(12) STANDARD PATENT (11) Application No. AU 2017378153 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Methods of exogenous drug activation of chemical-induced signaling complexes ex-
pressed in engineered cells in vitro and in vivo

International Patent Classification(s)
C12N 15/62 (2006.01) C12N 9/12 (2006.01)

Application No: 2017378153 (22) Date of Filing:  2017.12.12
WIPO No: WO18/111834

Priority Data

Number (32) Date (33) Country
62/433,540 2016.12.13 us
Publication Date: 2018.06.21

Accepted Journal Date: 2024.03.28

Applicant(s)
Seattle Children's Hospital (DBA Seattle Children's Research Institute)

Inventor(s)
Scharenberg, Andrew M.

Agent / Attorney
Davies Collison Cave Pty Ltd, Level 4 7 Macquarie Place, Sydney, NSW, 2000, AU

Related Art
WO 2017/029512 A1
WO 2017/068360 A1




wo 20187111834 A1 | 0K 000 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
21 June 2018 (21.06.2018)

(10) International Publication Number

WO 2018/111834 A1l

WIPO I PCT

(51) International Patent Classification:
CI2N 15/62 (2006.01) CI2N 9/12 (2006.01)

(21) International Application Number:
PCT/US2017/065746

(22) International Filing Date:
12 December 2017 (12.12.2017)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/433,540 13 December 2016 (13.12.2016) US

(71) Applicant: SEATTLE CHILDREN'S HOSPITAL
(DBA SEATTLE CHILDREN'S RESEARCH INSTI-
TUTE) [US/US]; 1900 Ninth Avenue, Seattle, WA 98101
(US).

(72) Inventor: SCHARENBERG, Andrew, M.; 1222 NW
Norcross Way, Seattle, WA 98177 (US).

(74) Agent: FURMAN, Eric, S.; 2040 Main Street, Fourteenth
Floor, Irvine, CA 92614 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant'’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

(54) Title: METHODS OF EXOGENOUS DRUG ACTIVATION OF CHEMICAL-INDUCED SIGNALING COMPLEXES EX-

PRESSED IN ENGINEERED CELLS IN VITRO AND IN VIVO

FRE-
L2RE

ILZRy

\\«

+ Rapamycin

FRE-FRBP
dimerized ILZRBy

IL2R signaling

FIGURE 2

(57) Abstract: The present application relates to compositions comprising fusion proteins and cells expressing the proteins. The appli-
cation further relates to methods of using the fusion proteins, cells, and compositions for modulating cell signaling and for selective

expansion of cells.

[Continued on next page]



WO 2018/111834 A1 || /0P OO0 T I

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

—  with sequence listing part of description (Rule 5.2(a))



WO 2018/111834 PCT/US2017/065746

METHODS OF EXOGENOUS DRUG ACTIVATION OF CHEMICAL-INDUCED
SIGNALING COMPLEXES EXPRESSED IN ENGINEERED CELLS IN VITRO
AND IN VIVO

INCORPORATION BY REFERENCE TO A PRIORITY APPLICATION
[0001] The present application claims the benefit of priority to U.S. Provisional
Patent Application No. 62/433,540, filed December 13, 2016. The entire disclosure of the

aforementioned application is hereby expressly incorporated by reference in its entirety.

REFERENCE TO SEQUENCE LISTING
[0002] The present application is being filed along with a Sequence Listing in
electronic format. The Sequence Listing is provided as a file entitled SCRI.130WO.TXT,
created December 8, 2017, which 1s 80 kb 1n size. The information is the electronic format of

the Sequence Listing and is hereby expressly incorporated by reference in its entirety.

FIELD
[0003] The present disclosure relates to compositions and methods for synthetic

chemical-induced signaling. In particular, the compositions include a general architecture for
generating physiologically functional synthetic chemical-induced signaling complexes, as
well as, functional chemical-induced signaling complexes. Some embodiments provide a
chemical-induced signaling complex that includes a multicomponent protein, in which two
components, normally existing as monomers, are brought together in the presence of a ligand
to generate an active signaling complex, which activates signaling pathways in the cytoplasm
of the cell. Further provided are methods of using such compositions for activating a cellular
signaling pathway in a cell. Also provided are methods of using the compositions for

selectively expanding a population of cells.

BACKGROUND
[0004] Chimeric antigen receptors (CARs) are engineered receptors used to

genetically engineer T cells for use in adoptive cellular immunotherapy (see Pule et
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al., Cytother. 5:3, 2003; Restifo et al., Nat. Rev. Immunol. 12:269, 2012). Antigen binding
stimulates the signaling domains on the intracellular segment of the CAR, thereby activating
signaling pathways. CAR-based adoptive cellular immunotherapy has been used to treat
cancer patients with tumors refractory to conventional standard-of-care treatments (see
Grupp et al., V. Engl. J Med. 368:1509, 2013; Kalos et al., Sci. Transl. Med. 3:95ra73,
2011).

[0005] Cells have various receptors on their surface for responding to
extracellular signals that involve intercellular communication. Signal transduction of
receptors has been studied extensively and receptors are involved in numerous signaling
pathways. There remains a need for new compositions and methods that allow for one to
transduce a desired signal through a synthetic complex that cannot be activated through a
normal physiological pathway, thus providing a mechanism for activating signaling only

within in a desired and specifically engineered population of cells.

SUMMARY

[0006] A dimerization activated receptor initiation complex (DARIC) has been
developed, which provides a binding component and a signaling component that are each
expressed as separate fusion proteins but contain an extracellular multimerization mechanism
(bridging factor) for recoupling of the two functional components on a cell surface (see U.S.
Pat. Appl. No. 2016/0311901, hereby expressly incorporated by reference in its entirety).
Importantly, the bridging factor in the DARIC system forms a heterodimeric receptor
complex, which does not produce significant signaling on its own. The described DARIC
complexes only initiate physiologically relevant signals following further co-localization
with other DARIC complexes. Thus, they do not allow for the selective expansion of desired
cell types without a mechanism for further multimerization of DARIC complexes (such as by
e.g., contact with a tumor cell that expresses a ligand bound by a binding domain
incorporated into one of the DARIC components).

[0007] Accordingly, several aspects described herein relate to compositions and
methods including a chemical-induced signaling complex (CISC). In some aspects, the
compositions and methods may be used for the selective expansion of a desired population of

cells.
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[0008] Some embodiments described herein relate to a protein sequence encoding
a chemical-induced signaling complex (CISC). In some embodiments, the protein sequence
comprises a first sequence, wherein the first sequence encodes a first CISC component. In
some embodiments, the first CISC component comprises a first extracellular binding domain
or a portion thereof, a hinge domain, a transmembrane domain, and a signaling domain or a
portion thereof. In some embodiments, the protein sequence comprises a second sequence. In
some embodiments, the second sequence encodes a second CISC component. In some
embodiments, the second CISC component comprises a second extracellular binding domain
or portion thereof, a hinge domain, a transmembrane domain, and a signaling domain or
portion thereof. In some embodiments, the first CISC component and the second CISC
component are positioned such that when expressed, they dimerize in the presence of a
ligand. In some embodiments, the first and second CISC components dimerize to form a
heterodimer or a homodimer. In some embodiments, the dimeric CISC is a synthetic CISC.
In some embodiments, the first and second extracellular domains are N-terminal to the
transmembrane domain. In some embodiments, the first extracellular binding domain or a
portion thereof comprises an FK506 binding protein (FKBP) domain. In some embodiments,
the second extracellular binding domain or portion thereof comprises an FKBP rapamycin
binding (FRB) domain or a portion thereof.

[0009] In some embodiments, the transmembrane domain of the first and second
CISC components comprises a natural transmembrane domain. In some embodiments, the
transmembrane domain of the first and second CISC components comprises an IL-2 receptor
transmembrane domain. In some embodiments, the signaling domain or a portion thereof of
the first and second CISC components comprises one or more concatenated cytoplasmic
signaling domains. In some embodiments, the signaling domain or a portion thereof of the
first and second CISC components comprises a cytokine signaling domain or an antigen
receptor signaling domain. In some embodiments, the signaling domain of the first CISC
component comprises an interleukin-2 receptor subunit gamma (IL2Rg) domain. In some
embodiments, the signaling domain of the second CISC component comprises an interleukin-
2 receptor subunit beta (IL2Rb) domain.

[0010] In some embodiments, one of the extracellular binding domains comprises

an FKBP domain and the other extracellular binding domain comprises an FRB domain. In

3-
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some embodiments, the extracellular binding domains are configured to simultaneously bind
to a ligand.

[0011] In some embodiments, one extracellular binding domain comprises a
cereblon thalidomide binding domain and the other extracellular binding domain comprises a
domain that interacts with the cereblon thalidomide binding domain when it is bound to an
IMID-class drug (e.g. thalidomide, pomalidomide, lenalidomide or related analogues). In
some embodiments, the extracellular binding domains are configured to simultaneously bind
to the IMID ligand.

[0012] In some embodiments, one of the extracellular binding domain comprises
one member of a heterodimerizing protein domain pair, and the other extracellular binding
domain comprises the other component of a heterodimerization domain pair, and the domains
are configured to bind to a ligand e.g., by simultaneous binding.

[0013] In some embodiments, the ligand is an antibody or a portion thereof, such
as a binding fragment, a protein, a small molecule, or a drug. In some embodiments, the
ligand is rapamycin or a rapalog, such as everolimus, CCI-779, C20-methallylrapamycin,
C16-(S)-3-methylindolerapamycin, Cl6-iRap, AP21967, sodium mycophenolic acid,
benidipine hydrochloride, AP23573, AP1903, or metabolites, derivatives, and/or
combinations thereof. In some embodiments, the ligand is an IMID-class drug (e.g.
thalidomide, pomalidomide, lenalidomide or related analogues). In some embodiments, the
ligand 1s present or provided in an amount from 0.05 nM to 100 nM such as e.g., 0.05 nM,
0.1 nM, 0.5. nM, 1.0 nM, 5.0 nM, 10.0 nM, 15.0 nM, 20.0 nM, 25.0 nM, 30.0 nM, 35.0 nM,
40.0 nM, 45.0 nM, 50.0 nM, 55.0 nM, 60.0 nM, 65.0 nM, 70.0 nM, 75.0 nM, 80.0 nM, 90.0
nM, 95.0 nM, or 100 nM or an amount that is within a range defined by any two of the
aforementioned amounts.

[0014] In some embodiments, the first sequence comprises an amino acid
sequence set forth in SEQ ID NO: 1. In some embodiments, the first sequence comprises an
amino acid sequence set forth in SEQ ID NO: 3, 5, or 7. In some embodiments, the second
sequence comprises an amino acid sequence set forth in SEQ ID NO: 2. In some
embodiments, the second sequence comprises an amino acid sequence set forth in SEQ ID
NO: 4, 6, 8, or 9. Some embodiments concern nucleic acids encoding the amino acid

sequences of SEQID NOs: 1,2,3,4,5,6,7,8and 9.
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[0015] Some embodiments provided herein relate to an expression vector. In
some embodiments, the expression vector comprises a nucleic acid encoding a protein
sequence encoding a dimeric chemical-induced signaling complex (CISC). In some
embodiments, the expression vector comprises a nucleic acid encoding a protein sequence
comprising a first protein sequence, wherein the first protein sequence encodes a first CISC
component. In some embodiments, the nucleic acid encoding the first sequence comprises a
sequence encoding a first extracellular binding domain or a portion thereof, a hinge domain,
a transmembrane domain, and a signaling domain or portions thereof. In some embodiments,
the expression vector comprises a nucleic acid encoding a protein sequence comprising a
second protein sequence, wherein the second protein sequence encodes a second CISC
component. In some embodiments, the nucleic acid encoding the second sequence comprises
a sequence encoding a second extracellular binding domain or a portion thereof, a hinge
domain, a transmembrane domain, and a signaling domain or portions thereof. In some
embodiments, the expression vector comprises a nucleic acid encoding the first protein
sequence or the second protein sequence. In some embodiments, the expression vector
comprises nucleic acid encoding the first sequence and the second protein sequence. In some
embodiments, the vector is RNA or DNA. In some embodiments, the vector is a lentiviral
vector or an adeno-associated viral (AAV) vector. In some embodiments, the expression
vector 1s a nucleic acid sequence set forth in SEQ ID NO: 6, SEQ ID NO: 7, or SEQ ID NO:
8.

[0016] In some embodiments, the expression vector comprises a nucleic acid
sequence that further comprises a promoter. In some embodiments, the promoter is an
inducible promoter or a constitutive promoter.

[0017] Some embodiments provided herein relate to a cell, such as a mammalian
cell, for chemical-induced signaling complex expression. In some embodiments, the cell,
such as a mammalian cell, comprises a protein sequence as described herein or an expression
vector described herein. Thus, in some embodiments, the cell, such as a mammalian cell,
comprises a protein sequence encoding the components of a chemical-induced signaling
complex (CISC). In some embodiments, the protein sequence comprises a first sequence,
wherein the first sequence encodes a first component of a CISC. In some embodiments, the

first component of a CISC comprises a first extracellular binding domain or portion thereof, a
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hinge domain, a transmembrane domain, and a signaling domain or portions thereof. In some
embodiments, the protein sequence comprises a second sequence. In some embodiments, the
second sequence encodes a second component of a CISC. In some embodiments, the second
CISC component comprises a second extracellular binding domain or a portion thereof, a
hinge domain, a transmembrane domain, and a signaling domain or portions thereof. In some
embodiments, the cell, such as a mammalian cell, comprises an expression vector comprising
a nucleic acid encoding a protein sequence encoding a component of a CISC. In some
embodiments, the expression vector comprises a nucleic acid encoding a protein sequence
comprising a first protein sequence, wherein the first protein sequence encodes a first
component of a CISC. In some embodiments, the nucleic acid encoding the first sequence
comprises a sequence encoding a first extracellular binding domain or a portion thereof, a
hinge domain, a transmembrane domain, and a signaling domain or portions thereof. In some
embodiments, the expression vector comprises a nucleic acid encoding a protein sequence
comprising a second protein sequence, wherein the second protein sequence encodes a
second component of a CISC. In some embodiments, the nucleic acid encoding the second
sequence comprises a sequence encoding a second extracellular binding domain or a portion
thereof, a hinge domain, a transmembrane domain, and a signaling domain or portions
thereof. In some embodiments, the expression vector comprises a nucleic acid encoding the
first protein sequence or the second protein sequence. In some embodiments, the expression
vector comprises nucleic acid encoding the first sequence and the second protein sequence.
In some embodiments, the vector is RNA or DNA. In some embodiments, the vector is a
lentiviral vector or an adeno-associated viral (AAV) vector.

[0018] In some embodiments, the cell, such as a mammalian cell, is a precursor T
cell or a T regulatory cell. In some embodiments, the cell, such as a mammalian cell, is a
hematopoietic stem cell. In some embodiments, the cell is a CD34+, CD8+, or a CD4+ cell.
In some embodiments, the cell is a CD8+ T cytotoxic lymphocyte cell selected from the
group consisting of naive CD8+ T cells, central memory CD8+ T cells, effector memory
CD8+ T cells, and bulk CD8+ T cells or any combination thereof. In some embodiments, the
cell is a CD4+ T helper lymphocyte cell selected from the group consisting of naive CD4+ T
cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells

or any combination thereof.
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[0019] Some embodiments provided herein relate to a method of activating a
signal into the interior of a cell, such as a mammalian cell, In some embodiments, the method
comprises providing a cell, such as a mammalian cell, as described herein, expressing the
protein sequence encoding the components of the synthetic CISC as described herein, or
expressing the expression vector as described herein in the cell, and contacting the cell with a
ligand, thereby causing the first and second CISC components to dimerize, which transduces
a signal into the interior of the cell.

[0020] Accordingly, in some embodiments, the method of activating a signal into
an interior of a cell, such as a mammalian cell, comprises providing a cell, such as a
mammalian cell, that comprises one or more protein sequences encoding components of a
CISC. In some embodiments, the protein sequence comprises a first sequence, wherein the
first sequence encodes a first component of a CISC. In some embodiments, the first
component of a CISC comprises a first extracellular binding domain or a portion thereof, a
hinge domain, a transmembrane domain, and a signaling domain or portions thereof. In some
embodiments, the protein sequence comprises a second sequence. In some embodiments, the
second sequence encodes a second component of a CISC. In some embodiments, the second
component of a CISC comprises a second extracellular binding domain or a portion thereof, a
hinge domain, a transmembrane domain, and a signaling domain or portions thereof. In some
embodiments, the method of activating a signal into an interior of a cell, such as a
mammalian cell, comprises providing a cell, such as a mammalian cell, that comprises an
expression vector comprising a nucleic acid encoding a protein sequence encoding a dimeric
CISC. In some embodiments, the expression vector comprises a nucleic acid encoding a
protein sequence comprising a first protein sequence, wherein the first protein sequence
encodes a first component of a CISC. In some embodiments, the nucleic acid encoding the
first sequence comprises a sequence encoding a first extracellular binding domain or a
portion thereof, a hinge domain, a transmembrane domain, and a signaling domain or
portions thereof. In some embodiments, the expression vector comprises a nucleic acid
encoding a protein sequence comprising a second protein sequence, wherein the second
protein sequence encodes a second component of a CISC. In some embodiments, the nucleic
acid encoding the second sequence comprises a sequence encoding a second extracellular

binding domain or a portion thereof, a hinge domain, a transmembrane domain, and a
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signaling domain or portions thereof. In some embodiments, the expression vector comprises
a nucleic acid encoding the first protein sequence or the second protein sequence. In some
embodiments, the expression vector comprises nucleic acid encoding the first sequence and
the second protein sequence. In some embodiments, the vector is RNA or DNA. In some
embodiments, the vector 1s a lentiviral vector or an adeno-associated viral (AAV) vector. In
some embodiments, whether the cell, such as a mammalian cell, comprises the protein
sequence or the expression vector, the method further comprises expressing the protein
sequence encoding a heterodimeric CISC, or expressing the expression vector, and
contacting the cell with a ligand, thereby causing the first and second components of a CISC
to dimerize, which transduces a signal into the interior of the cell.

[0021] In some embodiments, the ligand comprises an antibody or a binding
portion thereof, a protein, a small molecule, or a drug. In some embodiments, the ligand 1s
rapamycin or a rapalog, such as everolimus, CCI-779, C20-methallylrapamycin, C16-(S)-3-
methylindolerapamycin, C16-iRap, AP21967, sodium mycophenolic acid, benidipine
hydrochloride, AP23573, or AP1903, or metabolites, derivatives, and/or combinations
thereof. In some embodiments, the ligand i1s an immunomodulatory imide drug (IMID)-class
drug (e.g. thalidomide, pomalidomide, lenalidomide or related analogues). In some
embodiments, the ligand is present or provided in an amount of 0.05 nM to 100 nM such as
eg., 005nM, 0.1 nM, 0.5. nM, 1.0 nM, 5.0 nM, 10.0 nM, 15.0 nM, 20.0 nM, 25.0 nM, 30.0
nM, 35.0 nM, 40.0 nM, 45.0 nM, 50.0 nM, 55.0 nM, 60.0 nM, 65.0 nM, 70.0 nM, 75.0 nM,
80.0 nM, 90.0 nM, 95.0 nM, or 100 nM or an amount that is within a range defined by any
two of the aforementioned amounts. In some embodiments, the transduction of the signal
affects cytokine signaling. In some embodiments, the transduction of the signal results in a
signal that phenocopies interleukin-2 receptor (IL2R) signaling. In some embodiments, the
transduction of the signal affects phosphorylation of a downstream target of a cytokine
receptor. In some embodiments, following contact with the ligand, cells, such as mammalian
cells, expressing the chemical-induced signaling complex are selectively expanded from a
heterogeneous population of cells. In some embodiments, the ligand comprises rapamycin,
and the cells, such as a mammalian cell, expressing the chemical-induced signaling complex
are selectively expanded in vitro or in vivo by selectively inducing proliferation in chemical-

induced signaling complex-expressing cells, while the rapamycin, preferably simultaneously,
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causes an anti-proliferative effect in non-chemical-induced signaling complex expressing
cells, such as mammalian cells. In some embodiments, the selectively expanding cells, such
as mammalian cells, have undergone two distinct gene targeting events. In some
embodiments, each gene targeting event endows the cell, such as a mammalian cell, with one
component of a chemical-induced signaling complex pair, such that only cells that have
undergone both gene targeting events are able to expand following contact with the ligand.

[0022] Some embodiments provided herein relate to a protein sequence encoding
components of a chemical-induced signaling complex component for homodimerization. In
some embodiments, the protein sequence comprises a first sequence. In some embodiments,
the first sequence encodes a first chemical-induced signaling complex component comprising
a homodimerizing domain or a portion thereof, a hinge domain, a transmembrane domain,
and an interleukin-2 receptor subunit gamma (IL2Rg) signaling domain or portions thereof.
In some embodiments, the protein sequence comprises second sequence. In some
embodiments, the second sequence encodes a second chemical-induced signaling complex
component comprising the homodimerizing domain or a portion thereof, a hinge domain, a
transmembrane domain, and an interleukin-2 receptor subunit beta (IL2Rb) signaling domain
or portions thereof. In some embodiments, the first chemical-induced signaling complex
component and the second chemical-induced signaling complex component are positioned
such that when expressed, they form a population of 25% first chemical-induced signaling
complex homodimers, 25% second chemical-induced signaling complex homodimers, and
50% of first/second chemical-induced signaling complex heterodimers in the presence of a
ligand configured to bridge the homodimerizing domain.

[0023] In some embodiments, the first sequence comprises an amino acid
sequence set forth in SEQ ID NO: 11. In some embodiments, the second sequence comprises
an amino acid sequence set forth in SEQ ID NOs: 10 or 12. Some embodiments concern
nucleic acids encoding the amino acid sequences of SEQ ID NOs: 10, 11, and 12.

[0024] In some embodiments, the signaling domain or a portion thereof of the
first and second chemical-induced signaling complex components comprises one or more
concatenated cytoplasmic signaling domains. In some embodiments, the homodimerizing
domain comprises an FKBP domain or a mutant thereof or portions thereof, configured to

bind a ligand, preferably simultaneously, such as AP1903 or a related rapalog, sodium

9.



WO 2018/111834 PCT/US2017/065746

mycophenolic acid, benidipine hydrochloride, or AP23573, or metabolites, derivatives,
and/or combinations thereof In some embodiments, the ligand is an IMID-class drug (e.g.
thalidomide, pomalidomide, lenalidomide or related analogues).

[0025] Some embodiments provided herein relate to an expression vector for
homodimeric CISC component expression comprising a nucleic acid encoding the first
and/or second sequence of the protein sequence as provided herein. Accordingly, in some
embodiments, the expression vector comprises a nucleic acid encoding a protein sequence
encoding a chemical-induced signaling complex as set forth in SEQ ID NOs: 10, 11, and 12.
In some embodiments, the expression vector encodes a first sequence. In some embodiments,
the first sequence encodes a first chemical-induced signaling complex component comprising
a homodimerizing domain or a portion thereof, a hinge domain, a transmembrane domain,
and an interleukin-2 receptor subunit gamma (IL2Rg) signaling domain or portions thereof.
In some embodiments, the expression vector encodes a second sequence. In some
embodiments, the second sequence encodes a second chemical-induced signaling complex
component comprising the homodimerizing domain or a portion thereof, a hinge domain, a
transmembrane domain, and an interleukin-2 receptor subunit beta (IL2Rb) signaling domain
or portions thereof. In some embodiments, the vector is RNA or DNA. In some
embodiments, the vector 1s a lentiviral vector or an adeno-associated viral (AAV) vector. In
some embodiments, the expression vector further comprises a promoter. In some
embodiments, the promoter is an inducible promoter or a constitutive promoter.

[0026] Some embodiments provided herein relate to a cell, such as a mammalian
cell, for homodimeric chemical-induced signaling complex expression. In some
embodiments, the cell, such as a mammalian cell, comprises the protein sequence as
described herein for homodimerizing component expression or the expression vector as
described herein for homodimerizing component expression. Thus, in some embodiments a
cell, such as a mammalian cell, is provided, which comprises a protein sequence encoding
chemical-induced signaling complex components for homodimerization. In some
embodiments, the protein sequence comprises a first sequence. In some embodiments, the
first sequence encodes a first chemical-induced signaling complex comprising a
homodimerizing domain or a portion thereof, a hinge domain, a transmembrane domain, and

an interleukin-2 receptor subunit gamma (IL2Rg) signaling domain or portions thereof. In
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some embodiments, the protein sequence comprises second sequence. In some embodiments,
the second sequence encodes a second chemical-induced signaling complex component
comprising the homodimerizing domain or a portion thereof, a hinge domain, a
transmembrane domain, and an interleukin-2 receptor subunit beta (IL2Rb) signaling domain
or portions thereof. In some embodiments, the first chemical-induced signaling complex
component and the second chemical-induced signaling complex component are positioned
such that when expressed, they form a population of approximately 25% first chemical-
induced signaling complex homodimers, 25% second chemical-induced signaling complex
homodimers, and 50% of first/second chemical-induced signaling complex heterodimers in
the presence of a ligand configured to bridge the homodimerizing domain. In some
embodiments a cell, such as a mammalian cell, 1s provided, which comprises an expression
vector for homodimeric chemical-induced signaling complex expression comprising a
nucleic acid encoding the first and/or second sequence of the protein sequence as provided
herein. Accordingly, in some embodiments, the expression vector comprises a nucleic acid
encoding a protein sequence encoding a chemical-induced signaling complex. In some
embodiments, the expression vector encodes a first sequence. In some embodiments, the first
sequence encodes a first chemical-induced signaling complex component comprising a
homodimerizing domain or a portion thereof, a hinge domain, a transmembrane domain, and
an interleukin-2 receptor subunit gamma (IL2Rg) signaling domain or portions thereof. In
some embodiments, the expression vector encodes a second sequence. In some embodiments,
the second sequence encodes a second chemical-induced signaling complex component
comprising the homodimerizing domain or a portion thereof, a hinge domain, a
transmembrane domain, and an interleukin-2 receptor subunit beta (IL2Rb) signaling domain
or portions thereof. In some embodiments, the vector is RNA or DNA. In some
embodiments, the vector 1s a lentiviral vector or an adeno-associated viral (AAV) vector.

[0027] In some embodiments, the protein sequence for the homodimeric
chemical-induced signaling complex comprises an amino acid sequence set forth in SEQ ID
NO: 13 or SEQ ID NO: 14. Some embodiments concern nucleic acids encoding the amino
acid sequences of SEQ ID NO: 13 and SEQ ID NO: 14.

[0028] In some embodiments, the chemical-induced signaling complex cell, such

as a mammalian cell, is a precursor T cell or a T regulatory cell. In some embodiments, the

-11-



WO 2018/111834 PCT/US2017/065746

cell, such as a mammalian cell, i1s a hematopoietic stem cell. In some embodiments, the cell
is a CD34+, CD8+, or a CD4+ cell. In some embodiments, the cell is a CD8+ T cytotoxic
lymphocyte cell selected from the group consisting of naive CD8+ T cells, central memory
CD8+ T cells, effector memory CD8+ T cells, and bulk CD8+ T cells. In some embodiments,
the cell 1s a CD4+ T helper lymphocyte cell selected from the group consisting of naive
CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+
T cells.

[0029] Some embodiments provided herein relate to a method of activating a
signal into an interior of a cell, such as a mammalian cell, with a homodimerization
chemical-induced signaling complex. In some embodiments, the method comprises providing
the cell, such as a mammalian cell, as provided herein, expressing a protein sequence
encoding a homodimeric chemical-induced signaling complex as provided herein or
expressing the expression vector for the homodimeric chemical-induced signaling complex
as provided herein, and contacting the cell with a dimerizing agent, thereby causing the first
and second chemical-induced signaling complexes to dimerize, which transduces a signal
into the interior of the cell. Accordingly, in some embodiments, the method comprises
providing a cell, such as a mammalian cell, comprising the protein sequence as described
herein for homodimeric CISC component expression or the expression vector as described
herein for homodimeric CISC component expression. Thus, in some embodiments a cell,
such as a mammalian cell, is provided, wherein the cell comprises a protein sequence
encoding a chemical-induced signaling complex for homodimerization. In some
embodiments, the protein sequence comprises a first sequence. In some embodiments, the
first sequence encodes a first chemical-induced signaling complex component comprising a
homodimerizing domain or a portion thereof, a hinge domain, a transmembrane domain, and
an interleukin-2 receptor subunit gamma (IL2Rg) signaling domain or portions thereof. In
some embodiments, the protein sequence comprises second sequence. In some embodiments,
the second sequence encodes a second chemical-induced signaling complex component
comprising the homodimerizing domain or a portion thereof, a hinge domain, a
transmembrane domain, and an interleukin-2 receptor subunit beta (IL2Rb) signaling domain
or portions thereof. In some embodiments, the first chemical-induced signaling complex

component and the second chemical-induced signaling complex component are positioned
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such that when expressed, they form a population of approximately 25% first chemical-
induced signaling complex homodimers, 25% second chemical-induced signaling complex
homodimers, and 50% of first/second chemical-induced signaling complex heterodimers in
the presence of a ligand configured to bridge the homodimerizing domain. In some
embodiments a cell, such as a mammalian cell, is provided, wherein the cell comprises an
expression vector for homodimeric CISC component expression comprising a nucleic acid
encoding the first and/or second sequence of the protein sequence as provided herein.
Accordingly, in some embodiments, the expression vector comprises a nucleic acid encoding
a protein sequence encoding a chemical-induced signaling complex or components thereof.
In some embodiments, the expression vector encodes a first sequence. In some embodiments,
the first sequence encodes a first chemical-induced signaling complex component comprising
a homodimerizing domain or a portion thereof, a hinge domain, a transmembrane domain,
and an interleukin-2 receptor subunit gamma (IL2Rg) signaling domain or portions thereof.
In some embodiments, the expression vector encodes a second sequence. In some
embodiments, the second sequence encodes a second chemical-induced signaling complex
component comprising the homodimerizing domain or a portion thereof, a hinge domain, a
transmembrane domain, and an interleukin-2 receptor subunit beta (IL2Rb) signaling domain
or portions thereof. In some embodiments, the vector is RNA or DNA. In some
embodiments, the vector 1s a lentiviral vector or an adeno-associated viral (AAV) vector. In
some embodiments, after providing said cell, such as a mammalian cell, the method further
comprises expressing a protein sequence encoding the homodimeric chemical-induced
signaling complex components as provided herein or expressing the expression vector for the
homodimeric chemical-induced signaling complex components as provided herein, and
contacting the cell with a dimerizing agent, thereby causing the first and second chemical-
induced signaling complex components to dimerize, which transduces a signal into the
interior of the cell.

[0030] In some embodiments, the dimerizing agent used is a ligand, such as
rapamycin or a rapalog, such as everolimus, CCI-779, C20-methallylrapamycin, C16-(S)-3-
methylindolerapamycin, C16-iRap, AP21967, sodium mycophenolic acid, benidipine
hydrochloride, or AP23573, AP1903, or metabolites, derivatives, and/or combinations

thereof. In some embodiments, the ligand is an IMID-class drug (e.g. thalidomide,
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pomalidomide, lenalidomide or related analogues). In some embodiments, the transduction of
the signal affects cytokine signaling. In some embodiments, the transduction of the signal
phenocopies interleukin-2 receptor (IL2R) signaling. In some embodiments, following
contact with the dimerizing agent, cells, such as mammalian cells, expressing the chemical-
induced signaling complex are selectively expanded from a heterogeneous population of
cells. In some embodiments, rapamycin is the dimerizing agent, and is used to selectively
expand a cell, such as a mammalian cell, population in vitro or in vivo by selectively
inducing proliferation in chemical-induced signaling complex-expressing cells, while
causing an anti-proliferative effect in non-chemical-induced signaling complex expressing
cells.

[0031] Some embodiments provided herein relate to a protein sequence encoding
a chemical-induced signaling complex component. In some embodiments, the protein
sequence comprises a sequence encoding a chemical-induced signaling complex component
comprising a homodimerizing domain or a portion thereof, a hinge domain, a transmembrane
domain, and signaling domain or portions thereof In some embodiments, the chemical-
induced signaling complex component is positioned such that when expressed, it forms a
population of homodimeric CISCs in the presence of a ligand configured to bridge the
homodimerizing domains. In some embodiments, the signaling domain or a portion thereof
of comprises one or more concatenated cytoplasmic signaling domain. In some
embodiments, the homodimerizing domain comprises an FKBP domain or an FRB or a
portion thereof configured to bind to a ligand, preferably simultaneously, such as rapamycin.

[0032] Some embodiments provided herein relate to an expression vector
comprising the nucleic acid encoding the protein sequence, as provided herein. Accordingly,
in some embodiments, the expression vector comprises a nucleic acid encoding a protein
sequence encoding a chemical-induced signaling complex. In some embodiments, the protein
sequence comprises a sequence encoding a chemical-induced signaling complex component
comprising a homodimerizing domain or a portion thereof, a hinge domain, a transmembrane
domain, and signaling domain or portions thereof In some embodiments, the chemical-
induced signaling complex component is positioned such that when expressed, it forms a
population of homodimers in the presence of a ligand configured to bridge the

homodimerizing domains. In some embodiments, the signaling domain or a portion thereof
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of comprises one or more concatenated cytoplasmic signaling domain. In some
embodiments, the homodimerizing domain comprises an FKBP domain or an FRB or a
portion thereof configured to bind to a ligand, preferably simultaneously, such as AP1903. In
some embodiments, the expression vector further comprises a promoter. In some
embodiments, the promoter is an inducible promoter or a constitutive promoter. In some
embodiments, the vector is RNA or DNA. In some embodiments, the vector 1s a lentiviral
vector or an adeno-associated viral (AAV) vector.

[0033] Some embodiments provided herein relate to a cell, such as a mammalian
cell, for homodimeric chemical-induced signaling complex expression. In some
embodiments, the cell, such as a mammalian cell, comprises the homodimerizing CISC
component protein sequence as described herein or the expression vector encoding the
nucleic acid sequence of the homodimeric protein sequence as described herein.
Accordingly, in some embodiments, the cell, such as a mammalian cell, for homodimeric
chemical-induced signaling complex expression comprises a protein sequence encoding a
chemical-induced signaling complex. In some embodiments, the protein sequence comprises
a sequence encoding a chemical-induced signaling complex component comprising a
homodimerizing domain or a portion thereof, a hinge domain, a transmembrane domain, and
signaling domain or portions thereof. In some embodiments, the chemical-induced signaling
complex 1s positioned such that when expressed, it forms a population of homodimers in the
presence of a ligand configured to bridge the homodimerizing domains. In some
embodiments, the signaling domain or a portion thereof of comprises one or more
concatenated cytoplasmic signaling domains. In some embodiments, the homodimerizing
domain comprises an FKBP domain or an FRB or a portion thereof configured to bind to a
ligand, preferably simultaneously, such as AP1903. In some embodiments, the cell, such as a
mammalian cell, for homodimeric chemical-induced signaling complex expression comprises
an expression vector comprises a nucleic acid encoding a protein sequence encoding a
chemical-induced signaling complex component. In some embodiments, the protein sequence
comprises a sequence encoding a chemical-induced signaling complex component
comprising a homodimerizing domain or a portion thereof, a hinge domain, a transmembrane
domain, and signaling domain or portions thereof. In some embodiments, the chemical-

induced signaling complex component is positioned such that when expressed, it forms a
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population of homodimers in the presence of a ligand configured to bridge the
homodimerizing domains. In some embodiments, the signaling domain or a portion thereof
of comprises one or more concatenated cytoplasmic signaling domains. In some
embodiments, the homodimerizing domain comprises an FKBP domain or an FRB or a
portion thereof configured to bind to a ligand, preferably simultaneously, such as AP1903. In
some embodiments, the expression vector further comprises a promoter. In some
embodiments, the promoter is an inducible promoter or a constitutive promoter. In some
embodiments, the vector is RNA or DNA. In some embodiments, the vector is a lentiviral
vector or an adeno-associated viral (AAV) vector.

[0034] In some embodiments, the cell, such as a mammalian cell, is a precursor T
cell or a T regulatory cell. In some embodiments, the cell, such as a mammalian cell, is a
hematopoietic stem cell. In some embodiments, the cell is a CD34+, CD8+, or a CD4+ cell.
In some embodiments, the cell is a CD8+ T cytotoxic lymphocyte cell selected from the
group consisting of naive CD8+ T cells, central memory CD8+ T cells, effector memory
CD8+ T cells, and bulk CD8+ T cells. In some embodiments, the cell is a CD4+ T helper
lymphocyte cell selected from the group consisting of naive CD4+ T cells, central memory
CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells.

[0035] Some embodiments provided herein relate to a method of activating a
signal into an interior of a cell, such as a mammalian cell. In some embodiments, the method
comprises providing the cell, such as a mammalian cell, for homodimeric chemical-induced
signaling complex components as provided herein, expressing a protein sequence encoding a
homodimeric chemical-induced signaling complex component as provided herein or
expressing the expression vector encoding a nucleic acid for homodimeric chemical-induced
signaling complex component expression as provided herein, and contacting the cell with a
dimerizing agent, thereby causing the first and second chemical-induced signaling complex
components to dimerize, which transduces a signal into the interior of the cell. Accordingly,
in some embodiments, the method comprises providing a cell, such as a mammalian cell,
which comprises the homodimerizing CISC component protein sequences, as described
herein or the expression vector encoding the nucleic acid sequence of the homodimeric CISC
component protein sequences as described herein. Accordingly, in some embodiments, the

cell for homodimeric chemical-induced signaling complex component expression comprises
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a protein sequence encoding a chemical-induced signaling complex component. In some
embodiments, the protein sequence comprises a sequence encoding a chemical-induced
signaling complex component comprising a homodimerizing domain or a portion thereof, a
hinge domain, a transmembrane domain, and signaling domain or portions thereof. In some
embodiments, the chemical-induced signaling complex component is positioned such that
when expressed, it forms a population of homodimers in the presence of a ligand configured
to bridge the homodimerizing domains. In some embodiments, the signaling domain or
portion thereof of comprises one or more concatenated cytoplasmic signaling domains. In
some embodiments, the homodimerizing domain comprises an FKBP domain or an FRB or a
portion thereof configured to bind to a ligand, preferably simultaneously, such as AP1903. In
some embodiments, the protein sequence further comprises a second sequence. In some
embodiments, the cell, such as a mammalian cell, for homodimeric component expression
comprises an expression vector comprises a nucleic acid encoding a protein sequence
encoding a chemical-induced signaling complex component. In some embodiments, the
protein sequence comprises a sequence encoding a chemical-induced signaling complex
component comprising a homodimerizing domain or a portion thereof, a hinge domain, a
transmembrane domain, and signaling domain or portions thereof. In some embodiments, the
chemical-induced signaling complex component is positioned such that when expressed, it
forms a population of homodimers in the presence of a ligand configured to bridge the
homodimerizing domains. In some embodiments, the signaling domain or portion thereof of
comprises one or more concatenated cytoplasmic signaling domains. In some embodiments,
the homodimerizing domain comprises an FKBP domain or an FRB or a portion thereof
configured to bind to a ligand, preferably simultaneously, such as AP1903. In some
embodiments, the expression vector encodes a promoter. In some embodiments, the promoter
is an inducible promoter or a constitutive promoter. In some embodiments, the vector is RNA
or DNA. In some embodiments, the vector is a lentiviral vector or an adeno-associated viral
(AAV) vector. In some embodiments, after providing the cell, such as a mammalian cell, the
method further comprises expressing a protein sequence encoding a homodimeric CISC as
provided herein or expressing the expression vector encoding a nucleic acid for homodimeric

CISC expression as provided herein, and contacting the cell with a dimerizing agent, thereby
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causing the first and second CISC to dimerize, which transduces a signal into the interior of
the cell.

[0036] In some embodiments, the dimerizing agent used is a ligand, such as
rapamycin or a rapalog, such as everolimus, CCI-779, C20-methallylrapamycin, C16-(S)-3-
methylindolerapamycin, C16-iRap, AP21967, sodium mycophenolic acid, benidipine
hydrochloride, AP23573, or AP1903, or metabolites, derivatives, and/or combinations
thereof. In some embodiments, the ligand is an IMID-class drug (e.g. thalidomide,
pomalidomide, lenalidomide or related analogues). In some embodiments, the transduction of
the signal affects cytokine signaling. In some embodiments, the transduction of the signal
affects interleukin-2 receptor (IL2R) signaling. In some embodiments, following contact with
the dimerizing agent, cells expressing CISC are selectively expanded from a heterogeneous
population of cells, such as mammalian cells.

[0037] Some embodiments provided herein relate to a kit or a system including
the components described herein. Thus, in some embodiments is provided a kit comprising
one or more of: a protein sequence as described herein; an expression vector as described
herein; and/or a cell as described herein. Some embodiments include a system for selectively
activating a signal into an interior of a cell, comprising: a cell as described herein, wherein
the cell comprises an expression vector as described herein comprising a nucleic acid

encoding a protein sequence as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Figure 1 is a schematic diagram illustrating IL-2 signaling in T-cell
expansion. The diagram depicts chimeric dimerization of IL-2 chains comprising FRB-
CD25pB (transmembrane (TM) and cytoplasmic domains) (IL2RB) and FKBP-CD25y (TM
and cytoplasmic domains) (IL2Ry), resulting in downstream signaling pathways.
Importantly, removal of most or all of the extracellular domains prevents binding of IL2 to
these chemical-induced signaling complex components, thus they are not responsive to
endogenous IL2.

[0039] Figure 2 schematically depicts the cell expansion strategy by a chemical-
induced signaling complex (CISC). This strategy utilizes rapamycin’s ability to bind two

different protein motifs (FKBP and FRB) simultaneously, to induce protein dimerization and
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active downstream signaling events in an appropriately designed pair of CISC components.
The use of a CISC in this manner allows for selective cellular expansion.

[0040] Figure 3 depicts various embodiments of IL2R-CISC architectures. The
embodiment shown in Figure 3 shows an architecture for both FRB-IL2R[} and for FKBP-
IL2Ry, providing schematics for various degrees of flexibility, comprising most flexible
(1210 — this embodiment incorporates a short linker sequence the entire first extracellular
immunoglobulin superfamily (IgSF) domain of the IL2R and its TM and cytosolic tail
regions), medium flexibility (1211 — this embodiment incorporates the entire first
extracellular IgSF domain of the IL2R and its TM and cytosolic tail regions), and least
flexible (1233 — this embodiment incorporates only the IL2R TM and cytosolic tail regions).

[0041] Figure 4A and Figure 4B show images of Western blots. IL2R-CISC
human CD4+ T cells were harvested two days post transduction, and the cytoplasmic and
membrane fractions were isolated. The top panel is a control to demonstrate that the methods
used efficiently fractionate cytosol and membrane: the top gel shows IL2RJ; the middle gel
shows IL2Ry; and bottom two gels are control gels showing CD3 and ERK. Figure 4B
shows Western blots for the respective IL2R-CISC, comprising 1210, 1211, and 1233.
Arrows indicate the detection of CISC component expression. Importantly, the 1233
architecture appears to express at the highest level.

[0042] Figure 5 shows an image of a Western blot for IL2R-CISC. IL2R-CISC
human CD4+ T cells were analyzed following 15 days of rapamycin treatment at 1 nM,
following by cytokine starvation for 48 hours. Stimulation with IL-2 (50 ng) or rapamycin
(100 nM) for 20 minutes was followed, and the cells were harvested for Western blot. The
Western blot shows Akt activation, indicating the capacity for a chemical-induced signaling
complex to drive cell expansion.

[0043] Figure 6 outlines the experiment demonstrating use of an IL2R-CISC to
selectively expand a cell population. Each architecture of IL2R-CISC (i.e. 1210, 1211, and
1233) was cis-linked together with GFP using 2A sequences, and placed under the control of
an MND promoter in a lentiviral expression cassette (as schematized in Figure S, bottom).
Lentiviral particles from each IL2R-CISC architecture were generated and used to transduce
primary human T-cells. Following transduction, the cells were grown for 2 days in IL2, and

then divided in half, with half grown in IL2 alone and half in rapamycin alone, as indicated.
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[0044] Figure 7A demonstrates efficient transduction of T-cells using a lentiviral
vector driving expression of GFP alone. Figure 7B shows the expression of 1210, 1211, and
1233 expressed using a vector outlined at the bottom of Figure 3 — MND-IL2Rb-CISC-2A-
IL2Rg-CISC-2A-GFP, as compared to mock and MND-GFP retroviral vector. T cells were
activated for 48 hours and then incubated for 28 hours. T cells were plated with IL-2/7/15.
Lentiviral transduction included IL2-CISC of MND-GFP control with protamine sulfate.
Transduced cells were incubated at 37°C for 24 hours with cytokine (IL-2, 50 ng/mL; IL-5, 5
ng/mL; IL-17, 5 ng/mL). IL2-CISC expression was determined by GFP expression using
flow cytometry.

[0045] Figure 8 shows flow analysis of cells. Top flow panels show Flow
Analysis of cells for GFP expression (X-axis) and FRB expression (the extracellular domain
of the IL2Rg-CISC component, Y-axis) at 2 days (just prior to placing cells into IL2 or
rapamycin cultures). Bottom two flow panels show Flow Analysis of cells for GFP
expression (X-axis) and FRB expression 4 days post transduction, 2 days following division
into culture in IL2 alone (top panels), or rapamycin (bottom panel). Note that in particular for
1233 (bottom right flow panel), cells cultured in rapamycin alone are beginning to enrich for
IL2R-CISC expression as read out by the cis-linked GFP marker.

[0046] Figure 9 shows flow analysis of cells. Top two flow panels show Flow
Analysis of cells for GFP expression (X-axis) and FRB expression 6 days post transduction,
4 days following division into culture in IL2 alone (top panels), or rapamycin (bottom panel).
Note the further enrichment of the GFP marker for 1233. Bottom two flow panels show Flow
Analysis of cells for GFP expression (X-axis) and FRB expression 9 days post transduction,
7 days following division into culture in IL2 alone (top panels), or rapamycin (bottom panel).
Note the further enrichment of the 1233 GFP+ cells.

[0047] Figure 10 shows flow analysis of cells. Top two flow panels show Flow
Analysis of cells for GFP expression (X-axis) and FRB expression 12 days post transduction,
10 days following division of culture in IL2 alone (top panels), or rapamycin (bottom panel).
Bottom two flow panels show Flow Analysis of cells for GFP expression (X-axis) and FRB
expression 17 days post transduction, 15 days following dividing into culture in IL2 alone
(top panels), or rapamycin (bottom panel). Cells expressing the 1233 IL2R-CISC are now
enriched to 97% of the cell population (far bottom right flow panel).
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[0048] Figure 11 demonstrates the enrichment of IL2R-CISC V3 expressing cells
over the course of 15 days of an experiment as outlined in Figure 6, but carried out for 25
days. The leftmost single panel represents the cells at the start of rapamycin treatment. Each
row of panels represents a different treatment. As can be seen in the bottom row, by 15 days,
the IL2R-CISC V3 cells had enriched from a starting transduced population of 64% mCherry
positive to >93% mCherry positive when cultured in rapamycin. In contrast, mock IL-2
treatments resulted in a gradual reduction in mCherry positive cells.

[0049] Figure 12 shows expansion of mCherry positive cell numbers, using the
same experimental paradigm as outlined in Figure 6, but carried out for 25 days. The cell
type is indicated in bold in the upper left corner of each panel. Each curve indicated by
different symbols delineates a different treatment/culture condition maintained for the 25
days. Figure 12 shows that only the cells expressing the IL2R-CISC V3 exhibited significant
rapamycin-induced expansion over the course of the 25 days of the experiment.

[0050] Figure 13 shows expansion of mock, GFP, or IL2R-CISC V3 expressing
cells, using the same experimental paradigm as outlined in Figure 6, but carried out for 30
days, and utilizing two different rapamycin doses, 1 nM and 10 nM. The cell type is
indicated in bold in the upper left corner of each panel. Each curve indicated by different
symbols delineates a different treatment/culture condition maintained over the course of the
experiment. Figure 13 shows that cells expressing the IL2R-CISC V3 exhibited significant
rapamycin-induced expansion over the course of the experiment, and that 1 nM rapamycin
induced the most robust cell expansion.

[0051] Figure 14 shows analysis of phosphor-STATS signaling in response to the
treatments indicated at the top of each column, for the cell types indicated for each row (after
20 days of culture in the indicated condition). As can be seen, cells that received “mock”
treatment (row 1) are no longer responsive, as essentially no cells are alive after 20 days. In
contrast, while all other cells respond robustly to IL-2 treatment, only IL2R-CISC expressing
cells respond to rapamycin with phosphorylation of STATS, and IL2R-CISC V3 expressing
cells respond most robustly, confirming that the V3 architecture signals most effectively.

[0052] Figure 15 demonstrates the enrichment of IL2R-CISC V3 expressing cells
over the course of 15 days of an experiment identical to that in Figure 11, except that

AP21967 was used as the IL2R-CISC activating ligand. The leftmost single panel represents
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the cells at the start of AP21967 treatment. Each row of panels represents a different
treatment. As can be seen in the bottom row, by 15 days, the IL2R-CISC V3 cells had
enriched from a starting transduced population of 64% mCherry positive to >93% mCherry
positive when cultured in AP21967. In contrast, mock IL-2 treatments resulted in a gradual
reduction in mCherry positive cells.

[0053] Figure 16 shows expansion of mock, GFP, or IL2R-CISC V3 expressing
cells, using the same experimental paradigm as outlined in Figure 6, but carried out for 30
days, and utilizing two different AP21967 doses, 10 nM and 100 nM. The cell type is
indicated in bold in the upper left corner of each panel. Each curve indicated by different
symbols delineates a different treatment/culture condition maintained over the course of the
experiment. Figure 16 demonstrates that cells expressing the IL2R-CISC V3 exhibited
significant AP21967-induced expansion over the course of the experiment, and that 100 nM
AP21967 induced the most robust cell expansion.

[0054] Figure 17 shows cytolytic activity following expansion of IL2R-CISC V3
expressing cells in the indicated conditions for 15 days, using the experimental setup in
Figure 6, cells were transduced with IL2R-CISC V3 lentivirus, and expanded for 15 days.
Cells were then incubated with K562 cells expressing anti-CD3. The expression of anti-CD3
by the target K562 cells causes clustering of CD3 on the T-cells upon contact with the K562
cell, resulting in cytolytic killing of the K562 cells. The IL2R-CISC V3 expressing T-cells
expanded in the indicated condition were incubated at different target to killer ratios, and
cytolysis was assessed by percent survival of the K562 target cells. Cells expanded through
IL2R-CISC exhibited cytolytic activity that was statistically indistinguishable from cells
expanded in IL-2.

[0055] Figure 18 shows that 500 ng/mL of anti-IL2 neutralizing antibody
abrogates expansion of T-cells in IL-2. In this experiment, peripheral blood T-cells were
activated using anti-CD3/CD28 beads, and expanded in IL-2 or in IL-2 plus anti-IL2
antibody. Use of the anti-IL2 antibody markedly inhibits expansion of the T-cells.

[0056] Figure 19 shows that 500 ng/mL of anti-IL2 neutralizing antibody is
unable to block the expansion of IL2R-CISC expressing T-cells cultured in an IL2R-CISC
ligand (either rapamycin or AP21967). Peripheral blood T-cells were activated using anti-
CD3/CD28 beads, transduced with IL2R-CISC V3 lentivirus, and expanded in the indicated
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IL2R-CISC ligand plus anti-IL2 antibody. Use of the anti-IL2 antibody did not inhibit
expansion of the T-cells, demonstrating that the IL2R-CISC acts cell autonomously to
provide a growth signal.

[0057] Figure 20 shows a FACS assay that is a T-cell marker analysis for CISC
V3 expanded cells. Peripheral blood T-cells were activated using anti-CD3/CD28 beads
transduced with IL2R-CISC V3 lentivirus, expanded in IL-2 or the indicated IL2R-CISC
ligand for 15 days. Cells expanded in IL-2 have generally low expression of CD25, the IL2R
alpha subunit, reflecting IL2R turnover in response to IL-2. In contrast, cells expanded
through their IL2R-CISC receptors have high CD25 expression, as low media IL-2 promotes
minimal turnover of native IL2R.

[0058] Figure 21 shows a schematic of testing of additional CISC architectures
with longer segments between IL2R components and chemical dimerizing domains (FRB,
FKBP).

[0059] Figure 22 shows the timeline and experimental design for treating the
cells transduced by the lentiviral stock with longer IL2R-CISC linker architectures V4-V7.

[0060] Figure 23 shows the transduction efficiency of the lentiviral stock with
longer IL2R-CISC linker architectures V4-V7 from Figure 22.

[0061] Figure 24 shows that rapamycin-induced expansion is similar for all CISC
architectures with expanded EC-domain to TM linkers. Peripheral blood T-cells were
activated using anti-CD3/CD28 beads, transduced with IL2R-CISC V3-V7 lentivirus
respectively, and expanded in the indicated IL2R-CISC ligand. The V3-V7 IL2R-CISC
architectures were all able to induce T-cell expansion of comparable magnitude.

[0062] Figure 25 shows a schematic of the Targeted knock-in of an MND
promoter and CISC to enrich/expand gene targeted T-cells. The described targeting approach
integrates a promoter and both components of an IL2R-CISC V3 into the FOXP3 locus in
line with a GFP fusion to the native FOXP3 gene. This architecture is intended to allow for
ligand-induced selection of cells which have undergone an accurate gene targeting event.

[0063] Figure 26 depicts a schematic diagram showing an experimental design of
targeted knock-in of MND promoter and CISC. This represents an experimental schematic of

how a CRISP/Cas9 nuclease is used to induce targeted integration of the cassettes from
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Figure 25 into the FOXP3 locus, followed by expansion of the gene targeted cells in the
indicated IL2R-CISC ligand.

[0064] Figure 27 shows results for targeted knock-in of MND promoter and
CISC with rapamycin contact for 15 days, leading to enrichment of gene targeted cells.
Following targeted integration into the FOXP3 locus utilizing the indicated approaches (no
targeting, or RNP plus each of the cassettes described in Figure 25), cells were cultured in
the indicated conditions for 15 days, and then analyzed by flow cytometry for GFP-FOXP3
expression. Expansion in rapamycin or AP21967 resulted in substantial enrichment of
FOXP3 expressing cells, indicating that the IL2R-CISC are able to drive ligand-induced
enrichment of gene targeted cell populations, including those in which FOXP3 is
overexpressed. Flow panels are representative of IL2R-CISC GFP-FOXP3 expression by
cells cultured in rapamycin.

[0065] Figure 28 shows results for targeted knock-in of MND promoter and
CISC, with rapamycin + IL-2 contact for 15 days, resulting in no enrichment of gene targeted
cells. Following targeted integration into the FOXP3 locus utilizing the indicated approaches,
cells were cultured in the indicated conditions for 15 days, and then analyzed by flow
cytometry for GFP-FOXP3 expression. Expansion in rapamycin + IL2 resulted in no
detectable enrichment or loss of FOXP3 expressing cells vs untreated cells, indicating that
the IL2R-CISC does not detrimentally affect the function of FOXP3 overexpressing cells.
Flow panels are representative of IL2R-CISC GFP-FOXP3 expression by cells cultured in

IL-2 + rapamycin.

DETAILED DESCRIPTION
[0066] Described herein are compositions of chemical-induced signaling complex
(CISC), and methods of making and using the same. The CISC can be used for activating a
signal through a signaling pathway in a cell and for the selective expansion of cells.
Definitions
[0067] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to which

the disclosure pertains. All patents, applications, published applications and other
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publications referenced herein are expressly incorporated by reference in their entireties
unless stated otherwise. In the event that there are a plurality of definitions for a term herein,
those in this section prevail unless stated otherwise.

[0068] As used herein, “a” or “an” may mean one or more than one.

[0069] “About” has its plain and ordinary meaning when read in light of the
specification, and may be used, for example, when referring to a measurable value and may
be meant to encompass variations of £20% or +10%, more preferably +5%, even more
preferably £1%, and still more preferably +0.1 % from the specified value.

[0070] As used herein, “protein sequence” refers to a polypeptide sequence of
amino acids that is the primary structure of a protein. As used herein “upstream” refers to
positions 5° of a location on a polynucleotide, and positions toward the N-terminus of a
location on a polypeptide. As used herein “downstream” refers to positions 3’ of a location
on nucleotide, and positions toward the C-terminus of a location on a polypeptide. Thus, the
term “N-terminal” refers to the position of an element or location on a polynucleotide toward
the N-terminus of a location on a polypeptide.

[0071] “Nucleic acid” or “nucleic acid molecule” refers to polynucleotides, such
as deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), oligonucleotides, fragments
generated by the polymerase chain reaction (PCR), and fragments generated by any of
ligation, scission, endonuclease action, and exonuclease action. Nucleic acid molecules can
be composed of monomers that are naturally-occurring nucleotides (such as DNA and RNA),
or analogs of naturally-occurring nucleotides (e.g., enantiomeric forms of naturally-occurring
nucleotides), or a combination of both. Modified nucleotides can have alterations in sugar
moieties and/or in pyrimidine or purine base moieties. Sugar modifications include, for
example, replacement of one or more hydroxyl groups with halogens, alkyl groups, amines,
and azido groups, or sugars can be functionalized as ethers or esters. Moreover, the entire
sugar moiety can be replaced with sterically and electronically similar structures, such as
aza-sugars and carbocyclic sugar analogs. Examples of modifications in a base moiety
include alkylated purines and pyrimidines, acylated purines or pyrimidines, or other well-
known heterocyclic substitutes. Nucleic acid monomers can be linked by phosphodiester
bonds or analogs of such linkages. Analogs of phosphodiester linkages include

phosphorothioate, = phosphorodithioate, =~ phosphoroselenoate, = phosphorodiselenoate,
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phosphoroanilothioate, phosphoranilidate, phosphoramidate, and the like. The term “nucleic
acid molecule” also comprises so-called “peptide nucleic acids,” which comprise naturally-
occurring or modified nucleic acid bases attached to a polyamide backbone. Nucleic acids
can be either single stranded or double stranded. In some embodiments, a nucleic acid
sequence encoding a fusion protein is provided. In some embodiments, the nucleic acid is
RNA or DNA.

[0072] “Coding for” or “encoding” are used herein, and refers to the property of
specific sequences of nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA,
to serve as templates for synthesis of other macromolecules such as a defined sequence of
amino acids. Thus, a gene codes for a protein if transcription and translation of mRNA
corresponding to that gene produces the protein in a cell or other biological system.

[0073] A “nucleic acid sequence coding for a polypeptide” comprises all
nucleotide sequences that are degenerate versions of each other and that code for the same
amino acid sequence. In some embodiments, a nucleic acid is provided, wherein the nucleic
acid encodes a fusion protein.

[0074] “Vector,” “expression vector,” or “construct” is a nucleic acid used to
introduce heterologous nucleic acids into a cell that has regulatory elements to provide
expression of the heterologous nucleic acids in the cell. Vectors include but are not limited to
plasmid, minicircles, yeast, and viral genomes. In some embodiments, the vectors are
plasmid, minicircles, yeast, or viral genomes. In some embodiments, the vector is a viral
vector. In some embodiments, the viral vector is a lentivirus. In some embodiments, the
vector is an adeno-associated viral (AAV) vector. In some embodiments, the vector is for
protein expression in a bacterial system such as FE. coli. As used herein, the term
“expression,” or “protein expression” refers to refers to the translation of a transcribed RNA
molecule into a protein molecule. Protein expression may be characterized by its temporal,
spatial, developmental, or morphological qualities as well as by quantitative or qualitative
indications. In some embodiments, the protein or proteins are expressed such that the
proteins are positioned for dimerization in the presence of a ligand.

[0075] As used herein, “fusion proteins” or “chimeric proteins” are proteins
created through the joining of two or more genes that originally coded for separate proteins

or portions of proteins. The fusion proteins can also be made up of specific protein domains
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from two or more separate proteins. Translation of this fusion gene can result in a single or
multiple polypeptides with functional properties derived from each of the original proteins.
Recombinant fusion proteins can be created artificially by recombinant DNA technology for
use in biological research or therapeutics. Such methods for creating fusion proteins are
known to those skilled in the art. Some fusion proteins combine whole peptides and therefore
can contain all domains, especially functional domains, of the original proteins. However,
other fusion proteins, especially those that are non-naturally occurring, combine only
portions of coding sequences and therefore do not maintain the original functions of the
parental genes that formed them. In some embodiments, a fusion protein is provided, wherein
the fusion protein comprises an interferon and a PD-1 protein.

[0076] As used herein, the term “regulatory element” refers to a DNA molecule
having gene regulatory activity, e.g., one that has the ability to affect the transcription and/or
translation of an operably linked transcribable DNA molecule. Regulatory elements such as
promoters, leaders, introns, and transcription termination regions are DNA molecules that
have gene regulatory activity and play an integral part in the overall expression of genes in
living cells. Isolated regulatory elements, such as promoters, that function in plants are
therefore useful for modifying plant phenotypes through the methods of genetic engineering.

[0077] As used herein, the term “operably linked” refers to a first molecule joined
to a second molecule, wherein the molecules are so arranged that the first molecule affects
the function of the second molecule. The two molecules may be part of a single contiguous
molecule and may be adjacent. For example, a promoter is operably linked to a transcribable
DNA molecule if the promoter modulates transcription of the transcribable DNA molecule of
interest in a cell.

[0078] A “promoter” 1s a region of DNA that initiates transcription of a specific
gene. The promoters can be located near the transcription start site of a gene, on the same
strand and upstream on the DNA (the 5’region of the sense strand). The promoter can be a
conditional, inducible or a constitutive promoter. The promoter can be specific for bacterial,
mammalian or insect cell protein expression. In some embodiments, wherein a nucleic acid
encoding a fusion protein is provided, the nucleic acid further comprises a promoter

sequence. In some embodiments, the promoter is specific for bacterial, mammalian or insect
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cell protein expression. In some embodiments, the promoter is a conditional, inducible or a
constitutive promoter

[0079] “Conditional” or “inducible” as used herein refers to a nucleic acid
construct that comprises a promoter that provides for gene expression in the presence of an
inducer and does not substantially provide for gene expression in the absence of the inducer.

[0080] “Constitutive” as used herein refer to the nucleic acid construct that
comprises a promoter that is constitutive, and thus provides for expression of a polypeptide
that 1s continuously produced.

[0081] In some embodiments, the inducible promoter has a low level of basal
activity. In some embodiments, wherein a lentiviral vector is used, the level of basal activity
in uninduced cells is 20%, 15%, 10%, 5%, 4%, 3%, 2%, 1% or less (but not zero) or within a
range defined by any two of the aforementioned values, as compared to when cells are
induced to express the gene. The level of basal activity can be determined by measuring the
amount of the expression of the transgene (e.g. marker gene) in the absence of the inducer
(e.g. drug) using flow cytometry. In some embodiments described herein a marker protein
such as Akt is used for determination of expression.

[0082] In some embodiments, the inducible promoter provides for a high level of
induced activity, as compared to uninduced or basal activity. In some embodiments, the level
of activity in the induced state is 2, 4, 6, 8, 9 or 10 fold or greater than the activity level in
the uninduced state or within a range defined by any two of the aforementioned values. In
some embodiments, transgene expression under control of the inducible promoter is turned
off in the absence of a transactivator in less than 10, 8, 6, 4, 2, or 1 days excluding O days or
within a range defined by any two of the aforementioned time periods.

[0083] In some embodiments, an inducible promoter is designed and/or modified
to provide for a low level of basal activity, a high level of inducibility, and/or a short time for
reversibility.

[0084] “Dimeric chemical-induced signaling complex,” “dimeric CISC,”
or “dimer” as used herein refers to two components of a CISC, which may or may not be
fusion protein complexes that join together. “Dimerization” refers to the process of the
joining together of two separate entities into a single entity. In some embodiments, a ligand

or agent stimulates dimerization. In some embodiments, dimerization refers to
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homodimerization, or the joining of two identical entities, such as two identical CISC
components. In some embodiments, dimerization refers to heterodimerization, of the joining
of two different entities, such as two different and distinct CISC components. In some
embodiments, the dimerization of the CISC components results in a cellular signaling
pathway. In some embodiments, the dimerization of the CISC components allows for the
selective expansion of a cell or a population of cells. Additional CISC systems can include a
CISC gibberellin CISC dimerization system, or a SLF-TMP CISC dimerization system.
Other chemically inducible dimerization (CID) systems and component parts may be used.

[0085] As used herein, “chemical-induced signaling complex” or “CISC” refers
to an engineered complex that initiates a signal into the interior of a cell as a direct outcome
of ligand-induced dimerization. A CISC may be a homodimer (dimerization of two identical
components) or a heterodimer (dimerization of two distinct components). Thus, as used
herein the term “homodimer” refers to a dimer of two protein components described herein
with identical amino acid sequences. The term “heterodimer” refers to a dimer of two protein
components described herein with non-identical amino acid sequences.

[0086] The CISC may be a synthetic complex as described herein in greater
detail. “Synthetic” as used herein refers to a complex, protein, dimer, or composition, as
described herein, which is not natural, or that 1s not found in nature. In some embodiments,
an IL2R-CISC refers to a signaling complex that involves interleukin-2 receptor components.
In some embodiments, an IL2/15-CISC refers to a signaling complex that involves receptor
signaling subunits that are shared by interleukin-2 and interleukin-15. In some embodiments,
an IL7-CISC refers to a signaling complex that involves an interleukin-7 receptor
components. A CISC may thus be termed according to the component parts that make up the
components of a given CISC. One of skill in the art will recognize that the component parts
of the chemical-induced signaling complex may be composed of a natural or a synthetic
component useful for incorporation into a CISC. Thus, the examples provided herein are not
intended to be limiting.

[0087] As used herein, “cytokine receptor” refers to receptor molecules that
recognize and bind to cytokines. In some embodiments, cytokine receptor encompasses
modified cytokine receptor molecules (e.g., “variant cytokine receptors”), comprising those

with substitutions, deletions, and/or additions to the cytokine receptor amino acid and/or
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nucleic acid sequence. Thus, it is intended that the term encompass wild-type, as well as,
recombinant, synthetically-produced, and variant cytokine receptors. In some embodiments,
the cytokine receptor is a fusion protein, comprising an extracellular binding domain, a hinge
domain, a transmembrane domain, and a signaling domain. In some embodiments, the
components of the receptor (that is, the domains of the receptor) are natural or synthetic. In
some embodiments, the domains are human derived domains.

[0088] “FKBP” as used herein, is a FK506 binding protein domain. FKBP refers
to a family of proteins that have prolyl isomerase activity and are related to the cyclophilins
in function, though not in amino acid sequence. FKBPs have been identified in many
eukaryotes from yeast to humans and function as protein folding chaperones for proteins
containing proline residues. Along with cyclophilin, FKBPs belong to the immunophilin
family. The term FKBP comprises, for example, FKBP12 as well as, proteins encoded by the
genes AIP; AIPL1; FKBP1A; FKBP1B; FKBP2; FKBP3; FKBPS; FKBP6; FKBP7; FKBPS;
FKBP9; FKBPIL; FKBP10; FKBP11; FKBP14; FKBP15; FKBP52: and/or LOC541473;
comprising homologs thereof and functional protein fragments thereof.

[0089] “FRB” as used herein, as a FKBP rapamycin binding domain. FRB
domains are polypeptide regions (protein “domains”) that are configured to form a tripartite
complex with an FKBP protein and rapamycin or rapalog thereof. FRB domains are present
in a number of naturally occurring proteins, comprising mTOR proteins (also referred to in
the literature as FRAP, RAPT 1, or RAFT) from human and other species; yeast proteins
comprising Torl and/or Tor2; and a Candida FRAP homolog. Both FKBP and FRB are
major constituents in the mammalian target of rapamycin (mTOR) signaling.

[0090] Cereblon interacts with damaged DNA binding protein 1 and forms an E3
ubiquitin ligase complex with Cullin 4 where it functions as a substrate receptor in which the
proteins recognized by cereblon may be ubiquitinated and degraded by proteasomes.
Proteasome-mediated degradation of unneeded or damaged proteins plays a very important
role in maintaining regular function of a cell, such as cell survival, proliferation and/or
growth. The binding of immunomodulatory imide drugs (IMIDs), e.g. thalidomide, to
cereblon has been associated with teratogenicity and also the cytotoxicity of IMIDs,
including lenalidomide. Cereblon is a key player in the binding, ubiquitination, and

degradation of factors involved in maintaining function of myeloma cells.
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[0091] “Cereblon thalidomide binding domain” refers to a binding domain that is
an extracellular binding domain that interacts with an IMID, comprising, for example,
thalidomide, pomalidomide, lenalidomide, apremilast, or related analogues. Some
embodiments provided herein utilize cereblon thalidomide binding domain analogues or
mutants thereof. In some embodiments, these extracellular binding domains are configured to
simultaneously bind to an IMID ligand.

[0092] In some embodiments, the immunomodulatory imide drug used in the
approaches described herein may comprise:

[0093] thalidomide (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Thalidomide may include Immunoprin, Thalomid,
Talidex, Talizer, Neurosedyn, a-(N-Phthalimido)glutarimide, 2-(2,6-dioxopiperidin-3-yl)-
2,3-dihydro-1H-1soindole-1,3-dione);

[0094] pomalidomide (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Pomalidomide may include Pomalyst, Imnovid,
(RS)-4-Amino-2-(2,6-dioxopiperidin-3-yl)isoindole-1,3-dione);,

[0095] lenalidomide (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Lenalidomide may include Revlimid, (RS)-3-(4-
Amino-1-0x0-1,3-dihydro-2H-isoindol-2-yl)piperidine-2,6-dione); or

[0096] apremilast  (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Apremilast may include Otezla, CC-10004, N-{2-
[(1S)-1-(3-Ethoxy-4-methoxyphenyl)-2-(methylsulfonyl)ethyl]-1,3-dioxo-2,3-dihydro-1H-
isoindol-4-yl}acetamide);

[0097] or any combinations thereof.

[0098] As used herein, the term “extracellular binding domain” refers to a domain
of a complex that is outside of the cell, and which is configured to bind to a specific atom or
molecule. In some embodiments, the extracellular binding domain of a CISC is a FKBP
domain or a portion thereof. In some embodiments, the extracellular binding domain is an
FRB domain or a portion thereof. In some embodiments, the extracellular binding domain is
configured to bind a ligand or agent, thereby stimulating dimerization of two CISC
components. In some embodiments, the extracellular binding domain is configured to bind to

a cytokine receptor modulator.

31-



WO 2018/111834 PCT/US2017/065746

[0099] As used herein, the term “cytokine receptor modulator” refers to an agent,
which modulates the phosphorylation of a downstream target of a cytokine receptor, the
activation of a signal transduction pathway associated with a cytokine receptor, and/or the
expression of a particular protein such as a cytokine. Such an agent may directly or indirectly
modulate the phosphorylation of a downstream target of a cytokine receptor, the activation of
a signal transduction pathway associated with a cytokine receptor, and/or the expression of a
particular protein such as a cytokine. Thus, examples of cytokine receptor modulators
include, but are not limited to, cytokines, fragments of cytokines, fusion proteins and/or
antibodies or binding portions thereof that immunospecifically bind to a cytokine receptor or
a fragment thereof. Further, examples of cytokine receptor modulators include, but are not
limited to, peptides, polypeptides (e.g., soluble cytokine receptors), fusion proteins and/or
antibodies or binding portions thereof that immunospecifically bind to a cytokine or a
fragment thereof.

[0100] As used herein, the term “activate” refers to an increase in at least one
biological activity of a protein of interest. Similarly, the term “activation” refers to a state of
a protein of interest being in a state of increased activity. The term “activatable” refers to the
ability of a protein of interest to become activated in the presence of a signal, an agent, a
ligand, a compound, or a stimulus. In some embodiments, a dimer, as described herein, is
activated in the presence of a signal, an agent, a ligand, a compound, or a stimulus, and
becomes a signaling competent dimer. As used herein, the term “signaling competent” refers
to the ability or configuration of the dimer so as to be capable of initiating or sustaining a
downstream signaling pathway.

[0101] As used herein, the term “hinge domain” refers to a domain that links the
extracellular binding domain to the transmembrane domain, and may confer flexibility to the
extracellular binding domain. In some embodiments, the hinge domain positions the
extracellular domain close to the plasma membrane to minimize the potential for recognition
by antibodies or binding fragments thereof. In some embodiments, the extracellular binding
domain is located N-terminal to the hinge domain. In some embodiments, the hinge domain
may be natural or synthetic.

[0102] As used herein, the term “transmembrane domain” or “TM domain” refers

to a domain that is stable in a membrane, such as in a cell membrane. The terms
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>

“transmembrane span,” “integral protein,’

>

and “integral domain” are also used herein. In
some embodiments, the hinge domain and the extracellular domain is located N-terminal to
the transmembrane domain. In some embodiments, the transmembrane domain is a natural or
a synthetic domain. In some embodiments, the transmembrane domain is an IL-2
transmembrane domain.

[0103] As used herein, the term “signaling domain” refers to a domain of the
fusion protein or CISC component that is involved in a signaling cascade inside the cell, such
as a mammalian cell. A signaling domain refers to a signaling moiety that provides to cells,
such as T-cells, a signal which, in addition to the primary signal provided by for instance the
CD3 zeta chain of the TCR/CD3 complex, mediates a cellular response, such as a T-cell
response, comprising, but not limited to, activation, proliferation, differentiation, and/or
cytokine secretion. In some embodiments, the signaling domain is N-terminal to the
transmembrane domain, the hinge domain, and the extracellular domain. In some
embodiments, the signaling domain is a synthetic or a natural domain. In some embodiments,
the signaling domain is a concatenated cytoplasmic signaling domain. In some embodiments,
the signaling domain is a cytokine signaling domain. In some embodiments, the signaling
domain is an antigen signaling domain. In some embodiments, the signaling domain is an
interleukin-2 receptor subunit gamma (IL2Ry or IL2Rg) domain. In some embodiments, the
signaling domain is an interleukin-2 receptor subunit beta (IL2R3 or IL2Rb) domain. In
some embodiments, binding of an agent or ligand to the extracellular binding domain causes
a signal transduction through the signaling domain by the activation of a signaling pathway,
as a result of dimerization of the CISC components. As used herein, the term “signal
transduction” refers to the activation of a signaling pathway by a ligand or an agent binding
to the extracellular domain. Activation of a signal is a result of the binding of the
extracellular domain to the ligand or agent, resulting in CISC dimerization.

[0104] As used herein, the term “IL2Rb” or “IL2RJB” refers to an interleukin-2
receptor subunit beta. Similarly, the term “IL2Rg” or IL2Ry” refers to an interleukin-2
receptor subunit gamma, and the term “IL2Ra” or “IL2Ra” refers to an interleukin-2 receptor
subunit alpha. The IL-2 receptor has three forms, or chains, alpha, beta, and gamma, which
are also subunits for receptors for other cytokines. IL2Rf and IL2Ry are members of the type

I cytokine receptor family. “IL2R” as used herein refers to interleukin-2 receptor, which is
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involved in T cell-mediated immune responses. IL2R is involved in receptor-mediated
endocytosis and transduction of mitogenic signals from interleukin 2. Similarly, the term
“IL-2/15R” refers to a receptor signaling subunit that is shared by IL-2 and IL-15, and may
include a subunit alpha (IL2/15Ra or IL2/15Ra), beta (IL2/15Rb or IL2/15Rp, or gamma
(IL2/15Rg or IL2/15Ry).

[0105] In some embodiments, a chemical-induced signaling complex is a
heterodimerization activated signaling complex comprising two components. In some
embodiments, the first component comprises an extracellular binding domain that is one part
of a heterodimerization pair, an optional hinge domain, a transmembrane domain, and one or
more concatenated cytoplasmic signaling domains. In some embodiments, the second
component comprises an extracellular binding domain that is the other part of a
heterodimizeration pair, an optional hinge domain, a transmembrane domain, and one or
more concatenated cytoplasmic signaling domains. Thus, in some embodiments, there are
two distinct modification events. In some embodiments, the two CISC components are
expressed in a cell, such as a mammalian cell. In some embodiments, the cell, such as a
mammalian cell, or a population of cells, such as a population of mammalian cells, is
contacted with a ligand or agent that causes heterodimerization, thereby initiating a signal. In
some embodiments, a homodimerization pair dimerize, whereby a single CISC component 1s
expressed in a cell, such as a mammalian cell, and the CISC components homodimerize to
initiate a signal.

[0106] As used herein, the term “ligand” or “agent” refers to a molecule that has a
desired biological effect. In some embodiments, a ligand is recognized by and bound by an
extracellular binding domain, forming a tripartite complex comprising the ligand and two
binding CISC components. Ligands include, but are not limited to, proteinaceous molecules,
comprising, but not limited to, peptides, polypeptides, proteins, post-translationally modified
proteins, antibodies, binding portions thereof; small molecules (less than 1000 Daltons),
inorganic or organic compounds; and nucleic acid molecules comprising, but not limited to,
double-stranded or single-stranded DNA, or double-stranded or single-stranded RNA (e.g.,
antisense, RNA\, etc.), aptamers, as well as, triple helix nucleic acid molecules. Ligands can
be derived or obtained from any known organism (comprising, but not limited to, animals

(e.g., mammals (human and non-human mammals)), plants, bacteria, fungi, and protista, or
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viruses) or from a library of synthetic molecules. In some embodiments, the ligand is a
protein, an antibody or portion thereof, a small molecule, or a drug. In some embodiments,
the ligand is rapamycin or a rapamycin analog (rapalogs). In some embodiments, the rapalog
comprises variants of rapamycin having one or more of the following modifications relative
to rapamycin: demethylation, elimination or replacement of the methoxy at C7, C42 and/or
C29; elimination, derivatization or replacement of the hydroxy at C13, C43 and/or C28;
reduction, elimination or derivatization of the ketone at C14, C24 and/or C30; replacement of
the 6-membered pipecolate ring with a S-membered prolyl ring; and alternative substitution
on the cyclohexyl ring or replacement of the cyclohexyl ring with a substituted cyclopentyl
ring. Thus, in some embodiments, the rapalog is everolimus, merilimus, novolimus,
pimecrolimus, ridaforolimus, tacrolimus, temsirolimus, umirolimus, zotarolimus, CCI-779,
C20-methallylrapamycin, C16-(S)-3-methylindolerapamycin, C16-iRap, AP21967, sodium
mycophenolic acid, benidipine hydrochloride, AP23573, or AP1903, or metabolites,
derivatives, and/or combinations thereof. In some embodiments, the ligand is an IMID-class
drug (e.g. thalidomide, pomalidomide, lenalidomide or related analogues).

[0107] Accordingly, in some embodiments, the ligand or agent used in the
approaches described herein for chemical induction of the signaling complex may comprise:

[0108] rapamycin  (including  analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Rapamycin may include Sirolimus, Rapamune,
(3S,6R,7E,9R,10R,12R,14S,15E,17E,19E,218S,23S,26R,27R,34aS)-
9,10,12,13,14,21,22,23,24,25,26,27,32,33,34,34a-hexadecahydro-9,2 7-dihydroxy-3-[(1R)-2-
[(1S,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylethyl]-10,21-dimethoxy-
6,8,12,14,20,26-hexamethyl-23,27-epoxy-3H-pyrido[2,1-¢][1,4] oxaazacyclohentriacontine-
1,5,11,28,29 (4H,6H,31H)-pentone);

[0109] everolimus  (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Everolimus may include RADOO1, Zortress,
Certican, Afinitor, Votubia, 42-0-(2-hydroxyethyl)rapamycin,
(1R,9S,12S,15R,16E,18R,19R,21R 23S,24E, 26E,28E,30S,32S,35R)-1,18-dihydroxy-12-
[(2R)-1-[(1S,3R,4R)-4-(2-hydroxyethoxy)-3-methoxycyclohexyl]propan-2-yl]-19,30-
dimethoxy-15,17,21,23,29,35-hexamethyl-11,36-dioxa-4-
azatricyclo[30.3.1.00J,J Jhexatriaconta-16,24,26,28-tetraene-2,3,10,14,20-pentone);
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[0110] merilimus  (including  analogues, derivatives, and including
pharmaceutically acceptable salts thereof Merilimus may include SAR943, 42-O-
(tetrahydrofuran-3-yl)rapamycin (Merilimus-1); 42-O-(oxetan-3-yl)rapamycin (Merilimus-
2), 42-O-(tetrahydropyran-3-yl)rapamycin (Merilimus-3), 42-O-(4-methyl, tetrahydrofuran-
3-ylrapamycin, 42-O-(2,5,5-trimethyl, tetrahydrofuran-3-yl) rapamycin, 42-O-(2,5-diethyl-
2-methyl, tetrahydrofuran-3-yl)rapamycin, 42-O-(2H-Pyran-3-yl, tetrahydro-6-methoxy-2-
methyl)rapamycin, or 42-O-(2H-Pyran-3-yl, tetrahydro-2,2-dimethyl-6-phenyl)rapamycin);

[0111] novolimus  (including  analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Novolimus may include 16-O-Demethyl
Rapamycin);

[0112] pimecrolimus  (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Pimecrolimus may include Elidel,
(3S,4R,5S,8R,9E,128,14S,15R,16S,18R,19R,26aS)-3-((E)-2-((1R,3R,4S)-4-chloro-3
methoxycyclohexyl)-1-methylvinyl)-8-ethyl
5,6,8,11,12,13,14,15,16,17,18,19,24,26,26ahexadecahydro-5,19-epoxy-3H-pyrido(2,1-
c)(1,4)oxaazacyclotricosine-1,17,20,21(4H,23H)-tetrone 33-epi-Chloro-33-
desoxyascomycin);

[0113] ridaforolimus  (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Ridaforolimus may include AP23573, MK-8669,
deforolimus, (1R,9S,12S,15R,16E,18R,19R,21R,23S,24E 26E 28E, 30S,32S,35R)-12-((1R)-
2-((1S,3R,4R)-4-((Dimethylphosphinoyl)oxy)-3-methoxycyclohexyl)-1-methylethyl)-1,18-
dihydroxy-19,30-dimethoxy15,17,21,23,29,35-hexamethyl-11,36-dioxa-4-
azatricyclo(30.3.1.04,9)hexatriaconta-16,24,26,28-tetraene-2,3,10,14,20-pentone);

[0114] tacrolimus  (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Tacrolimus may include FK-506, fujimycin,
Prograf, Advagraf, protopic, 3S-[3R*[E(1S*,3S* 45%)]
,4S* SR* 8S* 9E, 12R* 14R* 15S* 16R* 18S* 19S* 26aR*5,6,8,11,12,13,14,15,16,17,18,19,
24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-[2-(4-hydroxy-3-methoxycyclohexyl)-1-
methylethenyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-8-(2-propenyl)-15,19-epoxy-3H-
pyrido[2,1-c] [1,4] oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone, monohydrate);
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[0115] temsirolimus  (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Temsirolimus may include CCI-779, CCL-779,
Torisel, (1R,2R,4S)-4-{(2R)-2-
[(3S,6R,7E,9R,10R,12R,148S,15E,17E,19E,218S,23S,26R,27R,34aS)-9,27-dihydroxy-10,21-
dimethoxy-6,8,12,14,20,26-hexamethyl-1,5,11,28,29-pentaoxo-
1,4,5,6,9,10,11,12,13,14,21,22,23,24,25,26,27,28,29,31,32,33,34,34a-tetracosahydro-3H-
23,27-epoxypyrido[2,1-c][1,4]oxazacyclohentriacontin-3-yl]propyl}-2-methoxycyclohexyl
3-hydroxy-2-(hydroxymethyl)-2-methylpropanoate);

[0116] umirolimus  (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Umirolimus may include Biolimus, Biolimus A9,
BA9, TRM-986, 42-0-(2-ethoxyethyl)Rapamycin);

[0117] zotarolimus  (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof Zotarolimus may include ABT-578, (42S)-42-
Deoxy-42-(1H-tetrazol-1-yl)-rapamycin);

[0118] C20-methallylrapamycin (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. C20-methallylrapamycin may include C20-
Marap);

[0119] C16-(S)-3-methylindolerapamycin (including analogues, derivatives, and
including pharmaceutically acceptable salts thereof. C16-(S)-3-methylindolerapamycin may
include C16-1Rap);

[0120] AP21967  (including  analogues, derivatives, and including
pharmaceutically acceptable salts thereof. ~AP21967 may include C-16-(S)-7-
methylindolerapamycin);

[0121] sodium mycophenolic acid (including analogues, derivatives, and
including pharmaceutically acceptable salts thereof. Sodium mycophenolic acid may include
CellCept, Myfortic, (4E)-6-(4-Hydroxy-6-methoxy-7-methyl-3-oxo0-1,3-dihydro-2-
benzofuran-5-yl)-4-methylhex-4-enoic acid);

[0122] benidipine hydrochloride (including analogues, derivatives, and including
pharmaceutically acceptable salts thereof. Benidipine hydrochloride may include

Benidipinum, Coniel); or
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[0123] AP1903 (including analogues, derivatives, and including pharmaceutically
acceptable salts thereof. AP1903 may include Rimiducid, [(1R)-3-(3,4-dimethoxyphenyl)-1-
[3-[2-[2-[[2-[3-[(1R)-3(3,4-dimethoxyphenyl)-1-[(2S)-1-[(2S)-2-(3,4,5-
trimethoxyphenyl)butanoyl]piperidine-2-
carbonyl]oxypropyl]phenoxy]acetylJamino]ethylamino]-2-oxoethoxy]phenyl]propyl] (25)-1-
[(25)-2-(3,4,5-trimethoxyphenyl)butanoyl]piperidine-2-carboxylate);

[0124] or any combinations thereof.

[0125] As used herein, the term “gibberellin” refers to a synthetic or naturally
occurring form of the diterpenoid acids that are synthesized by the terpenoid pathway in
plastids and then modified in the endoplasmic reticulum and cytosol until they reach their
biologically-active form. Gibberellin may be a natural gibberellin or an analogue thereof,
including, for example, gibberellins derived from the ent-gibberellane skeleton, or
synthesized via ent-kauren, including gibberelling 1 (GAl), GA2, GA3 . . . GA136, and
analogues and derivatives thereof In some embodiments, gibberellin or an analogue or
derivative thereof is utilized for CISC dimerization.

[0126] As used herein, “SLF-TMP” or “synthetic ligand of FKBP linked to
trimethoprim” refers to a dimerizer for CISC dimerization. In some embodiments, the SLF
moiety binds to a first CISC component and the TMP moiety binds to a second CISC
component, causing CISC dimerization. In some embodiments, SLF can bind, for example,
to FKBP and TMP can bind to E. coli dihydrofolate reductase (¢éDHFR).

[0127] As used herein, the term “simultaneous binding” refers to the binding of
the ligand by two or more CISC components at the same time or, in some cases, at
substantially the same time, to form a multicomponent complex, comprising the CISC
components and the ligand component, and resulting in subsequent signal activation.
Simultaneous binding requires that the CISC components are configured spatially to bind a
single ligand, and also that both CISC components are configured to bind to the same ligand,
including to different moieties on the same ligand.

[0128] As used herein, the term “selective expansion” refers to an ability of a
desired cell, such as a mammalian cell, or a desired population of cells, such as a population
of mammalian cells, to expand. In some embodiments, selective expansion refers to the

generation or expansion of a pure population of cells, such as mammalian cells, that have
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undergone two genetic modification events. One component of a dimerization CISC is part
of one modification and the other component is the other modification. Thus, one component
of the heterodimerizing CISC is associated with each genetic modification. Exposure of the
cells to a ligand allows for selective expansion of only the cells, such as mammalian cells,
having both desired modifications. Thus, in some embodiments, the only cells, such as
mammalian cells, that will be able to respond to contact with a ligand are those that express
both components of the heterodimerization CISC.

[0129] As used herein, “host cell” comprises any cell type, such as a mammalian
cell, that is susceptible to transformation, transfection, or transduction, with a nucleic acid
construct or vector. In some embodiments, the host cell, such as a mammalian cell, 1s a T cell
or a T regulatory cell (Treg). In some embodiments, the host cell, such as a mammalian cell,
i1s a hematopoietic stem cell. In some embodiments, the host cell is a CD34+, CD8+, or a
CD4+ cell. In some embodiments, the host cell is a CD8+ T cytotoxic lymphocyte cell
selected from the group consisting of naive CD8+ T cells, central memory CD8+ T cells,
effector memory CD8+ T cells, and bulk CD8+ T cells. In some embodiments, the host cell
is a CD4+ T helper lymphocyte cell selected from the group consisting of naive CD4+ T
cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells.
As used herein, the term “population of cells” refers to a group of cells, such as mammalian
cells, comprising more than one cell. In some embodiments, a cell, such as a mammalian cell,
1s manufactured, wherein the cell comprises the protein sequence as described herein or an
expression vector that encodes the protein sequence as described herein.

[0130] As used herein, the term “transformed” or “transfected” refers to a cell,
such as a mammalian cell, tissue, organ, or organism into which a foreign polynucleotide
molecule, such as a construct, has been introduced. The introduced polynucleotide molecule
may be integrated into the genomic DNA of the recipient cell, such as a mammalian cell,
tissue, organ, or organism such that the introduced polynucleotide molecule is inherited by
subsequent progeny. A “transgenic” or “transfected” cell, such as a mammalian cell, or
organism also comprises progeny of the cell or organism and progeny produced from a
breeding program employing such a transgenic organism as a parent in a cross and exhibiting
an altered phenotype resulting from the presence of a foreign polynucleotide molecule. The

term “transgenic” refers to a bacteria, fungi, or plant containing one or more heterologous
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polynucleic acid molecules. “Transduction” refers to virus-mediated gene transfer into cells,
such as mammalian cells.

[0131] As used herein, a “subject” refers to an animal that is the object of
treatment, observation or experiment. “Animal” comprises cold- and warm-blooded
vertebrates and invertebrates such as fish, shellfish, reptiles and, in particular, mammals.
“Mammal” comprises, without limitation, mice, rats, rabbits, guinea pigs, dogs, cats, sheep,
goats, cows, horses, primates, such as monkeys, chimpanzees, and apes, and, in particular,
humans. In some alternative, the subject is human.

[0132] In some embodiments, an effective amount of a ligand used for inducing
dimerization is an amount of 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3,
04,05,06,07, 08,09, 10,1.5,20,25,3.0,35,40,45,5.0,55,6.0,6.5,7.0, 75, 8.0,
85,90,95,10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, or 100 nM or a concentration within a range defined by any two of the aforementioned
values.

[0133] A “marker sequence,” as described herein, encodes a protein that is used
for selecting or tracking a protein or cell, such as a mammalian cell, that has a protein of
interest. In the embodiments described herein, the fusion protein provided can comprise a
marker sequence that can be selected in experiments, such as flow cytometry.

[0134] “Chimeric receptor” or “chimeric antigen receptor,” as used herein refers
to a synthetically designed receptor comprising a ligand binding domain of an antibody or
other protein sequence that binds to a molecule associated with the disease or disorder and is
linked via a spacer domain to one or more intracellular signaling domains of a T-cell or other
receptors, such as a costimulatory domain. In some embodiments, a cell, such as a
mammalian cell, 1s manufactured wherein the cell comprises a nucleic acid encoding a fusion
protein and wherein the cell comprises a chimeric antigen receptor.

[0135] “Cytotoxic T lymphocyte” (CTL), as used herein, refers to a T
lymphocyte that expresses CD8 on the surface thereof (e.g., a CD8" T-cell). In some
embodiments, such cells are preferably “memory” T-cells (Tm cells) that are antigen-
experienced. In some embodiments, a cell for fusion protein secretion is provided. In some
embodiments, the cell is a cytotoxic T lymphocyte. “Central memory” T-cell (or “Tenm™) as

used herein, refers to an antigen experienced CTL that expresses CD62L, CCR-7 and/or
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CD45RO on the surface thereof, and does not express or has decreased expression of
CD45RA, as compared to naive cells. In some embodiments, a cell for fusion protein
secretion 1s provided. In some embodiments, the cell is a central memory T-cell (Tcm). In
some embodiments, the central memory cells are positive for expression of CD62L, CCR7,
CD28, CD127, CD45RO, and/or CD95, and may have decreased expression of CD54RA, as
compared to naive cells. “Effector memory” T-cell (or “Tgm”) as used herein refers to an
antigen experienced T-cell that does not express or has decreased expression of CD62L on
the surface thereof, as compared to central memory cells, and does not express or has a
decreased expression of CD45RA, as compared to naive cell. In some embodiments, a cell
for fusion protein secretion is provided. In some embodiments, the cell is an effector memory
T-cell. In some embodiments, effector memory cells are negative for expression of CD62L
and/or CCR7, as compared to naive cells or central memory cells, and may have variable
expression of CD28 and/or CD45RA.

[0136] “Naive T-cells” as used herein, refers to a non-antigen experienced T
lymphocyte that expresses CD62L and/or CD45RA, and does not express CD45RO-, as
compared to central or effector memory cells. In some embodiments, a cell, such as a
mammalian cell, for fusion protein secretion is provided. In some embodiments, the cell,
such as a mammalian cell, is a naive T-cell. In some embodiments, naive CD8+ T
lymphocytes are characterized by the expression of phenotypic markers of naive T-cells
comprising CD62L, CCR7, CD28, CD127, and/or CD45RA.

[0137] “Effector” T-cells as used herein, refers to antigen experienced cytotoxic
T lymphocyte cells that do not express or have decreased expression of CD62L, CCR7,
and/or CD28, and are positive for granzyme B and/or perforin, as compared to central
memory or naive T-cells. In some embodiments, a cell, such as a mammalian cell, for fusion
protein secretion 1s provided. In some embodiments, the cell, such as a mammalian cell, is an
effector T-cell. In some embodiments, the cell, such as a mammalian cell, does not express or
have decreased expression of CD62L, CCR7, and/or CD28, and are positive for granzyme B
and/or perforin, as compared to central memory or naive T-cells.

[0138] “Epitope” as used herein, refers to a part of an antigen or molecule that is
recognized by the immune system comprising antibodies, T-cells, and/or B-cells. Epitopes

usually have at least 7 amino acids and can be a linear or a conformational epitope. In some
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embodiments, a cell, such as a mammalian cell, expressing a fusion protein is provided,
wherein the cell further comprises a chimeric antigen receptor. In some embodiments, the
chimeric antigen receptor comprises a scFv that can recognize an epitope on a cancer cell.
“Isolating,” or “purifying” when used to describe the various polypeptides or nucleic acids
disclosed herein, refers to a polypeptide or nucleic acid that has been identified and separated
and/or recovered from a component of its natural environment. Preferably, the isolated
polypeptide or nucleic acid is free of association with all components with which it is
naturally associated. Contaminant components of its natural environment are materials that
would typically interfere with diagnostic or therapeutic uses for the polypeptide or nucleic
acid, and can include enzymes, hormones, and other proteinaceous or non-proteinaceous
solutes. In some embodiments, a method is provided wherein the method comprises
delivering the nucleic acid of anyone of the embodiments described herein or the expression
vector of anyone of the embodiments described herein to a bacterial cell, mammalian cell or
insect cell, growing the cell up in a culture, inducing expression of the fusion protein and
purifying the fusion protein for treatment.

[0139] “Percent (%) amino acid sequence identity” with respect to the CISC
sequences identified herein is defined as the percentage of amino acid residues in a candidate
sequence that are identical with the amino acid residues in the reference sequence for each of
the extracellular binding domain, hinge domain, transmembrane domain, and/or the signaling
domain, after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative substitutions as
part of the sequence identity. Alignment for purposes of determining percent amino acid
sequence identity can be achieved in various ways that are within the skill in the art, for
instance, using publicly available computer software such as BLAST, BLAST-2, ALIGN,
ALIGN-2 or Megalign (DNASTAR) software. Those skilled in the art can determine
appropriate parameters for measuring alignment, comprising any algorithms needed to
achieve maximal alignment over the full-length of the sequences being compared. For
example, % amino acid sequence identity values generated using the WU-BLAST-2
computer program (Altschul et al, Methods in Enzymology, 266:460-480 (1996)) uses
several search parameters, most of which are set to the default values. Those that are not set

to default values (e.g., the adjustable parameters) are set with the following values: overlap
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span=1, overlap fraction=0.125, word threshold (T) =11 and scoring matrix=BLOSUMG62. In
some embodiments of the CISC, the CISC comprises an extracellular binding domain, a
hinge domain, a transmembrane domain, and a signaling domain, wherein each domain
comprises a natural, synthetic, or a mutated or truncated form of the native domain. In some
embodiments, a mutated or truncated form of any given domain comprises an amino acid
sequence with 100%, 95%, 90%, 85% sequence identity, or a percent sequence identity that
i1s within a range defined by any two of the aforementioned percentages to a sequence set
forth in a sequence provided herein.

[0140] “CISC variant polypeptide sequence” or “CISC variant amino acid
sequence” as used herein refers to a protein sequence as defined below having at least 80%,
85%, 90%, 95%, 98% or 99% amino acid sequence identity (or a percentage amino acid
sequence identity within a range defined by any two of the aforementioned percentages) with
the protein sequences provided herein, or a specifically derived fragment thereof, such as
protein sequence for an extracellular binding domain, a hinge domain, a transmembrane
domain and/or a signaling domain. Ordinarily, a CISC variant polypeptide or fragment
thereof will have at least 80% amino acid sequence identity, more preferably at least 81%
amino acid sequence identity, more preferably at least 82% amino acid sequence identity,
more preferably at least 83% amino acid sequence identity, more preferably at least 84%
amino acid sequence identity, more preferably at least 85% amino acid sequence identity,
more preferably at least 86% amino acid sequence identity, more preferably at least 87%
amino acid sequence identity, more preferably at least 88% amino acid sequence identity,
more preferably at least 89% amino acid sequence identity, more preferably at least 90%
amino acid sequence identity, more preferably at least 91% amino acid sequence identity,
more preferably at least 92% amino acid sequence identity, more preferably at least 93%
amino acid sequence identity, more preferably at least 94% amino acid sequence identity,
more preferably at least 95% amino acid sequence identity, more preferably at least 96%
amino acid sequence identity, more preferably at least 97% amino acid sequence identity,
more preferably at least 98% amino acid sequence identity and yet more preferably at least
99% amino acid sequence identity with the amino acid sequence or a derived fragment

thereof. Variants do not encompass the native protein sequence.
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[0141] T-cells” or “T lymphocytes” as used herein can be from any mammalian,
preferably primate, species, comprising monkeys, dogs, and humans. In some embodiments,
the T-cells are allogeneic (from the same species but different donor) as the recipient subject;
in some embodiments the T-cells are autologous (the donor and the recipient are the same);
in some embodiments the T-cells arc syngeneic (the donor and the recipients are different but
are identical twins).

[0142] As used in this specification, whether in a transitional phrase or in the
body of the claim, the terms “comprise(s)” and “comprising” are to be interpreted as having
an open-ended meaning. That is, the terms are to be interpreted synonymously with the
phrases “having at least” or “comprising at least.” When used in the context of a process, the
term “comprising” means that the process comprises at least the recited steps, but may
include additional steps. When used in the context of a compound, composition or device, the
term “comprising” means that the compound, composition or device comprises at least the
recited features or components, but may also include additional features or components.

Protein Sequences

[0143] As described herein, one or more protein sequence encoding a dimeric
CISC component is provided. The one or more protein sequence can have a first and a
second sequence. In some embodiments, a first sequence encodes a first CISC component
that can comprise a first extracellular binding domain or portion thereof, a hinge domain, a
transmembrane domain, and a signaling domain or portion thereof. In some embodiments, a
second sequence encodes a second CISC component that can comprise a second extracellular
binding domain or a portion thereof, a hinge domain, a transmembrane domain, and a
signaling domain or portions thereof. In some embodiments, the first and second CISC
components may be positioned such that when expressed, they dimerize in the presence of a
ligand, preferably simultaneously. Embodiments of the chemical induced signaling complex
are schematically depicted in Figures 1-2, which also depict downstream signaling pathways
as a result of activation of the CISC, which may include, for example, the RAS/MAPK/ERK
signaling pathway, Akt/PI3K signaling pathway, the mTORCI1 signaling pathway, or the
FOXP3 signaling pathway. In addition, Figure 2 schematically depicts IL2R signaling due to
FRB-FKBP dimerized IL2Rbg in the presence of a ligand, such as rapamycin or an analogue

thereof, as described herein.
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[0144] In some embodiments, a protein sequence or sequences for heterodimeric
two component CISC are provided. In some embodiments, the first CISC component is an
IL2Ry-CISC complex. Figure 3 schematically depicts the CISC construct design, including
CISC having varying amino acid sequence lengths extending from the transmembrane spans.
The varying amino acid sequence lengths may confer varied degrees of flexibility, as
described herein, and as shown schematically in Figure 3. The schematics depicted in Figure
3 may be encompassed by the following sequences, which provide details of the schematic
constructs by way of example, and are not intended to be limiting in scope.

[0145] In some embodiments, the IL2Ry-CISC comprises an amino acid sequence
as set forth in SEQ ID NO: 1
(MPLGLLWLGLALLGALHAQAGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKK
FDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIP
PHATLVFDVELLKLGEGSNTSKENPFLFALEAVVISVGSMGLIISLLCVYFWLERTMP
RIPTLKNLEDLVTEYHGNFSAWSGVSKGLAESLQPDYSERLCLVSEIPPKGGALGEGP
GASPCNQHSPYWAPPCYTLKPET;, SEQ ID NO: 1). Embodiments also comprise a
nucleic acid sequence encoding the protein sequence of SEQ ID NO: 1.

[0146] In some embodiments, the IL2Ry-CISC comprises an amino acid sequence
as set forth in SEQ ID NO: 3
(MPLGLLWLGLALLGALHAQAGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKK
FDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIP
PHATLVFDVELLKLEGGGSQNLVIPWAPENLTLHKLSESQLELNWNNRFLNHCLEHL
VQYRTDWDHSWTEQSVDYRHKFSLPSVDGQKRYTFRVRSRFNPLCGSAQHWSEWS
HPIHWGSNTSKENPFLFALEAVVISVGSMGLIISLLCVYFWLERTMPRIPTLKNLEDLV
TEYHGNFSAWSGVSKGLAESLQPDYSERLCLVSEIPPKGGALGEGPGASPCNQHSPY
WAPPCYTLKPET; SEQ ID NO: 3). Embodiments also comprise a nucleic acid sequence
encoding the protein sequence of SEQ ID NO: 3.

[0147] In some embodiments, the IL2Ry-CISC comprises an amino acid sequence
as set forth in SEQ ID NO: 5
(MPLGLLWLGLALLGALHAQAGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKK
FDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIP
PHATLVFDVELLKLEGQNLVIPWAPENLTLHKLSESQLELNWNNRFLNHCLEHLVQ
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YRTDWDHSWTEQSVDYRHKFSLPSVDGQKRYTFRVRSRFNPLCGSAQHWSEWSHPI
HWGSNTSKENPFLFALEAVVISVGSMGLIISLLCVYFWLERTMPRIPTLKNLEDLVTE
YHGNFSAWSGVSKGLAESLQPDYSERLCLVSEIPPKGGALGEGPGASPCNQHSPYWA
PPCYTLKPET,; SEQ ID NO: 5). Embodiments also comprise a nucleic acid sequence
encoding the protein sequence of SEQ ID NO: 5.

[0148] In some embodiments, the IL2Ry-CISC comprises an amino acid sequence
as set forth in SEQ ID NO: 7
(MPLGLLWLGLALLGALHAQAGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKK
FDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIP
PHATLVFDVELLKLEGGSNTSKENPFLFALEAVVISVGSMGLIISLLCVYFWLERTMP
RIPTLKNLEDLVTEYHGNFSAWSGVSKGLAESLQPDYSERLCLVSEIPPKGGALGEGP
GASPCNQHSPYWAPPCYTLKPET; SEQ ID NO: 7). Embodiments also comprise a
nucleic acid sequence encoding the protein sequence of SEQ ID NO: 7.

[0149] In some embodiments, the protein sequence for the first CISC component
includes a protein sequence encoding an extracellular binding domain, a hinge domain, a
transmembrane domain, or a signaling domain. Embodiments also comprise a nucleic acid
sequence encoding the extracellular binding domain, the hinge domain, the transmembrane
domain, or the signaling domain. In some embodiments, the protein sequence of the first
CISC component, comprising the first extracellular binding domain, the hinge domain, the
transmembrane domain, and/or the signaling domain comprises an amino acid sequence that
comprises a 100%, 99%, 98%, 95%, 90%, 85%, or 80% sequence identity to the sequence set
forth in SEQ ID NOs: 1, 3, 5, or 7, or has a sequence identity that is within a range defined
by any two of the aforementioned percentages.

[0150] In some embodiments, the second CISC component is an IL2Rp complex.
In some embodiments, the IL2ZRB-CISC comprises an amino acid sequence as set forth in
SEQ ID NO: 2
(MALPVTALLLPLALLLHAARPILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPL
HAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLLQAWDLYYHV
FRRISKGKDTIPWLGHLLVGLSGAFGFIILVYLLINCRNTGPWLKKVLKCNTPDPSKFF
SQLSSEHGGDVQKWLSSPFPSSSFSPGGLAPEISPLEVLERDKVTQLLLQQDKVPEPAS
LSSNHSLTSCFTNQGYFFFHLPDALEIEACQVYFTYDPYSEEDPDEGVAGAPTGSSPQ
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PLQPLSGEDDAYCTFPSRDDLLLFSPSLLGGPSPPSTAPGGSGAGEERMPPSLQERVPR
DWDPQPLGPPTPGVPDLVDFQPPPELVLREAGEEVPDAGPREGVSFPWSRPPGQGEF
RALNARLPLNTDAYLSLQELQGQDPTHLV; SEQ ID NO: 2). Embodiments also
comprise a nucleic acid sequence encoding the protein sequence of SEQ ID NO: 2.

[0151] In some embodiments, the IL2RB-CISC comprises an amino acid
sequence as set forth in SEQ ID NO: 4
(MALPVTALLLPLALLLHAARPILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPL
HAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLLQAWDLYYHV
FRRISKGGSKPFENLRLMAPISLQVVHVETHRCNISWEISQASHYFERHLEFEARTLSP
GHTWEEAPLLTLKQKQEWICLETLTPDTQYEFQVRVKPLQGEFTTWSPWSQPLAFRT
KPAALGKDTIPWLGHLLVGLSGAFGFIILVYLLINCRNTGPWLKKVLKCNTPDPSKFF
QLSSEHGGDVQKWLSSPFPSSSFSPGGLAPEISPLEVLERDKVTQLLLQQDKVPEPASL
SSNHSLTSCFTNQGYFFFHLPDALEIEACQVYFTYDPYSEEDPDEGVAGAPTGSSPQP
LQPLSGEDDAYCTFPSRDDLLLFSPSLLGGPSPPSTAPGGSGAGEERMPPSLQERVPR
DWDPQPLGPPTPGVPDLVDFQPPPELVLREAGEEVPDAGPREGVSFPWSRPPGQGEF
RALNARLPLNTDAYLSLQELQGQDPTHLV; SEQ ID NO: 4). Embodiments also
comprise a nucleic acid sequence encoding the protein sequence of SEQ ID NO: 4.

[0152] In some embodiments, the IL2RB-CISC comprises an amino acid
sequence as set forth in SEQ ID NO: 6
(MALPVTALLLPLALLLHAARPILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPL
HAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLLQAWDLYYHV
FRRISKKPFENLRLMAPISLQVVHVETHRCNISWEISQASHYFERHLEFEARTLSPGHT
WEEAPLLTLKQKQEWICLETLTPDTQYEFQVRVKPLQGEFTTWSPWSQPLAFRTKPA
ALGKDTIPWLGHLLVGLSGAFGFIILVYLLINCRNTGPWLKKVLKCNTPDPSKFFSQL
SSEHGGDVQKWLSSPFPSSSFSPGGLAPEISPLEVLERDKVTQLLLQQDKVPEPASLSS
NHSLTSCFTNQGYFFFHLPDALEIEACQVYFTYDPYSEEDPDEGVAGAPTGSSPQPLQ
PLSGEDDAYCTFPSRDDLLLFSPSLLGGPSPPSTAPGGSGAGEERMPPSLQERVPRDW
DPQPLGPPTPGVPDLVDFQPPPELVLREAGEEVPDAGPREGVSFPWSRPPGQGEFRAL
NARLPLNTDAYLSLQELQGQDPTHLV; SEQ ID NO: 6). Embodiments also comprise a

nucleic acid sequence encoding the protein sequence of SEQ ID NO: 6.
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[0153] In some embodiments, the IL2RB-CISC comprises an amino acid
sequence as set forth in SEQ ID NO: 8
(MALPVTALLLPLALLLHAARPILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPL
HAMMERGPQTLKETSWLGHLLVGLSGAFGFIILVYLLINCRNTGPWLKKVLKCNTP
DPSKFFSQLSSEHGGDVQKWLSSPFPSSSFSPGGLAPEISPLEVLERDKVTQLLLQQDK
VPEPASLSSNHSLTSCFTNQGYFFFHLPDALEIEACQVYFTYDPYSEEDPDEGVAGAP
TGSSPQPLQPLSGEDDAYCTFPSRDDLLLFSPSLLGGPSPPSTAPGGSGAGEERMPPSL
QERVPRDWDPQPLGPPTPGVPDLVDFQPPPELVLREAGEEVPDAGPREGVSFPWSRP
PGQGEFRALNARLPLNTDAYLSLQELQGQDPTHLV; SEQ ID NO: 8). Embodiments
also comprise a nucleic acid sequence encoding the protein sequence of SEQ ID NO: 8.

[0154] In some embodiments, the second CISC component is an IL7Ra complex.
In some embodiments, the IL7Ra-CISC comprises an amino acid sequence as set forth in
SEQ ID NO: 9
(MALPVTALLLPLALLLHAARPILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPL
HAMMERGPQTLKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLLQAWDLYYHV
FRRISKGEINNSSGEMDPILLTISILSFFSVALLVILACVLWKKRIKPIVWPSLPDHKKTL
EHLCKKPRKNLNVSFNPESFLDCQIHRVDDIQARDEVEGFLQDTFPQQLEESEKQRLG
GDVQSPNCPSEDVVITPESFGRDSSLTCLAGNVSACDAPILSSSRSLDCRESGKNGPH
VYQDLLLSLGTTNSTLPPPFSLQSGILTLNPVAQGQPILTSLGSNQEEAYVTMSSFYQN
Q; SEQ ID NO: 9). Embodiments also comprise a nucleic acid sequence encoding the protein
sequence of SEQ ID NO: 9.

[0155] In some embodiments, the protein sequence for the second CISC
component includes a protein sequence encoding an extracellular binding domain, a hinge
domain, a transmembrane domain, or a signaling domain. Embodiments also comprise a
nucleic acid sequence encoding the extracellular binding domain, the hinge domain, the
transmembrane domain, or the signaling domain of the second CISC component. In some
embodiments, the protein sequence of the second CISC component, comprising the second
extracellular binding domain, the hinge domain, the transmembrane domain, and/or the
signaling domain comprises an amino acid sequence that comprises a 100%, 99%, 98%,

95%, 90%, 85%, or 80% sequence identity to the sequence set forth in SEQ ID NOs: 2, 4, 6,
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8, or 9, or has a sequence identity that is within a range defined by any two of the
aforementioned percentages.

[0156] In some embodiments, the protein sequence may include a linker. In some
embodiments, the linker comprises 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acids, such as glycines,
or a number of amino acids, such as glycine, within a range defined by any two of the
aforementioned numbers. In some embodiments, the glycine spacer comprises at least 3
glycines. In some embodiments, the glycine spacer comprises a sequence set forth in SEQ ID
NO: 15 (GGGS; SEQ ID NO: 15), SEQ ID NO: 16 (GGGSGGG; SEQ ID NO: 16) or SEQ
ID NO: 17 (GGG; SEQ ID NO: 17). Embodiments also comprise a nucleic acid sequence
encoding SEQ ID NOs: 15-17. In some embodiments, the transmembrane domain is located
N-terminal to the signaling domain, the hinge domain is located N-terminal to the
transmembrane domain, the linker is located N-terminal to the hinge domain, and the
extracellular binding domain is located N-terminal to the linker.

[0157] In some embodiments, a protein sequence or sequences for homodimeric
two component CISC are provided. In some embodiments, the first CISC component is an
IL2Ry-CISC complex. In some embodiments, the IL2Ry-CISC comprises an amino acid
sequence as set forth in SEQ ID NO: 11
(MPLGLLWLGLALLGALHAQAGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKK
VDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIP
PHATLVFDVELLKLEGGSNTSKENPFLFALEAVVISVGSMGLIISLLCVYFWLERTMP
RIPTLKNLEDLVTEYHGNFSAWSGVSKGLAESLQPDYSERLCLVSEIPPKGGALGEGP
GASPCNQHSPYWAPPCYTLKPET, SEQ ID NO: 11). Embodiments also comprise a
nucleic acid sequence encoding the protein sequence of SEQ ID NO: 11.

[0158] In some embodiments, the protein sequence for the first CISC component
includes a protein sequence encoding an extracellular binding domain, a hinge domain, a
transmembrane domain, or a signaling domain. Embodiments also comprise a nucleic acid
sequence encoding the extracellular binding domain, the hinge domain, the transmembrane
domain, or the signaling domain. In some embodiments, the protein sequence of the first
CISC component, comprising the first extracellular binding domain, the hinge domain, the
transmembrane domain, and/or the signaling domain comprises an amino acid sequence that

comprises a 100%, 99%, 98%, 95%, 90%, 85%, or 80% sequence identity to the sequence set
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forth in SEQ ID NOs: 11 or has a sequence identity that is within a range defined by any two
of the aforementioned percentages.

[0159] In some embodiments, the second CISC component is an IL2Rp complex
or an IL2Ra complex. In some embodiments, the IL2RB-CISC comprises an amino acid
sequence as set forth in SEQ ID NO: 10
(MPLGLLWLGLALLGALHAQAGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKK
VDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIP
PHATLVFDVELLKLEGGKDTIPWLGHLLVGLSGAFGFIILVYLLINCRNTGPWLKKVL
KCNTPDPSKFFSQLSSEHGGDVQKWLSSPFPSSSFSPGGLAPEISPLEVLERDKVTQLL
LQQDKVPEPASLSSNHSLTSCFTNQGYFFFHLPDALEIEACQVYFTYDPYSEEDPDEG
VAGAPTGSSPQPLQPLSGEDDAYCTFPSRDDLLLFSPSLLGGPSPPSTAPGGSGAGEER
MPPSLQERVPRDWDPQPLGPPTPGVPDLVDFQPPPELVLREAGEEVPDAGPREGVSFP
WSRPPGQGEFRALNARLPLNTDAYLSLQELQGQDPTHLV; SEQ ID NO: 10).
Embodiments also comprise a nucleic acid sequence encoding the protein sequence of SEQ
ID NO: 10.

[0160] In some embodiments, the IL2Ra-CISC comprises an amino acid
sequence as set forth in SEQ ID NO: 12
(MPLGLLWLGLALLGALHAQAGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKK
VDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIP
PHATLVFDVELLKLEGEINNSSGEMDPILLTISILSFFSVALLVILACVLWKKRIKPIVW
PSLPDHKKTLEHLCKKPRKNLNVSFNPESFLDCQIHRVDDIQARDEVEGFLQDTFPQQ
LEESEKQRLGGDVQSPNCPSEDVVITPESFGRDSSLTCLAGNVSACDAPILSSSRSLDC
RESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQSGILTLNPVAQGQPILTSLGSNQEEAY
VTMSSFYQNQ; SEQ ID NO: 12). Embodiments also comprise a nucleic acid sequence
encoding the protein sequence of SEQ ID NO: 12.

[0161] In some embodiments, the protein sequence for the second CISC
component includes a protein sequence encoding an extracellular binding domain, a hinge
domain, a transmembrane domain, or a signaling domain. Embodiments also comprise a
nucleic acid sequence encoding the extracellular binding domain, the hinge domain, the
transmembrane domain, or the signaling domain of the second CISC component. In some

embodiments, the protein sequence of the second CISC component, comprising the second
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extracellular binding domain, the hinge domain, the transmembrane domain, and/or the
signaling domain comprises an amino acid sequence that comprises a 100%, 99%, 98%,
95%, 90%, 85%, or 80% sequence identity to the sequence set forth in SEQ ID NO: 10 or
SEQ ID NO: 12, or has a sequence identity that is within a range defined by any two of the
aforementioned percentages.

[0162] In some embodiments, the protein sequence may include a linker. In some
embodiments, the linker comprises 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acids, such as glycines,
or a number of amino acids, such as glycine, within a range defined by any two of the
aforementioned numbers. In some embodiments, the glycine spacer comprises at least 3
glycines. In some embodiments, the glycine spacer comprises a sequence set forth in SEQ ID
NO: 15 (GGGS; SEQ ID NO: 15), SEQ ID NO: 16 (GGGSGGG; SEQ ID NO: 16) or SEQ
ID NO: 17 (GGG; SEQ ID NO: 17). Embodiments also comprise a nucleic acid sequence
encoding SEQ ID NOs: 15-17. In some embodiments, the transmembrane domain is located
N-terminal to the signaling domain, the hinge domain is located N-terminal to the
transmembrane domain, the linker is located N-terminal to the hinge domain, and the
extracellular binding domain is located N-terminal to the linker.

[0163] In some embodiments, the sequences for the homodimerizing two
component CISC incorporate FKBP F36V domain for homodimerization with the ligand
AP1903.

[0164] In some embodiments is provided a protein sequence or sequences for
single component homodimerization CISC. In some embodiments, the single component
CISC i1s an IL7Ra-CISC complex. In some embodiments, the IL7Ra-CISC comprises an
amino acid sequence as set forth in SEQ ID NO: 13
(MPLGLLWLGLALLGALHAQAGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKK
VDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIP
PHATLVFDVELLKLEGEINNSSGEMDPILLTISILSFFSVALLVILACVLWKKRIKPIVW
PSLPDHKKTLEHLCKKPRKNLNVSFNPESFLDCQIHRVDDIQARDEVEGFLQDTFPQQ
LEESEKQRLGGDVQSPNCPSEDVVITPESFGRDSSLTCLAGNVSACDAPILSSSRSLDC
RESGKNGPHVYQDLLLSLGTTNSTLPPPFSLQSGILTLNPVAQGQPILTSLGSNQEEAY
VTMSSFYQNQ; SEQ ID NO: 13). Embodiments also comprise a nucleic acid sequence
encoding the protein sequence of SEQ ID NO: 13.
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[0165] In some embodiments, the single component CISC is an MPL-CISC
complex. In some embodiments, the MPL-CISC comprises an amino acid sequence as set
forth in SEQ ID NO: 14
(MPLGLLWLGLALLGALHAQAGVQVETISPGDGRTFPKRGQTCVVHYTGMLEDGKK
VDSSRDRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGIIP
PHATLVFDVELLKLGEETAWISLVTALHLVLGLSAVLGLLLLRWQFPAHYRRLRHAL
WPSLPDLHRVLGQYLRDTAALSPPKATVSDTCEEVEPSLLEILPKSSERTPLPLCSSQA
QMDYRRLQPSCLGTMPLSVCPPMAESGSCCTTHIANHSYLPLSYWQQP; SEQ ID NO:
14). Embodiments also comprise a nucleic acid sequence encoding the protein sequence of
SEQ ID NO: 14.

[0166] In some embodiments, the protein sequence for the single component
CISC includes a protein sequence encoding an extracellular binding domain, a hinge domain,
a transmembrane domain, or a signaling domain. Embodiments also comprise a nucleic acid
sequence encoding the extracellular binding domain, the hinge domain, the transmembrane
domain, or the signaling domain. In some embodiments, the protein sequence of the first
CISC component, comprising the first extracellular binding domain, the hinge domain, the
transmembrane domain, and/or the signaling domain comprises an amino acid sequence that
comprises a 100%, 99%, 98%, 95%, 90%, 85%, or 80% sequence identity to the sequence set
forth in SEQ ID NO: 13 or SEQ ID NO: 14 or has a sequence identity that is within a range
defined by any two of the aforementioned percentages.

[0167] In some embodiments, the protein sequence may include a linker. In some
embodiments, the linker comprises 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acids, such as glycines,
or a number of amino acids, such as glycine, within a range defined by any two of the
aforementioned numbers. In some embodiments, the glycine spacer comprises at least 3
glycines. In some embodiments, the glycine spacer comprises a sequence set forth in SEQ ID
NO: 15 (GGGS; SEQ ID NO: 15), SEQ ID NO: 16 (GGGSGGG; SEQ ID NO: 16) or SEQ
ID NO: 17 (GGG; SEQ ID NO: 17). Embodiments also comprise a nucleic acid sequence
encoding SEQ ID NOs: 15-17. In some embodiments, the transmembrane domain is located
N-terminal to the signaling domain, the hinge domain is located N-terminal to the
transmembrane domain, the linker is located N-terminal to the hinge domain, and the

extracellular binding domain is located N-terminal to the linker.
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[0168] In some embodiments, the sequences for the homodimerizing single
component CISC incorporate FKBP F36V domain for homodimerization with the ligand
AP1903.

Vectors for expressing the dimeric CISC components

[0169] A variety of vector combinations can be constructed to provide for
efficient transduction and transgene expression. In some embodiments, the vector is a viral
vector. In other embodiments, the vectors can include a combination of viral vectors and
plasmid vectors. Other viral vectors include foamy virus, adenoviral vectors, adeno-
associated viral (AAV) vectors, retroviral vectors, and/or lentiviral vectors. In some
embodiments, the vector is a lentiviral vector. In some embodiments, the vector is a foamy
viral vector, adenoviral vectors, retroviral vectors or lentiviral vectors. In some
embodiments, the vector is for protein expression in a bacterial system, such as £. coli. In
other embodiments, a first vector can encode a first CISC component comprising a first
extracellular binding domain or portion thereof, a hinge domain, a transmembrane domain,
and a signaling domain or portion thereof while a second vector can encode a second CISC
component comprising a second extracellular binding domain or a portion thereof, a hinge
domain, a transmembrane domain, and a signaling domain or portions thereof.

[0170] In some embodiments, the expression vector comprises a nucleic acid
encoding the protein sequence of SEQ ID NOs: 1, 2, 3, 4, 5, 6, 7, 8 or 9. In some
embodiments, the expression vector comprises a nucleic acid sequence as set forth in SEQ ID
NO: 20
(AGCTTAATGTAGTCTTATGCAATACTCTTGTAGTCTTGCAACATGGTAACGATGA
GTTAGCAACATGCCTTACAAGGAGAGAAAAAGCACCGTGCATGCCGATTGGTGG
AAGTAAGGTGGTACGATCGTGCCTTATTAGGAAGGCAACAGACGGGTCTGACAT
GGATTGGACGAACCACTGAATTGCCGCATTGCAGAGATATTGTATTTAAGTGCCT
AGCTCGATACAATAAACGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCT
CTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTG
CTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCA
GACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAGGGACTTG
AAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAA
GCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAATTTTG
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ACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCG
GGGGAGAATTAGATCGCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGA
AAAAATATAAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCG
CAGTTAATCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGAC
AGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATAC
AGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGA
AGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCGCACAGC
AAGCGGCCGCTGATCTTCAGACCTGGAGGAGGAGATATGAGGGACAATTGGAGA
AGTGAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCACCC
ACCAAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGG
AGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCCTCA
ATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAG
AACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCT
GGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGG
ATCAACAGCTCCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGC
TGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATCAC
ACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAATACAC
TCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAGAATTATTG
GAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATAACAAATTGGCTGT
GGTATATAAAATTATTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAGAATAGT
TTTTGCTGTACTTTCTATAGTGAATAGAGTTAGGCAGGGATATTCACCATTATCGT
TTCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGCCCGAAGGAATAGAAG
AAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATCTC
GACGGTATCGGTTAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAG
GGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAA
AAACAAATTACAAAAATTCAAAATTTTATCGATCACGAGACTAGCCTCGAGAAG
CTTGATATCGAATTCCCACGGGGTTGGACGCGTAGGAACAGAGAAACAGGAGAA
TATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCA
AGAACAGTTGGAACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGT
TCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTC
AGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAT
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GACCCTGTGCCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGC
GCTTCTGCTCCCCGAGCTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCTAGCACCGGTGCCGCCACCATGCCTCTGGGCCTGCTGTGGCTGGGCCTGGCCC
TGCTGGGCGCCCTGCACGCCCAGGCCGGCGTGCAGGTGGAGACAATCTCCCCAG
GCGACGGACGCACATTCCCTAAGCGGGGCCAGACCTGCGTGGTGCACTATACAG
GCATGCTGGAGGATGGCAAGAAGTTTGACAGCTCCCGGGATAGAAACAAGCCAT
TCAAGTTTATGCTGGGCAAGCAGGAAGTGATCAGAGGCTGGGAGGAGGGCGTGG
CCCAGATGTCTGTGGGCCAGAGGGCCAAGCTGACCATCAGCCCAGACTACGCCT
ATGGAGCAACAGGCCACCCAGGAATCATCCCACCTCACGCCACCCTGGTGTTCG
ATGTGGAGCTGCTGAAGCTGGGCGAGGGATCCAACACATCAAAAGAGAACCCCT
TTCTGTTCGCATTGGAGGCCGTAGTCATATCTGTTGGATCCATGGGACTTATTATC
TCCCTGTTGTGTGTGTACTTCTGGCTGGAACGGACTATGCCCAGGATCCCCACGC
TCAAGAATCTGGAAGATCTCGTCACAGAATACCATGGTAATTTCAGCGCCTGGA
GCGGAGTCTCTAAGGGTCTGGCCGAATCCCTCCAACCCGATTATTCTGAACGGTT
GTGCCTCGTATCCGAAATACCACCAAAAGGCGGGGCTCTGGGTGAGGGCCCAGG
GGCGAGTCCGTGCAATCAACACAGCCCGTATTGGGCCCCTCCTTGTTATACGTTG
AAGCCCGAAACTGGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGA
GACGTGGAGGAGAACCCTGGACCTATGGCACTGCCCGTGACCGCCCTGCTGCTG
CCTCTGGCCCTGCTGCTGCACGCAGCCCGGCCTATCCTGTGGCACGAGATGTGGC
ACGAGGGCCTGGAGGAGGCCAGCAGGCTGTATTTTGGCGAGCGCAACGTGAAGG
GCATGTTCGAGGTGCTGGAGCCTCTGCACGCCATGATGGAGAGAGGCCCACAGA
CCCTGAAGGAGACATCCTTTAACCAGGCCTATGGACGGGACCTGATGGAGGCAC
AGGAGTGGTGCAGAAAGTACATGAAGTCTGGCAATGTGAAGGACCTGCTGCAGG
CCTGGGATCTGTACTATCACGTGTTTCGGAGAATCTCCAAGGGCAAAGACACGAT
TCCGTGGCTTGGGCATCTGCTCGTTGGGCTGAGTGGTGCGTTTGGTTTCATCATCT
TGGTCTATCTCTTGATCAATTGCAGAAATACAGGCCCTTGGCTGAAAAAAGTGCT
CAAGTGTAATACCCCCGACCCAAGCAAGTTCTTCTCCCAGCTTTCTTCAGAGCAT
GGAGGCGATGTGCAGAAATGGCTCTCTTCACCTTTTCCCTCCTCAAGCTTCTCCCC
GGGAGGGCTGGCGCCCGAGATTTCACCTCTTGAGGTACTTGAACGAGACAAGGT
TACCCAACTTCTCCTTCAACAGGATAAGGTACCCGAACCTGCGAGCCTTAGCTCC
AACCACTCTCTTACGAGCTGCTTCACCAATCAGGGATACTTCTTTTTCCACCTTCC
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CGATGCGCTGGAAATCGAAGCTTGTCAAGTTTACTTTACCTATGATCCATATAGC
GAGGAAGATCCCGACGAAGGAGTCGCCGGTGCGCCCACGGGTTCCTCACCCCAA
CCTCTCCAGCCTCTCTCAGGAGAAGATGATGCTTATTGCACTTTTCCCAGTAGAG
ACGATCTCCTCCTCTTTTCTCCATCTCTTTTGGGGGGACCTTCCCCCCCTTCTACG
GCACCTGGCGGGTCTGGTGCTGGCGAGGAGCGGATGCCGCCGTCCCTCCAGGAG
CGAGTACCACGAGATTGGGATCCCCAGCCACTTGGACCCCCCACCCCCGGCGTA
CCTGACCTTGTCGATTTTCAACCTCCCCCTGAATTGGTGCTGCGAGAGGCTGGGG
AGGAAGTTCCGGACGCTGGGCCGAGGGAGGGCGTGTCCTTTCCATGGAGTAGGC
CTCCAGGTCAAGGCGAGTTTAGGGCTCTCAACGCGCGGCTGCCGTTGAATACAG
ACGCTTATCTCTCACTGCAGGAACTGCAAGGTCAGGACCCAACACATCTTGTAGG
ATCTGGTGCTACTAATTTTTCTCTTTTGAAGCAAGCTGGAGATGTTGAAGAGAAC
CCTGGTCCAGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTG
GTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGC
GAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGC
AAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGT
GCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCAT
GCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTA
CAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGA
GCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGA
GTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGG
CATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCT
CGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCATGCTGCTGCC
CGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAA
GCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGC
ATGGACGAGCTGTACAAGTAAACTAGTGTCGACAATCAACCTCTGGATTACAAA
ATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGG
ATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTT
CTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTG
TCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTG
GGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTA
TTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCG
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GCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCA
TGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGT
CCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTG
CGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGC
CGCCTCCCCGCCTGGAATTCGAGCTCGGTACCTTTAAGACCAATGACTTACAAGG
CAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAGGGCTAA
TTCACTCCCAACGAAGACAAGATCTGCTTTTTGCTTGTACTGGGTCTCTCTGGTTA
GACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAG
CCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTG
ACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAG
CAGTAGTAGTTCATGTCATCTTATTATTCAGTATTTATAACTTGCAAAGAAATGA
ATATCAGAGAGTGAGAGGAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAA
GCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTG
TGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGCTCTAGCTATCCCGCC
CCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTA
TTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAG
GAGGCTTTTTTGGAGGCCTAGGCTTTTGCGTCGAGACGTACCCAATTCGCCCTAT
AGTGAGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGGG
AAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAG
CTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAG
CCTGAATGGCGAATGGCGCGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGAGG
TGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCT
CCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCT
CTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACC
CCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGA
CGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTC
CAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGA
TTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAA
CGCGAATTTTAACAAAATATTAACGTTTACAATTTCCCAGGTGGCACTTTTCGGG
GAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTAT
CCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAG
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AGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTG
CCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGAT
CAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATC
CTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTC
TGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCG
CCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAG
CATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATG
AGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAG
CTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGG
AACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTG
TAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGC
TTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACT
TCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGT
GAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCC
CGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAAT
AGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGAC
CAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAG
GATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAG
TTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAG
ATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACC
AGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACT
GGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAG
GCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCT
GTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCA
AGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGC
ACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGT
GAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCC
GGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAA
ACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGA
TTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCG
GCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCG
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TTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCG
CTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAA
GAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCA
GCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTA
ATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCT
CGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTAT
GACCATGATTACGCCAAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTG
GAGCTGCA,; SEQ ID NO: 20). SEQ ID NO: 20 encodes the protein sequences as set forth
in SEQ ID NOs: 7 and 8.

[0171] In some embodiments, the expression vector is a variant of SEQ ID NO:
20 as set forth in SEQ ID NO: 18
(AGCTTAATGTAGTCTTATGCAATACTCTTGTAGTCTTGCAACATGGTAACGATGA
GTTAGCAACATGCCTTACAAGGAGAGAAAAAGCACCGTGCATGCCGATTGGTGG
AAGTAAGGTGGTACGATCGTGCCTTATTAGGAAGGCAACAGACGGGTCTGACAT
GGATTGGACGAACCACTGAATTGCCGCATTGCAGAGATATTGTATTTAAGTGCCT
AGCTCGATACAATAAACGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCT
CTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTG
CTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCA
GACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAGGGACTTG
AAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAA
GCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAATTTTG
ACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCG
GGGGAGAATTAGATCGCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGA
AAAAATATAAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCG
CAGTTAATCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGAC
AGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATAC
AGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGA
AGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCGCACAGC
AAGCGGCCGCTGATCTTCAGACCTGGAGGAGGAGATATGAGGGACAATTGGAGA
AGTGAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCACCC
ACCAAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGG
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AGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCCTCA
ATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAG
AACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCT
GGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGG
ATCAACAGCTCCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGC
TGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATCAC
ACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAATACAC
TCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAGAATTATTG
GAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATAACAAATTGGCTGT
GGTATATAAAATTATTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAGAATAGT
TTTTGCTGTACTTTCTATAGTGAATAGAGTTAGGCAGGGATATTCACCATTATCGT
TTCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGCCCGAAGGAATAGAAG
AAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATCTC
GACGGTATCGGTTAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAG
GGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAA
AAACAAATTACAAAAATTCAAAATTTTATCGATCACGAGACTAGCCTCGAGAAG
CTTGATATCGAATTCCCACGGGGTTGGACGCGTAGGAACAGAGAAACAGGAGAA
TATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCA
AGAACAGTTGGAACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGT
TCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTC
AGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAT
GACCCTGTGCCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGC
GCTTCTGCTCCCCGAGCTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCTAGCACCGGTGCCGCCACCATGCCTCTGGGCCTGCTGTGGCTGGGCCTGGCCC
TGCTGGGCGCCCTGCACGCCCAGGCCGGCGTGCAGGTGGAGACAATCTCCCCAG
GCGACGGACGCACATTCCCTAAGCGGGGCCAGACCTGCGTGGTGCACTATACAG
GCATGCTGGAGGATGGCAAGAAGTTTGACAGCTCCCGGGATAGAAACAAGCCAT
TCAAGTTTATGCTGGGCAAGCAGGAAGTGATCAGAGGCTGGGAGGAGGGCGTGG
CCCAGATGTCTGTGGGCCAGAGGGCCAAGCTGACCATCAGCCCAGACTACGCCT
ATGGAGCAACAGGCCACCCAGGAATCATCCCACCTCACGCCACCCTGGTGTTCG
ATGTGGAGCTGCTGAAGCTGGGCGAGGGCGGTAGTCAGAACCTTGTGATACCAT
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GGGCCCCAGAAAATCTCACACTTCATAAACTTTCCGAATCACAACTCGAACTCAA
CTGGAATAACCGGTTCCTGAATCACTGTCTTGAACACCTGGTACAATATCGGACC
GACTGGGATCACTCATGGACAGAACAATCTGTGGACTATAGGCACAAATTCTCA
CTCCCAAGCGTAGACGGCCAAAAAAGATACACTTTTCGCGTACGATCCCGCTTTA
ATCCTCTCTGCGGCTCTGCTCAGCACTGGAGTGAATGGTCCCATCCCATTCATTG
GGGATCCAACACATCAAAAGAGAACCCCTTTCTGTTCGCATTGGAGGCCGTAGTC
ATATCTGTTGGATCCATGGGACTTATTATCTCCCTGTTGTGTGTGTACTTCTGGCT
GGAACGGACTATGCCCAGGATCCCCACGCTCAAGAATCTGGAAGATCTCGTCAC
AGAATACCATGGTAATTTCAGCGCCTGGAGCGGAGTCTCTAAGGGTCTGGCCGA
ATCCCTCCAACCCGATTATTCTGAACGGTTGTGCCTCGTATCCGAAATACCACCA
AAAGGCGGGGCTCTGGGTGAGGGCCCAGGGGCGAGTCCGTGCAATCAACACAGC
CCGTATTGGGCCCCTCCTTGTTATACGTTGAAGCCCGAAACTGGAAGCGGAGCTA
CTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTA
TGGCACTGCCCGTGACCGCCCTGCTGCTGCCTCTGGCCCTGCTGCTGCACGCAGC
CCGGCCTATCCTGTGGCACGAGATGTGGCACGAGGGCCTGGAGGAGGCCAGCAG
GCTGTATTTTGGCGAGCGCAACGTGAAGGGCATGTTCGAGGTGCTGGAGCCTCTG
CACGCCATGATGGAGAGAGGCCCACAGACCCTGAAGGAGACATCCTTTAACCAG
GCCTATGGACGGGACCTGATGGAGGCACAGGAGTGGTGCAGAAAGTACATGAA
GTCTGGCAATGTGAAGGACCTGCTGCAGGCCTGGGATCTGTACTATCACGTGTTT
CGGAGAATCTCCAAGGGAGGTTCAAAACCTTTTGAGAACCTTAGACTGATGGCG
CCCATCTCTCTGCAGGTAGTTCACGTTGAGACCCATAGATGCAATATAAGCTGGG
AAATCTCACAAGCCAGCCATTACTTTGAACGGCATTTGGAATTCGAGGCCCGAAC
ACTTTCCCCCGGTCATACGTGGGAAGAAGCTCCTCTCTTGACGCTGAAGCAGAAG
CAGGAGTGGATTTGTCTGGAGACTTTGACTCCTGATACTCAGTATGAGTTCCAAG
TTCGGGTGAAACCACTCCAAGGCGAGTTCACGACGTGGTCTCCGTGGAGTCAAC
CGTTGGCGTTCCGCACGAAGCCCGCTGCCCTTGGCAAAGACACGATTCCGTGGCT
TGGGCATCTGCTCGTTGGGCTGAGTGGTGCGTTTGGTTTCATCATCTTGGTCTATC
TCTTGATCAATTGCAGAAATACAGGCCCTTGGCTGAAAAAAGTGCTCAAGTGTA
ATACCCCCGACCCAAGCAAGTTCTTCTCCCAGCTTTCTTCAGAGCATGGAGGCGA
TGTGCAGAAATGGCTCTCTTCACCTTTTCCCTCCTCAAGCTTCTCCCCGGGAGGGC
TGGCGCCCGAGATTTCACCTCTTGAGGTACTTGAACGAGACAAGGTTACCCAACT
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TCTCCTTCAACAGGATAAGGTACCCGAACCTGCGAGCCTTAGCTCCAACCACTCT
CTTACGAGCTGCTTCACCAATCAGGGATACTTCTTTTTCCACCTTCCCGATGCGCT
GGAAATCGAAGCTTGTCAAGTTTACTTTACCTATGATCCATATAGCGAGGAAGAT
CCCGACGAAGGAGTCGCCGGTGCGCCCACGGGTTCCTCACCCCAACCTCTCCAGC
CTCTCTCAGGAGAAGATGATGCTTATTGCACTTTTCCCAGTAGAGACGATCTCCT
CCTCTTTTCTCCATCTCTTTTGGGGGGACCTTCCCCCCCTTCTACGGCACCTGGCG
GGTCTGGTGCTGGCGAGGAGCGGATGCCGCCGTCCCTCCAGGAGCGAGTACCAC
GAGATTGGGATCCCCAGCCACTTGGACCCCCCACCCCCGGCGTACCTGACCTTGT
CGATTTTCAACCTCCCCCTGAATTGGTGCTGCGAGAGGCTGGGGAGGAAGTTCCG
GACGCTGGGCCGAGGGAGGGCGTGTCCTTTCCATGGAGTAGGCCTCCAGGTCAA
GGCGAGTTTAGGGCTCTCAACGCGCGGCTGCCGTTGAATACAGACGCTTATCTCT
CACTGCAGGAACTGCAAGGTCAGGACCCAACACATCTTGTAGGATCTGGTGCTA
CTAATTTTTCTCTTTTGAAGCAAGCTGGAGATGTTGAAGAGAACCCTGGTCCAGT
GAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGA
CGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGC
CACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTG
CCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCT
ACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCT
ACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCG
CCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCA
TCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACA
ACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGA
ACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACT
ACCAGCAGAACACCCCCATCGGCGACGGCCCCATGCTGCTGCCCGACAACCACT
ACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACA
TGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCT
GTACAAGTAAACTAGTGTCGACAATCAACCTCTGGATTACAAAATTTGTGAAAG
ATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTT
TAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGT
ATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACG
TGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCC
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ACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGC
GGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGC
ACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCG
CCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCC
CTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCC
GCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCG
CCTGGAATTCGAGCTCGGTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGA
TCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAGGGCTAATTCACTCCCA
ACGAAGACAAGATCTGCTTTTTGCTTGTACTGGGTCTCTCTGGTTAGACCAGATC
TGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAA
GCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAAC
TAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTAGTAGTT
CATGTCATCTTATTATTCAGTATTTATAACTTGCAAAGAAATGAATATCAGAGAG
TGAGAGGAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATC
ACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAA
ACTCATCAATGTATCTTATCATGTCTGGCTCTAGCTATCCCGCCCCTAACTCCGCC
CAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGG
CCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGG
AGGCCTAGGCTTTTGCGTCGAGACGTACCCAATTCGCCCTATAGTGAGTCGTATT
ACGCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGT
TACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGC
GAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAA
TGGCGCGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACG
CGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTT
CCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGC
TCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGA
TTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCT
TTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAA
CACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCG
GCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACA
AAATATTAACGTTTACAATTTCCCAGGTGGCACTTTTCGGGGAAATGTGCGCGGA
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ACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACA
ATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCA
ACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGC
TCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACG
AGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGC
CCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGG
TATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTC
TCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGG
CATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGC
GGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTG
CACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAAT
GAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACA
ACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAAT
TAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCC
TTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCG
CGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATC
TACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAG
ATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATA
TACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGAT
CCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAG
CGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCG
CGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTG
CCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGC
AGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAA
CTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTG
CCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGG
ATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGG
AGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCG
CCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCG
GAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATA
GTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCA
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GGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTG
GCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTG
GATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGA
CCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAA
CCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTC
CCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTC
ATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATT
GTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAG
CGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTGCA; SEQ ID NO:
18). SEQ ID NO: 18 encodes the protein sequences as set forth in SEQ ID NOs: 3 and 4.
[0172] In some embodiments, the expression vector is a variant of SEQ ID NO:
20 as set forth in SEQ ID NO: 19
(AGCTTAATGTAGTCTTATGCAATACTCTTGTAGTCTTGCAACATGGTAACGATGA
GTTAGCAACATGCCTTACAAGGAGAGAAAAAGCACCGTGCATGCCGATTGGTGG
AAGTAAGGTGGTACGATCGTGCCTTATTAGGAAGGCAACAGACGGGTCTGACAT
GGATTGGACGAACCACTGAATTGCCGCATTGCAGAGATATTGTATTTAAGTGCCT
AGCTCGATACAATAAACGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCT
CTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTG
CTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCA
GACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAGGGACTTG
AAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGGCTTGCTGAA
GCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAATTTTG
ACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCG
GGGGAGAATTAGATCGCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGA
AAAAATATAAATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCG
CAGTTAATCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGAC
AGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATAC
AGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGA
AGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGACCACCGCACAGC
AAGCGGCCGCTGATCTTCAGACCTGGAGGAGGAGATATGAGGGACAATTGGAGA
AGTGAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCACCC
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ACCAAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGG
AGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCCTCA
ATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAG
AACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCT
GGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGG
ATCAACAGCTCCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGC
TGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATCAC
ACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAATACAC
TCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAGAATTATTG
GAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATAACAAATTGGCTGT
GGTATATAAAATTATTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAGAATAGT
TTTTGCTGTACTTTCTATAGTGAATAGAGTTAGGCAGGGATATTCACCATTATCGT
TTCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGCCCGAAGGAATAGAAG
AAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATCTC
GACGGTATCGGTTAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAG
GGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAA
AAACAAATTACAAAAATTCAAAATTTTATCGATCACGAGACTAGCCTCGAGAAG
CTTGATATCGAATTCCCACGGGGTTGGACGCGTAGGAACAGAGAAACAGGAGAA
TATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCA
AGAACAGTTGGAACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGT
TCCTGCCCCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTC
AGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAT
GACCCTGTGCCTTATTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGC
GCTTCTGCTCCCCGAGCTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATC
GCTAGCACCGGTGCCGCCACCATGCCTCTGGGCCTGCTGTGGCTGGGCCTGGCCC
TGCTGGGCGCCCTGCACGCCCAGGCCGGCGTGCAGGTGGAGACAATCTCCCCAG
GCGACGGACGCACATTCCCTAAGCGGGGCCAGACCTGCGTGGTGCACTATACAG
GCATGCTGGAGGATGGCAAGAAGTTTGACAGCTCCCGGGATAGAAACAAGCCAT
TCAAGTTTATGCTGGGCAAGCAGGAAGTGATCAGAGGCTGGGAGGAGGGCGTGG
CCCAGATGTCTGTGGGCCAGAGGGCCAAGCTGACCATCAGCCCAGACTACGCCT
ATGGAGCAACAGGCCACCCAGGAATCATCCCACCTCACGCCACCCTGGTGTTCG

-66-



WO 2018/111834 PCT/US2017/065746

ATGTGGAGCTGCTGAAGCTGGGCGAGCAAAACTTGGTGATTCCTTGGGCCCCAG
AAAATCTCACGCTTCACAAGTTGTCCGAATCCCAGCTCGAGCTCAACTGGAATAA
TAGATTTCTTAATCATTGTTTGGAACACCTGGTTCAATATAGAACGGATTGGGAC
CACTCATGGACCGAGCAGTCAGTTGACTACCGCCACAAATTTTCACTTCCCAGCG
TAGATGGGCAGAAGAGGTACACATTTAGGGTCAGATCCAGGTTTAATCCTCTGTG
TGGTTCTGCTCAACACTGGTCTGAGTGGAGCCATCCGATCCACTGGGGCTCAAAT
ACCTCTAAAGAAAATCCGTTCCTCTTTGCGCTCGAAGCCGTTGTTATCAGCGTCG
GAAGCATGGGACTTATCATTTCCCTTCTCTGCGTGTACTTCTGGCTGGAGCGGAC
GATGCCGCGGATTCCGACGCTCAAAAACCTGGAGGACCTTGTAACAGAATATCA
CGGTAATTTCTCCGCTTGGAGTGGCGTATCAAAGGGGCTTGCTGAGTCCCTTCAA
CCGGATTACTCTGAGCGCCTCTGCTTGGTGTCCGAGATACCTCCCAAAGGAGGTG
CACTTGGGGAGGGGCCAGGCGCGTCCCCTTGCAATCAGCATAGTCCGTATTGGG
CGCCCCCCTGTTATACCCTCAAACCGGAAACGGGAAGCGGAGCTACTAACTTCA
GCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTATGGCACTGC
CCGTGACCGCCCTGCTGCTGCCTCTGGCCCTGCTGCTGCACGCAGCCCGGCCTAT
CCTGTGGCACGAGATGTGGCACGAGGGCCTGGAGGAGGCCAGCAGGCTGTATIT
TGGCGAGCGCAACGTGAAGGGCATGTTCGAGGTGCTGGAGCCTCTGCACGCCAT
GATGGAGAGAGGCCCACAGACCCTGAAGGAGACATCCTTTAACCAGGCCTATGG
ACGGGACCTGATGGAGGCACAGGAGTGGTGCAGAAAGTACATGAAGTCTGGCA
ATGTGAAGGACCTGCTGCAGGCCTGGGATCTGTACTATCACGTGTTTCGGAGAAT
CTCCAAGAAACCTTTTGAGAACCTTAGACTGATGGCGCCCATCTCTCTGCAGGTA
GTTCACGTTGAGACCCATAGATGCAATATAAGCTGGGAAATCTCACAAGCCAGC
CATTACTTTGAACGGCATTTGGAATTCGAGGCCCGAACACTTTCCCCCGGTCATA
CGTGGGAAGAAGCTCCTCTCTTGACGCTGAAGCAGAAGCAGGAGTGGATTTGTC
TGGAGACTTTGACTCCTGATACTCAGTATGAGTTCCAAGTTCGGGTGAAACCACT
CCAAGGCGAGTTCACGACGTGGTCTCCGTGGAGTCAACCGTTGGCGTTCCGCACG
AAGCCCGCTGCCCTTGGCAAAGACACGATTCCGTGGCTTGGGCATCTGCTCGTTG
GGCTGAGTGGTGCGTTTGGTTTCATCATCTTGGTCTATCTCTTGATCAATTGCAGA
AATACAGGCCCTTGGCTGAAAAAAGTGCTCAAGTGTAATACCCCCGACCCAAGC
AAGTTCTTCTCCCAGCTTTCTTCAGAGCATGGAGGCGATGTGCAGAAATGGCTCT
CTTCACCTTTTCCCTCCTCAAGCTTCTCCCCGGGAGGGCTGGCGCCCGAGATTTCA
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CCTCTTGAGGTACTTGAACGAGACAAGGTTACCCAACTTCTCCTTCAACAGGATA
AGGTACCCGAACCTGCGAGCCTTAGCTCCAACCACTCTCTTACGAGCTGCTTCAC
CAATCAGGGATACTTCTTTTTCCACCTTCCCGATGCGCTGGAAATCGAAGCTTGT
CAAGTTTACTTTACCTATGATCCATATAGCGAGGAAGATCCCGACGAAGGAGTC
GCCGGTGCGCCCACGGGTTCCTCACCCCAACCTCTCCAGCCTCTCTCAGGAGAAG
ATGATGCTTATTGCACTTTTCCCAGTAGAGACGATCTCCTCCTCTTTTCTCCATCT
CTTTTGGGGGGACCTTCCCCCCCTTCTACGGCACCTGGCGGGTCTGGTGCTGGCG
AGGAGCGGATGCCGCCGTCCCTCCAGGAGCGAGTACCACGAGATTGGGATCCCC
AGCCACTTGGACCCCCCACCCCCGGCGTACCTGACCTTGTCGATTTTCAACCTCC
CCCTGAATTGGTGCTGCGAGAGGCTGGGGAGGAAGTTCCGGACGCTGGGCCGAG
GGAGGGCGTGTCCTTTCCATGGAGTAGGCCTCCAGGTCAAGGCGAGTTTAGGGC
TCTCAACGCGCGGCTGCCGTTGAATACAGACGCTTATCTCTCACTGCAGGAACTG
CAAGGTCAGGACCCAACACATCTTGTAGGATCTGGTGCTACTAATTTTTCTCTTTT
GAAGCAAGCTGGAGATGTTGAAGAGAACCCTGGTCCAGTGAGCAAGGGCGAGG
AGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACG
GCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGC
TGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCT
CGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATG
AAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGC
ACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTC
GAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAG
GACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTC
TATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGC
CACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACC
CCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGT
CCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGT
TCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAACTA
GTGTCGACAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCT
TAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATC
ATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGC
TGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCAC
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TGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTC
CTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGC
CTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTG
GTGTTGTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCT
GGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGA
CCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTC
GCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGGAATTCGAGC
TCGGTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTT
TAAAAGAAAAGGGGGGACTGGAAGGGCTAATTCACTCCCAACGAAGACAAGAT
CTGCTTTTTGCTTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCT
CTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTG
CTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCA
GACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTAGTAGTTCATGTCATCTTATT
ATTCAGTATTTATAACTTGCAAAGAAATGAATATCAGAGAGTGAGAGGAACTTG
TTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAA
ATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTA
TCTTATCATGTCTGGCTCTAGCTATCCCGCCCCTAACTCCGCCCAGTTCCGCCCAT
TCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTC
GGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTT
TGCGTCGAGACGTACCCAATTCGCCCTATAGTGAGTCGTATTACGCGCGCTCACT
GGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAAT
CGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCA
CCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCGACGCGC
CCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCG
CTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTC
GCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGT
TCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGG
TTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAG
TCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTA
TCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTA
AAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACG
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TTTACAATTTCCCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTG
TTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGAT
AAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGT
CGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAAC
GCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACAT
CGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACG
TTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTA
TTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTT
GGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAG
AGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTT
CTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGG
GATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCA
AACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAA
CTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGA
TGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTG
GTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCA
GCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGG
AGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCA
CTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTG
ATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAAT
CTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCG
TAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTG
CTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGA
GCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAAT
ACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCAC
CGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGA
TAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCA
GCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGAC
CTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCC
CGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAG
AGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCG
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GGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCG
GAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGC
TGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCG
TATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGC
AGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTC
CCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGA
AAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCAC
CCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGG
ATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAAT
TAACCCTCACTAAAGGGAACAAAAGCTGGAGCTGCA; SEQ ID NO: 19). SEQ ID
NO: 19 encodes the protein sequences as set forth in SEQ ID NOs: 5 and 6.

[0173] In some embodiments, the expression vector includes a nucleic acid
having at least 80%, 85%, 90%, 95%, 98% or 99% nucleic acid sequence identity (or a
percentage nucleic acid sequence identity within a range defined by any two of the
aforementioned percentages) with the nucleotide sequences provided herein, or a specifically
derived fragment thereof. In some embodiments, the expression vector comprises a promoter.
In some embodiments, the expression vector comprises the nucleic acid encoding a fusion
protein. In some embodiments, the vector is RNA or DNA.

Cells and Compositions: T lvmphocyte populations

[0174] The compositions described herein provide for genetically modified cells,
such as mammalian cells, which include the protein sequences or the expression vectors as
set forth and described herein. Accordingly, provided herein are cells, such as mammalian
cells, for dimeric CISC secretion, wherein the cell comprises the protein sequences of anyone
of the embodiments described herein or the expression vector of anyone of the embodiments
described herein. In some embodiments, the cell is a bacterial cell or a mammalian cell, such
as a lymphocyte. In some embodiments, the cell is E. coli. In some embodiments, the cell is
an insect cell that permits protein expression. In some embodiments, the cell is a lymphocyte.

[0175] In some embodiments, the cells are precursor T cells or T regulatory cells.
In some embodiments, the cells stem cells, such as hematopoietic stem cells. In some

embodiments, the cell is a NK cell. In some embodiments, the cells are CD34+, CD8+,
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and/or CD4+ T lymphocytes. In some embodiments, the cell is a B cell. In some
embodiments, the cell is a neuronal stem cell.

[0176] In some embodiments, the cells are CD8+ T cytotoxic lymphocyte cells,
which may include naive CD8+ T cells, central memory CD8+ T cells, effector memory
CD8+ T cells, or bulk CD8+ T cells. In some embodiments, the cells are CD4+ T helper
lymphocyte cells, which may include naive CD4+ T cells, central memory CD4+ T cells,
effector memory CD4+ T cells, or bulk CD4+ T cells.

[0177] The lymphocytes (T lymphocytes) can be collected in accordance with
known techniques and enriched or depleted by known techniques such as affinity binding to
antibodies such as flow cytometry and/or immunomagnetic selection. After enrichment
and/or depletion steps, in vitro expansion of the desired T lymphocytes can be carried out in
accordance with known techniques or variations thereof that will be apparent to those skilled
in the art. In some embodiments, the T cells are autologous T cells obtained from a patient.

[0178] For example, the desired T cell population or subpopulation can be
expanded by adding an initial T lymphocyte population to a culture medium in vitro, and
then adding to the culture medium feeder cells, such as non-dividing peripheral blood
mononuclear cells (PBMC), (e.g., such that the resulting population of cells contains at least
5, 10, 20, or 40 or more PBMC feeder cells for each T lymphocyte in the initial population to
be expanded); and incubating the culture (e.g. for a time sufficient to expand the numbers of
T cells). The non-dividing feeder cells can comprise gamma-irradiated PBMC feeder cells. In
some embodiments, the PBMC are irradiated with gamma rays in the range of 3000 to 3600
rads to prevent cell division. In some embodiments, the PBMC are irradiated with gamma
rays of 3000, 3100, 3200, 3300, 3400, 3500 or 3600 rads or any value of rads between any
two endpoints of any of the listed values to prevent cell division. The order of addition of the
T cells and feeder cells to the culture media can be reversed if desired. The culture can
typically be incubated under conditions of temperature and the like that are suitable for the
growth of T lymphocytes. For the growth of human T lymphocytes, for example, the
temperature will generally be at least 25°C, preferably at least 30°C, more preferably 37°C.
In some embodiments, the temperature for the growth of human T lymphocytes is 22, 24, 26,
28, 30, 32, 34, 36, 37°C, or any other temperature between any two endpoints of any of the

listed values.
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[0179] After isolation of T lymphocytes both cytotoxic and helper T lymphocytes
can be sorted into naive, memory, and effector T cell subpopulations either before or after
expansion.

[0180] CD8+ cells can be obtained by using standard methods. In some
embodiments, CD8+ cells are further sorted into naive, central memory, and effector memory
cells by i1dentifying cell surface antigens that are associated with each of those types of CD8+
cells. In some embodiments, memory T cells are present in both CD62L+ and CD62L-
subsets of CD8+ peripheral blood lymphocytes. PBMC are sorted into CD62L-CD8+ and
CD62L+CD8+ fractions after staining with anti-CD8 and anti-CD62L antibodies. In some
embodiments, the expression of phenotypic markers of central memory Teyv include
CD45R0, CD62L, CCR7, CD28, CD3, and/or CD127 and are negative or low for granzyme
B. In some embodiments, central memory T cells are CD45RO+, CD62L+, and/or CD8+ T
cells. In some embodiments, effector Tg are negative for CD62L, CCR7, CD28, and/or
CD127, and positive for granzyme B and/or perforin. In some embodiments, naive CD8+ T
lymphocytes are characterized by the expression of phenotypic markers of naive T cells
comprising CD62L, CCR7, CD28, CD3, CD127, and/or CD45RA.

[0181] CD4+ T helper cells are sorted into naive, central memory, and effector
cells by identifying cell populations that have cell surface antigens. CD4+ lymphocytes can
be obtained by standard methods. In some embodiments, naive CD4+ T lymphocytes are
CD45RO-, CD45RA+, CD62L+, and/or CD4+ T cells. In some embodiments, central
memory CD4+ cells are CD62L+ and/or CD45RO+. In some embodiments, effector CD4+
cells are CD62L- and/or CD45RO-.

[0182] Whether a cell, such as a mammalian cell, or cell population, such as a
population of mammalian cells, is selected for expansion depends upon whether the cell or
population of cells has undergone two distinct genetic modification events. If a cell, such as a
mammalian cell, or a population of cells, such as a population of mammalian cells, has
undergone one or fewer genetic modification events, then the addition of a ligand will result
in no dimerization. However, if the cell, such as a mammalian cell, or the population of cells,
such as a population of mammalian cells, has undergone two genetic modification events,
then the addition of the ligand will result in dimerization of the CISC component, and

subsequent signaling cascade. Thus, a cell, such as a mammalian cell, or a population of
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cells, such as a population of mammalian cells, may be selected based on its response to
contact with the ligand. In some embodiments, the ligand may be added in an amount of
0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,0.7, 0.8, 0.9, 1.0,
1.5,2.0,2.5,3.0,3.5,4.0,45,50,55, 60,65, 7.0, 75, 8.0, 85,9.0,95, 10, 11, 12, 13, 14,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 nM or a concentration
within a range defined by any two of the aforementioned values.

[0183] In some embodiments, a cell, such as a mammalian cell, or a population of
cells, such as a population of mammalian cells, may be positive for the dimeric CISC based
on the expression of a marker as a result of a signaling pathway. Thus, a cell population
positive for the dimeric CISC may be determined by flow cytometry using staining with a
specific antibody for the surface marker and an isotype matched control antibody.
Compositions

[0185] Provided herein are compositions that comprise a genetically modified
cell, such as a mammalian cell, preparation as set forth in this disclosure. In some
embodiments, the cells, such as mammalian cells, include the protein sequences as described
in the embodiments herein. In some embodiments, the compositions include CD4+ T cells
that have a CISC comprising an extracellular binding domain, a hinge domain, a
transmembrane domain, and signaling domain. In some embodiments, the CISC 1s an IL2R-
CISC. In other embodiments, the composition further comprises a cell, such as a mammalian
cell, preparation comprising CD8+ T cells that have a CISC comprising an extracellular
binding domain, a hinge domain, a transmembrane domain, and a signaling domain. In some
embodiments, the CISC components dimerize in the presence of a ligand, preferably
simultaneously. In some embodiments, each of these populations can be combined with one
another or other cell types to provide a composition.

[0186] In some embodiments, the cells of the composition are CD4+ cells. The
CD4+ cell can be T helper lymphocyte cells, naive CD4+ T cells, central memory CD4+ T
cells, effector memory CD4+ T cells, or bulk CD4+ T cells. In some embodiments, the CD4+
helper lymphocyte cell is a naive CD4+ T cell, wherein the naive CD4+ T cell comprises a
CD45RO-, CD45RA+, and/or is a CD62L+ CD4+ T cell.

[0187] In some embodiments, the cells of the composition are CD8+ cells. The

CD8+ cell can be a T cytotoxic lymphocyte cell, a naive CD8+ T cell, central memory CD8+
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T cell, effector memory CD8+ T cell and/or bulk CD8+ T cell. In some embodiments, the
CD8+ cytotoxic T lymphocyte cell is a central memory T cell, wherein the central memory T
cell comprises a CD45RO+, CD62L+, and/or CD8+ T cell. In yet other embodiments, the
CD8+ cytotoxic T lymphocyte cell is a central memory T cell and the CD4+ helper T
lymphocyte cell is a naive or central memory CD4+ T cell.

[0188] In some embodiments, the compositions comprise T cell precursors. In
some embodiments, the compositions comprise hematopoietic stem cells. In some
embodiments, the composition comprises a host cell wherein the host cell is a CD8+ T
cytotoxic lymphocyte cell selected from the group consisting of naive CD8+ T cells, central
memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells or a CD4+ T
helper lymphocyte cell that is selected from the group consisting of naive CD4+ T cells,
central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells and a
second host cell, wherein the second host cell is a precursor T cell. In some embodiments,
the precursor T cell is a hematopoietic stem cell.

[0189] In some compositions, the cells are NK cells.

[0190] In some embodiments, the cell is CD8+ or a CD4+ cell. In some
embodiments, the cell is a CD8+ T cytotoxic lymphocyte cell selected from the group
consisting of naive CD8+ T-cells, central memory CD8+ T-cells, effector memory CD8+ T-
cells and bulk CD8+ T-cells. In some embodiments, the cell is a CD4+ T helper lymphocyte
cell that 1s selected from the group consisting of naive CD4+ T-cells, central memory CD4+
T-cells, effector memory CD4+ T-cells, and bulk CD4+ T-cells. In some embodiments, the
cell 1s a precursor T-cell. In some embodiments, the cell is a stem cell. In some
embodiments, the cell is a hematopoietic stem cell or NK cell. In some embodiments, the cell
1s a B cell. In some embodiments, the cell is a neuronal stem cell. In some embodiments, the
cell further comprises a chimeric antigen receptor.

[0191] Also provided herein are kits and systems including the cells, expression
vectors, and protein sequences provided and described herein. Thus, for example, provided
herein is a kit comprising one or more of: a protein sequence as described herein; an
expression vector as described herein; and/or a cell as described herein. Also provided is a

system for selectively activation a signal into an interior of a cell, the system comprising a
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cell as described herein, wherein the cell comprises an expression vector as described herein
comprising a nucleic acid encoding a protein sequence as described herein.

Method of making a cell that expresses a dimeric CISC component

[0192] In some embodiments described herein, it may be desired to introduce a
protein sequence or an expression vector into a host cell, such as a mammalian cell, e.g., a
lymphocyte, to be used for drug regulated cytokine signaling and/or for the selective
expansion of cells that express the dimeric CISC components. For example, the dimeric
CISC can allow for cytokine signaling in cells that have the introduced CISC components for
transmitting signals to the interior of a cell, such as a mammalian cell, upon contact with a
ligand. In addition, the selective expansion of cells, such as mammalian cells, can be
controlled to select for only those cells that have undergone two specific genetic
modification events, as described herein. Preparation of these cells can be carried out in
accordance with known techniques that will be apparent to those skilled in the art based upon
the present disclosure.

[0193] In some embodiments, a method of making a CISC-bearing cell, such as a
mammalian cell, is provided, wherein the cell expresses a dimeric CISC. The method can
include delivering to a cell, such as a mammalian cell, the protein sequence of any one of the
embodiments or embodiments described herein or the expression vector of the embodiments
or embodiments described herein and delivering to the cell, such as a mammalian cell. In
some embodiments, the protein sequence comprises a first and a second sequence. In some
embodiments, the first sequence encodes for a first CISC component comprising a first
extracellular binding domain, a hinge domain, a linker of a specified length, wherein the
length is preferably optimized, a transmembrane domain, and a signaling domain. In some
embodiments, the second sequence encodes for a second CISC component comprising a
second extracellular binding domain, a hinge domain, a linker of a specified length, wherein
the length is preferably optimized, a transmembrane domain, and a signaling domain. In
some embodiments, the spaceris 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14 or 15 amino acids
in length or a length within a range defined by any two of the aforementioned lengths. In
some embodiments, the signaling domain comprises an interleukin-2 signaling domain, such
as an IL2Rb or an IL2Rg domain. In some embodiments, the extracellular binding domain is

a binding domain that binds to rapamycin or a rapalog, comprising FKBP or FRB or a
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portion thereof. In some embodiments, the cell is a CD8+ or a CD4+ cell. In some
embodiments, the cell is a CD8+ T cytotoxic lymphocyte cell selected from the group
consisting of naive CD8+ T-cells, central memory CD8+ T-cells, effector memory CD8+ T-
cells and bulk CD8+ T-cells. In some embodiments, the cell is a CD4+ T helper lymphocyte
cell that 1s selected from the group consisting of naive CD4+ T-cells, central memory CD4+
T-cells, effector memory CD4+ T-cells, and bulk CD4+ T-cells. In some embodiments, the
cell is a precursor T-cell. In some embodiments, the cell is a stem cell. In some
embodiments, the cell is a hematopoietic stem cell. In some embodiments, the cell is a B cell.
In some embodiments, the cell is a neuronal stem cell. In some embodiments, the cell is an
NK cell.

Method of activating a signal in the interior of a cell

[0194] In some embodiments, a method of activating a signal in the interior of a
cell, such as a mammalian cell, is provided. The method can include providing a cell, such as
a mammalian cell, as described herein, wherein the cell comprises a protein sequence as set
forth herein or an expression vector as set forth herein. In some embodiments, the method
further comprises expressing the protein sequence encoding a dimeric CISC as described
herein, or expression the vector as described herein. In some embodiments, the method
comprises contacting the cell, such as a mammalian cell, with a ligand, which causes the first
and second CISC components to dimerize, which transduces a signal into the interior of the
cell. In some embodiments, the ligand is rapamycin or rapalog. In some embodiments, the
ligand is an IMID-class drug (e.g. thalidomide, pomalidomide, lenalidomide or related
analogues). In some embodiments an effective amount of a ligand for inducing dimerization
is provided an amount of 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4,
0.5,0.6,0.7,08,009, 10, 1.5,2.0,25,3.0,3.5,40,45,50,55, 6.0, 65, 7.0, 75, 8.0, 8.5,
9.0,9.5,10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or
100 nM or a concentration within a range defined by any two of the aforementioned values.

[0195] In some embodiments, the ligand used in these approaches is rapamycin or
a rapalog, comprising, for example, everolimus, CCI-779, C20-methallylrapamycin, C16-
(S)-3-methylindolerapamycin, C16-iRap, AP21967, sodium mycophenolic acid, benidipine
hydrochloride, AP23573, or AP1903, or metabolites, derivatives, and/or combinations

thereof. Additional useful rapalogs may include, for example, variants of rapamycin having
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one or more of the following modifications relative to rapamycin: demethylation, elimination
or replacement of the methoxy at C7, C42 and/or C29; elimination, derivatization or
replacement of the hydroxy at C13, C43 and/or C28; reduction, elimination or derivatization
of the ketone at C14, C24 and/or C30; replacement of the 6-membered pipecolate ring with a
S-membered prolyl ring; and/or alternative substitution on the cyclohexyl ring or
replacement of the cyclohexyl ring with a substituted cyclopentyl ring. Additional useful
rapalogs may include novolimus, pimecrolimus, ridaforolimus, tacrolimus, temsirolimus,
umirolimus, or zotarolimus, or metabolites, derivatives, and/or combinations thereof. In some
embodiments, the ligand i1s an IMID-class drug (e.g. thalidomide, pomalidomide,
lenalidomide or related analogues).

[0196] In some embodiments, detecting a signal in the interior of the cell, such as
a mammalian cell, can be achieved by a method of detecting a marker that is the result of a
signaling pathway. Thus, for example, a signal may be detected by determining the levels of
Akt or other signaling marker in a cell, such as a mammalian cell, through a process of
Western blot, flow cytometry, or other protein detection and quantification method. Markers
for detection may include, for example, JAK, Akt, STAT, NF-x, MAPK, PI3K, JNK, ERK,
or Ras, or other cellular signaling markers that are indicative of a cellular signaling event.

[0197] In some embodiments, transduction of a signal affects cytokine signaling.
In some embodiments, transduction of the signal affects IL2R signaling. In some
embodiments, transduction of the signal affects phosphorylation of a downstream target of a
cytokine receptor. In some embodiments, the method of activating a signal induces
proliferation in CISC-expressing cells, such as mammalian cells, and a concomitant anti-
proliferation in non-CISC expressing cells.

[0198] For cellular signaling to take place, not only must cytokine receptors
dimerize or heterodimerize, but they must be in the proper configuration for a conformational
change to take place (Kim, et al. NMR Structural Studies of Interaction of a Small,
Nonpeptidyl Tpo Mimic with the Thrombopoietin Receptor Extracellular Juxtamembrane
and Transmembrane Domains, J Biol Chem, 282, 2007). Thus, dimerization in conjunction
with the correct conformational positioning of signaling domains are desired processes for
appropriate signaling, because receptor dimerization or heterodimerization alone is

insufficient to drive receptor activation. The chemical-induced signaling complexes
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described herein are preferably in the correct orientation for downstream signaling events to
occur. As shown in the Western blots of Figures 4A-4B and 5, multiple downstream
signaling events occur in the presence of a ligand, including both Akt activation (required for
driving cell proliferation), a feature that indicates successful orientation, and dimerization of
the signaling complexes described herein.

Method of selective expansion of cell populations

[0199] In some embodiments, a method of selectively expanding a population
of cells, such as mammalian cells, is provided herein. In some embodiments, the method
comprises providing a cell, such as a mammalian cell, as described herein, wherein the cell
comprises a protein sequence as set forth herein or an expression vector as set forth herein. In
some embodiments, the method further comprises expressing the protein sequence encoding
a dimeric CISC as described herein, or expression the vector as described herein. In some
embodiments, the method comprises contacting the cell, such as a mammalian cell, with a
ligand, which causes the first and second CISC components to dimerize, which transduces a
signal into the interior of the cell. In some embodiments, the ligand is rapamycin or rapalog.
In some embodiments an effective amount of a ligand provided for inducing dimerization is
an amount of 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7,08,09,1.0,15,2.0,25,3.0,35,4.0,45,5.0,5.5, 6.0,6.5,7.0,75, 8.0, 85, 9.0, 9.5,
10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 nM
or a concentration within a range defined by any two of the aforementioned values.

[0200] In some embodiments, the ligand used is rapamycin or a rapalog, comprising,
for example, everolimus, CCI-779, C20-methallylrapamycin, C16-(S)-3-
methylindolerapamycin, C16-iRap, AP21967, sodium mycophenolic acid, benidipine
hydrochloride, or AP23573, AP1903, or metabolites, derivatives, and/or combinations
thereof. Additional useful rapalogs may include, for example, variants of rapamycin having
one or more of the following modifications relative to rapamycin: demethylation, elimination
or replacement of the methoxy at C7, C42 and/or C29; elimination, derivatization or
replacement of the hydroxy at C13, C43 and/or C28; reduction, elimination or derivatization
of the ketone at C14, C24 and/or C30; replacement of the 6-membered pipecolate ring with a
S5-membered prolyl ring; and/or alternative substitution on the cyclohexyl ring or

replacement of the cyclohexyl ring with a substituted cyclopentyl ring. Additional useful
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rapalogs may include novolimus, pimecrolimus, ridaforolimus, tacrolimus, temsirolimus,
umirolimus, or zotarolimus, or metabolites, derivatives, and/or combinations thereof. In some
embodiments, the ligand i1s an IMID-class drug (e.g. thalidomide, pomalidomide,
lenalidomide or related analogues).

[0201] In some embodiments, the selective expansion of a population of cells, such
as mammalian cells, takes place only when two distinct genetic modification events have
taken place. One genetic modification event is one component of the dimeric chemical-
induced signaling complex, and the other genetic modification event is the other component
of the dimeric chemical-induced signaling complex. When both events take place within the
population of cells, such as a population of mammalian cells, the chemical-induced signaling
complex components dimerize in the presence of a ligand, resulting in an active chemical-
induced signaling complex and generation of a signal into the interior of the cells. The
activation and phosphorylation of Akt, as shown in the Western blot in Figure 5, indicates
successful achievement of a full proliferative signal, which is desired to achieve a significant
selective expansion of the cell population expressing both genetic modification events. Other
signaling markers may also be detected, but only achievement of these events in conjunction
with Akt activation is able to achieve sufficient cellular expansion to allow for selective
expansion of a modified cell population in which both genetic modification events have
taken place in a given population of cells, such as a population of mammalian cells.

[0202] Figure 6 provides an exemplary method for the selective expansion of a
cell population, such as a population of mammalian cells. As shown in Figure 6, a CISC
including IL2R was prepared. Each architecture of IL2R-CISC (i.e. 1210, 1211, and 1233)
was cis-linked together with GFP using 2A sequences, and placed under the control of an
MND promoter in a lentiviral expression cassette.

[0203] Lentiviral particles from each IL2R-CISC architecture were generated and
used to transduce primary human T-cells. CD4+ T cells were activated for 60 hours. The
cells were then plated in a 24-well dish by plating 1 million cells per well in 1 mL medium
with IL2/7/15. Lentivirus was transduced with or without beads, using 15 pL of IL2R-CISC
and 3 pL of MND-GFP control with protamine sulfate at 4 ng/mL (0.5 mL medium) in a 24-
well dish. The cells were then spinoculated at 800g for 30 minutes at 33°C followed by the

addition of 1.5 mL medium after 4 hours of incubation. The transduced T cells were
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incubated at 37°C for 48 hours with cytokines, including 50 ng/mL IL2, 5 ng/mL of ILS5, and
5 ng/mL of IL17. The GFP signal was determined and the IL2R-CISC level of transduced T
cells was determined. The transduction efficiency was from 10-30% for IL2R-CISC and
about 80% for MND-GFP.

[0204] Following transduction, the cells were grown for 2 days in IL2, and then
divided in half, with half grown in IL2 alone and half in rapamycin alone, as indicated. T
cells were treated with rapamycin (1 nM) or IL2 for 2 days, and cells were plated at 1 million
cells/well in a 24-well dish with 2 mL medium. The T cell viability was determined and the
expression of GFP+ population and IL2R-CISC expression was determined by using anti-
FRB antibody and a secondary APC antibody. Figures 7A-7B, and 8-11 show the flow
cytometry results of the expression of GFP and FRB in the respective populations. As shown
in Figure 8, for the 1233 architecture, cells cultured in rapamycin alone are enriched for
IL2R-CISC expression as read out by the cis-linked GFP marker.

[0205] Figure 12 graphically shows the increase in cell proliferation in the
presence of rapamycin for the CISC constructs depicted in Figure 3. V3 is the most efficient
architecture for proliferation. Figure 13 graphically depicts that IL2R-CISC V3 supports
human CD4+ T cell proliferation in response to rapamycin treatment.

[0206] Using the method as described above also showed that IL2R-CISC
expressing T cells induce STATS pathway in the presence of rapamycin. As shown by the
flow cell data in Figure 14, the V3 construct is the most efficient architecture for STATS
pathway signaling.

[0207] Similar methods as described herein may be performed using additional
rapamycin analogues. For example, the methods described herein were performed using
AP21967. In response to AP21967, IL2R-CISC V3 construct promotes human CD4+ T cell
survival, as shown in the flow cell data of Figure 15. In addition, IL2R-CISC promotes
CD4+ T cell proliferation in response to AP21967 treatment, as graphically depicted in
Figure 16. Figure 17 shows the cytotoxicity of IL2R-CISC expanded CD4+ T cells with
various treatments, including rapamycin and analogues thereof, indicating normal toxicity

after long-term expansion.
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[0208] The IL2R-CISC cells were exposed to an IL-2 neutralizing antibody,
which neutralized the growth and proliferation of cells (Figures 18 and 19). This indicates
that the CISC-induced expansion is not due to autocrine or paracrine stimulation.

[0209] The IL2-CISC induced signaling pathways were analyzed to determine
whether the magnitude of the signaling pathway is sufficient to produce clinically relevant
activity. A T-Cell marker analysis for CISC V3 expanded cells was performed, as shown in
the flow cell data of Figure 20.

[0210] It is to be understood by those of skill in the art that the architectures
and/or constructs described herein are not intended to be limiting. Thus, in addition to the
V1, V2, and V3 constructs described herein, and other architectures and/or constructs
described herein, additional architectures and/or may be used. For example, as shown in
Figure 21, additional constructs termed V4, V5, V6, and V7 were used, which included
various spacers and linkers placed in the FKBP and/or FRB and IL2Rg and IL2Rb subunit
sequences. The experimental protocol and design for using these comparative architectures is
outlined in Figure 22. Briefly, the method includes thawing a PBMC3 feeder cells, and
CD4+ cells were 1solated in the presence of anti-CD3/CD28 beads. The beads were removed,
and spinoculated with one of V4, V5, V6, or V7 at 800 x g in 500 pL. Following
spinoculation, 1.5 mL TCM + cytokines were added. Each construct was then treated with
various conditions, including: no treatment, 100 nM AP21967, 1 nM rapamycin, or 50 ng/mL
IL-2. The expansion of the cells having each construct was then measured. The expansion of
the cells is shown in the flow cell data presented in Figure 23. Figure 24 graphically depicts
the expansion of cells having the various constructs, and shows that rapamycin-induced
expansion is similar for all CISC architectures tested with expanded EC-domain to TM
linkers.

[0211] In addition, the targeted knock-in of MND promoter and CISC was tested
to enrich and/or expand gene targeted T cells. Figure 25 shows the gene constructs for the
targeted knock-in of the MND promoter, and Figure 26 graphically depicts one embodiment
of the method protocol used for the targeted knock-in. Briefly, PBMC feeder cells were
thawed and CD4+ cells were isolated in the presence of anti-CD3/CD28 beads. The beads
were removed and Cas9/gRNA ribonucleoproteins (RNPs) were added. The construct was

then treated with various conditions, including: no treatment, 10 nM AP21967, 10 nM
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rapamycin, or 10 nM rapamycin + 5 ng/mL IL-2. As shown in Figures 27 and 28, contact
with rapamycin resulted in enrichment of gene targeted cells, whereas contact with
rapamycin and IL-2 showed no enrichment.

[0212] The present disclosure has been described above with reference to specific
alternatives. However, other alternatives than the above described are equally possible within
the scope of the disclosure. Different method steps than those described above, may be
provided within the scope of the disclosure. The different features and steps described herein
may be combined in other combinations than those described.

[0213] With respect to the use of plural and/or singular terms herein, those having
skill in the art can translate from the plural to the singular and/or from the singular to the
plural as is appropriate to the context and/or application. The various singular/plural
permutations may be expressly set forth herein for sake of clarity.

[0214] It will be understood by those of skill within the art that, in general, terms
used herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at least,”
the term “includes” should be interpreted as “includes but is not limited to,” etc.).

[0215] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

[0216] Any of the features of an alternative of the first through eleventh aspects is
applicable to all aspects and alternatives identified herein. Moreover, any of the features of
an alternative of the first through eleventh aspects is independently combinable, partly or
wholly with other alternatives described herein in any way, e.g., one, two, or three or more
alternatives may be combinable in whole or in part. Further, any of the features of an
alternative of the first through eleventh aspects may be made optional to other aspects or
alternatives. Although described above in terms of various example alternatives and
implementations, it should be understood that the various features, aspects and functionality
described in one or more of the individual alternatives are not limited in their applicability to

the particular alternative with which they are described, but instead may be applied, alone or
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in various combinations, to one or more of the other alternatives of the present application,
whether or not such alternatives are described and whether or not such features are presented
as being a part of a described alternative. Thus, the breadth and scope of the present
application should not be limited by any of the above-described example alternatives.

[0217] All references cited herein are incorporated herein by reference in their
entirety. To the extent publications and patents or patent applications incorporated by
reference contradict the disclosure contained in the specification, the specification is
intended to supersede and/or take precedence over any such contradictory material. To the
extent publications and patents or patent applications incorporated by reference herein
contradict the disclosure contained in the specification, the specification is intended to

supersede and/or take precedence over any such contradictory material.
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[0218] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" or "comprising",
will be understood to imply the inclusion of a stated integer or step or group of integers or
steps but not the exclusion of any other integer or step or group of integers or steps.

[0219] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as, an
acknowledgement or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general knowledge

in the field of endeavour to which this specification relates.
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The claims defining the invention are as follows:

1. A system comprising one or more polynucleotides encoding components of a
dimerization activatable chemical-induced signaling complex (CISC), the system comprising:

(i) a first nucleotide sequence, wherein the first nucleotide sequence encodes a
first CISC component, the first CISC component comprising, in N-to-C-terminal order:

(a) a first extracellular domain comprising an FK506-binding protein (FKBP)
domain;

(b) an IL-2 receptor y (IL-2Ry) transmembrane domain; and

(c) a first signaling domain comprising an IL-2Ry cytoplasmic domain or
portion thereof; and

(i1} a second nucleotide sequence, wherein the second nucleotide sequence
encodes a second CISC component, the second CISC component comprising, in N-to-
C-terminal order:

(a) a second extracellular domain comprising an FKBP-rapamycin-binding
(FRB) domain;

(b) an IL-2 receptor B (IL-2RB) transmembrane domain; and

(c) a second signaling domain comprising an IL-2Rf} cytoplasmic domain or
portion thereof;

wherein the first CISC component and the second CISC component, when
expressed in a cell, dimerize in the presence of a ligand to create a signaling competent
CISC,

wherein the ligand binds to the FKBP of the first CISC component and the FRB

domain of the second CISC component.

2. The system of claim 1, wherein the ligand is rapamycin.
3. The system of claim 1, wherein the ligand is a rapalog.
4. The system of claim 3, wherein the rapalog is selected from everolimus, CCI-

779, C20-methallylrapamycin, C16-(S)-3-methylindolerapamycin, Cl16-iRap, AP21967,
sodium mycophenolic acid, benidipine hydrochloride, AP1903, AP23573, and metabolites,
derivatives, and combinations thereof.,

5. The system of claim 1, wherein the ligand is an IMID-class drug.
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6. The system of claim 5, wherein the IMID-class drug is selected from
thalidomide, pomalidomide, lenalidomide and related analogues.

7. The system of any one of claims 1-6, wherein the first CISC component
comprises a first hinge domain, and the second CISC component comprises a second hinge
domain.

8. The system of claim 7, wherein the first hinge domain is a natural hinge domain,
and the second hinge domain is a natural hinge domain.

9. The system of any one of claim 1-8, wherein the first extracellular domain
comprises a portion of an IL-2Ry extracellular domain, and the second extracellular domain
comprises a portion of an IL-2RP extracellular domain.

10.  The system of any one of claims 1-9, wherein the first nucleotide sequence
encodes an amino acid sequence comprising at least 90% sequence identity to the amino acid
sequence set forth in SEQ ID NO: 1, and the second nucleotide sequence encodes an amino
acid sequence comprising at least 90% sequence identity to the amino acid sequence set forth
in SEQ ID NO: 2.

11.  An expression vector comprising a nucleic acid comprising the first and/or

second nucleotide sequences of any one of claims 1-10.

12. The expression vector of claim 11, wherein the vector is a lentiviral vector.

13. The expression vector of claim 11, wherein the vector is an adeno-associated
viral (AAV) vector.

14. The expression vector of anyone of claims 11-13, wherein the nucleic acid

comprises a promoter.

15. The expression vector of any one of claims 11-14, wherein the nucleic acid
comprises the nucleotide sequence set forth in SEQ ID NO: 20.

16. A cell for heterodimeric chemical-induced signaling complex expression, the
cell comprising the first and second nucleotide sequences of any one of claims 1-10 or the
expression vector of any one of claims 11-15.

17. The cell of claim 16, wherein the cell is a T cell or a hematopoietic stem cell.

18. The cell of claim 17, wherein the cell is a cytotoxic T cell.

19. The cell of claim 17, wherein the cell is a regulatory T (Treg) cell.
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20. The cell of any one of claims 16-19, wherein the first CISC component
comprises an amino acid sequence having at least 90% sequence identity to an amino acid
sequence of SEQ ID NO: 1.

21. The cell of any one of claims 16-20, wherein the first CISC component
comprises an amino acid sequence having at least 95% sequence identity to amino acids 21-
251 of SEQ ID NO: 1.

22. The cell of any one of claims 16-21, wherein the first CISC component
comprises an amino acid sequence of SEQ ID NO: 1.

23.  The cell of any one of claims 16-22, wherein the second CISC component
comprises an amino acid sequence having at least 90% sequence identity to an amino acid
sequence of SEQ ID NO: 2.

24.  The cell of any one of claims 16-23, wherein the second CISC component
comprises an amino acid sequence having at least 95% sequence identity to amino acids 22-
429 of SEQ ID NO: 2.

25.  The cell of any one of claims 16-24, wherein the second CISC component

comprises an amino acid sequence of SEQ ID NO: 2.
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SEQUENCE LISTING

<110> Seattle Children's Hospital dba Seattle Children's Research Institute

Scharenberg, Andrew

<120> METHODS OF EXOGENOUS DRUG ACTIVATION OF
CHEMICAL-INDUCED SIGNALING COMPLEXES EXPRESSED IN ENGINEERED

CELLS IN VITRO AND IN VIVO

<130> SCRI.130WO

<150> 62/433540

<151>2016-12-13

<160> 20

<170> FastSEQ for Windows Version 4.0

<210>1
<211> 251
<212> PRT

<213> Artificial Sequence

<220>

<223> IL2R-CISC - gamma component

<400> 1
Met Pro Leu Gly Leu Leu Trp Leu Gly Leu Ala Leu Leu Gly Ala Leu
1 5 10 15

His Ala GIn Ala Gly Val GIn Val Glu Thr lle Ser Pro Gly Asp Gly



20 25 30
Arg Thr Phe Pro Lys Arg Gly GIn Thr Cys Val Val His Tyr Thr Gly
35 40 45
Met Leu Glu Asp Gly Lys Lys Phe Asp Ser Ser Arg Asp Arg Asn Lys
50 55 60
Pro Phe Lys Phe Met Leu Gly Lys GIn Glu Val lle Arg Gly Trp Glu
65 70 75 80
Glu Gly Val Ala GIn Met Ser Val Gly GIn Arg Ala Lys Leu Thr lle
85 90 95
Ser Pro Asp Tyr Ala Tyr Gly Ala Thr Gly His Pro Gly lle Ile Pro
100 105 110
Pro His Ala Thr Leu Val Phe Asp Val Glu Leu Leu Lys Leu Gly Glu
115 120 125
Gly Ser Asn Thr Ser Lys Glu Asn Pro Phe Leu Phe Ala Leu Glu Ala
130 135 140
Val Val lle Ser Val Gly Ser Met Gly Leu lle lle Ser Leu Leu Cys
145 150 155 160
Val Tyr Phe Trp Leu Glu Arg Thr Met Pro Arg lle Pro Thr Leu Lys
165 170 175
Asn Leu Glu Asp Leu Val Thr Glu Tyr His Gly Asn Phe Ser Ala Trp
180 185 190
Ser Gly Val Ser Lys Gly Leu Ala Glu Ser Leu GIn Pro Asp Tyr Ser
195 200 205
Glu Arg Leu Cys Leu Val Ser Glu lle Pro Pro Lys Gly Gly Ala Leu
210 215 220
Gly Glu Gly Pro Gly Ala Ser Pro Cys Asn GIn His Ser Pro Tyr Trp
225 230 235 240
Ala Pro Pro Cys Tyr Thr Leu Lys Pro Glu Thr

245 250



<210>2
<211> 429
<212>PRT

<213> Artificial Sequence

<220>

<223> |L2R-CISC - beta component

<400> 2

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu

1 5 10 15

His Ala Ala Arg Pro lle Leu Trp His Glu Met Trp His Glu Gly Leu
20 25 30

Glu Glu Ala Ser Arg Leu Tyr Phe Gly Glu Arg Asn Val Lys Gly Met

35 40 45
Phe Glu Val Leu Glu Pro Leu His Ala Met Met Glu Arg Gly Pro GIn
50 55 60

Thr Leu Lys Glu Thr Ser Phe Asn GIn Ala Tyr Gly Arg Asp Leu Met

65 70 75 80

Glu Ala GIn Glu Trp Cys Arg Lys Tyr Met Lys Ser Gly Asn Val Lys

85 90 95

Asp Leu Leu GIn Ala Trp Asp Leu Tyr Tyr His Val Phe Arg Arg lle
100 105 110

Ser Lys Gly Lys Asp Thr lle Pro Trp Leu Gly His Leu Leu Val Gly

115 120 125
Leu Ser Gly Ala Phe Gly Phe lle lle Leu Val Tyr Leu Leu lle Asn
130 135 140

Cys Arg Asn Thr Gly Pro Trp Leu Lys Lys Val Leu Lys Cys Asn Thr

145 150 155 160

Pro Asp Pro Ser Lys Phe Phe Ser GIn Leu Ser Ser Glu His Gly Gly

165 170 175



Asp Val GIn Lys Trp Leu Ser Ser Pro Phe Pro Ser Ser Ser Phe Ser
180 185 190
Pro Gly Gly Leu Ala Pro Glu lle Ser Pro Leu Glu Val Leu Glu Arg
195 200 205
Asp Lys Val Thr GIn Leu Leu Leu GIn GIn Asp Lys Val Pro Glu Pro
210 215 220
Ala Ser Leu Ser Ser Asn His Ser Leu Thr Ser Cys Phe Thr Asn GlIn
225 230 235 240
Gly Tyr Phe Phe Phe His Leu Pro Asp Ala Leu Glu lle Glu Ala Cys
245 250 255
GIn Val Tyr Phe Thr Tyr Asp Pro Tyr Ser Glu Glu Asp Pro Asp Glu
260 265 270
Gly Val Ala Gly Ala Pro Thr Gly Ser Ser Pro GIn Pro Leu GIn Pro
275 280 285
Leu Ser Gly Glu Asp Asp Ala Tyr Cys Thr Phe Pro Ser Arg Asp Asp
290 295 300
Leu Leu Leu Phe Ser Pro Ser Leu Leu Gly Gly Pro Ser Pro Pro Ser
305 310 315 320
Thr Ala Pro Gly Gly Ser Gly Ala Gly Glu Glu Arg Met Pro Pro Ser
325 330 335
Leu GIn Glu Arg Val Pro Arg Asp Trp Asp Pro GIn Pro Leu Gly Pro
340 345 350
Pro Thr Pro Gly Val Pro Asp Leu Val Asp Phe GIn Pro Pro Pro Glu
355 360 365
Leu Val Leu Arg Glu Ala Gly Glu Glu Val Pro Asp Ala Gly Pro Arg
370 375 380
Glu Gly Val Ser Phe Pro Trp Ser Arg Pro Pro Gly GIn Gly Glu Phe
385 390 395 400
Arg Ala Leu Asn Ala Arg Leu Pro Leu Asn Thr Asp Ala Tyr Leu Ser
405 410 415

Leu GIn Glu Leu GIn Gly GIn Asp Pro Thr His Leu Val



420 425

<210>3
<211> 352
<212>PRT

<213> Artificial Sequence

<220>

<223> FKBP IL2Rg CISC 1210

<400> 3
Met Pro Leu Gly Leu Leu Trp Leu Gly Leu Ala Leu Leu Gly Ala Leu
1 5 10 15
His Ala GIn Ala Gly Val GIn Val Glu Thr lle Ser Pro Gly Asp Gly
20 25 30
Arg Thr Phe Pro Lys Arg Gly GIn Thr Cys Val Val His Tyr Thr Gly
35 40 45
Met Leu Glu Asp Gly Lys Lys Phe Asp Ser Ser Arg Asp Arg Asn Lys
50 55 60
Pro Phe Lys Phe Met Leu Gly Lys GIn Glu Val lle Arg Gly Trp Glu
65 70 75 80
Glu Gly Val Ala GIn Met Ser Val Gly GIn Arg Ala Lys Leu Thr lle
85 90 95
Ser Pro Asp Tyr Ala Tyr Gly Ala Thr Gly His Pro Gly lle lle Pro
100 105 110
Pro His Ala Thr Leu Val Phe Asp Val Glu Leu Leu Lys Leu Glu Gly
115 120 125
Gly Gly Ser GIn Asn Leu Val lle Pro Trp Ala Pro Glu Asn Leu Thr
130 135 140

Leu His Lys Leu Ser Glu Ser GIn Leu Glu Leu Asn Trp Asn Asn Arg



145 150 155 160

Phe Leu Asn His Cys Leu Glu His Leu Val GIn Tyr Arg Thr Asp Trp
165 170 175

Asp His Ser Trp Thr Glu GIn Ser Val Asp Tyr Arg His Lys Phe Ser

180 185 190
Leu Pro Ser Val Asp Gly GIn Lys Arg Tyr Thr Phe Arg Val Arg Ser
195 200 205
Arg Phe Asn Pro Leu Cys Gly Ser Ala GIn His Trp Ser Glu Trp Ser
210 215 220

His Pro lle His Trp Gly Ser Asn Thr Ser Lys Glu Asn Pro Phe Leu

225 230 235 240

Phe Ala Leu Glu Ala Val Val lle Ser Val Gly Ser Met Gly Leu lle
245 250 255

Ile Ser Leu Leu Cys Val Tyr Phe Trp Leu Glu Arg Thr Met Pro Arg

260 265 270
Ile Pro Thr Leu Lys Asn Leu Glu Asp Leu Val Thr Glu Tyr His Gly
275 280 285
Asn Phe Ser Ala Trp Ser Gly Val Ser Lys Gly Leu Ala Glu Ser Leu
290 295 300

Gln Pro Asp Tyr Ser Glu Arg Leu Cys Leu Val Ser Glu lle Pro Pro

305 310 315 320

Lys Gly Gly Ala Leu Gly Glu Gly Pro Gly Ala Ser Pro Cys Asn Gln
325 330 335

His Ser Pro Tyr Trp Ala Pro Pro Cys Tyr Thr Leu Lys Pro Glu Thr

340 345 350

<210>4
<211> 544
<212> PRT

<213> Artificial Sequence



<220>

<223> FRB IL2Rb CISC 1210

<400> 4

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu

1 5 10 15

His Ala Ala Arg Pro lle Leu Trp His Glu Met Trp His Glu Gly Leu
20 25 30

Glu Glu Ala Ser Arg Leu Tyr Phe Gly Glu Arg Asn Val Lys Gly Met

35 40 45
Phe Glu Val Leu Glu Pro Leu His Ala Met Met Glu Arg Gly Pro GIn
50 55 60

Thr Leu Lys Glu Thr Ser Phe Asn GIn Ala Tyr Gly Arg Asp Leu Met

65 70 75 80

Glu Ala GIn Glu Trp Cys Arg Lys Tyr Met Lys Ser Gly Asn Val Lys

85 90 95

Asp Leu Leu GIn Ala Trp Asp Leu Tyr Tyr His Val Phe Arg Arg lle
100 105 110

Ser Lys Gly Gly Ser Lys Pro Phe Glu Asn Leu Arg Leu Met Ala Pro

115 120 125
Ile Ser Leu GIn Val Val His Val Glu Thr His Arg Cys Asn lle Ser
130 135 140

Trp Glu lle Ser GIn Ala Ser His Tyr Phe Glu Arg His Leu Glu Phe

145 150 155 160

Glu Ala Arg Thr Leu Ser Pro Gly His Thr Trp Glu Glu Ala Pro Leu

165 170 175

Leu Thr Leu Lys GIn Lys GIn Glu Trp lle Cys Leu Glu Thr Leu Thr
180 185 190

Pro Asp Thr GIn Tyr Glu Phe GIn Val Arg Val Lys Pro Leu GIn Gly

195 200 205



Glu Phe Thr Thr Trp Ser Pro Trp Ser GIn Pro Leu Ala Phe Arg Thr
210 215 220
Lys Pro Ala Ala Leu Gly Lys Asp Thr lle Pro Trp Leu Gly His Leu
225 230 235 240
Leu Val Gly Leu Ser Gly Ala Phe Gly Phe lle lle Leu Val Tyr Leu
245 250 255
Leu Ile Asn Cys Arg Asn Thr Gly Pro Trp Leu Lys Lys Val Leu Lys
260 265 270
Cys Asn Thr Pro Asp Pro Ser Lys Phe Phe Ser GIn Leu Ser Ser Glu
275 280 285
His Gly Gly Asp Val GIn Lys Trp Leu Ser Ser Pro Phe Pro Ser Ser
290 295 300
Ser Phe Ser Pro Gly Gly Leu Ala Pro Glu lle Ser Pro Leu Glu Val
305 310 315 320
Leu Glu Arg Asp Lys Val Thr GIn Leu Leu Leu GIn GIn Asp Lys Val
325 330 335
Pro Glu Pro Ala Ser Leu Ser Ser Asn His Ser Leu Thr Ser Cys Phe
340 345 350
Thr Asn GIn Gly Tyr Phe Phe Phe His Leu Pro Asp Ala Leu Glu lle
355 360 365
Glu Ala Cys GIn Val Tyr Phe Thr Tyr Asp Pro Tyr Ser Glu Glu Asp
370 375 380
Pro Asp Glu Gly Val Ala Gly Ala Pro Thr Gly Ser Ser Pro GIn Pro
385 390 395 400
Leu GIn Pro Leu Ser Gly Glu Asp Asp Ala Tyr Cys Thr Phe Pro Ser
405 410 415
Arg Asp Asp Leu Leu Leu Phe Ser Pro Ser Leu Leu Gly Gly Pro Ser
420 425 430
Pro Pro Ser Thr Ala Pro Gly Gly Ser Gly Ala Gly Glu Glu Arg Met
435 440 445

Pro Pro Ser Leu GIn Glu Arg Val Pro Arg Asp Trp Asp Pro GIn Pro



450 455 460

Leu Gly Pro Pro Thr Pro Gly Val Pro Asp Leu Val Asp Phe GIn Pro
465 470 475 480

Pro Pro Glu Leu Val Leu Arg Glu Ala Gly Glu Glu Val Pro Asp Ala

485 490 495
Gly Pro Arg Glu Gly Val Ser Phe Pro Trp Ser Arg Pro Pro Gly GIn
500 505 510
Gly Glu Phe Arg Ala Leu Asn Ala Arg Leu Pro Leu Asn Thr Asp Ala
515 520 525
Tyr Leu Ser Leu GIn Glu Leu GIn Gly GIn Asp Pro Thr His Leu Val

530 535 540

<210>5
<211> 349
<212> PRT

<213> Artificial Sequence

<220>

<223> FKBP IL2Rg CISC 1211

<400> 5
Met Pro Leu Gly Leu Leu Trp Leu Gly Leu Ala Leu Leu Gly Ala Leu
1 5 10 15
His Ala GIn Ala Gly Val GIn Val Glu Thr lle Ser Pro Gly Asp Gly
20 25 30
Arg Thr Phe Pro Lys Arg Gly GIn Thr Cys Val Val His Tyr Thr Gly
35 40 45
Met Leu Glu Asp Gly Lys Lys Phe Asp Ser Ser Arg Asp Arg Asn Lys
50 55 60

Pro Phe Lys Phe Met Leu Gly Lys GIn Glu Val lle Arg Gly Trp Glu



65 70 75 80
Glu Gly Val Ala GIn Met Ser Val Gly GIn Arg Ala Lys Leu Thr lle
85 90 95
Ser Pro Asp Tyr Ala Tyr Gly Ala Thr Gly His Pro Gly lle lle Pro
100 105 110
Pro His Ala Thr Leu Val Phe Asp Val Glu Leu Leu Lys Leu Glu Gly
115 120 125
GIn Asn Leu Val lle Pro Trp Ala Pro Glu Asn Leu Thr Leu His Lys
130 135 140
Leu Ser Glu Ser GIn Leu Glu Leu Asn Trp Asn Asn Arg Phe Leu Asn
145 150 155 160
His Cys Leu Glu His Leu Val GIn Tyr Arg Thr Asp Trp Asp His Ser
165 170 175
Trp Thr Glu GIn Ser Val Asp Tyr Arg His Lys Phe Ser Leu Pro Ser
180 185 190
Val Asp Gly GIn Lys Arg Tyr Thr Phe Arg Val Arg Ser Arg Phe Asn
195 200 205
Pro Leu Cys Gly Ser Ala GIn His Trp Ser Glu Trp Ser His Pro lle
210 215 220
His Trp Gly Ser Asn Thr Ser Lys Glu Asn Pro Phe Leu Phe Ala Leu
225 230 235 240
Glu Ala Val Val lle Ser Val Gly Ser Met Gly Leu lle lle Ser Leu
245 250 255
Leu Cys Val Tyr Phe Trp Leu Glu Arg Thr Met Pro Arg lle Pro Thr
260 265 270
Leu Lys Asn Leu Glu Asp Leu Val Thr Glu Tyr His Gly Asn Phe Ser
275 280 285
Ala Trp Ser Gly Val Ser Lys Gly Leu Ala Glu Ser Leu GIn Pro Asp
290 295 300
Tyr Ser Glu Arg Leu Cys Leu Val Ser Glu lle Pro Pro Lys Gly Gly

305 310 315 320



Ala Leu Gly Glu Gly Pro Gly Ala Ser Pro Cys Asn Gln His Ser Pro
325 330 335
Tyr Trp Ala Pro Pro Cys Tyr Thr Leu Lys Pro Glu Thr

340 345

<210>6
<211>541
<212> PRT

<213> Artificial Sequence

<220>

<223> FRB IL2Rb CISC 1211

<400> 6

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu

1 5 10 15

His Ala Ala Arg Pro lle Leu Trp His Glu Met Trp His Glu Gly Leu
20 25 30

Glu Glu Ala Ser Arg Leu Tyr Phe Gly Glu Arg Asn Val Lys Gly Met

35 40 45
Phe Glu Val Leu Glu Pro Leu His Ala Met Met Glu Arg Gly Pro GIn
50 55 60

Thr Leu Lys Glu Thr Ser Phe Asn GIn Ala Tyr Gly Arg Asp Leu Met

65 70 75 80

Glu Ala GIn Glu Trp Cys Arg Lys Tyr Met Lys Ser Gly Asn Val Lys

85 90 95

Asp Leu Leu GIn Ala Trp Asp Leu Tyr Tyr His Val Phe Arg Arg lle
100 105 110

Ser Lys Lys Pro Phe Glu Asn Leu Arg Leu Met Ala Pro lle Ser Leu

115 120 125



Gln Val Val His Val Glu Thr His Arg Cys Asn lle Ser Trp Glu lle
130 135 140
Ser GIn Ala Ser His Tyr Phe Glu Arg His Leu Glu Phe Glu Ala Arg
145 150 155 160
Thr Leu Ser Pro Gly His Thr Trp Glu Glu Ala Pro Leu Leu Thr Leu
165 170 175
Lys GIn Lys GIn Glu Trp lle Cys Leu Glu Thr Leu Thr Pro Asp Thr
180 185 190
GIn Tyr Glu Phe GIn Val Arg Val Lys Pro Leu GIn Gly Glu Phe Thr
195 200 205
Thr Trp Ser Pro Trp Ser GIn Pro Leu Ala Phe Arg Thr Lys Pro Ala
210 215 220
Ala Leu Gly Lys Asp Thr lle Pro Trp Leu Gly His Leu Leu Val Gly
225 230 235 240
Leu Ser Gly Ala Phe Gly Phe lle lle Leu Val Tyr Leu Leu lle Asn
245 250 255
Cys Arg Asn Thr Gly Pro Trp Leu Lys Lys Val Leu Lys Cys Asn Thr
260 265 270
Pro Asp Pro Ser Lys Phe Phe Ser GIn Leu Ser Ser Glu His Gly Gly
275 280 285
Asp Val GIn Lys Trp Leu Ser Ser Pro Phe Pro Ser Ser Ser Phe Ser
290 295 300
Pro Gly Gly Leu Ala Pro Glu lle Ser Pro Leu Glu Val Leu Glu Arg
305 310 315 320
Asp Lys Val Thr GIn Leu Leu Leu GIn GIn Asp Lys Val Pro Glu Pro
325 330 335
Ala Ser Leu Ser Ser Asn His Ser Leu Thr Ser Cys Phe Thr Asn GlIn
340 345 350
Gly Tyr Phe Phe Phe His Leu Pro Asp Ala Leu Glu lle Glu Ala Cys
355 360 365

GIn Val Tyr Phe Thr Tyr Asp Pro Tyr Ser Glu Glu Asp Pro Asp Glu



370 375 380
Gly Val Ala Gly Ala Pro Thr Gly Ser Ser Pro GIn Pro Leu GIn Pro
385 390 395 400
Leu Ser Gly Glu Asp Asp Ala Tyr Cys Thr Phe Pro Ser Arg Asp Asp
405 410 415
Leu Leu Leu Phe Ser Pro Ser Leu Leu Gly Gly Pro Ser Pro Pro Ser
420 425 430
Thr Ala Pro Gly Gly Ser Gly Ala Gly Glu Glu Arg Met Pro Pro Ser
435 440 445
Leu GIn Glu Arg Val Pro Arg Asp Trp Asp Pro GIn Pro Leu Gly Pro
450 455 460
Pro Thr Pro Gly Val Pro Asp Leu Val Asp Phe GIn Pro Pro Pro Glu
465 470 475 480
Leu Val Leu Arg Glu Ala Gly Glu Glu Val Pro Asp Ala Gly Pro Arg
485 490 495
Glu Gly Val Ser Phe Pro Trp Ser Arg Pro Pro Gly GIn Gly Glu Phe
500 505 510
Arg Ala Leu Asn Ala Arg Leu Pro Leu Asn Thr Asp Ala Tyr Leu Ser
515 520 525
Leu GIn Glu Leu GIn Gly GIn Asp Pro Thr His Leu Val

530 535 540

<210>7
<211> 251
<212>PRT

<213> Artificial Sequence

<220>

<223> FKBP IL2Rg CISC 1233



<400> 7
Met Pro Leu Gly Leu Leu Trp Leu Gly Leu Ala Leu Leu Gly Ala Leu
1 5 10 15
His Ala GIn Ala Gly Val GIn Val Glu Thr lle Ser Pro Gly Asp Gly
20 25 30
Arg Thr Phe Pro Lys Arg Gly GIn Thr Cys Val Val His Tyr Thr Gly
35 40 45
Met Leu Glu Asp Gly Lys Lys Phe Asp Ser Ser Arg Asp Arg Asn Lys
50 55 60
Pro Phe Lys Phe Met Leu Gly Lys GIn Glu Val lle Arg Gly Trp Glu
65 70 75 80
Glu Gly Val Ala GIn Met Ser Val Gly GIn Arg Ala Lys Leu Thr lle
85 90 95
Ser Pro Asp Tyr Ala Tyr Gly Ala Thr Gly His Pro Gly lle lle Pro
100 105 110
Pro His Ala Thr Leu Val Phe Asp Val Glu Leu Leu Lys Leu Glu Gly
115 120 125
Gly Ser Asn Thr Ser Lys Glu Asn Pro Phe Leu Phe Ala Leu Glu Ala
130 135 140
Val Val lle Ser Val Gly Ser Met Gly Leu lle lle Ser Leu Leu Cys
145 150 155 160
Val Tyr Phe Trp Leu Glu Arg Thr Met Pro Arg lle Pro Thr Leu Lys
165 170 175
Asn Leu Glu Asp Leu Val Thr Glu Tyr His Gly Asn Phe Ser Ala Trp
180 185 190
Ser Gly Val Ser Lys Gly Leu Ala Glu Ser Leu GIn Pro Asp Tyr Ser
195 200 205
Glu Arg Leu Cys Leu Val Ser Glu lle Pro Pro Lys Gly Gly Ala Leu
210 215 220
Gly Glu Gly Pro Gly Ala Ser Pro Cys Asn GIn His Ser Pro Tyr Trp

225 230 235 240



Ala Pro Pro Cys Tyr Thr Leu Lys Pro Glu Thr

245 250

<210>8
<211> 379
<212> PRT

<213> Artificial Sequence

<220>

<223> FRB IL2Rb CISC 1233

<400> 8
Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu
1 5 10 15
His Ala Ala Arg Pro lle Leu Trp His Glu Met Trp His Glu Gly Leu
20 25 30
Glu Glu Ala Ser Arg Leu Tyr Phe Gly Glu Arg Asn Val Lys Gly Met
35 40 45
Phe Glu Val Leu Glu Pro Leu His Ala Met Met Glu Arg Gly Pro GIn
50 55 60
Thr Leu Lys Glu Thr Ser Trp Leu Gly His Leu Leu Val Gly Leu Ser
65 70 75 80
Gly Ala Phe Gly Phe lle lle Leu Val Tyr Leu Leu lle Asn Cys Arg
85 90 95
Asn Thr Gly Pro Trp Leu Lys Lys Val Leu Lys Cys Asn Thr Pro Asp
100 105 110
Pro Ser Lys Phe Phe Ser GIn Leu Ser Ser Glu His Gly Gly Asp Val
115 120 125
GIn Lys Trp Leu Ser Ser Pro Phe Pro Ser Ser Ser Phe Ser Pro Gly

130 135 140



Gly Leu Ala Pro Glu lle Ser Pro Leu Glu Val Leu Glu Arg Asp Lys
145 150 155 160
Val Thr GIn Leu Leu Leu GIn GIn Asp Lys Val Pro Glu Pro Ala Ser
165 170 175
Leu Ser Ser Asn His Ser Leu Thr Ser Cys Phe Thr Asn GIn Gly Tyr
180 185 190
Phe Phe Phe His Leu Pro Asp Ala Leu Glu lle Glu Ala Cys GIn Val
195 200 205
Tyr Phe Thr Tyr Asp Pro Tyr Ser Glu Glu Asp Pro Asp Glu Gly Val
210 215 220
Ala Gly Ala Pro Thr Gly Ser Ser Pro GIn Pro Leu GIn Pro Leu Ser
225 230 235 240
Gly Glu Asp Asp Ala Tyr Cys Thr Phe Pro Ser Arg Asp Asp Leu Leu
245 250 255
Leu Phe Ser Pro Ser Leu Leu Gly Gly Pro Ser Pro Pro Ser Thr Ala
260 265 270
Pro Gly Gly Ser Gly Ala Gly Glu Glu Arg Met Pro Pro Ser Leu GIn
275 280 285
Glu Arg Val Pro Arg Asp Trp Asp Pro GIn Pro Leu Gly Pro Pro Thr
290 295 300
Pro Gly Val Pro Asp Leu Val Asp Phe GIn Pro Pro Pro Glu Leu Val
305 310 315 320
Leu Arg Glu Ala Gly Glu Glu Val Pro Asp Ala Gly Pro Arg Glu Gly
325 330 335
Val Ser Phe Pro Trp Ser Arg Pro Pro Gly GIn Gly Glu Phe Arg Ala
340 345 350
Leu Asn Ala Arg Leu Pro Leu Asn Thr Asp Ala Tyr Leu Ser Leu GlIn
355 360 365
Glu Leu GIn Gly GIn Asp Pro Thr His Leu Val

370 375



<210>9
<211> 345
<212>PRT

<213> Artificial Sequence

<220>

<223> FRB IL7Ra CISC

<400>9

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu

1 5 10 15

His Ala Ala Arg Pro lle Leu Trp His Glu Met Trp His Glu Gly Leu
20 25 30

Glu Glu Ala Ser Arg Leu Tyr Phe Gly Glu Arg Asn Val Lys Gly Met

35 40 45
Phe Glu Val Leu Glu Pro Leu His Ala Met Met Glu Arg Gly Pro GIn
50 55 60

Thr Leu Lys Glu Thr Ser Phe Asn GIn Ala Tyr Gly Arg Asp Leu Met

65 70 75 80

Glu Ala GIn Glu Trp Cys Arg Lys Tyr Met Lys Ser Gly Asn Val Lys

85 90 95

Asp Leu Leu GIn Ala Trp Asp Leu Tyr Tyr His Val Phe Arg Arg lle
100 105 110

Ser Lys Gly Glu lle Asn Asn Ser Ser Gly Glu Met Asp Pro lle Leu

115 120 125
Leu Thr lle Ser lle Leu Ser Phe Phe Ser Val Ala Leu Leu Val lle
130 135 140
Leu Ala Cys Val Leu Trp Lys Lys Arg lle Lys Pro lle Val Trp Pro
145 150 155 160

Ser Leu Pro Asp His Lys Lys Thr Leu Glu His Leu Cys Lys Lys Pro



165 170 175

Arg Lys Asn Leu Asn Val Ser Phe Asn Pro Glu Ser Phe Leu Asp Cys

180 185 190
GlIn Ile His Arg Val Asp Asp lle GIn Ala Arg Asp Glu Val Glu Gly
195 200 205
Phe Leu GIn Asp Thr Phe Pro Gln GIn Leu Glu Glu Ser Glu Lys GIn
210 215 220

Arg Leu Gly Gly Asp Val GIn Ser Pro Asn Cys Pro Ser Glu Asp Val

225 230 235 240

Val lle Thr Pro Glu Ser Phe Gly Arg Asp Ser Ser Leu Thr Cys Leu
245 250 255

Ala Gly Asn Val Ser Ala Cys Asp Ala Pro lle Leu Ser Ser Ser Arg

260 265 270
Ser Leu Asp Cys Arg Glu Ser Gly Lys Asn Gly Pro His Val Tyr GIn
275 280 285
Asp Leu Leu Leu Ser Leu Gly Thr Thr Asn Ser Thr Leu Pro Pro Pro
290 295 300

Phe Ser Leu GIn Ser Gly lle Leu Thr Leu Asn Pro Val Ala GIn Gly

305 310 315 320

GlIn Pro lle Leu Thr Ser Leu Gly Ser Asn GIn Glu Glu Ala Tyr Val
325 330 335

Thr Met Ser Ser Phe Tyr GIn Asn GlIn

340 345

<210>10
<211>443
<212>PRT

<213> Artificial Sequence

<220>



<223> FKBP-F36V IL2Rb CISC

<400> 10
Met Pro Leu Gly Leu Leu Trp Leu Gly Leu Ala Leu Leu Gly Ala Leu
1 5 10 15
His Ala GIn Ala Gly Val GIn Val Glu Thr lle Ser Pro Gly Asp Gly
20 25 30
Arg Thr Phe Pro Lys Arg Gly GIn Thr Cys Val Val His Tyr Thr Gly
35 40 45
Met Leu Glu Asp Gly Lys Lys Val Asp Ser Ser Arg Asp Arg Asn Lys
50 55 60
Pro Phe Lys Phe Met Leu Gly Lys GIn Glu Val lle Arg Gly Trp Glu
65 70 75 80
Glu Gly Val Ala GIn Met Ser Val Gly GIn Arg Ala Lys Leu Thr lle
85 90 95
Ser Pro Asp Tyr Ala Tyr Gly Ala Thr Gly His Pro Gly lle lle Pro
100 105 110
Pro His Ala Thr Leu Val Phe Asp Val Glu Leu Leu Lys Leu Glu Gly
115 120 125
Gly Lys Asp Thr lle Pro Trp Leu Gly His Leu Leu Val Gly Leu Ser
130 135 140
Gly Ala Phe Gly Phe lle lle Leu Val Tyr Leu Leu lle Asn Cys Arg
145 150 155 160
Asn Thr Gly Pro Trp Leu Lys Lys Val Leu Lys Cys Asn Thr Pro Asp
165 170 175
Pro Ser Lys Phe Phe Ser GIn Leu Ser Ser Glu His Gly Gly Asp Val
180 185 190
GIn Lys Trp Leu Ser Ser Pro Phe Pro Ser Ser Ser Phe Ser Pro Gly
195 200 205
Gly Leu Ala Pro Glu lle Ser Pro Leu Glu Val Leu Glu Arg Asp Lys

210 215 220



Val Thr GIn Leu Leu Leu GIn GIn Asp Lys Val Pro Glu Pro Ala Ser
225 230 235 240
Leu Ser Ser Asn His Ser Leu Thr Ser Cys Phe Thr Asn GIn Gly Tyr
245 250 255
Phe Phe Phe His Leu Pro Asp Ala Leu Glu lle Glu Ala Cys GIn Val
260 265 270
Tyr Phe Thr Tyr Asp Pro Tyr Ser Glu Glu Asp Pro Asp Glu Gly Val
275 280 285
Ala Gly Ala Pro Thr Gly Ser Ser Pro GIn Pro Leu GIn Pro Leu Ser
290 295 300
Gly Glu Asp Asp Ala Tyr Cys Thr Phe Pro Ser Arg Asp Asp Leu Leu
305 310 315 320
Leu Phe Ser Pro Ser Leu Leu Gly Gly Pro Ser Pro Pro Ser Thr Ala
325 330 335
Pro Gly Gly Ser Gly Ala Gly Glu Glu Arg Met Pro Pro Ser Leu GIn
340 345 350
Glu Arg Val Pro Arg Asp Trp Asp Pro GIn Pro Leu Gly Pro Pro Thr
355 360 365
Pro Gly Val Pro Asp Leu Val Asp Phe GIn Pro Pro Pro Glu Leu Val
370 375 380
Leu Arg Glu Ala Gly Glu Glu Val Pro Asp Ala Gly Pro Arg Glu Gly
385 390 395 400
Val Ser Phe Pro Trp Ser Arg Pro Pro Gly GIn Gly Glu Phe Arg Ala
405 410 415
Leu Asn Ala Arg Leu Pro Leu Asn Thr Asp Ala Tyr Leu Ser Leu GlIn
420 425 430
Glu Leu GIn Gly GIn Asp Pro Thr His Leu Val

435 440

<210>11



<211>251
<212>PRT

<213> Artificial Sequence

<220>

<223> FKBP-F36V IL2Rg CISC 1233

<400> 11

Met Pro Leu Gly Leu Leu Trp Leu Gly Leu Ala Leu Leu Gly Ala Leu

1 5 10 15

His Ala GIn Ala Gly Val GIn Val Glu Thr lle Ser Pro Gly Asp Gly
20 25 30

Arg Thr Phe Pro Lys Arg Gly GIn Thr Cys Val Val His Tyr Thr Gly

35 40 45
Met Leu Glu Asp Gly Lys Lys Val Asp Ser Ser Arg Asp Arg Asn Lys
50 55 60

Pro Phe Lys Phe Met Leu Gly Lys GIn Glu Val lle Arg Gly Trp Glu

65 70 75 80

Glu Gly Val Ala GIn Met Ser Val Gly GIn Arg Ala Lys Leu Thr lle

85 90 95

Ser Pro Asp Tyr Ala Tyr Gly Ala Thr Gly His Pro Gly lle lle Pro
100 105 110

Pro His Ala Thr Leu Val Phe Asp Val Glu Leu Leu Lys Leu Glu Gly

115 120 125
Gly Ser Asn Thr Ser Lys Glu Asn Pro Phe Leu Phe Ala Leu Glu Ala
130 135 140

Val Val lle Ser Val Gly Ser Met Gly Leu lle lle Ser Leu Leu Cys

145 150 155 160

Val Tyr Phe Trp Leu Glu Arg Thr Met Pro Arg lle Pro Thr Leu Lys

165 170 175

Asn Leu Glu Asp Leu Val Thr Glu Tyr His Gly Asn Phe Ser Ala Trp



180 185 190
Ser Gly Val Ser Lys Gly Leu Ala Glu Ser Leu GIn Pro Asp Tyr Ser
195 200 205
Glu Arg Leu Cys Leu Val Ser Glu lle Pro Pro Lys Gly Gly Ala Leu
210 215 220

Gly Glu Gly Pro Gly Ala Ser Pro Cys Asn GIn His Ser Pro Tyr Trp
225 230 235 240

Ala Pro Pro Cys Tyr Thr Leu Lys Pro Glu Thr

245 250

<210>12
<211> 358
<212>PRT

<213> Artificial Sequence

<220>

<223> FKBP-F36V IL7Ra CISC 1

<400> 12
Met Pro Leu Gly Leu Leu Trp Leu Gly Leu Ala Leu Leu Gly Ala Leu
1 5 10 15
His Ala GIn Ala Gly Val GIn Val Glu Thr lle Ser Pro Gly Asp Gly
20 25 30
Arg Thr Phe Pro Lys Arg Gly GIn Thr Cys Val Val His Tyr Thr Gly
35 40 45
Met Leu Glu Asp Gly Lys Lys Val Asp Ser Ser Arg Asp Arg Asn Lys
50 55 60
Pro Phe Lys Phe Met Leu Gly Lys GIn Glu Val lle Arg Gly Trp Glu
65 70 75 80

Glu Gly Val Ala GIn Met Ser Val Gly GIn Arg Ala Lys Leu Thr lle



85 90 95
Ser Pro Asp Tyr Ala Tyr Gly Ala Thr Gly His Pro Gly lle lle Pro
100 105 110
Pro His Ala Thr Leu Val Phe Asp Val Glu Leu Leu Lys Leu Glu Gly
115 120 125
Glu Ile Asn Asn Ser Ser Gly Glu Met Asp Pro lle Leu Leu Thr lle
130 135 140
Ser lle Leu Ser Phe Phe Ser Val Ala Leu Leu Val lle Leu Ala Cys
145 150 155 160
Val Leu Trp Lys Lys Arg lle Lys Pro lle Val Trp Pro Ser Leu Pro
165 170 175
Asp His Lys Lys Thr Leu Glu His Leu Cys Lys Lys Pro Arg Lys Asn
180 185 190
Leu Asn Val Ser Phe Asn Pro Glu Ser Phe Leu Asp Cys Gln lle His
195 200 205
Arg Val Asp Asp lle GIn Ala Arg Asp Glu Val Glu Gly Phe Leu GIn
210 215 220
Asp Thr Phe Pro GIn GIn Leu Glu Glu Ser Glu Lys GIn Arg Leu Gly
225 230 235 240
Gly Asp Val GIn Ser Pro Asn Cys Pro Ser Glu Asp Val Val lle Thr
245 250 255
Pro Glu Ser Phe Gly Arg Asp Ser Ser Leu Thr Cys Leu Ala Gly Asn
260 265 270
Val Ser Ala Cys Asp Ala Pro lle Leu Ser Ser Ser Arg Ser Leu Asp
275 280 285
Cys Arg Glu Ser Gly Lys Asn Gly Pro His Val Tyr GIn Asp Leu Leu
290 295 300
Leu Ser Leu Gly Thr Thr Asn Ser Thr Leu Pro Pro Pro Phe Ser Leu
305 310 315 320
GIn Ser Gly lle Leu Thr Leu Asn Pro Val Ala GIn Gly GIn Pro lle

325 330 335



Leu Thr Ser Leu Gly Ser Asn GlIn Glu Glu Ala Tyr Val Thr Met Ser
340 345 350
Ser Phe Tyr GIn Asn GIn

355

<210>13
<211> 358
<212> PRT

<213> Artificial Sequence

<220>

<223> FKBP-F36V IL7Ra CISC 2

<400> 13

Met Pro Leu Gly Leu Leu Trp Leu Gly Leu Ala Leu Leu Gly Ala Leu

1 5 10 15

His Ala GIn Ala Gly Val GIn Val Glu Thr lle Ser Pro Gly Asp Gly
20 25 30

Arg Thr Phe Pro Lys Arg Gly GIn Thr Cys Val Val His Tyr Thr Gly

35 40 45
Met Leu Glu Asp Gly Lys Lys Val Asp Ser Ser Arg Asp Arg Asn Lys
50 55 60

Pro Phe Lys Phe Met Leu Gly Lys GIn Glu Val lle Arg Gly Trp Glu

65 70 75 80

Glu Gly Val Ala GIn Met Ser Val Gly GIn Arg Ala Lys Leu Thr lle

85 90 95

Ser Pro Asp Tyr Ala Tyr Gly Ala Thr Gly His Pro Gly lle lle Pro
100 105 110

Pro His Ala Thr Leu Val Phe Asp Val Glu Leu Leu Lys Leu Glu Gly

115 120 125



Glu lle Asn Asn Ser Ser Gly Glu Met Asp Pro lle Leu Leu Thr lle
130 135 140
Ser lle Leu Ser Phe Phe Ser Val Ala Leu Leu Val lle Leu Ala Cys
145 150 155 160
Val Leu Trp Lys Lys Arg lle Lys Pro lle Val Trp Pro Ser Leu Pro
165 170 175
Asp His Lys Lys Thr Leu Glu His Leu Cys Lys Lys Pro Arg Lys Asn
180 185 190
Leu Asn Val Ser Phe Asn Pro Glu Ser Phe Leu Asp Cys Gln lle His
195 200 205
Arg Val Asp Asp lle GIn Ala Arg Asp Glu Val Glu Gly Phe Leu GIn
210 215 220
Asp Thr Phe Pro GIn GIn Leu Glu Glu Ser Glu Lys GIn Arg Leu Gly
225 230 235 240
Gly Asp Val GIn Ser Pro Asn Cys Pro Ser Glu Asp Val Val lle Thr
245 250 255
Pro Glu Ser Phe Gly Arg Asp Ser Ser Leu Thr Cys Leu Ala Gly Asn
260 265 270
Val Ser Ala Cys Asp Ala Pro lle Leu Ser Ser Ser Arg Ser Leu Asp
275 280 285
Cys Arg Glu Ser Gly Lys Asn Gly Pro His Val Tyr GIn Asp Leu Leu
290 295 300
Leu Ser Leu Gly Thr Thr Asn Ser Thr Leu Pro Pro Pro Phe Ser Leu
305 310 315 320
GlIn Ser Gly lle Leu Thr Leu Asn Pro Val Ala GIn Gly GIn Pro lle
325 330 335
Leu Thr Ser Leu Gly Ser Asn GIn Glu Glu Ala Tyr Val Thr Met Ser
340 345 350
Ser Phe Tyr GIn Asn GIn

355



<210> 14
<211> 276
<212>PRT

<213> Artificial Sequence

<220>

<223> FKBP-F36V MPL

<400> 14

Met Pro Leu Gly Leu Leu Trp Leu Gly Leu Ala Leu Leu Gly Ala Leu

1 5 10 15

His Ala GIn Ala Gly Val GIn Val Glu Thr lle Ser Pro Gly Asp Gly
20 25 30

Arg Thr Phe Pro Lys Arg Gly GIn Thr Cys Val Val His Tyr Thr Gly

35 40 45
Met Leu Glu Asp Gly Lys Lys Val Asp Ser Ser Arg Asp Arg Asn Lys
50 55 60

Pro Phe Lys Phe Met Leu Gly Lys GIn Glu Val lle Arg Gly Trp Glu

65 70 75 80

Glu Gly Val Ala GIn Met Ser Val Gly GIn Arg Ala Lys Leu Thr lle

85 90 95

Ser Pro Asp Tyr Ala Tyr Gly Ala Thr Gly His Pro Gly lle lle Pro
100 105 110

Pro His Ala Thr Leu Val Phe Asp Val Glu Leu Leu Lys Leu Gly Glu

115 120 125
Glu Thr Ala Trp lle Ser Leu Val Thr Ala Leu His Leu Val Leu Gly
130 135 140
Leu Ser Ala Val Leu Gly Leu Leu Leu Leu Arg Trp GIn Phe Pro Ala
145 150 155 160

His Tyr Arg Arg Leu Arg His Ala Leu Trp Pro Ser Leu Pro Asp Leu



165 170 175
His Arg Val Leu Gly GIn Tyr Leu Arg Asp Thr Ala Ala Leu Ser Pro
180 185 190
Pro Lys Ala Thr Val Ser Asp Thr Cys Glu Glu Val Glu Pro Ser Leu
195 200 205
Leu Glu lle Leu Pro Lys Ser Ser Glu Arg Thr Pro Leu Pro Leu Cys
210 215 220
Ser Ser GIn Ala GIn Met Asp Tyr Arg Arg Leu GIn Pro Ser Cys Leu
225 230 235 240
Gly Thr Met Pro Leu Ser Val Cys Pro Pro Met Ala Glu Ser Gly Ser
245 250 255
Cys Cys Thr Thr His lle Ala Asn His Ser Tyr Leu Pro Leu Ser Tyr
260 265 270
Trp GIn GIn Pro

275

<210> 15
<211>4
<212> PRT

<213> Artificial Sequence

<220>

<223> Glycine spacer 1

<400> 15

Gly Gly Gly Ser

1

<210> 16



<211>7
<212>PRT

<213> Artificial Sequence

<220>

<223> Glycine spacer 2

<400> 16
Gly Gly Gly Ser Gly Gly Gly

1 5

<210> 17
<211>3
<212> PRT

<213> Artificial Sequence

<220>

<223> Glycine spacer 3

<400> 17
Gly Gly Gly

1

<210> 18
<211>10035
<212>DNA

<213> Artificial Sequence

<220>



<223> |L2Rg upstream of IL2Rb

<400> 18

agcttaatgt agtcttatgc aatactcttg tagtcttgca acatggtaac gatgagttag 60
caacatgcct tacaaggaga gaaaaagcac cgtgcatgec gattggtgga agtaaggtgg 120
tacgatcgtg ccttattagg aaggcaacag acgggtctga catggattgg acgaaccact 180
gaattgccge attgcagaga tattgtattt aagtgcctag ctcgatacaa taaacgggtc 240
tctctggtta gaccagatct gagectggga getctetgge taactaggga acccactget 300
taagcctcaa taaagcttgce cttgagtgct tcaagtagtg tgtgeccgtce tgttgtgtga 360
ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg 420
cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctcteg acgcaggact 480
cggcttgctg aagcgegeac ggcaagaggce gaggeggegec gactggtgag tacgecaaaa 540
attttgacta gcggaggcta gaaggagaga gatgggtgcg agagcegtcag tattaagegg 600
gggagaatta gatcgcgatg ggaaaaaatt cggttaagge cagggggaaa gaaaaaatat 660
aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctgge 720
ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag 780
acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat 840
caaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac 900
aaaagtaaga ccaccgcaca gcaagcggcec getgatcttc agacctggag gaggagatat 960
gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg 1020
agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat 1080
aggagctttg ttccttgggt tettgggage agcaggaagce actatgggeg cagectcaat 1140
gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcage agaacaattt 1200
gctgagggct attgaggcgc aacagcatct gttgcaactc acagtctggg geatcaagea 1260
gctccaggcea agaatcectgg ctgtggaaag atacctaaag gatcaacagce tectggggat 1320
ttggggttgc tctggaaaac tcatttgcac cactgetgtg ccttggaatg ctagttggag 1380
taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat 1440
taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa 1500
gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat 1560
aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt 1620

aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt 1680



atcgtttcag acccacctcc caaccccgag gggacccgac aggeccgaag gaatagaaga 1740
agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta 1800
tcggttaact tttaaaagaa aaggggggat tggggegtac agtgcagggg aaagaatagt 1860
agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaaattca 1920
aaattttatc gatcacgaga ctagcctcga gaagcttgat atcgaattcc cacggggttg 1980
gacgcgtagg aacagagaaa caggagaata tgggccaaac aggatatctg tggtaagcag 2040
ttcctgeccc ggetcaggge caagaacagt tggaacagcea gaatatggge caaacaggat 2100
atctgtggta agcagttcct gccececggete agggcecaaga acagatggte cccagatgeg 2160
gtceegecect cageagtttc tagagaacca tcagatgttt ccagggtgece ccaaggacct 2220
gaaatgaccc tgtgccttat ttgaactaac caatcagttc gettctegcet tetgttcgeg 2280
cgcttetget ccccgagcete tatataagcea gagctegttt agtgaaccgt cagatcgeta 2340
gcaccggtgce cgecaccatg cctetgggece tgetgtgget gggectggec ctgetgggeg 2400
ccctgeacge ccaggeegge gtgecaggtgg agacaatcte cccaggegac ggacgeacat 2460
tccctaageg gggecagacc tgegtggtge actatacagg catgetggag gatggcaaga 2520
agtttgacag ctcccgggat agaaacaagce cattcaagtt tatgectgggce aagcaggaag 2580
tgatcagagg ctgggaggag ggegtggecec agatgtcetgt gggecagagg gecaagetga 2640
ccatcagccc agactacgcc tatggagcaa caggccaccc aggaatcatc ccacctcacg 2700
ccaccctggt gttcgatgtg gagctgetga agetgggega gcaaaacttg gtgattectt 2760
gggccccaga aaatctcacg cttcacaagt tgtccgaate ccagetcgag ctcaactgga 2820
ataatagatt tcttaatcat tgtttggaac acctggttca atatagaacg gattgggacc 2880
actcatggac cgagcagtca gttgactacc gccacaaatt ttcacttccec agegtagatg 2940
ggcagaagag gtacacattt agggtcagat ccaggtttaa tcctctgtgt ggttctgetc 3000
aacactggtc tgagtggagc catccgatcc actggggcetc aaatacctct aaagaaaatc 3060
cgttcctctt tgegetcgaa gecgttgtta tcagegtcgg aagcatggga cttatcattt 3120
cccttectetg cgtgtacttc tggetggage ggacgatgec geggattecg acgctcaaaa 3180
acctggagga ccttgtaaca gaatatcacg gtaatttctc cgettggagt ggegtatcaa 3240
aggggcttge tgagtccctt caaccggatt actctgageg cctetgettg gtgtccgaga 3300
tacctcccaa aggaggtgca cttggggagg ggccaggege gtecccttge aatcagcata 3360
gtcegtattg ggegeccccc tgttatacce tcaaaccgga aacgggaage ggagcetacta 3420
acttcagcct gctgaagcag getggagacg tggaggagaa ccctggacct atggeactge 3480

ccgtgaccgc cctgetgetg cctetggecc tgetgetgea cgeageecgg cctatectgt 3540



ggcacgagat gtggcacgag ggectggagg aggccageag getgtatttt ggecgagegea 3600
acgtgaaggg catgttcgag gtgctggage ctctgeacge catgatggag agaggceccac 3660
agaccctgaa ggagacatcc tttaaccagg cctatggacg ggacctgatg gaggcacagg 3720
agtggtgcag aaagtacatg aagtctggca atgtgaagga cctgcetgeag gectgggate 3780
tgtactatca cgtgtttcgg agaatctcca agaaaccttt tgagaacctt agactgatgg 3840
cgcccatctc tctgcaggta gttcacgttg agacccatag atgcaatata agctgggaaa 3900
tctcacaagc cagccattac tttgaacggce atttggaatt cgaggceccga acactttccc 3960
ccggtcatac gtgggaagaa gctectctet tgacgctgaa gcagaagcag gagtggattt 4020
gtctggagac tttgactcct gatactcagt atgagttcca agttcgggtg aaaccactcc 4080
aaggcgagtt cacgacgtgg tctecgtgga gtcaaccgtt ggegttccge acgaageccg 4140
ctgcecttgg caaagacacg attccgtggce ttgggceatct getegttggg ctgagtggtg 4200
cgtttggttt catcatcttg gtctatctct tgatcaattg cagaaataca ggcccttgge 4260
tgaaaaaagt gctcaagtgt aataccceceg acccaagcaa gttcttctece cagetttett 4320
cagagcatgg aggcgatgtg cagaaatggc tctcttcacc tttteectec tcaagcettct 4380
ccccgggagg getggegecc gagatttcac ctettgaggt acttgaacga gacaaggtta 4440
cccaacttct ccttcaacag gataaggtac ccgaacctge gagccttage tccaaccact 4500
ctcttacgag ctgcttcacc aatcagggat acttcttttt ccaccttcece gatgegetgg 4560
aaatcgaagc ttgtcaagtt tactttacct atgatccata tagcgaggaa gatcccgacg 4620
aaggagtcgce cggtgegecc acgggttect caccccaacc tetccagect ctetcaggag 4680
aagatgatgc ttattgcact tttcccagta gagacgatct cctectcttt tetecatctec 4740
ttttgggggg accttccccc ccttctacgg cacctggegg gtetggtget ggcgaggage 4800
ggatgcegcec gteectccag gagegagtac cacgagattg ggatccccag ccacttggac 4860
ccecccacccce cggegtacct gaccttgteg attttcaacc teccectgaa ttggtgetge 4920
gagaggctgg ggaggaagtt ccggacgcetg ggecgaggga gggcegtgtec tttccatgga 4980
gtaggcctec aggtcaaggce gagtttaggg ctctcaacge geggetgecg ttgaatacag 5040
acgcttatct ctcactgcag gaactgcaag gtcaggaccc aacacatctt gtaggatctg 5100
gtgctactaa tttttctctt ttgaagcaag ctggagatgt tgaagagaac cctggtecag 5160
tgagcaaggg cgaggagctg ttcaccgggg tggtgceccat cctggtegag ctggacggeg 5220
acgtaaacgg ccacaagttc agegtgtceg gecgagggega gggegatgee acctacggea 5280
agctgaccct gaagttcatc tgcaccaccg geaagetgece cgtgeectgg cccacceteg 5340

tgaccaccct gacctacgge gtgeagtgct tcagecgceta ccccgaccac atgaagcage 5400



acgacttctt caagtccgec atgeeccgaag getacgteca ggagegceacc atcttcttca 5460
aggacgacgg caactacaag acccgegeceg aggtgaagtt cgagggegac accctggtga 5520
accgcatcga getgaaggge atcgacttca aggaggacgg caacatcctg gggcacaage 5580
tggagtacaa ctacaacagc cacaacgtct atatcatggc cgacaagcag aagaacggca 5640
tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg cagegtgceag ctecgecgace 5700
actaccagca gaacaccccc atcggegacg geceegtget getgeccgac aaccactace 5760
tgagcaccca gtccgeectg agcaaagacc ccaacgagaa gegegatcac atggtectge 5820
tggagttcgt gaccgecgece gggatcactc teggcatgga cgagetgtac aagtaaacta 5880
gtgtcgacaa tcaacctctg gattacaaaa tttgtgaaag attgactggt attcttaact 5940
atgttgctec ttttacgcta tgtggatacg ctgctttaat gectttgtat catgetattg 6000
cttccegtat ggctttcatt ttctectect tgtataaate ctggttgcetg tetctttatg 6060
aggagttgtg gcccgttgtc aggcaacgtg gegtggtgtg cactgtgttt getgacgeaa 6120
cccccactgg ttggggceatt geccaccacct gtcagetect ttecgggact ttegetttce 6180
cccteectat tgeccacggeg gaactcatcg cecgectgect tgecegetge tggacagggg 6240
ctcggctgtt gggcactgac aattcecgtgg tgttgtcggg gaagctgacg tecttteccat 6300
ggctgctege ctgtgttgee acctggatte tgegegggac gtecttetge tacgteectt 6360
cggccctcaa tccageggac cttectteee geggectget geeggetetg cggectcetic 6420
cgcegtctteg ccttegeect cagacgagtc ggatctecct ttgggecgec tecececgectg 6480
gaattcgagc tcggtacctt taagaccaat gacttacaag gcagcetgtag atcttageca 6540
ctttttaaaa gaaaaggggg gactggaagg gctaattcac tcccaacgaa gacaagatct 6600
gctttttget tgtactgggt ctetctggtt agaccagatce tgagectggg agetctetgg 6660
ctaactaggg aacccactgc ttaagcctca ataaagcttg ccttgagtgce ttcaagtagt 6720
gtgtgceegt ctgttgtgtg actctggtaa ctagagatcec ctcagaccct tttagtcagt 6780
gtggaaaatc tctagcagta gtagttcatg tcatcttatt attcagtatt tataacttge 6840
Qaagaaatga atatcagaga gtgagaggaa cttgtttatt gcagcttata atggttacaa 6900
ataaagcaat agcatcacaa atttcacaaa taaagcattt ttttcactge attctagttg 6960
tggtttgtcc aaactcatca atgtatctta tcatgtctgg ctctagcetat cccgecccta 7020
actccgcecca gttecgecca tteteecgecc catggetgac taattttttt tatttatgea 7080
gaggccgagg ccgectegge ctetgageta ttccagaagt agtgaggagg cttttttgga 7140
ggcctaggct tttgegtega gacgtaccca attcgeccta tagtgagteg tattacgege 7200

gctcactggce cgtegtttta caacgtcgtg actgggaaaa cectggegtt acccaactta 7260



atcgecttge agcacatccec cctttcgeca getggegtaa tagegaagag geeegeaceg 7320
atcgcececttc ccaacagttg cgcagectga atggegaatg gegegacgeg cectgtageg 7380
gcgcattaag cgeggegggt gtggtggtta cgegeagegt gaccgetaca cttgecageg 7440
ccctagegec cgetecttte getttcttec cttectttet cgecacgtic geecggetttc 7500
cccgtcaage tctaaatcgg gggcetecctt tagggttccg atttagtgcet ttacggcacc 7560
tcgaccccaa aaaacttgat tagggtgatg gttcacgtag tgggccatcg ccctgataga 7620
cggtttttcg ccctttgacg ttggagtceca cgttctttaa tagtggactc ttgttccaaa 7680
ctggaacaac actcaaccct atctcggtct attcttttga tttataaggg attttgccga 7740
tttcggecta ttggttaaaa aatgagctga tttaacaaaa atttaacgcg aattttaaca 7800
aaatattaac gtttacaatt tcccaggtgg cacttttcgg ggaaatgtge geggaacccc 7860
tatttgttta tttttctaaa tacattcaaa tatgtatccg ctcatgagac aataaccctg 7920
ataaatgctt caataatatt gaaaaaggaa gagtatgagt attcaacatt tccgtgtcge 7980
ccttattccc ttttttgegg cattttgect tectgttttt getcacccag aaacgetggt 8040
gaaagtaaaa gatgctgaag atcagttggg tgcacgagtg ggttacatcg aactggatct 8100
caacagcggt aagatccttg agagttttcg ccccgaagaa cgttttccaa tgatgagecac 8160
ttttaaagtt ctgctatgtg gcgeggtatt atcccgtatt gacgecggge aagagcaact 8220
cggtcgecge atacactatt ctcagaatga cttggttgag tactcaccag tcacagaaaa 8280
gcatcttacg gatggcatga cagtaagaga attatgcagt gctgecataa ccatgagtga 8340
taacactgcg gccaacttac ttctgacaac gatcggagga ccgaaggage taaccgcttt 8400
tttgcacaac atgggggatc atgtaactcg cctigatcgt tgggaaccgg agctgaatga 8460
agccatacca aacgacgagc gtgacaccac gatgcctgta gcaatggcaa caacgttgeg 8520
caaactatta actggcgaac tacttactct agcttccegg caacaattaa tagactggat 8580
ggaggcggat aaagttgcag gaccacttct gegeteggec cttecggetg getggtttat 8640
tgctgataaa tctggageeg gtgagegtgg gtetegeggt atcattgeag cactggggee 8700
agatggtaag ccctcecegta tegtagttat ctacacgacg gggagtcagg caactatgga 8760
tgaacgaaat agacagatcg ctgagatagg tgcctcactg attaagcatt ggtaactgtc 8820
agaccaagtt tactcatata tactttagat tgatttaaaa cttcattttt aatttaaaag 8880
gatctaggtg aagatccttt ttgataatct catgaccaaa atcccttaac gtgagttttc 8940
gttccactga gegtcagacc ccgtagaaaa gatcaaagga tettcttgag atcctttttt 9000
tctgegegta atctgetgcet tgcaaacaaa aaaaccaccg ctaccagegg tggtttgttt 9060

gccggatcaa gagctaccaa ctetttttce gaaggtaact ggettcagea gagegcagat 9120



accaaatact gtccttctag tgtagecgta gttaggccac cacttcaaga actctgtage 9180
accgcectaca tacctcgcetc tgctaatect gttaccagtg getgetgeca gtggegataa 9240
gtcgtgtctt accgggtigg actcaagacg atagttaccg gataaggcege ageggtcggg 9300
ctgaacgggg ggttcgtgea cacageccag cttggagega acgacctaca ccgaactgag 9360
atacctacag cgtgagctat gagaaagcgc cacgcttcce gaagggagaa aggeggacag 9420
gtatccggta ageggcaggg tcggaacagg agagcegeacg agggagcttc cagggggaaa 9480
cgcctggtat ctttatagtc ctgtegggtt tcgecaccte tgacttgage gtegattttt 9540
gtgatgctcg tcaggggggc ggagectatg gaaaaacgcec agcaacgegg cctttttacg 9600
gtteectggcec ttttgetgge cttttgetca catgttcttt cctgegttat ccectgattc 9660
tgtggataac cgtattaccg cctttgagtg agctgatacc getegecgea gecgaacgac 9720
cgagcgcagc gagtcagtga gcgaggaage ggaagagege ccaatacgca aaccgectct 9780
ccccgegegt tggecgattce attaatgeag ctggcacgac aggtttcccg actggaaage 9840
gggcagtgag cgcaacgcaa ttaatgtgag ttagctcact cattaggcac cccaggettt 9900
acactttatg cttccggcete gtatgttgtg tggaattgtg agcggataac aatttcacac 9960
aggaaacagc tatgaccatg attacgccaa gecgegeaatt aaccctcact aaagggaaca 10020
aaagctggag ctgca 10035<210> 19

<211> 10053

<212> DNA

<213> Artificial Sequence

<220>

<223> IL2Rg upstream of IL2Rb

<400> 19

agcttaatgt agtcttatgc aatactcttg tagtcttgca acatggtaac gatgagttag 60
caacatgcct tacaaggaga gaaaaagcac cgtgcatgec gattggtgga agtaaggtgg 120
tacgatcgtg ccttattagg aaggcaacag acgggtctga catggattgg acgaaccact 180
gaattgccgce attgcagaga tattgtattt aagtgcctag ctcgatacaa taaacgggtc 240
tctctggtta gaccagatct gagectggga getctctgge taactaggga acccactget 300
taagcctcaa taaagcttgce cttgagtgct tcaagtagtg tgtgeccgtc tgttgtgtga 360

ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg 420



cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctcteg acgcaggact 480
cggcttgetg aagegegeac ggcaagagge gaggggcgec gactggtgag tacgecaaaa 540
attttgacta gcggaggcta gaaggagaga gatgggtgceg agagcegtcag tattaagegg 600
gggagaatta gatcgcgatg ggaaaaaatt cggttaaggc cagggggaaa gaaaaaatat 660
aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctgge 720
ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag 780
acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat 840
Ccaaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac 900
Qaaagtaaga ccaccgcaca gcaagceggcec getgatcttc agacctggag gaggagatat 960
gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg 1020
agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat 1080
aggagctttg ttecttgggt tettgggage agcaggaagce actatgggeg cagectcaat 1140
gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcage agaacaattt 1200
gctgagggct attgaggcegc aacagcatct gttgcaactc acagtctggg gcatcaagea 1260
gctccaggcea agaatcectgg ctgtggaaag atacctaaag gatcaacagce tectggggat 1320
ttggggttgc tctggaaaac tcatttgcac cactgetgtg ccttggaatg ctagttggag 1380
taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat 1440
taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa 1500
gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat 1560
aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt 1620
aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt 1680
atcgtttcag acccacctec caacccecgag gggaccegac aggeccgaag gaatagaaga 1740
agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta 1800
tcggttaact tttaaaagaa aaggggggat tggggggtac agtgcagggg aaagaatagt 1860
agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaaattca 1920
aaattttatc gatcacgaga ctagcctcga gaagcttgat atcgaattcc cacggggttg 1980
gacgcgtagg aacagagaaa caggagaata tgggccaaac aggatatctg tggtaagcag 2040
ttectgeccc ggetcaggge caagaacagt tggaacagcea gaatatggge caaacaggat 2100
atctgtggta agcagttcct gccecggete agggecaaga acagatggtc cccagatgeg 2160
gtceegecect cageagtttc tagagaacca tcagatgttt ccagggtgec ccaaggacct 2220

gaaatgaccc tgtgccttat ttgaactaac caatcagttc gettcteget tetgttcgeg 2280



cgcttctget ccccgagcetce tatataagea gagctcegttt agtgaaccgt cagatcgeta 2340
gcaccggtgce cgecaccatg cctetgggec tgetgtgget gggectggec ctgetgggeg 2400
ccctgeacge ccaggecggce gtgeaggtgg agacaatcte cccaggegac ggacgeacat 2460
tccctaageg gggecagacc tgegtggtge actatacagg catgetggag gatggcaaga 2520
agtttgacag ctcccgggat agaaacaagc cattcaagtt tatgetggge aagcaggaag 2580
tgatcagagg ctgggaggag ggegtggecc agatgtcetgt gggccagagg gecaagetga 2640
ccatcagccc agactacgcc tatggagcaa caggccaccc aggaatcatc ccacctcacg 2700
ccaccctggt gttcgatgtg gagctgetga agetgggega gggeggtagt cagaaccttg 2760
tgataccatg ggccccagaa aatctcacac ttcataaact ttccgaatca caactcgaac 2820
tcaactggaa taaccggttc ctgaatcact gtcttgaaca cctggtacaa tatcggaccg 2880
actgggatca ctcatggaca gaacaatctg tggactatag gcacaaattc tcactcccaa 2940
gcgtagacgg ccaaaaaaga tacacttttc gegtacgatce ccgetttaat cctetetgeg 3000
gctectgcetca gecactggagt gaatggtccc atceccattca ttggggatcc aacacatcaa 3060
aagagaaccc ctttctgttc gcattggagg ccgtagtcat atctgttgga tccatgggac 3120
ttattatctc cctgttgtgt gtgtacttct ggctggaacg gactatgecc aggatcccca 3180
cgctcaagaa tctggaagat ctcgtcacag aataccatgg taatttcage gectggageg 3240
gagtctctaa gggtctggece gaatccctee aacccgatta ttctgaacgg ttgtgectcg 3300
tatccgaaat accaccaaaa ggeggggctce tgggtgaggg cccaggggeg agteegtgea 3360
atcaacacag cccgtattgg gecectectt gttatacgtt gaagcccgaa actggaageg 3420
gagctactaa cttcagcctg ctgaagcagg ctggagacgt ggaggagaac cctggaccta 3480
tggcactgec cgtgaccgece ctgetgetge ctetggecect getgetgeac geageecgge 3540
ctatcctgtg gcacgagatg tggcacgagg gectggagga ggccageagg ctgtattttg 3600
gcgagcgcaa cgtgaagggc atgttcgagg tgctggagcec tetgcacgec atgatggaga 3660
gaggcccaca gaccctgaag gagacatcct ttaaccagge ctatggacgg gacctgatgg 3720
aggcacagga gtggtgcaga aagtacatga agtctggcaa tgtgaaggac ctgetgeagg 3780
cctgggatct gtactatcac gtgtttcgga gaatctccaa gggaggttca aaaccttttg 3840
agaaccttag actgatggcg cccatctctc tgcaggtagt tcacgttgag acccatagat 3900
gcaatataag ctgggaaatc tcacaagcca gecattactt tgaacggcat ttggaattcg 3960
aggcecgaac actttccecc ggtcatacgt gggaagaagc tectetettg acgetgaage 4020
agaagcagga gtggatttgt ctggagactt tgactcctga tactcagtat gagttccaag 4080

ttcgggtgaa accactccaa ggegagttca cgacgtggtce tcegtggagt caaccgttgg 4140



cgttccgeac gaageccgct geccttggea aagacacgat tecgtggcett gggeatetge 4200
tcgttgggct gagtggtgceg tttggtttca tcatcttggt ctatctcttg atcaattgea 4260
gaaatacagg cccttggctg aaaaaagtgc tcaagtgtaa tacccecgac ccaagcaagt 4320
tcttctecca getttcttca gagecatggag gegatgtgea gaaatggcetce tettcacctt 4380
ttccctecte aagcttcetee ccgggagggc tggegeecga gatttcacct cttgaggtac 4440
ttgaacgaga caaggttacc caacttctcc ttcaacagga taaggtaccc gaacctgcga 4500
gecttagetc caaccactct cttacgagct gettcaccaa tcagggatac ttctttttce 4560
accttcccga tgegetggaa atcgaagcett gtcaagttta ctttacctat gatccatata 4620
gcgaggaaga tececgacgaa ggagtegeceg gtgegeccac gggttectca ccccaaccte 4680
tccagectct ctcaggagaa gatgatgctt attgcacttt tcccagtaga gacgatctec 4740
tectcttttce tecatcetcett ttggggggac cttcceccccc ttctacggea cetggegggt 4800
ctggtgctgg cgaggagegg atgecgeegt ccctccagga gegagtacca cgagattggg 4860
atccccagcec acttggaccc cccacccecg gegtacctga ccttgtegat tttcaaccte 4920
cccctgaatt ggtgetgega gaggetgggg aggaagttce ggacgetggg ccgagggagg 4980
gegtgtectt tccatggagt aggcectccag gtcaaggega gtttagggcet ctcaacgege 5040
ggctgecgtt gaatacagac gettatctct cactgcagga actgcaaggt caggacccaa 5100
cacatcttgt aggatctggt gctactaatt tttctctttt gaagcaagcet ggagatgttg 5160
aagagaaccc tggtccagtg agcaagggeg aggagcetgtt caccggggtg gtgeccatee 5220
tggtcgagct ggacggegac gtaaacggec acaagttcag cgtgtcegge gagggegagg 5280
gcgatgecac ctacggcaag ctgaccctga agttcatctg caccaccgge aagcetgeceg 5340
tgcectggee caccectegtg accaccctga cctacggegt geagtgcette ageegetace 5400
ccgaccacat gaagcagcac gacttcttca agtccgecat geccgaagge tacgtccagg 5460
agcgcaccat cttcttcaag gacgacggea actacaagac ccgegecgag gtgaagttcg 5520
agggcgacac cctggtgaac cgeatcgage tgaagggceat cgacttcaag gaggacggea 5580
acatcctggg gcacaagctg gagtacaact acaacagcca caacgtctat atcatggecg 5640
acaagcagaa gaacggcatc aaggtgaact tcaagatccg ccacaacatc gaggacggea 5700
gegtgeagcet cgecgaccac taccageaga acacccccat cggegacgge cecgtgetge 5760
tgcecgacaa ccactacctg agcacccagt cegecctgag caaagacccc aacgagaage 5820
gcgatcacat ggtectgetg gagttegtga ccgecgecgg gatcactctc ggeatggacg 5880
agctgtacaa gtaaactagt gtcgacaatc aacctctgga ttacaaaatt tgtgaaagat 5940

tgactggtat tcttaactat gttgctcctt ttacgctatg tggatacgct getttaatge 6000



ctttgtatca tgctattgcet tcccgtatgg ctttcatttt ctectecttg tataaatect 6060
ggttgctgtc tctttatgag gagttgtggc ccgttgtcag gcaacgtgge gtggtgtgea 6120
ctgtgtttgc tgacgcaacc cccactggtt ggggceattge caccacctgt cagcetecttt 6180
ccgggacttt cgcttteccc ctecctattg ccacggegga actcatcgec gectgecttg 6240
cccgetgetg gacaggggct cggetgtigg gecactgacaa ttecgtggtg ttgtcgggga 6300
agctgacgtc ctttccatgg ctgetegect gtgttgecac ctggattetg cgegggacgt 6360
ccttctgceta cgteectteg gecctcaate cageggacct tectteccge ggectgetge 6420
cggctctgeg gectetteeg cgtettegec ttegecctca gacgagtegg atcteccttt 6480
gggccgcecte cccgectgga attcgagcete ggtaccttta agaccaatga cttacaagge 6540
agctgtagat cttagccact ttttaaaaga aaagggggga ctggaagggc taattcactc 6600
ccaacgaaga caagatctgc tttttgettg tactgggtct ctctggttag accagatctg 6660
agcctgggag ctctctgget aactagggaa cccactgett aagectcaat aaagcettgee 6720
ttgagtgctt caagtagtgt gtgcccgtct gtigtgtgac tctggtaact agagatcect 6780
cagacccttt tagtcagtgt ggaaaatctc tagcagtagt agttcatgtc atcttattat 6840
tcagtattta taacttgcaa agaaatgaat atcagagagt gagaggaact tgtttattgc 6900
agcttataat ggttacaaat aaagcaatag catcacaaat ttcacaaata aagcattttt 6960
ttcactgcat tctagtigtg gtttgtccaa actcatcaat gtatcttatc atgtctgget 7020
ctagctatcc cgeccctaac tecgeccagt tecgeccatt ctecgeccca tggetgacta 7080
atttttttta tttatgcaga ggccgaggec gecteggect ctgagcetatt ccagaagtag 7140
tgaggaggct tttttggagg cctaggcttt tgcgtcgaga cgtacccaat tcgecctata 7200
gtgagtcgta ttacgegege tcactggecg tegttttaca acgtegtgac tgggaaaacc 7260
ctggcegttac ccaacttaat cgecttgeag cacatccccc tttcgecage tggegtaata 7320
gcgaagaggc ccgeaccgat cgecctteec aacagttgeg cagectgaat ggegaatgge 7380
gcgacgegcec ctgtagegge geattaageg cggegggtgt ggtggttacg cgecagegtga 7440
ccgctacact tgecagegec ctagegeccg ctectttege tttettecct tecttteteg 7500
ccacgttcge cggetttccce cgtcaagetce taaatcgggg geteccttta gggtteccgat 7560
ttagtgcttt acggcacctc gaccccaaaa aacttgatta gggtgatggt tcacgtagtg 7620
ggccatcgece ctgatagacg gtttttcgec ctttgacgtt ggagtccacg ttctttaata 7680
gtggactctt gttccaaact ggaacaacac tcaaccctat cteggtctat tcttttgatt 7740
tataagggat tttgecgatt tcggectatt ggttaaaaaa tgagcetgatt taacaaaaat 7800

ttaacgcgaa ttttaacaaa atattaacgt ttacaatttc ccaggtggca cttttcgggg 7860



aaatgtgcgc ggaaccccta tttgtttatt tttctaaata cattcaaata tgtatccget 7920
catgagacaa taaccctgat aaatgcttca ataatattga aaaaggaaga gtatgagtat 7980
tcaacatttc cgtgtcgecc ttattcectt ttttgeggea ttttgectte ctgtttttge 8040
tcacccagaa acgctggtga aagtaaaaga tgctgaagat cagttgggtg cacgagtggg 8100
ttacatcgaa ctggatctca acagcggtaa gatccttgag agttttcgec ccgaagaacg 8160
ttttccaatg atgagcactt ttaaagttct gctatgtggce geggtattat cccgtattga 8220
cgcecgggceaa gagcaactcg gtcgecgeat acactattct cagaatgact tggttgagta 8280
ctcaccagtc acagaaaagc atcttacgga tggcatgaca gtaagagaat tatgcagtge 8340
tgccataacc atgagtgata acactgeggce caacttactt ctgacaacga tcggaggacc 8400
gaaggagcta accgcttttt tgcacaacat gggggatcat gtaactcgec ttgatcgttg 8460
ggaaccggag ctgaatgaag ccataccaaa cgacgagcegt gacaccacga tgectgtage 8520
aatggcaaca acgttgcgca aactattaac tggcgaacta cttactctag cttcccggea 8580
acaattaata gactggatgg aggcggataa agttgcagga ccacttctge geteggecect 8640
tccggetgge tggtttattg ctgataaatc tggagecggt gagegtgggt ctcgeggtat 8700
cattgcagca ctggggccag atggtaagcc ctcecgtatc gtagttatct acacgacggg 8760
gagtcaggca actatggatg aacgaaatag acagatcgct gagataggtg cctcactgat 8820
taagcattgg taactgtcag accaagttta ctcatatata ctttagattg atttaaaact 8880
tcatttttaa tttaaaagga tctaggtgaa gatccttttt gataatctca tgaccaaaat 8940
cccttaacgt gagttttcgt tccactgage gtcagacccc gtagaaaaga tcaaaggatc 9000
ttcttgagat cctttttttc tgecgegtaat ctgetgettg caaacaaaaa aaccaccget 9060
accageggtg gtttgtttge cggatcaaga gectaccaact ctttttccga aggtaactgg 9120
cttcagcaga gcgcagatac caaatactgt ccttctagtg tagccgtagt taggccacca 9180
cttcaagaac tctgtagcac cgectacata cctegetcetg ctaatcctgt taccagtgge 9240
tgctgeccagt ggegataagt cgtgtcttac cgggttggac tcaagacgat agttaccgga 9300
taaggcgcag cggtegggct gaacgggggg ttcgtgeaca cageccagcet tggagegaac 9360
gacctacacc gaactgagat acctacagcg tgagctatga gaaagcgcca cgetteccga 9420
agggagaaag gcggacaggt atccggtaag cggeagggtc ggaacaggag agegeacgag 9480
ggagcttcca gggggaaacg cctggtatct ttatagtect gtegggttte gecacctetg 9540
acttgagcgt cgatttttgt gatgctcgtc aggggggcegg agectatgga aaaacgcecag 9600
caacgcggcc tttttacggt tectggectt ttgetggect tttgetcaca tgttctttcc 9660

tgcgttatcc cctgattctg tggataaccg tattaccgec tttgagtgag ctgataccge 9720



tcgecgeage cgaacgaccg agegeagega gtcagtgage gaggaagegg aagagegeece 9780
aatacgcaaa ccgectctee ccgegegttg gecgattcat taatgecaget ggcacgacag 9840
gtttcccgac tggaaagegg gcagtgageg caacgcaatt aatgtgagtt agctcactca 9900
ttaggcaccc caggctttac actttatgct tccggcetegt atgttgtgtg gaattgtgag 9960
cggataacaa tttcacacag gaaacagcta tgaccatgat tacgccaage gecgcaattaa 10020
ccctcactaa agggaacaaa agctggagct gea 10053<210> 20
<211> 9405

<212> DNA

<213> Artificial Sequence

<220>

<223> IL2Rg upstream of IL2Rb

<400> 20

agcttaatgt agtcttatgc aatactcttg tagtcttgca acatggtaac gatgagttag 60
caacatgcct tacaaggaga gaaaaagcac cgtgcatgec gattggtgga agtaaggtgg 120
tacgatcgtg ccttattagg aaggcaacag acgggtctga catggattgg acgaaccact 180
gaattgcegce attgcagaga tattgtattt aagtgcctag ctcgatacaa taaacgggtc 240
tctctggtta gaccagatct gagectggga getctctgge taactaggga acccactget 300
taagcctcaa taaagcttgce cttgagtgct tcaagtagtg tgtgeccgtc tgttgtgtga 360
ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg 420
cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctcteg acgcaggact 480
cggcttgcetg aagegegeac ggcaagaggce gaggggeggc gactggtgag tacgccaaaa 540
attttgacta gcggaggcta gaaggagaga gatgggtgeg agagegtcag tattaagegg 600
gggagaatta gatcgcgatg ggaaaaaatt cggttaaggc cagggggaaa gaaaaaatat 660
aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctgge 720
ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag 780
acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat 840
caaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac 900
aaaagtaaga ccaccgcaca gcaageggec getgatettc agacctggag gaggagatat 960

gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg 1020



agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat 1080
aggagctttg ttecttgggt tcttgggage agcaggaagce actatgggeg cagectcaat 1140
gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcagce agaacaattt 1200
gctgagggct attgaggcegce aacagceatct gttgcaactc acagtctggg gecatcaagea 1260
gctccaggcea agaatcectgg ctgtggaaag atacctaaag gatcaacagce tectggggat 1320
ttggggttgc tctggaaaac tcatttgcac cactgetgtg cctiggaatg ctagttggag 1380
taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat 1440
taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa 1500
gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat 1560
aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt 1620
aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt 1680
atcgtttcag acccacctcc caacccecgag gggacccgac aggeccgaag gaatagaaga 1740
agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta 1800
tcggttaact tttaaaagaa aaggggggat tggggggtac agtgcagggg aaagaatagt 1860
agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaaattca 1920
aaattttatc gatcacgaga ctagcctcga gaagcttgat atcgaattce cacggggttg 1980
gacgcgtagg aacagagaaa caggagaata tgggccaaac aggatatctg tggtaagcag 2040
ttectgeccc ggetcaggge caagaacagt tggaacagcea gaatatggge caaacaggat 2100
atctgtggta agcagttcct gccececggete agggecaaga acagatggtc cccagatgeg 2160
gtceegecect cageagtttc tagagaacca tcagatgttt ccagggtgec ccaaggacct 2220
gaaatgaccc tgtgccttat ttgaactaac caatcagttc gettctcgcet tetgttcgeg 2280
cgcttctget ccccgagcete tatataagea gagctegttt agtgaaccgt cagatcgcta 2340
gcaccggtgce cgecaccatg cctetgggec tgetgtgget gggectggec ctgetgggeg 2400
ccctgeacge ccaggecgge gtgeaggtgg agacaatcte cccaggegac ggacgeacat 2460
tcectaageg gggecagacc tgegtggtge actatacagg catgetggag gatggcaaga 2520
agtttgacag ctcccgggat agaaacaagc cattcaagtt tatgetgggce aagcaggaag 2580
tgatcagagg ctgggaggag ggegtggecec agatgtetgt gggecagagg gecaagetga 2640
ccatcagccc agactacgcc tatggagcaa caggccaccc aggaatcatc ccacctcacg 2700
ccaccctggt gttcgatgtg gagctgetga agetgggega gggatccaac acatcaaaag 2760
agaacccctt tctgttcgea ttggaggecg tagtcatate tgttggatcc atgggactta 2820

ttatctccct gttgtgtgtg tacttctgge tggaacggac tatgecccagg atccccacge 2880



tcaagaatct ggaagatctc gtcacagaat accatggtaa tttcagcgcc tggageggag 2940
tctctaaggg tctggecgaa tecctccaac cegattattce tgaacggttg tgectegtat 3000
ccgaaatacc accaaaaggc ggggetetgg gtgagggecc aggggegagt ccgtgeaate 3060
aacacagccc gtattgggcec cctecttgtt atacgttgaa gecccgaaact ggaageggag 3120
ctactaactt cagcctgctg aagcaggcetg gagacgtgga ggagaaccct ggacctatgg 3180
cactgcccgt gaccgecectg ctgetgecte tggeectget getgecacgea geeeggecta 3240
tcctgtggea cgagatgtgg cacgagggec tggaggaggc cagcaggcetg tattttggeg 3300
agcgcaacgt gaagggcatg ttcgaggtge tggagcectct gcacgecatg atggagagag 3360
gcccacagac cctgaaggag acatccttta accaggcecta tggacgggac ctgatggagg 3420
cacaggagtg gtgcagaaag tacatgaagt ctggcaatgt gaaggacctg ctgcaggect 3480
gggatctgta ctatcacgtg tttcggagaa tctccaaggg caaagacacg attccgtgge 3540
ttgggcatct getegttggg ctgagtggtg cgtttggttt catcatcttg gtctatctet 3600
tgatcaattg cagaaataca ggccctiggce tgaaaaaagt gctcaagtgt aataccccecg 3660
acccaagcaa gttettctee cagcetttctt cagageatgg aggegatgtg cagaaatgge 3720
tctettcacc tttteectee tcaagcettet ccccgggagg getggegecce gagatttcac 3780
ctcttgaggt acttgaacga gacaaggtta cccaacttct ccttcaacag gataaggtac 3840
ccgaacctgce gagcecttagce tccaaccact ctettacgag ctgettcace aatcagggat 3900
acttcttttt ccaccttccc gatgegetgg aaatcgaage ttgtcaagtt tactttacct 3960
atgatccata tagcgaggaa gatcccgacg aaggagtcge cggtgegecc acgggttcct 4020
caccccaacc tctccagect ctctcaggag aagatgatge ttattgeact tttcccagta 4080
gagacgatct cctectcttt tetecatete ttttgggggg accttecccec ccttctacgg 4140
cacctggcgg gtetggtgct ggegaggage ggatgeegec gtecctecag gagegagtac 4200
cacgagattg ggatccccag ccacttggac cccccaccece cggegtacct gaccttgteg 4260
attttcaacc tcccectgaa ttggtgetge gagaggcetgg ggaggaagtt ccggacgcetg 4320
ggcegaggga gggegtgtec tttccatgga gtaggectce aggtcaagge gagtttaggg 4380
ctctcaacge geggetgecg ttgaatacag acgcttatct ctcactgeag gaactgecaag 4440
gtcaggaccc aacacatctt gtaggatctg gtgctactaa tttttctctt ttgaagcaag 4500
ctggagatgt tgaagagaac cctggtccag tgagcaaggg cgaggagetg ttcaccgggg 4560
tggtgccecat cctggtegag ctggacggeg acgtaaacgg ccacaagttc agegtgtecg 4620
gcgagggcga gggegatgece acctacggea agetgaccct gaagttcate tgcaccaccg 4680

gcaagctgec cgtgecctgg cccacccteg tgaccaccect gacctacgge gtgeagtget 4740



tcagccegcta cccecgaccac atgaagcagce acgacttctt caagtcecgec atgeccgaag 4800
gctacgtcca ggagegeacc atcttcttca aggacgacgg caactacaag acccgegecg 4860
aggtgaagtt cgagggcegac accctggtga accgcatcga getgaagggce atcgacttca 4920
aggaggacgg caacatcctg gggcacaagce tggagtacaa ctacaacagc cacaacgtct 4980
atatcatggc cgacaagcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca 5040
tcgaggacgg cagegtgeag ctcgecgacc actaccagcea gaacaccccc atcggegacg 5100
geeecgtgct getgeccgac aaccactacc tgagcaccca gtecgeectg agcaaagace 5160
ccaacgagaa gcgegatcac atggtectge tggagttegt gaccgecgec gggatcactc 5220
tcggcatgga cgagctgtac aagtaaacta gtgtcgacaa tcaacctctg gattacaaaa 5280
tttgtgaaag attgactggt attcttaact atgttgctcc ttttacgcta tgtggatacg 5340
ctgctttaat gectttgtat catgctattg cttcccgtat ggettteatt ttctectect 5400
tgtataaatc ctggttgctg tctctttatg aggagttgtg geccgttgtc aggcaacgtg 5460
gegtggtgtg cactgtgttt gctgacgcaa cccccactgg ttggggceatt gecaccacct 5520
gtcagctcct ttecgggact ttcgetttee cectecctat tgecacggeg gaactcateg 5580
ccgectgect tgeeegetge tggacagggg cteggetgtt gggeactgac aattccgtgg 5640
tgttgtcggg gaagctgacg tectttccat ggetgetege ctgtgttgee acctggattc 5700
tgcgegggac gtecttetge tacgtecctt cggecctcaa teccageggac cttecttece 5760
geggectgcet geeggetcetg cggectctte cgegtetteg ccttegecct cagacgagte 5820
ggatctccct ttgggcecgec tecccegectg gaattcgage teggtacctt taagaccaat 5880
gacttacaag gcagctgtag atcttagcca ctttttaaaa gaaaaggggg gactggaagg 5940
gctaattcac tcccaacgaa gacaagatct getttttget tgtactgggt ctetctggtt 6000
agaccagatc tgagcctggg agctctctgg ctaactaggg aacccactgce ttaagectca 6060
ataaagcttg ccttgagtgc ttcaagtagt gtgtgeccgt ctgttgtgtg actctggtaa 6120
ctagagatcc ctcagaccct tttagtcagt gtggaaaatc tctagcagta gtagttcatg 6180
tcatcttatt attcagtatt tataacttgc aaagaaatga atatcagaga gtgagaggaa 6240
cttgtttatt gcagcttata atggttacaa ataaagcaat agcatcacaa atttcacaaa 6300
taaagcattt ttttcactgc attctagttg tggtttgtcc aaactcatca atgtatctta 6360
tcatgtctgg ctctagctat ccegeccecta acteegecca gttecgecca ttetecegeece 6420
catggctgac taattttttt tatttatgca gaggccgagg ccgectegge ctetgagceta 6480
ttccagaagt agtgaggagg cttttttgga ggectaggct tttgegtega gacgtaccca 6540

attcgcccta tagtgagtcg tattacgcge getcactgge cgtegtttta caacgtcgtg 6600



actgggaaaa ccctggegtt acccaactta atcgecttge agcacatccc cctttecgeca 6660
gctggegtaa tagcgaagag gececgeaccg atcgeccttce ccaacagttg cgeagectga 6720
atggcgaatg gecgegacgeg cectgtageg gegeattaag cgeggegggt gtggtggtta 6780
cgcgceagegt gaccgctaca cttgecageg cectagegec cgetecttte getttettee 6840
cttcctttct cgecacgttc geeggctttc ceccgtcaage tectaaategg gggceteectt 6900
tagggttccg atttagtgct ttacggcacc tcgaccccaa aaaacttgat tagggtgatg 6960
gttcacgtag tgggccatcg ccctgataga cggttttteg ccctttgacg ttggagtcca 7020
cgttctttaa tagtggactc ttgttccaaa ctggaacaac actcaaccct atctcggtct 7080
attcttttga tttataaggg attttgeccga tttcggecta ttggttaaaa aatgagetga 7140
tttaacaaaa atttaacgcg aattttaaca aaatattaac gtttacaatt tcccaggtgg 7200
cacttttcgg ggaaatgtgce gecggaacccce tatttgttta tttttctaaa tacattcaaa 7260
tatgtatccg ctcatgagac aataaccctg ataaatgctt caataatatt gaaaaaggaa 7320
gagtatgagt attcaacatt tccgtgtcge ccttattecc ttttttgegg cattttgect 7380
tcctgttttt gctcacccag aaacgctggt gaaagtaaaa gatgctgaag atcagttggg 7440
tgcacgagtg ggttacatcg aactggatct caacagceggt aagatccttg agagttttcg 7500
ccccgaagaa cgttttccaa tgatgagcac ttttaaagtt ctgetatgtg gegeggtatt 7560
atcccgtatt gacgeccggge aagagcaact cggtegecge atacactatt ctcagaatga 7620
cttggttgag tactcaccag tcacagaaaa gcatcttacg gatggcatga cagtaagaga 7680
attatgcagt gctgccataa ccatgagtga taacactgeg geccaacttac ttctgacaac 7740
gatcggagga ccgaaggagc taaccgcettt tttgcacaac atgggggatc atgtaactcg 7800
ccttgatcgt tgggaaccgg agctgaatga agccatacca aacgacgagc gtgacaccac 7860
gatgcctgta gcaatggcaa caacgttgeg caaactatta actggegaac tacttactct 7920
agcttcccgg caacaattaa tagactggat ggaggceggat aaagttgeag gaccacttct 7980
gegceteggec ctteceggetg getggtttat tgetgataaa tetggageceg gtgagegtgg 8040
gtctcgeggt atcattgcag cactggggec agatggtaag cccteecgta tegtagttat 8100
ctacacgacg gggagtcagg caactatgga tgaacgaaat agacagatcg ctgagatagg 8160
tgcctcactg attaagcatt ggtaactgtc agaccaagtt tactcatata tactttagat 8220
tgatttaaaa cttcattttt aatttaaaag gatctaggtg aagatccttt ttgataatct 8280
catgaccaaa atcccttaac gtgagttttc gttccactga gegtcagacc ccgtagaaaa 8340
gatcaaagga tcttcttgag atcctttttt tctgegegta atctgetget tgcaaacaaa 8400

aaaaccaccg ctaccagcgg tggtttgttt gccggatcaa gagctaccaa ctetttttcc 8460



gaaggtaact ggcttcagca gagcgeagat accaaatact gtecttctag tgtagecgta 8520
gttaggccac cacttcaaga actctgtage accgectaca tacctcgctc tgctaatect 8580
gttaccagtg gctgcetgeca gtggegataa gtegtgtctt accgggttgg actcaagacg 8640
atagttaccg gataaggcgc ageggteggg ctgaacgggg ggttegtgea cacageccag 8700
cttggagcga acgacctaca ccgaactgag atacctacag cgtgagctat gagaaagcege 8760
cacgcttccc gaagggagaa aggeggacag gtatccggta ageggeaggg tcggaacagg 8820
agagcgceacg agggagcttc cagggggaaa cgectggtat ctttatagtc ctgtegggtt 8880
tcgecaccte tgacttgagce gtcgattttt gtgatgeteg tcaggggggce ggagectatg 8940
gaaaaacgcc agcaacgegg cctttttacg gttectggec ttttgetgge cttttgetca 9000
catgttcttt cctgegttat ccectgattc tgtggataac cgtattaccg cctttgagtg 9060
agctgatacc gctcgecgea gecgaacgac cgagegceage gagtcagtga gegaggaage 9120
ggaagagcgc ccaatacgca aaccgectct ccecgegegt tggecgattc attaatgcag 9180
ctggcacgac aggtttcccg actggaaage gggcagtgag cgcaacgcaa ttaatgtgag 9240
ttagctcact cattaggcac cccaggcttt acactttatg cttccggctc gtatgttgtg 9300
tggaattgtg agcggataac aatttcacac aggaaacagc tatgaccatg attacgccaa 9360

gcgegcaatt aaccctcact aaagggaaca aaagcetggag ctgea 9405
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