoR(273-508)-v5
[ FKBP(F36V)-EpoR{273-508)-v5
m. FKBP(F38V)-FKBP{F38V)-EpoR(273-508)-V5

[0398] According o the construct nams, recepiors contain a membrane-targeting motif

"o e 0w

T

(CD8 signal sequence (CD8 85) or myristoyl), a dimerization domain (FKBP{F36V) or
mutants thereof), a portion of the EpoR that contains a transmembrane (EpoR{237-
272y, a JAKZ binding motif (EpoR(273-238)), and/or a tyrosine effecior domain
(EpoR({3398-508)). Constructs may also inciude epitope tags (Myc or V5) for western blot
or flow analyses.

[0400] Vectors encoding the inducible chimeric cylokineg receptors were transfecled
into HEK293T cells along with a luciferase reporter for the STATS transcription factor
(Promega £4651). The reporter vector consists of a firefly luficerase expressed under
the conirol of a STATS responsive DNA element. Upon addition of erythropoietin (Epo),
the erythropoietin recepior (EpoR) activaies the JAK2 kinase which then phosphorylates
tyrosines on the EpoR cytotall to generate binding sites for STATS. Bound STATS is
then phosphorylated, aclivating STATS o engage DNA motifs and promote
transcription. Epo was added to samples with cells transfected with EpoR, and AP1803

was added o the samples with celis fransfected with fusions of the EpoR to FKBP. No
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Epo or AP1903 was added to samples 10 assess baseline signaling. Resulis of the
STATS assay are summarized in FIG. 4. In FIG. 4, "ligand” is either Epo or ARP1803.
[0401] Signaling of CD8 SS-Myc-FKBP(F36V)-EpoR(237-508,L241G,L242P}-V5, was
the closest to the EpoR{1-508) positive control (FIG. 4).

[0402] These results demonstrate that certain AP1803-inducible chimeric cyiokine

receptors can effeclively signal upon dimerization by AP1903 to activate a reporter.
AP1903-inducible chimeric cytokine receptor construct CD8 SS-Myc-FKBR{F38Y)-
EpoR(237-508,.241G,L242P)-VE demonstrated robust activity.

Example 3A: Chimeric_asmall-molecule inducible Epo receptors o generate L2, L7

12 1L21, and IFNa/b signals

[0403] By changing the tyrosine effector domain {(cylotail) of the chimeric cvyiokine
receptor (2.g. CD8 S&-Myc-FKBP(F36V)-EpoR{237-338;L241(,1.242P)-Cytotail XYZ),
the receplor can be redirected fo signaling of choice. The inducible chimeric cytokine
receptors tested ulilized the CD8 S5 membrane-targeling motif, the FKBP(F38Y)
dimerization domain, the EpoR(237-338;1.241G,L242P) tyrosine kinase activating
domain, and tyrosine effector domains from either the EpoR, GHR, HL2Rb, IL7R,
IL12Rb2, IL21R, IFNARZ2, or IFNLR1 receplors. A negative conirel lacking the JAK2
binding motifs and tyrosine effector tail is included CD8 S5-Myc-FKBP(F36V)-
EpoR{237-282,1.241,L242F). The following inducible chimeric cytokine receptors were

tested in this study:

a.

CD8  S8-Myc-FKBP(F36V)-EpoR(237-338:1.241G,L242P)-EpoR(339-508)-V5
(SEQ D NO 1)

CDB  S8-Myc-FKBP(F36V)-EpoR(237-338;L2416G,L242P)-GHR(353-638) (SEQ
ID NO 4)

CD8 55-Myc-FKBR(F36V)-EpoR(237-338:L241G,L.242P)-1L2Rb(333-551) (SEQ
ID NO 5)

CD8  SS-Myc-FKBP(F36V)-EpoR(237-338,L241G,L242P)-IL7R(316-459) (SEQ
D NO 8)

CDB  SS-Myc-FKBP(F36V)-EpoR(237-338,L.241G L242P)-1L12Rb2(714-862)
(SEQIDNOT7)

CD8  SS-Myc-FKBP(F36V)-EpoR(237-338,L241G,L242P)-1L12Rb2(775-825)
(SEQ D NO 8)
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g. CD8 SS-Myc-FKBP(F36V)-EpoR(237-338:L.241G, L242P)-1L21R(322-538) (SEQ
iD NO 9)

h. CD8 S8-Myc-FKBP(F36V)-EpoR(237-338;L241G, L242P)-IFNAR2(310-515)
(SEQ ID NO 410)

i, CDs SS-Myc-FKBP(F36V)-EpoR(237-338;1.241G,L.242P)-IFNLR 1(300-520)
(SEQ D NO 11)

10404] HEK293 cells were transiently fransfected with constructs enceding the above
inducible chimeric cytokine receptors above, and a luciferase reporter for the indicated
pathway. Cells were treated with ligand for 24h. Results are summarized in FIG. 5A. In
this study, the “control dimerizer” is a tail-less construct.

[8405] In FIG. B5A, the black boxes induction >5 fold. All STAT4 experiments were

done with co-transfection of STAT4.

Example 3B An intact JAK-binding domain and phosphorvigtable tyrosings in the

cviotail domain are necessary for signaling

[0406] To identify components essential for the inducible chimeric cytokine recepior to
signal, we generated FKBP switches that lacked either the JAK-binding domains or
tyrosine residues in the cytotail domain. Specifically, either one or both JAK-binding
motifs from TpoR(478-582) were replaced with glycine linkers, or all or a single (i.e.
Y449} fyrosine residue(s) in the IL7R(316-459) cylotall was mutated to phenylalanine.
The term “switch” as used in the Example section refers to the inducible chimeric
cytokine receptor. For example, an “FKBP swilch” as used herein is an inducible
chimeric cytokine receptor comprising FKBP as the dimerization domain.

104077 A HEK293T cell reporter assay was used to {est how each of these domains
affecied cytokine signaling. Briefly, 20,000 HEK2393T cells were plated into each well of
a poly-L-ivsine-coated 26-well flat-boitom plaie and allowed to adhere ovemight. A
chimeric cylokine receptor (2.5 ng), a Stat response element that drives Firefly
Luciferase (100 ng, Promega) and Renilla Luciferase control reporier vector {1 ng;
Promega) were mixed in a final volume of 5 ul. in Opti-MEM (Gibco) ("DNA mix"). 0.3 ul.
Lipofectamine 2000 (Invitrogen} in & ul Opti-MEM was incubated at room temperature
for 5 minutes and then added to the DNA mix The mixture was incubated at room
temperature for 20 minutes and the total volume of 10 ul was added to each well

containing HEK-2937. 24 hours after transfection, cells were seither left unireated, or
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freated with the indicated concentrations of AP1803 {(Apex Bio) diluted in serum-free
media, and Stat reporter activity was determined 5 hours post-treatment using the Dual-
Glo Luciferase Assay System (Promega). The FKBF switch bearing two intact JAK-
binding motifs from TpoR(478-582) and the unmutated IL7R{316-45%9) was used as a
positive control. As a negative controf {i.e. Mock transfected), cells were transfected with
all components with the exception of the chimeric cytokine receptor. Fold induction of
Stat reporter activity was normalized o that of HEK283T cells transfected with all
vectors except for the inducible cylokine receptor and that were left untreated. Triplicate
wells were set up for each condition.

[0408] Figure 5B shows Stath reporter activity of the FKBP switch lacking the indicated
domains following AP1803 treatment. Compared to the positive conirol, the removal of
one (i.e. No JAK 2Z; [IL7) or both (i.e. No JAK 1,2; IL7) JAK-binding motifs abrogated
AP1903-induced Statd reporter activity. Similarly, the mutation of all 3 tyrosine residues
in the IL7R(317-459) cytotail to phenvialanine abrogated AP1903-induced Stats reporter
activity. In this example, Y499 in the IL7R{317-459) cytotall was identified as the key

tyrosine residue that mediated Statd activation.

Example 4; Murins receptors for syngeneic studies

[0408] Murine versions of the engineered inducible receptors were generated. As
FKBP is highly conserved, the FKBP{F38Y) sequence was not changed. However, the
transmembrane and JAKZ binding portions of mouse EpoR, and the tyrosine effecior
domains of mouse IL2Rb and IL7R receplors were used. The following inducible
chimeric cytokine receptors were tested in this study:
a. CDB S3-Myc-FKBP(F38V)-muEpoR(236-337,L264G, L265P-mullL.2Rb(337-539}
(SEQ D NO 12)
b. CD8 SS-Myc-FKBP(F36V)-muEpoR(236-337,L264G L265P)-mull.7R(316-459)
(SEQ D NO 13)

[0410] Vectors encoding the inducible chimeric cyiokine receptors were transfected
into HEK293T cells along with a luciferase reporter for STATS, and dimerizer for the
indicated pathway was added. Results are summarized in FIG. 8.

[0411] The murine construcis were abie to signal (6 h of ligands on transiently
transfected HEK293 ceils) (FIG. 6).
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Example 5A; Inducible chimeric cvioking receptors with improved signaling
[0412] In another study, the EpoR portion of the previous design (FKBP-EpoRm TM-

EpoR JAK box-cyiotail) was replaced with comparable domains of other homodimeric

cytokine receptors. To identify transmembrane domains that exhibit stronger and/or
faster signaling, an early time point where the EpoR dimerizer signals poorly (68-8 h, right
image) was selected.
10413] Forthis study, several tyrosing kinase activating domains were comparsd using
a otherwise identical inducible cytokine receptor design. The tyrosine effector domain
consisis of a STATS-activating seguence from IL7R fused to a STAT4-activating
sequence from IL12Rb2. Each construct contains a membrane-targeting motif (CD8
S8), a dimerization domain (FKBRP(F36V)), a tyrosine kinase activating domain derived
from either the EpoR, GP130, PriR, GHR, GCSFR, or TRPOR/MPLR receptors, and a
tyrosine effector domain consisting of the IL7R(318-458) cyiotail fused to the
IL12Rb2(775-825) peptide. Chimeric cytokine receptors also include an epitope tag for
detection (Myc). The following inducible chimeric cytokine receptors were fested in this
study:
a. CD8 S5-Myce-FKBP(F36V)-EpoR(237-338;L.2410,L242P)-1L7R{316-458)-
IL12Rb2{775-825) (SEQ 1D NO 14}
b, CD8  S&-Myc-FKBP(F38V-GP130(608-7003-IL7R(316-459)-1L12Rb2(775-825)
(SEQ D NO 15)
c. CD8 SS-Myc-FKBRP(F36Y)-PriR(221-319)-IL7R{318-458)-1L12Rb2(775-825)
(SEQ 1D NO 16)
d4. CD8 S5-Myc-FKBP(F36V)-GHR{251-352)-IL7R(316-459)-1L12Rb2(775-825)
(SEQID NG 17)
. CD8 S5-Myc-FKBP{F36V)-GCSFR{614-710)-IL7R(316-459)-1L12Rb2(775-825)
(SEQ D NO 18)
f. CD8 SS-Myc-FKBP{F38V-TPOR/MPLR(478-582)-1L.7R(316-459)-1L12Rb2(775-
825) (SEQ ID NO 19)

[0414] HEKZ283 cells were fransfected with consfructs enceding the above inducible
chimeric cytokine receptors, and a luciferase reporter for either STAT4 or 3TATS. The
luciferase reporters (Promega) encoded a luciferase under the control of either a STAT4
or STATS responsive element. As HEK293 cells lack STAT4, in wells transfected with

the STAT4 reporter, a plasmid encoding constiutively-expressed STAT4 was transfected
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as well added. Transfected EpoR, GHR, and IL12Rb1+IL12Rb2 (the 112 receplor)
were used as positive controls. Resuits are summarized in FIGS. 7, 8, 9, and 10A. The
ligand added o inducible chimeric cylokine receptors was AP1803. Epo was added 0
EpoR transfected celis, Growth Hormone {o GHR transfected cells, and 1L-12 to [L12
receptor transfected celis

[0415] The tyrosine kinase activating domain with EpoR components was the weakest
signaling construct (FIG. 7). The greatest fold induction of both STATS and STAT4 was
achieved by a TPRPORMPLR-based dimerizer: CD8 SS-Myc-FKBP(F368Y)-
TPORMPLR(478-582)-1L7R(318-452)-1L12Rb2(775-825) (SEQ ID NO 19) (FIG. 7).
[64168] The EpoR-based cyiokine receptor (CD8 S55-Myc-FKBP(F38V)-EpoR(237-
338;L.241G,L242P)-IL7R(316-459)-1L12Rb2(775-825) (SEQ ID NO 14)) demonstrated
the lowest basal signaling (essentially equivalent o reporter alone). The GCSFR
construct {(CD8  5&-Myc-FKBP(F36V)-GCSFR{814-710)-IL7R(316-459)-1L12Rb2(775-
825) (SEQ 1D NO 18)) had the strongest signaling for STAT4 (FIG. 9) but had basal

signaling.

Example 5B: Optimizing potency of signaling ocutput by modulating ectodomain affinity

[0417] To determine if the responsiveness/sensitivity of the inducible chimeric cylokine
receptor may be tuned by modulating the affinity of the ectodomain o its ligand, we
generated FKBP switches that signaled through the same JAK-binding domains and
cytotails, but with FKBP ectodomain variants that had reduced affinities to AP1903.

[0418] A HEKZ2S3T cell reporter assay was used fo test how ecltodomain affinity
affected the responsiveness of cyiokine signaling. Briefly, 20,000 HEKZB3T cells were
plated info each well of a poly-L-lysine-coated 98-well flat-botiom plate and allowed o
adhere overnight. An chimeric cytokine receptor (2.5 ng), a Stat response element that
drives Firefly Luciferase (100 ng, Promega) and Renilla Luciferase control reporter
vector (1 ng, Promega) were mixed in a final volume of 5 ul. in Opti-MEM (Gibco) ("DNA
mix"). 0.3 ul Lipofectamine 2000 (Invitrogen) in 5 ul Opti-MEM was incubated at room
temperature for 5 minutes and then added {o the DNA mix. The mixture was incubated
at room femperature for 20 minutes and the tolal volume of 10 ul. was added {0 each
well containing HEK-293T. 24 hours after transfection, cells were either left untreated,
or treated with the indicated concentrations of AP1903 (Apex Bio) diluted in serum-fres
media, and Stat reporter activity was determined 5 hours post-treatment using the Dual-

Glo Luciferase Assay System (Promega). Fold induction of Stat reporter activity was
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normalized to that of HEK283T celis transfected with all vectors except for the inducible
cytokine receptor and that were left untreated. Triplicate wells were set up for each
condition.

[0419] Figure 10B shows Statb reporter activity of FKBP switch ectodomain variants in
response to AP1903. Compared to the high-affinity FKBP{F38Y) mutants, other FKBP
variants that weakened the affinity of FKBP for AP1903 also increased the EC50 for
Statb induction.

Example 5C: An alternative approach for enginsering chimeric oviokine recaptors with

improved signaling capabilities

[0420]1 Tradilional approaches of designing chimeric cytokine recepiors involve fusing
the extraceliular ligand-binding domain of one receptor 1o the transmembrane and
intracellular signaling domains of a second receptor (Mol Ther. 2014 Jun,22(6):1211-
1220; Mol Ther. 2017 Jan 4; 25(1); 245-258; Nat Commun. 2018 May 23;8(1):2034.).
We devised an alternative approach, in which we leverage the transmembrane and
JAK-binding domains derived from certain cyiokine receptors that (i} signal as
homodimers in their natural form and (i) retain the ability to signal well as a chimera
when coupled 1o a different ectodomain (iL.e. those described in Figure 7). In our
approach, the fransmembrane and intraceliular JAK-binding domain of one recepior is
fused to the “cyiotail” (ie. the region after the JAK-binding domain) of a second
receptor.

[0421] In Figure 7, the TpoR TM and JAK binding domain generated the sirongest
signal-to-noise ouipul. Therefore, we generated TpoR-based cyiokine recepior chimeras
using the taditional approach by fusing the exiracellular domain of TpoR
{TpoR/MPLR(1-478)) o the transmembrane and intraceilular domain of a different
cytokine receptor. We also generated analogous chimeras using our approach by fusing
the region including the TpoR transmembrane and JAKZ-binding domains (i.e.
TpoR(478-582)), hefore fusion with the cyiotails of g different cyiokine receptor. As g
positive control, we used a vector that encodes the full-length (FL) TpoR.

[0422] A HEK2B3T cell reporter assay was used to test the inducibility and magnitude
of cytokine signaling. Briefly, 20,000 HEK293T cells were plated into each well of a poly-
L-lysine-coated 96-well flat-bottom plate and allowed o adhere overnight An chimeric
cytokine receptor (2.5 ng), a Stat response element that drives Firefly Luciferase (100

ng, Fromega) and Renilla Luciferase control reporter vector (1 ng; Promega) were
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mixed in a final volume of 5 ull in Opti-MEM (Gibco) ("DNA mix"). 0.3 ul Lipofectamine
2000 (Invitrogen) in 5 ul. Opti-MEM was incubated at room temperature for § minutes
and then added to the DNA mbo The midure was incubated at room temperature for 20
minutes and the total volume of 10 ull was added to each well containing HEK-293T. 24
hours after transfection, cells were either left unireated, treated with 100 ng/mi TPO, or
with 10 ug/mb AP1803 {(Apex Bio) diluted in serum-free media. Fold induction of Stat
reporter activity was normalized to that of HEK293T cells transfecled with all vectors
except for the inducible cytokine receptor and that were left untreated. Triplicate wells
were set up for each condition.

[06423] Figures 10C and 10D show a schematic comparing and contrasting the
traditional approach of chimeric cyiokine receptor engineering against ours. VWhile the
traditional approach (FIG. 10C) fuses only the ectodomain of Recepior A to the
transmembrane domain, JAK-binding domain and cytotail of Receptor B, cur approach
(FIG. 10D) fuses the ectodomain, transmembrane domain and JAK-binding domain of
Receptor A 1o the cytotail of Receptor B.

[0424] Figure 10E shows a schematic of the chimeric recepiors tested in Figure 10F.
[0425] Figure 10F shows a heatmap summarizing resulis from the Siat reporter assay.
Each row represents the respective fusion partner; each column represents the
respective Stat-responsive Firefly Luciferase reporter. Each box depicts a fold induction,
gach column is normalized to the highest fold induction of the respective Stat reporter:
2.75 fold for STATH1, 13.5 fold for STAT1/2, 354 fold for STAT3, 38 fold for STAT4, 173
fold for STATS, and 105 fold for STATS. Compared to chimeric cylokine receptors
based on the iraditional design, those engineered using our approach showed a greater

magnitude of downstream signaling in response to the inducer AP1903.

Example 6; Inducibla chimeric cvicking receptors

[0426] This example illustrates inducible chimeric cyiokine recepiors with improved
and specialized functions.

[0427] In some embodiments, cytoking fails can be linked in tandem to stimulate
muiiiple pathways (2.g., the IL7R(316-458)-1L12Rb2{775-825) fragment fusion for pro-
persistence STATS and pro-inflammatory STAT4). That is, in this embodiment, cytokine
tails from atl least two recepiors were used. In some other embodiments, a cyiokine tail

from a single receptor was used.
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Minimal Tyrosine Effector Domains with STATS or AP-1 oufputs
[0428] For each cytotaill, small tyrosine peplides are responsible for a signaling
pathway. Relevant motifs were identified to develop substantially smaller constructs with
improved signaling. For example, a IL12Rb2(775-825)peptide containing Y800 was
determined to be sufficient to provide STAT4 signaling when used as a tyrosine effector
domain (see Examples 3 and 5).
[042%8] In this study, IL2Rb, ILYR, and EGFR cytotails were analyzed to identify
tyrosines sufficient for key aspects of signaling. For instance, a segment of IL2Rb
corfaining the STATS-interacting tyrosines Y418 and Y438 might retain STATS
signaling, but may lose PI3K signaling as this requires Y364 of the IL2Rb cytotail
nducible chimeric cytokine receptors comprising the IL7R, IL2Rb, and IFNARZ2 tails may
inciude one or more tyrosine motifs within the cyiotails. Elimination of one or more
portions of the tail (e.g., the IL12Rb2 tail) in some cases resulls in removal of negative
regulatory motifs and stronger signaling.
[0430] in this study, signaling by a variety of IL7Ra and ILZRb derived fragments using
the EpoR-based tyrosine kinase activating domain were tesied. The foliowing inducible
chimeric cytokine receptors were tested in this study:
a CD8 S5-Myc-FKBP(F36V)-EpoR(237-338,L24105 L 242F)-IL7R(316-459) (BSEQ
iDNO8)
B, CD8 SS-Myc-FKBP(F36V)-EpoR(237-338,1L.241G,1L.242P)-IL7R(376-416) (SEQ
D NO 20)
c. CD8 SS-Myc-FKBP(F38V)-EpoR(237-338;L241G, L242P)-IL7R(424-458) (SEQ
iDNO2Z1)
d. CD8 BS-Myc-FKBP(F36V)-EpoR(237-338;L 241, 1L 242P)-ILTR(376-416,424-
458} (SEQ 1D NO 22}
g. CD8 SS-Myc-FKBP(F38V-EpoR(237-338,1.241G,L242P)-IL.7R(424-458, Y 456F)
(SEQ D NO 23)
£ CD8 SS-Myc-FKBR(F38V)-EpoR(237-338,L.241G,L242P)-IL7R(376-416,424-
459, Y456F) (SEQ 1D NO 24)
g. CDB SS-Myc-FKBP{F368V)-EpoR(237-338;L.241G,L.242P)-1L.2Rb(333-551) (BEQ
iD NOC 5)
h. CD8 SS-Myc-FKBRF({F38V)-EpoR(237-338;L241G,L242P)-1L2ZR0B(383-433) (BSEQ
D NO 25)
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i, CD8 SS-Myc-FKBP(F36V)-EpoR(237-338:L241G,L.242F)-1L2Rb(518-551) (SEQ
iD NO 26)

i CD8  SS-Myc-FKBP(F36V)-EpoR(237-338:L241G,L242P)-IL2Rb(339-379,393-
433) (SEQ 1D NO 27)

k. CD8  SS-Myc-FKBP(F36V)-EpoR(237-338:1.241G,1.242P)-IL2Rb(339-379,518-
551) (SEQ ID NO 28)

I CD8  SS-Myc-FKBP(F36V)-EpoR(237-338:L241G,L242P)-IL2Rb(393-433,518-
551) (SEQ 1D NO 29)

m. CD8  5S-Myc-FKBP(F36Y)-EpoR(237-338:1.241G,1.242P)-IL2Rb(339-379,393-
433,518-551) (SEQ ID NO 20)

[0431] IFNARZ constructs were tested but did nol initiale substantial signals with short
(8 hy AP1803 treatment using the CD8 5% membrane-targeting motif, the FKBP(F36V)
dimerization domain and the EpoR{(237-339;L2410,L242F) tyrosine kinase activating
domain. Constructs that are plotted include tyrosine effector domains derived from the
IL7R and IL2Rb cyiotails.

[0432] L7 signaling through STATS was fully recreated by two fragments containing
Y401 and Y449 but without the negative regulalory Y456 (IL7R(376-416 424-
459 Y456F), SEGQ 1D NO: 24, FIG. 11). IL2 STATS signaling was recreated by iwo
fragments containing Y364, Y418, and Y436, but far greater signaling was observed
with a smaller construct lacking Y384 (IL2Rb(393-433,518-551); SEQ 1D NO: 29; FIG.
11). Y364 is reported to achivate PI3K, which promotes T cell differentiation and
proiiferation and re-organizes the actin skeleton to promote recepior inlernalization.
Thus Y364 is both a negative reguiatory motif for STATS signaling, and the key positive
regulatory motif for PISK/AKT/TORC axis. Depending on the desired functional ocutput,

Y364 can be included or excluded.

Non-cylokine recepiors

[8433] Upon TCR activation, Ca+ mobilization leads to activation of NFAT and
upregulation of pro-inflammatory targets (IL2, GzmB, etc.). Many of these promoters are
activated not by NFAT alone but rather a heterolrimer of NFAT with AP-1 {colled-coil of
Fos and Jun) (FIG. 12). Exhaustion occurs with excessive antigen stimulation, and is
thought 1o occur when the amount of activated NFAT supercedes the amount of AP-1

resulting in NFAT homo-dimers and activation of different promoters. One way to
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prevent exhaustion would be to increase the amount of AP-1 (Fos/dun) (FIG. 13).
Cytokine recepiors such as L2R and IL7R activate JNK (Jun Kinases) that
phosphorylate and activate ¢-Jun. However, this alone is insufficient 1o upregulate AP-1
as Fos must also be upregulated and phosphorvlated. The parallel MEK/ERK pathway
leads to upregulation of Fos through Myc/Max, as well as direct phosphoryliation of Fos.
[0434] AP-1is induced by coordinated JNK and ERK signaling. In some embodiments,
inducible chimeric cytokine receptors capable of activating JNK and/or MEK/ERK are
provided herein. In some embodiments, an inducible chimeric cyiokine recepior can
potently induce AP-1 to preventi exhaustion.
[86435] Constructs enceding the following inducible chimeric cytokine recepiors were
tested for achivity. Each construct contains of a membrane-targeting motif (CD8 58), a
dimerization domain (FKBP{F38V)), a iyrosine kinase activating domain (EpoR{237-
338,1.241G,L.242P)), and a tyrosine effector domain derived from the cytotail of the RTK
EGFR or a cytokine receptor. Chimeric cytokine receptors also include an epitope tag
for detection (Myc):
a. CD8 S5-Myc-FKBP(F26V)-EpoR(237-338,L.241,L.242P)-EGFR(855-1188)
(SEQ D NO 31)
b. CD8 S&-Myc-FKBP(F36V-EpoR(237-338,L241(,L242P-EGFR{955-1044,1058-
1188, Y974F) (SEQ 1D NO 32)
c. CD8 S5-Myc-FKBP(F36V)-EpoR(237-338,1.241G, 1L 242P)-EGFR({955-
1009, Y574F) (SEQ 1D NO 33)

e, CDB  5S5-Myc-FKBP(F38V)-EpoR(237-338:1.241G,L.242P)-EGFR(1019-1085)
(SEQ ID NO 34)

£ 0D SS-Myc-FKBR(F36V)-EpoR(237-338:L241G,L242P)-EGFR(1037-
1044,1058-1103:Y 1068/1101F) (SEQ ID NO 35)
g. CD8 S5-Myc-FKBP(F36V)-EpoR(237-338:1.241G,L.242P)-EGFR{1066-

1118;Y1068/1086F) (SEQ ID NO 36)

h. CD8  SS-Myc-FKBR(F36Y)-EpoR(237-338;1.241G,L242P)-EGFR(1122-1165)
(SEQ ID NO 37)

i, CDB SS-Myc-FKBP(F36V)-EpoR(237-338,L.241G,L242P)-EGFR(1133-
1186:Y 1148F) (SEQ ID NO 38)

i, CDS SS-Myc-FKBP(F38V)-EpoR(237-338:1.241G,L242P)-IL2Rb(333-551) (SEQ
ID NO 5)
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k. CD8 S55-Myc-FKBP(F36V)-EpoR(237-338;1.241G,L242P)-IL7R(316-459) (SEQ
iD NO 8)

L CD8  SS-Myc-FKBP(F36V)-EpoR(237-338,L241G,L242P)-1L12Rb2(714-862)
(SEQIDNO7)

m. CD8 55-Myc-FKBP(F36V)-EpoR(237-338:1.241G,L242P)-1L21R(322-538) (SEQ
ID NC 9)

n. CD8 SS-Myc-FKBP(F36Y)-EpoR(237-338:L241G, L242P)-IFNAR2(310-515)
(SEQ ID NO 410)

[0436] HEK293 cells were fransiently transfected with the above constructs a
fuciferase reporter for the indicated pathway. STATS signaling was measured. Resulls
are summarized in FIG. 14, The ligand for all chimeric anigen receptors is AP1802.
The darkest boxes represent induction >10 fold. FLT ligand was added io fransfected
FI3 receptor tyrosine kinase. Transfectad FIt3 receptor was used as a controf instead of

EGFR as HEKZ293 cells express endogenous EGFR receplor.

Receptors that activate PLC->NFKB

[8437] One drawback of allogeneic CAR-T cells is that the TCOR knockout or
knockdown (to prevent GvHD) results in a loss of basal TCR signaling. Basal TCR
signaling increases TCR persistence. Although cytokines can increase persistence
through STATS, this does not replicate TCR exactly. The TCR mobilizes Ca®* o activate
PLC leading to NFAT and NFKB.

[0438] The small molecule inducible chimeric cytokine receptors provided herein have
been engineered to mobilize calcium and activate NFAT and NFkB.

10438] The B cell recepior activates Bruton's Tyrosineg Kinase (BTK) that then activales
PLCy2->PKC->NFAT and NFKB. In this context, BTK recognizes targets through
tyrosines on the fyrosine kinase adaptor protein BLNK (FIG. 15).

[0440] iInducible chimeric cytokine receptors comprising a BLNK fusion with the
tyrosine  kinase aclivating domain  substiuting for the endogenous BLNK-
phosphorylating  kinase BTK  {eg. “CD8 S&S-Myc-FKBP(F36V)-EpoR(237-
338;L.241G,L242P)-XYZ Cylotail”) were generated (SEQ 1D NOS: 38, 40, and 41). In
some embodiments, the inducible chimeric cytokine receptor comprises tandem tyrosine
effector domains such as a cytokine receptor cylotall and a tyrosine kinase adaptor

protein.
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Example 7. Effect of dimerization of inducible chimeric cvtokine receptors on CAR-T cell

persisience as compared to GoCART

[0441] In this study, lentiviral (pLVX) constructs were generated comprising an SFFV
promoter foliowed by a kozak sequence, the inducible chimeric cytokine receptor, a T2A
seguence, and a chimeric antigen receptor. The chimeric antigen recepior was directed
towards cells expressing EGFRvill. For comparison, lentiviral constructs with either
TagBFP or GoCART instead of the inducible chimeric cytokine receptor were used.
GoCART consisis of a myristoyiation sequence followed by a portion of MyD88 and
CD40 fused to two repeats of FKBP(F368V).

[0442] CD3+ T cells were isolated from human peripheral blood mononuclear cells and
cultured with 1L-2. The T cells were fransduced with lentivirus 2 days after isolation, and
3 days later were FACS sorted by binding APC-labeled EGFRVIIL The sorted EGFRvil+
calls were culturad untit 14 days post isolation.

10443] At day 14, the 0.5¢6 cells were resuspended in a 24-well plate, and grown with
gither ILZ, AP1803, or no treaiment for 8 days post production. Live cell count resulis
are summarized in FIG. 18 and FIG. 17.

[0444] DSeveral constructs comprising AP1803 inducible receptors promoted slight
growth {e.g. CD8 SS-Myc-FKBP(F36V)-EpoR{237-338;L24105,1.242P}-IL2Rb(333-551)
(BEQ 1D NG 5), and GoCART (a previcusly reported multimerizer, Myristoyl- Myd88-
CD40-FKBP(F38VIx2, but only the CD8 S&S-Myc-FKBP(F36V)-EpoR{237-
338,L241G,L242R)-1L7R(316-488) (BEQ NO 8) promoted robust growth (FIG. 18). The
I.7R(316-469) cytotail containing receptor and GoCART tails maintain a higher viability
with AP1903 comparable to IL2 treatment (FIG. 17).

[0445] At day 8 post production growth with AP1903 or L2, celis were phenotyped.
Results are summarized in FIG. 18 and FIG. 19, Inducible IL7R(316-489) containing
receptor demonstrate more stem cell memory whereas the GoCART demonstrated less
stem cell memory and more effector memory. Viability of all celis appeared comparable
when grown further with L2, however, the GoCART appearsd somewhal more
differentiated. The resulis demonstrate that the small molecule inducible IL7R{(316-469)
receptor promotes proliferation while preserving a less differentiated state.

[06448] Cytokines were measured on day 2 and day 8. AP1903 data is shown FiG. 20
and FIG. 21. All values were normalized to untreated TagBFP-expressing CAR-T Cells.
As GoCART activates the NFKB pathway, this results in robust cytokine release

whereas the others do not. The iFN-related tails do incur some cytokine release.
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[0447] Without signaling, all constructs provide comparable growth {(~ a doubling over
a week), with some less growth of cells comprising an inducible chimeric cytokine
receptors with the IFNARZ tail (FIG. 22).

[0448] Induction of cyiokines at day 2 and 8 post production without any treatment was
measured. Results are summarized in FIG. 23 and FIG. 24. CAR-T cells expressing a
small molecuie inducible IFNARZ(G10-515) construct constitutively release small
amounts of IL5 while the CAR-T cells expressing a small molecule inducible IL2Rb(333-
551) construct release 1L13 and some TNFa {day 2, FIG. 23) that diminishes by day 8
(day 8, FIG. 24). GoCART expressing cells GM-CSF, 1L5, 1L13, IL22, and MiP1a at day
2 and more so at day 8 time points. The results demonstrate the IFNARZ(310-518) and
IL2Rb{333-551) tails are mildly autoactivating while GoCART is strongly so. No cytokine
release was observed from the IL7R{316-458) tail construct, and minimal cyiokine
release was observed for all inducible chimeric cytokine receptor constructs in the
absence of small molecule activation.

[0448] FiG. 25 shows a graph summarizing CAR-T cell counts on post-production day
5 and day 8 for CAR T cells transduced with inducible chimeric cytokine receptors
having different tails, GoCART, a inducible cytokine receptor with noc JAKZ binding motif
or tyrosing effector domain (CD8 SS-Myc-FKBP(F38V)-EpoR{(237-282;1.241G,1.242P),
or TagBFP. The least growth was observed for the IFNARZ tail; from Day 8 cytokine
measuremants, it was ocbserved these CAR T cells did not consume as much 1L-2.
104501 The AP1803 inducible cytokine receptor provided herein is a robust platform for
instigating IFN, 1L2, IL7, IL12, 1L21, EGFR, and other tyrosine kinase-based signaling in
CAR-T cells. EpoR recruits a kinase that is activated upon homodimerization (JAKZ)
and phosphorylates signaling effectors entirely dependent on the attached cytotail
Depending on the desired function in & CAR-T cell, engineered cylotails (e.g., LY
cytotail fused with IL12Rb2(775-825) or EGFR cytotail portions) can be utilized to
achieve the desired effect. The signal strength of the sysiem can also be tuned using
different tyrosing kinase aclivating domains. For example, the signal strength can be
tuned using tyrosine kinase aclivating domains comprising different transmembrane
variants as described herein.

[0451] The IL7(318-450) tyrosine effector domain provides STATS signaling with
minimal PI3K that is sufficient o promote growth without driving differentiation or

cytokine release. In addition, the IL7 tail is also less internalized and degraded.
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Example 8: Enginesring inducible cvicking receptors with multivle gulputs

[0452] A HEKZ293T cell reporter assay was used to test the inducibility and magnitude
of cytckine signaling. Briefly, 20,000 HEK293T cells were plated into each well of a poly-
L-lysine-coated Z6-well flat-botiom plate and allowed to adhere overnight. An inducible
cytokine recepior (2.5 ng), a Stat response element that drives Firefly Luciferase (100
ng, Promega) and Renilla Luciferase control reporter vector (1 ng, Promega) were
mixad in a final volume of 5 ul in Opti-MEM (Gibco) ("DNA mix”). 0.3 ul Lipofectamine
2000 (Invitrogen) in 5 ul. Opti-MEM was incubated at room temperature for 5 minutes
and then added fo the DNA mix. The mixture was incubaled at room temperature for 20
minutes and the total volume of 10 ull was added {o each well containing HEK-293T. 24
hours after transfeclion, cells were either lefi untreated, or treated with 1 ug/mL AP1803
(Apex Bio) diluted in serum-free media. Fold induction of StatS reporter activity was
normalized to that of HEK293T celis transfected with all vectors except for the inducible
cytokine receptor and that were left untreated.

[0453] Figure 26 shows a schematic example of inducible cytokine receptors with dual
IL-7R and IL-21R outputs. As cytokines often have synergistic effects on enhancing T
cell responses (e.g. IL-7 with 1L-21; IL-2 with 1L-21), the ability to mimic multiple cytokine
signaling outpuls may be beneficial. To generate muiltiple cylokine signaling outputs, two
cyiotails were joined in tandem at the intraceliular C-terminus of the chimeric receptor.
[0454] When generating multiple outputs, the proximity of individual cytotails {o the celi
membrane can influence the strength of their respective signaling oulputs. Table 5
below shows examples of inducible cytokine receplors with the dual outpuis, where
each output was placed either proximal or distal {o the cell membrane.

[04558] Figure 27 shows a luciferase assay readout for Stat reporer activity in
HEKZ293T cells. The membrane-distal placement of IL-21R cyiotail resulted in greater
Stath (Figure 27a) and Stat3 (Figure 27b) reporter activity. Therefore, maximal signaling
strengths of different cytotails can additionally be tuned by their relative placements o
the cell membrane.

[0456] To evaluate these dual ouipul inducible cytokine receptors in the context of
primary human CAR T cells, inducible cytokine receptors were cloned into a lentiviral
vector encoding the EGFRvill-specific CAR (2173 scFv; described in Sal Transt Med.
2015 Feb 18; 7(275). 275ra22.) to allow sioichiometric co-expression. To facilitate the
detection of fransduced cells, a v5 epitope tag (KPIPNPLLGLDST) was inseried

between the scFv and CD8 hinge domain. To make lentivirus encoding FKBP switch
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CLAIMS

1. An inducible chimeric cytokine receptor comprising:
a dimerization domain;
a tyrosine kinase activating domain; and

a tyrosine effector domain.

2. The inducible chimesric cytokine receptor of claim 1, wherein the tyrosine
kinase activating domain comprises a Janus Kinase (JAK)-binding domain of,

or derived from, a protein.

3. The inducible chimeric cytokine receptor of claim 1, wherein the tyrosine
kKinase activating domain comprises a tyrosine kinase domain of, or derived

from, a receptor tyrosine kinase (RTK).

4. The inducible chimeric cytokine recepior of claim 2 or 3, wherein the lyrosine

kinase activating domain comprises a transmembrane domain.

5 The inducible chimeric cylokine receptor of any one of claims 1-4, whersin the
tyrosine effector domain comprises at least one STAT-activation domain of, or

derived from, a receplor.

8. The inducible chimeric cytokine receptor of any one of claims 1-5, wherein the
tyrosine effector domain comprises at least two STAT-activation domains of, or

derived from, two receptors.

7. The inducible chimeric cytokine receptor of any one of claims 1-6, wherein the
tyrosine effector domain comprises a portion of the cytoplasmic tail of, or

derived from, at least one recepior tyrosine kinase (RTK).

8. The inducible chimeric cyickine receptor of any one of claims 1-7, wherein the
dimerization domain binds to a ligand AP1803, AP20187, dimeric FK506, or a
dimeric FK506-like analog.

8. The inducible chimeric cylokineg receptor of any one of claims 1-8, wherein the

dimerization domain comprises an FKBP polypeptide.
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10.The inducible chimeric cytokine receptor of claim 8, wherein the FKBP

polypeptide is an FKBP12 polypeptide.

11. The inducible chimeric cytokine recepior of claim 10, wherein the FKBP12
polypeptide contains the amino acid substitution F36Y (SEQ 1D NO: 218).

12. The inducible chimeric cytokine receptor of any one of claims 1-8, wherein the
dimerization domain comprises an amino acid sequence selected from the
group consisting of. (i) a FKBP polyvpeptide containing one or more amino acid
substitutions, (i) two or three tandem repeats of an unmodified FKBP
polypeptide, and (iil) iwo or three tandem repeais of a FKBP polypeptide

cortaining one or more amino acid substitutions.

13. The inducible chimeric cytokine receptor of any one of claims 1-8, wherein the
dimerization domain comprises a dimerization domain sequence selected from
SEQ 1D NOs: 69-87.

14. The inducible chimeric cytokine receptor of any one of claims 1-8, wherein the
dimerization domain comprises an FKBP dimerization domain sequence
selected from SEQ ID NOs. 68-73.

15. The inducible chimeric cytokine recepior of any one of claims 1-8, wherein the
dimerization domain comprises an amino acid sequence of, or derived from, a
polypeptide selected from the group consisting of FKBP12, FKBRP12(F38VY),
an extraceliular domain of OX-40, and an exiraceliular domain of a TNFR2

superfamily receptors.

16. The inducible chimeric cytokine receptor of claim 15, wherein the TNFR2
superfamily receptor is BCMA, TACH or BAFFR.

17. The inducible chimeric cytokine receptor of any one of claims 1-7, wherein the

dimerization domain binds a small molecule.

18. The inducible chimeric cytokine receptor of any one of claims 1-7, wherein the

dimerization domain binds a protein.
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18. The inducible chimeric cytokine receptor of any one of claims 1-7, wherein the

dimerization domain comprises an amingo acid sequence of, or derived from, a
protein selected from the group consisting off  FKBP, cyclophilin, steroid
binding protein, esirogen binding protein, glucocorticoid binding protein,
vitamin D binding protein, tetracycline binding protein, extracellular domain of
a cyickine receptor, a receptor fyrosine kinase, a TNFR-family receptor, and

an immune co-receptor.

20. The inducible chimeric cytokine receptor of claim 19, wherein the immune co-

21

receptor is selected from the group consisting of ervthropoistin receptor,
prolactin  receptor, growth hormone receptor, thrombopoielin recepior,
granulocyte colony-stimulating factor receptor, GP130, common gamma chain
recepior, common beta chain receptor, IFN alpha receptor, IFN gamma
receptor, IFN lambda receptor, 1L2/1L15 receptor, IL3 recepltor, 1L4 receptor,
L5 receptor, IL7 receptor, L8 receptor, 1L10 receptor, 112 receptor, iL13
receptor, 1L.20 receptor, IL21 receptor, IL22 receptor, .23 receptor, HL27
receptor, TSLP Receptor, G-CSF receptor, GM-CSF receptor, CNTF receptor,
OSM receptor, LIF receptor, CT-1 receptor, TGFBR1/ALKLS, TGFBRZ,
EGFR/MHER1, ERBBZ/MHERZ, ERBREI/HER3Z, ERRB4/HER4, INSR, IGF-1R,
IRR, PDGFRA, PDGFRB, CSF-1R, KIT/BCFR, FLK2/FLT3, VEGFR1,
VEGFR2, VEGFR3, FGFR-1, FGFR-2, FGFR-3, FGFR-4, CCK4, TRKA,
TRKB, TRKC, MET, RON, EPHAT, EPHAZ, EPHAZ, EPHA4, EPHAS, EPHAS,
EPHA7, EPHAS, EPHB1, EPHB2, EPHB3, EPHB4, EPHBS, EPHBS, AXL,
MER, TYROS, TIE, TEK, RYK, BDR1, DDR2Z, RET, ROS, LTK, ALK, ROR1,
ROR2, MUSK, AATYK, AATYKZ, AATYKS, RTK106, TNFR1, Fas, TRAILR1,
TRAILRZ, NGFR, DR3, DR8, EDAR, TNFR2, LTbR, OX40, CD40, CD27,
CD30, 4-1BB, RANK, Fni4, TAC!, BAFFR, HVEM, BCMA, GITR, TROY,
RELT, XEDAR, TRAILRS, TRAILR4, OPG, DeR3, FD-1, CD8C, CD88, ICOS-
L ICOS, CTLA-4, BTLA, CD160, LAGS, and TIM3.

. The inducible chimeric cytokine receptor of claim 2, wherein the protein is a

receptor.

22. The inducible chimeric cytokineg receptor of claim 21, wherein the receptoris a

hormone receptor.
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23.The inducible chimeric cytokine receptor of claim 2, 21, or 22, wherein the
protein or the receptor is selected from the group consisting of EPOR, GP120,
PRLR, GHR, GCSFR, and TPOR/MPLR.

24.The inducible chimeric cytokine receptor of claim 3, wherein the RTK is
selected from the group consisting of EGFR/MHER1, ERBB2/MHERZ,
ERBB3/HERS, ERRB4/HERY, INSR, IGF-1R, IRR, PDGFRA, PDGFRB, CSF-
1R, KIT/SCFR, FLK2/FLT3, VEGFR1, VEGFR2, VEGFRS, FGFR-1, FGFR-2,
FGFR-3, FOFR-4, CCK4, TRKA, TRKE, TRKC, MET, RON, EPHA1, EPHAZ,
EPHAS3, EPHA4, EPHAS, EPHAS, EPHAY, EPHAS, EPHB1, EPHB2, EFPHES,
EPHB4, EPHBS, EPHBG, AXL, MER, TYRO3, TIE, TEK, RYK, DDR1, DDR2,
RET, ROG, LTK, ALK, ROR1, ROR2, MUSK, AATYK, AATYKZ, AATYKS, and
RTK106.

28.The inducible chimeric cytokine recepior of claim 3 or 24, wherein the RTK is
EGFR.

28.The inducible chimeric cytokine receptor of any one of claims 1-25, wherein
the tyrosine kinase activating domain comprises a tyrosine kinase activating

domain sequence selected from SEQ 1D NOs.: 88-133.

27.The inducible chimeric cytokine receptor of any one of claims 4-286, wherein
the transmembraneg domain comprises a transmembrane domain of, or derived
from, a protein selected from the group consisting of. EPOR, GP130, PRLR,
GHR, GCSFR, FD-1, and TPOR/MPLR.

28. The inducible chimeric cytckine receptor of any one of claims 4-27, wherein
the transmembrane domain comprises a transmembrane domain derived from
TPOR/MPLR,

2%. The inducible chimeric cytokine receptor of any one of claims 4-27, wherein
the transmembrane domain is derived from amino acids 478-582 of the
naturally occurring TPOR/MPLR sequence of SEQ 1D No.: 84,

30.The inducible chimeric cyickine receptor of any one of claims 4-27, wherein

the transmembrane domain comprises a delstion variant of the amino acid
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region 478-582 of the naturally occurring TPOR/MPLR sequence of SEQ 1D
No.: 84.

31.The inducible chimeric cyiokine receptor of claim 30, wherein the deletion
variant comprises a deletion of 1 {o 18 amino acids from the region 478-582 of
the naturally occurring TRPOR/MEFLR sequence of SEQ 1D No.: 64,

32.The inducible chimeric cvickine receptor of claim 30 or 31, wherein the
deletion variant comprises a deletion of 1 t© 18 aminc acids from the region
489-510 of the naturally occurring TPOR/MPLR sequence of SEQ ID No.: 64,

33. The inducible chimeric cytokine receptor of any one of claims 4-27, wherein
the transmembrane domain comprises an insertion variant of the amino acid
region 478-582 of the naturally occurring TPOR/MPLR sequence of SEQ 1D
No.. 64,

34. The inducible chimeric cytokine receptor of claim 33, wherein the insertion
variant comprises an insertion of 1 to 8 amino acids in the region 478-582 of
the naturally occurring TROR/MPLR sequence of SEQ 1D No.: 84,

35.The inducible chimeric cyiokine receptor of claim 33 or 34, wherein the
insertion variant comprises an insertion of 1 to 8§ amino acids in the region
489-510 of the naturally occurring TPOR/MPLR sequence of SEQ ID No.: 84,

38. The inducible chimeric cyiokine receptor of any one of claims 33-35, wherein
the amino acids inseried in the insertion variant are selected from the group

consisting of. leucine, valing, and isoleucine.

37. The inducible chimeric cytokine recepior of any one of claims 1-25, wherein
the tyrosine kinase activating domain comprises a sequence selected from
SEQ D NOs.: 104-133.

38. The inducible chimeric cylokine receptor of claim 5 or 8, wherein the receptor

is a hormone receptor.

38. The inducible chimeric cytokine receptor of claim 5 or 6, wherein the receptor

is @& cytokine receptor.
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40. The inducible chimeric cylokine receptor of any one of claims 57 and 38-38,
wherein the receplor is selected from the group consisting of. BLNK, 1L2RG,
EGFR, EpoR, GHR, IFNAR1, IFNAR2, IFNAR1/2, IFNLR1, IL10R1, IL12Rb1,
IL12Rb2, IL21R, IL2RDb, L2small, IL7R, IL7Ra, ILOR, IL15R, and IL21R.

41. The inducible chimeric cyickine receptor of claim 1, whersein the tyrosing
kinase activating domain comprises a transmembrane domain and a Janus
Kinase (JAK)-binding domain and the tyrosine effector domain comprises at

least one STAT-activation domain of, or derived from, a receptor.

42. The inducible chimeric cylokine receptor of claim 41, wherein
the dimerization domain comprises an FKBP polypeptide;
the transmembrane domain comprises a transmembrane domain of, or
derived from, a protein selected from the group consisting of EPOR,
GP130, PRLR, GHR, GCSFR, PD-1, and TPOR;
the JAK-binding domain comprises a JAK-binding domain of, or derived
from, a protein selected from the group consisting of EPOR, GP130,
PRLR, GHR, GCSFR, and TPOR; and
the STAT-activation domain comprises at least one STAT-activation
domain of, or derived from, a receptor selected from the group consisting
of. BLNK, ILZRG, EGFR, EpoR, GHR, IFNAR1, IFNARZ, IFNAR1/Z,
IFNLRT, IL10R1, IL12Rb1, HL12Rb2, IL21R, IL2Rb, L2small, IL7R, IL7Ra,
ILOR, IL15R, and IL21R.

43.The inducible chimesric cylokine receptor of claim 42, wherein the iyrosine
effector domain comprises at least two STAT-activation domains of, or derived

from, at least two recepiors.

44.The inducible chimeric cytokine receptor of any one of claims 1-43, wherein
the tyrosine effector domain comprises a tyrosine effector domain seguence
selected from SEQ D NOs: 134-176.

45. The inducible chimeric cytokine receptor of any one of claims 1-44, wherein
the dimerization domain is located at the N-terminus of the inducible chimeric
cytokine receptor.
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48. The inducible chimeric cytokine receptor of any one of claims 1-44, wherein
the dimerization domain is located at the C-terminus of the inducible chimeric

cyiokine receplor.

47 . The inducible chimeric cytokineg receptor of any one of claims 1-48, wherein
the inducible chimeric cyickine recepior comprises a membrane-targeting

motif.

48. The inducible chimeric cytokine receptor of claim 47, wherein the membrane-

targeting motif comprises a myristoylation motif.

49. The inducible chimeric cytokine receptor of any one of claims 1-48, wherein

the receptor is myristoylated.

50.The inducible chimeric cyiokine recepior of claim 1, comprising a seguence
disciosed in Table 24 or Table 2B.

51. A polynucleotide comprising a nucleic acid seguence encoding the inducible

chimeric cytokine receptor of any one of claims 1-50.
52. An expression vector comprising the polynucieotide of claim 51.

53.An engineered immune cell comprising al least one inducible chimeric
cyiokine receptor of any ong of claims 1-50 or al least one polynucleotide of

claim 51.

54. The engineerad immune cell of claim 53, wherein the cell comprises at least
two inducible chimeric cytokine receptors of any one of claims 1-50 or at least

two polynuclectides of claim 51.

55. The engineered immune cell of claim 53 or 54, wherein the cell comprises at
jeast three or four inducible chimeric cyiokine receptors of any one of claims 1-

50 or at least three or four polynuclestides of claim 51

58. The engineered immune cell of any one of claims 53-55, wherein, when more
than one inducible chimeric cytokine receptor is present, the dimerization
domain, the tyrosine kinase activating domain, and the tyrosine effector
domain of each receptor can be the same or different.
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57. The engineered immune cell of any one of claims 53-58, wherein the cell
further comprises a chimeric antigen receptor (CAR) or a polynuciectide

encoding a CAR.

58.The engineered immunse cell of any one of claims 53-57, wherein the immune
cell is selected from the group consisting of. T cell, dendritic cell, Killer dendritic
cell, mast cell, NK-cell, macrophage, monocyte, B-cell and an immune cell

derived from a stem call,

59.The engineered immune cell of any one of claims 53-58, wherein the immune

cellisa T cell.

60. A method of modulating an engineered immune cell in a subject, the method
comprising administering a ligand to a subject that has previously been
administered an engineered immune cell of any one of claims 53-58, wherein
the dimeric ligand binds to the dimerization domain of the inducible chimeric

cytokine receptor.
1. The method of claim 60, wherein the ligand is AP1203.

62. A method of preparing an engineered immune cell, the method comprising
introducing a polynucleotide of claim 51 or an expression vecior of claim 52

into an immune cell.

63. The method of claim 62, wherein the immune cell is selected from the group
consisting of. T cell, dendritic cell, killer dendritic cell, mast cell, NK-cell,

macrophage, monocyie, B-cell and an immune cell derived from a stem cell.
84. The method of claim 82 or 63, wherein the immune cellis a T ceall.

65, An isolated immune cell comprising:

{iy at least one inducible chimeric cyiokine recepior comprising a
dimerization domain, a tyrosine kinase activating domain, and a iyrosine

effector domain; and
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(i) a chimeric antigen receptor (CAR) comprising an exiraceliular ligand-
binding domain, a transmembrane domain, and an intracellular signaling

domain.

66. The isclated immune cell of claim 85, wherein the inducible chimeric cytokine

recepior is the inducible chimeric cylokine receptor of any one of claims 1-50.

67.The isclated immune cell of claim 885, wherein cell comprises at least two,

three, or four inducible chimeric cylokine recepiors.

68. The isclated immune cell of claim 85, wherein the extracellular ligand binding
domain of the CAR specifically binds BCMA, EGFRv, Fit-3, WT-1, CD20,
CD23, CD30, CD38, CD70, CD33, CD133, LeY, NKG2D, C51, CD44v6,
ROR1, CD19, Claudin-18.2 (Claudin-18A2, or Claudini8 isoform 2), DLL3
{Delta-like protein 3, Drosophila Delta homolog 3, Delta3 ), Muct? (Mucint?,
Muc3, Muc3), FAP alpha (Fibroblast Activation Protein alpha), Ly6G8D
(Lymphocyte antigen 6 complex locus protein G8d, cBorf23, GeD, MEGT1,
NG25), RNF43 (E3 ubiquitin-protein ligase RNF43, or RING finger protein 43).

69. The isolated immune cell of any one of claims 85-68, wherein the immune cell
is selected from the group consisting of T cell, dendritic cell, killer dendritic
cell, mast cell, NK-cell, macrophage, monocyte, B-cell and an immune cell

derived from a stem cell.

70. The isclated immune cell of any one of claims 65-68, wherein the immune celi

isaT cell

71. The isclated immune cell of any one of claims 65-70, wherein the isolaled
immune cell exhibits improved persistence upon contact with a ligand that
binds {o the dimerization domain relative to persistence of an isolated immune

cell that does not express the inducible chimeric cytokine receptor.

72.The isolated immune cell of any one of claims 65-71, wherein the isolated
immune cell exhibits increased activation of STAT upon coniact with a ligand
that binds to the dimerization domain relative to activation of STAT exhibited
by an isolated immune cell that does not express the inducible chimeric

cytokine receptor.
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73.The isolated immune cell of claim 72, wherein the STAT is STAT1, STATZ2,
STATS, STAT4, STATS, STATS, or combinations thereof.

74. The isolated immune cell of claim 72 or 73, wherein the activation of STAT by
the isclated immune cell, upon contact with a ligand that binds to the
dimerization domain, increases with the dose of the ligand compared o
activation of STAT shown by the isolated immune cell that does not express

the inducible chimeric cytokine receptor.

75. The isolated immune cell of any one of claims 65-74, wherein the isolated
immune ceil exhibits increased cyioloxicity upon coniact with a ligand that
binds to the dimerization domain compared 1o cytotoxicity exhibited by an
isolated immune cell that does not express the inducible chimeric cytokine

receptor.

76.The isolated immune cell of any one of claims 65-75, wherein the isolated
immune cell expands upon contact with a ligand that binds o the dimerization
domain compared to an isolaled immune cell that does not express the

inducible chimeric cytokine receptor.

77.The isolated immune cell of any one of claims 65-76, wherein the level of cell
markers for stem cell memory (Tsom) and/or central memory {Tcm) on the
isolated immune cell are increased or maintained upon contact with a ligand
that binds o the dimerization domain compared o the level of these markers
on an isolated immune cell that does not express the inducible chimeric

cyiokine receptor.

78.The isolated immune cell of any one of claims 71-77, wherein the isolated

immunecellisa T call,

79.A method of generating an isolated immune cell comprising an inducible
chimeric cyiokine receptor of any one of claims 1-50, wherein the method

comprises the steps of:
{a) providing an immune ceil;

(b} introducing inte the immune cell a polynuciectide that encodes a

chimeric antigen receptor (CAR) comprising an extraceliular ligand-binding
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domain, a transmembrane domain, and an intracellular signaling domain,

and

{¢} infreducing info the immune cell a polynuclectide that encodes the

inducible chimeric cytokine receptor.

80.The method of claim 79, wherein siep ¢) comprises stably expressing the

inducible chimeric cyiokine receptor into the cell.

81.The method of claim 79 or 80, wherein in step ¢}, the polynuclectide that
encodes the inducible chimeric cylokine receptor is introduced into the cell by
a transposonfiransposase system, a viral-based gene itransfer system, or

electroporation.

82. The method of any one of daims 79-81, wherein in step b}, the polynuciectide
that encodes the chimeric antigen receptor is introduced into the cell by a

transposonfiransposase system or a viral-based gene transfer system.

83. The method of claim 81 or 82, wherein the viral-based gene transfer system

comprises recombinant retrovirus or lentivirus.

84. The method of any one of claims 79-83, wherein step (b) occurs prior o step
(©).

85. The method of any one of claims 79-83, wherein step (¢) occurs prior o step
(b).

86. The method of any one of claims 79-85, wherein the immune cell is selected
from the group consisting of. T cell, dendritic celi, killer dendritic cell, mast cell,

NK-cell, macrophage, monocyle, B-cell and an immune cell derived from a

stem cell.
87. The method of any one of claims 78-88, wherein the immune cell is a T cell.

88. A pharmaceutical composition comprising the isolated immune cell of any one
of claims 65-78.

89. A method for treating a disorder in a subject, wherein the method comprises
administering the isolated immune cell of any one of claims 65-78 {0 the
subject or administering the pharmaceutical composition of claim 88 o the

subject.
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80. The method of 89, wherein the cells or the pharmaceutical composition are

provided io the subject more than once.

91.The method of claim 89 or 80, wherein the cells or the pharmaceutical
composition are provided o the subject at least about 1, 2, 3, 4, 5, 6, 7, or

more days apart

82.The method of any one of claims 89-91, wherein the subject has been
previously treated with a therapeutic agent prior to administration of the

isolated immune cell or the pharmaceutical composition.

83.The method of claim 92, wherein the therapeutic agent is an antibody or

chemotherapeuiic agent.

94.The method of any one of claims 88-83, wherein the disorder is a viral
disease, a bacierial disease, a cancer, an inflammatory disease, an immune

disease, or an aging- associated disease.

85 The method according to claim 94, wherein the cancer is a hematological

malignancy or a solid cancer.

96. The method according to claim 95, wherein the hematological malignancy is
selected from acute lymphoblastic leukemia (ALL}), acute myeloid leukemia
{(AML), chronic myelogenous leukemia (CML), chronic eosinophilic leukemia
(CEL), myelodysplasia syndrome (MDS), non-Hodgkin's lymphoma (NHL), or

multiple mysloma (MM).

97. The method according to claim 895, wherein the solid cancer is selected from
billary cancer, bladder cancer, bone and soft tissue carcinoma, brain tumor,
breast cancer, cervical cancer, colon cancer, colorectal adenocarcinoma,
colorectal cancer, desmoid tumor, embryonal cancer, endometrial cancer,
esophageal cancer, gastric cancer, gastric adenccarcinoma, glicblastoma
multiforme, gynecological tumor, head and neck squamous cell carcinoma,
hepatic cancer, lung cancer, malignant melanoma, ostessarcoma, ovarian
cancer, pancrealic cancer, pancreatic ductal adenocarcinoma, primary
astrocylic tumor, primary thyroid cancer, prostate cancer, renal cancer, renal

cell carcinoma, rhabdomyosarcoma, skin cancer, soft tissue sarcoma,
- 180 -
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testicular germ- cell tumor, urothelial cancer, uterine sarcoma, or uterine

cancer.

098.Use of the isolated immune cell of any one of claims 8578 or the

pharmaceutical composition of claim 88 for treating a disorder.

88 The use of 88, wherein the cells or the pharmaceutical composition are

provided to the subject more than once.

100. The use of claim 98 or 99, wherein the cells or the pharmaceutical
composition are provided o the subject at least about 1, 2, 3, 4, 5, 6, 7, or

more days apart

101. The use of any one of claims 98-100, wherein the subject has been
previously treated with a therapeutic agent prior to administration of the

isolated immune ceil or the pharmaceutical composition.

102. The use of claim 101, wherein the therapeutic agent is an aniibody or

chemotherapeutic agent.

102. The use of any one of claims 88-102, wherein the disorder is a viral
disease, a baclerial disease, a cancer, an inflammatory disease, an immune

disease, or an aging- associated disease.

104, The use according to claim 103, wherein the cancer is a hematological

malignancy or a solid cancer.

105. The use according to claim 104, wherein the hematological malignancy
is selected from acute lymphoblastic leukemia (ALL), acute myeloid leukemia
(AML), chronic myelogenous leukemia (CML), chronic eosinophilic leukemia
(CEL), myelodysplasia syndrome (MDS), non-Hodgkin's lymphoma (NHL), or

multiple myeloma (MM).

106. The use according 1o claim 104, wherein the solid cancer is selected
from billary cancer, bladder cancer, bone and soft lissue carcinoma, brain
tumor, breast cancer, cervical cancer, colon  cancer, colorectal

adenccarcinoma, colorectal cancer, desmoid tumor, embryonal cancer,
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endometrial  cancer, esophageal cancer, gaslric cancer, gastric
adenocarcinoma, glioblastoma multiforme, gynecological tumor, head and
neck squamous cell carcinoma, hepatic cancer, lung cancer, malignant
melanoma, ostecsarcoma, ovarian cancer, pancreatic cancer, pancreatic
ductal adenocarcinoma, primary astrocoytic tumor, primary thyroid cancer,
prosiate cancer, renal cancer, renal cell carcinoma, rhabdomyosarcoma, skin
cancer, soft tissue sarcoma, testicular germ- cell tumor, urcthelial cancer,

uterine sarcoma, or uterine cancer.

107. The engineered immune cell of any one of claims 53-59, wherein the

cell is an autologous T cell.

108. The engineered immune cell of any one of claims 53-58, wherein the

cell is an aliogeneic T cell.

109. The isolated immune cell of any one of claims 85-78, wherein the cell is

an autologous T cell.

110. The isolated immune cell of any one of claims 85-78, wherein the cell is

an allogeneic T cell.
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