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(57) Abrégé/Abstract:

The disclosure provides a first fusion protein comprising a chimeric polypeptide (e.g., a chimeric antigen receptor) and a
dimerization domain and a second fusion protein comprising a signaling domain and a dimerization domain, wherein the
dimerization domains are capable of forming a dimer and wherein small molecule regulators (e.g., inducers and inhibitors) are
capable of altering the state of the dimer to alter the activity of the CAR. Small molecule regulators, cells expressing the fusion
proteins of the disclosure, and compositions comprising the proteins, small molecules and cells of the disclosure are provided.
Methods of treating or preventing disease or disorders in a subject by providing a composition of the disclosure are described.
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polypeptide (e.g., a chimeric antigen receptor) and a dimerization domain and a second
fusion protein comprising a signaling domain and a dimerization domain, wherein the
dimerization domains are capable of forming a dimer and wherein small molecule regu-
lators (e.g., inducers and inhibitors) are capable of altering the state of the dimer to alter
the activity of the CAR. Small molecule regulators, cells expressing the fusion proteins
of the disclosure, and compositions comprising the proteins, small molecules and cells
of the disclosure are provided. Methods of treating or preventing disease or disorders in
a subject by providing a composition of the disclosure are described.
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small Molecule-Regulated Cell Signaling Expression System

Related Applications
(1] This application claim priority from U.S. Provisional Application No. 63/143,725, filed
January 29, 2021, The entire contents of this provisional application are incorporated by

reference herein.

Incorporation of the Sequence Listing
(2] This application contains a Sequence Listing that has been submitted in ASCH format via
EFS-Web and 1s hereby incorporated by reference in its entirety. The ASCH file, created on

January 31, 2022, is named 016-TNPO24PCT Seqlist.txt and is about 54 kilobytes in size.

Field of the Bisclosure
i3] The disclosure relates to small molecule-regulated cell signaling expression systems in
the fields of small molecule chemistry, molecular biclogy, gene therapy, cellular therapy,
immunology, and immune cell signaling. The expression systems of the disclosure use a
modular design and changeable domains to target cell surface antigens and, upon receptor-ligand

interactions, direct signaling cascades, thereby driving cellular functions.

Background
4] Small molecule drugs that control dimerization or protease activity can be used to
control the activity of cell and gene therapies for improved efficacy and safety. To develop vext-
generation cell and gene therapies, including immunotherapeutic approaches against cancer, that
are efficacious and safe, there is an increasing need for technologies that exploit moedular designs
and changeable domains for CARs that can target an array of cell surface antigens and, upon

receptor-tigand interactions, direct signaling cascades.
Summary

(5] The disclosure provides a fusion protein comprising a chimeric polypeptide operably-
Hinked to a dimerization domain, wherein the chimeric polypeptide comprises an extracellular

domain comprising an antigen sensing domain, a transmembrane domain, and an intracellular
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domain, and wherein the the chimeric polyvpeptide is operably linked to the dimerization domain
intracelularly.

(6] In some embodiments of the fusion proteins of the disclosure, the chimeric polypeptide
comprises a T Cell Receptor (TCR}, a Chimeric Antigen Receptor (CAR), or a chimeric
receptor.

¥ In some embodiments of the fusion proteins of the disclosure, the antigen sensing
domain comprises one or more of {(a}) a set of three complementarity determining regions
{(CDRs) of a heavy chain variable region; (b} a set of three complementarity determining regions
{CDRs) of a heavy chain variable region and a set of three complermentarity determining regions
{CDRs) of a light chain variable region; (¢} a fibronectin-protein based scaftold; wherein the
antigen sensing region specifically binds a target antigen. In some emnbodiments, the fibronectin-
protein based scaffold comprises a Centyrin. In some embodiments, the fibronectin-protein based
scaffold comprises a fibronectin type IH (FN3) domain.

i8] In some embodiments of the fusion proteins of the disclosure, the antigen sensing
region comprises one or more sequences isolated or derived from a mammalian sequence. In
some embodiments, the antigen sensing region comprises ong or more sequences 1solated or
derived from a human sequence.

19 In some embodiments of the fusion proteins of the disclosure, the antigen sensing region
comprises a bumanized or fully buman antibody. In some embodiments, the antigen sensing
region comprises a single chain variable fragment {scFv). In some embodiments, the antigen
sensing region comprises an antibody minetic. In some emboduments, the antigen sensing region
comprises a monobody.

[16] In some embodiments of the fusion proteins of the disclosure, the extracellular domain
further comprises one or more of a hinge region, a spacer sequence, or a safety switch. In some
embodiments, the hinge region comprises a sequence 1solated or derived trom a CD4 (cluster of
differentiation 4) polypeptide, a CD8 {cluster of differentiation 8) polypeptide or a CD28 (cluster
of differentiation 28) polypeptide. In some embodiments, the hinge region comprises a sequence
isolated or derived from a human sequence. In some embodiments, the hinge region and the
spacer sequences are the same domain. In some embodiments, the hinge region and the spacer

sequences are not the same domain.
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(11 In some embodiments of the fusion proteins of the disclosure, the extracellular domain
further comprises one or more of a hinge region, a spacer sequence, or a safety switch. In some
embodiments, the spacer sequence comprises a sequence isolated or derived from a CD4
polypeptide, a CD8 polypeptide, a CD28 polypeptide. In some embodiments, the spacer
sequence comprises a sequence isolated or derived from a hursan sequence,

(12} In some embodiments of the fusion proteins of the disclosure, the extracellular domain
further comprises one or more of a hinge region, a spacer sequence, or a safety switch. lu some
embodiments, the safety switch comprises a sequence isolated or derived from an epidermal
growth factor receptor (EGFR) polypeptide. In some embodiments, the safety switch comprises a
truncated EGFR (EGFR{) polypeptide. In some embodiments, when EGFRt binds rituximab, the
combination results in cell death. In some embodiments, the EGFRt comprises the sequence of
MLLEVTSLLLCELPHPAFLLIPREVOCNGIGIGE. In some embodunents, the safety switch
comprises a sequence isolated or derived from a human sequence.

[13]

K

In some embodiments of the fusion proteins of the disclosure, the transmembrane
domain comprises a sequence isolated or derived from a CD4 polypeptide, a CD8 polypeptide, a
D28 polypeptide. In some embodiments, the transmembrane domain comprises a sequence
isolated or derived from a human sequence.

[141 In some embodiments of the fusion proteins of the disclosure, the transmembrane
domain comprises a sequence isolated or derived from a T4 polypeptide, 3 CDE polypeptide, a
D28 polypeptide. In some embodiments, the intracellular domain comprises one or more
costimulatory doman{s). In some embodiments, the one or more costimulatory domain(s)
comprises a sequence isolated or derived from a CD3( (cluster of differentiation 3 zeta)
polypeptide. In some embodiments, the one or more costimulatory domain(s) coruprises a
sequence isolated or derived from a CDZ8 polypeptide, a 4-1BB (cluster of differentiation 137)
polypeptide, an ICOS (Inducible T Cell Costimulator) polypeptide, an OX40 polypeptide, ora
CD27 {claster of differentiation 27} polypeptide. In some embodiments, the one or more
costimulatory domain{s) comprises {a} a first costimulatory domain comprising sequence
isolated or derived from a CD28 polypeptide, a 4-1BB polypeptide, or an ICOS polypeptide; and
{b} a second costimulatory domain comprising sequence isolated or derived from a 4-1BB

polypeptide, an OX40 polypeptide, or a CD27 polypeptide. In some erbodiments, the one or
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more costimulatory domain{s) comprise(s) a sequence isolated or derived from a human
sequence.

{151 In some embodiments of the fusion proteins of the disclosure, the chimeric polypeptide
comprises an intracellular domain further comprising an inducible cytokine domain. In some
embodiments, the inducible cytokine domain comprises a muclear factor of activated T-cells
{NFAT) polypeptide capable of inducing expression of an 1L-12 cytokine.

(161 In some embodiments of the fusion proteins of the disclosure, the chimeric polypeptide
comprises an intracellular domain further comprising an intracellular domain of a cytokine
receptor. In some embodiments, the intracellular domain of a cytokine receptor comprises an [L-
2 receptor beta (IL-2RB) chain fragment. In some embodiments, the chimeric polypeptide
comprises an intracellular domain further comprising a Signal Transducer and Activator of
Transcription (STAT3/5) binding motif.

(17 In some embodiments of the fusion proteins of the disclosure, the chimeric polypeptide
comprises an wntracellular domain further comprising at least one immunoreceptor tyrosine-based
activation motif (ITAM) sequence.

(18] In some embodiments of the tusion proteins of the disclosure, the fusion protein
comptrises, from amino to carboxy termint, the chimeric polypeptide, a linker, and the
dimerization domain. In some embodiments, the linker comprises one or more of a DNA
sequence, an RNA sequence, an aming actd sequence, and a polymer. In some embodiments, the
finker: comprises a sequence of GGGGS; or comprises a length of between 2 and 20 amino
acids; or comprises a sequence comprising glycine (G) and serine (8). In some embodiments, the
linker comprises an oligomerization domain. In some embodiments, the oligomerization domain
comprises the sequence of

SEYEIRKALEELKASTAEL KRATASLRASTEEL KKNPSEDAL VENNRLIVEHNAIIVENNR
HAAVELELIVRAIK (trimer);
TRTEHRELERSLREQEELAKRLKELLRELERLQREGSSDEDVRELLREIKELVEEIEKLAR
EQKYLVEELKRQD (dimer);
TRREQEMKRLKKEMEKIREETEEVKKEIEESKKRPOQSESAKNLILIMOQLLINGIRLLALQ]
RMLALQLQE (pentamer}; or
TEDEIRKLRELLEFAEKKLKKLEDEKTRRSEFISKTDDDPKAQSLOUIAESLMLIAESLLIIA
ISLLLSSRNG (hexamer).
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[191In some embodiments of the fusion proteins of the disclosure, including those comprising
a chimeric polypeptide, the dimerization domain comprises an NS3a polypeptide. In
some embodiments, the N83a polypeptide comprises a sequence of {3)
MAKGSVVIVGRINLSGDTAYSQUQTRGLLGCHTSATGRBDEKNQVDGEVQVLSTAT
QSFLATCYVNGVCWTVYHGAGSKTLAGPKGPITOMYTNVDODLVGWPAPPGARS
MTPCTCGSSDLYLVTRHADVIPYRRRGDSRGSLLSPRPYSYLKGSAGGPLLCPSG
HVVGIFRAAVCTRGVAKAVDFIPVESMETTMRSP; or (b)
MKEKGSYVIVGRINLSGDTAYSQOQTRGLEGCOETSQTGRBKNGVEGEVOVVST
ATQSFLATSINGVLWTVYHGAGTRTIASPKGPVTOMYTNVDKDLVGWQAPQGS
RSLTPCTCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPA
GHAVGIFRAAVSTRGVAKAVDFIPVESLETTMRSP; or {¢}
KKEGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDENOQVEGEVQIVSTAT
QTFLATSINGVLEWTVYHGAGTRTIASPKGPVTOMYTNYVDKDLVGWQAPQGSRS
LTPCTCGRSDLYLVTRHADVIPYVRRRGDSRGALLSPRPISYLKGSAGGPLLCPAGH
AVGIFRAAVSTRGVAKAVDFIPVESLETTMRSP.
(201 In some embodiments of the fusion proteins of the disclosure, including those
comprising a chimeric polypeptide, the dimerization domain comprises a3 DNCR polypeptide. In
some embodiments, the DNCR polypeptide comprises a sequence of
SSDEFEARELIFRAKEAAFRAQEAAERTGDPRVRELARELKRLAQEAAEEVKRDPSSSD
YNEALKLIVEAIEAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSSDVNE
ALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVEHALM
RIVEAIYLAEENLREAEESGDPEKREKARFRVREAVERAFEEVORDPSGWLNH.
[21] In some embodiments of the fusion proteins of the disclosure, including those
comprising a chimeric polypeptide, the dimerization domain comprises a GNCR polypeptide. In
some embodiments, the GNCR polypeptide comprises a sequence of
DIEKLCKKAREEAKEAQEKADELRORHPDSQAAEDAEDLANLAVAAVLTACLLAQEHP
NADIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAIKLASGAARAVILAIMLAAEN
PNADIAKLUCIKAASEAAEAASKAAERLAQRHPDSQAARDAIKLASQAAEAVERAIWLAAE
NPNADIAKKCIKAASEAAFEASKAAEEAQRHPDSQKARDEIKEASQGKAFEVKERCKS.
221 In some embodiments of the fusion proteins of the disclosure, including those

comprising a chimeric polypeptide, the dimerization domain comprises an apo NS3a reader
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{ANR) polypeptide. In some embodiments, the ANR polypeptide comprises a sequence of
GELDELVYLLDGPGYDPHSDVVTRGGSHLENF.

(23} In some embodiments of the fusion proteins of the disclosure, including those
comprising a chimeric polypeptide, the fusion protein further comprises a killing domain. In
some embodiments, the killing domain comprises a sequence 1solated or denived from a Caspase-
9 {Cas9) polypeptide, a Caspase-1 {Cas! polvpeptide), a Caspase-4 {Casd} polypeptide, a
Recepior Ivteracting Serine/Threonine Kinase 1 (RIPK 1), a Receptor Interacting
Nerine/Threonine Kinase 3 (RIPK3) polypeptide or a catalyvtic domain thereof

(241 In some embodiments of the fusion proteins of the disclosure, including those
comprising a chimeric polypeptide, the fusion protein further comprises a cleavable peptide. In
some embodiments, the cleavable peptide comprises a P2ZA sequence or a T2A sequence. In
some embodiments, the P2A sequence comprises the sequence of
GSGATNFSLLKOQAGDYVEENPGP. In some embodiments, the T2A sequence comprises the
sequence of GSGEGRGSLLTCGDVEENPG.

[25] The disclosure provides a second fusion profein comprising a signaling domain
operably-linked to a dimerization domain, wherein, {a} in the presence of a small molecule
inducer, the dimerization domain is capable of forming a dimer with the dumerization domain of
a first fusion protein of the disclosure or (b) in the presence of an inhibitor, 3 dimer comprising
the dimerization domain of the second fusion protein and the dimenzation domain of the fust
fusion protein may be disrupted.

[261 In some embodiments of the disclosure, the second fusion protein further comprises ong
or more of an adaptor sequence, a fransmembrane domain, and a costimulatory domain. In some
erbodiments, the adapior sequence comprises a sequence isolated or derived from a DAPI
polypepiide. In some embodiments, the DAP 10 polypeptide comprises a sequence of
MIHLGHILFLLLEPYVAAAQTTPGERSSLPAFYPGTSGRCSGUGSLSLPLLAGLVAADAVA
SMULIVOAVFLCARPRRESPAGEDGKYYINMPGRG or 3 sequence having at least 90% identity
thereto. In some embodiments, the adaptor sequence comprises a sequence solated or denved
from an epidermal growth factor receptor (EOFR) polypeptide. In some embodiments, the safety
switch comprises a fruncated EGFR (EGFRe) polvpeptide. In some embodiments, when EGFRt
binds rittoamab, the combination resubis in cell death. In some embodiments, the HGFR:

comprises the sequence of MLLLYTSLLLCEI PHPAFLLIPRKYVONGIGIGE. In some
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emsbodiments, the adaptor seguence comprises a sequence 1solated or derived from a human
BRURNCE.

(27 In some embodiments of the disclosure, the second fusion protein further comprises one
or more of an adaptor sequence, a fransmembrane domain, and a costimulatory domain. In some
erbodiments, the ransmembrane domain comprises a sequence isolated or derived from a CD4
polypeptide, a U8 polypeptide, a CD28 polypeptide. In some embodiments, the fransmembrane
domain comprises a sequence wolated or derived from a human sequence.

(28 In some embodiments of the disclosure, the second fusion protein further comprises one
or more of an adaptor sequence, @ transmembrane domain, and a costumulatory domain. In some
emsbodiments, the costumulatory domain comprises a sequence isolated or derived from a T3]
{cluster of differentiation 3 zeta) polypeptide. In some embodiments, thecostimoulatory domain
comprises a sequence tsolated or derved from a CD28 polypeptide, a 4-1BB polypeptide, an
ICOS polypeptide, an OX40 polypeptide, or a U027 pelypeptide. In some embodimenis, the
costimulatory domaim comprises a sequence isolated or derved from g buman sequence.

(23] In some embodiments of the disclosurs, the second fusion protein comprises, from
amino 1o carboxy termini, the dimerization domain, & linker and the regulation domain. In some
embodiments, the linker comprises one or more of a DNA sequence, an RNA sequence, an
aming acid sequence, and a polymer. In some embodiments, the linker: comprises a sequence of
GGOGS, or comprises a length of between 2 and 20 amino acids, or comprises a sequence
comprising glycine (5} and serine {8} In some emabodiments, the linker comprises an
ohgomerization domatn. In some embodiments, the oligomerization domain comprises the
sequence of
SEYRIRKALEELKASTAELKRATASLRASTERELKENPSEDALVENNRLIVEHNAIIVENKNR
HAAVELELIVRAIK (tnimer);
TRTEHRELERSLREQEFLAKRLEFLLRELERLOREGSSDEDVRELLREIKELVEEREIEKL AR
EOKYLVEELKROD {(dimer},
TREKOQEMEKRLKKEMEKIREETEEVKREIFESKKRPOSESARKNUILIMOLLINGIRLLALGE
RMELALGLOE (peotamery,

er TEDEIRKIRKLLEEAEKRKLKKLEDKTRRSEEISKTDDDPKAQGSLOLIAESEMEIAESLELTE
AISLLLSSRNG (hexarmer).
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(30 In some embodiments of the second fusion protein of the disclosure, the dimerization

domain comprises an NS3a polypeptide. In some embodiments, the NS3a polypeptide comprises
a sequence of {(a)
MAKGSYVIVGRINLSGDTAYSQOQTRGLLGCHTSATGRDKNQVDGEVOVLSTATQSFLA
TCVNGVOWTVYHGAGSKTLAGPRKGPITOMYTNVDODLVGWPAPPGARSMTPCTCGSS
DLYLVTRHADVIPVRRRGDSRGSLLSPRPVSYLKGSAGGPLLOPSGHYVGIFRAAVUTR
GYAKAVDFIPVESMETTMREP,; or (b)
MEKKKGSVVIVGRINLSGDTAYSQOQTRGLEGCQETSQTGRDEKNOQVEGEVOVVSTATOSE
LATSINGVLWTVYHGAGTRTIASPKGPVTOMYTNVDKDLVGWQAPQGSRSLTPCTCGS
SDLYLVTRHADVIPYRRRGDSRGSLLAPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTR
GVAKAVDFIPVESLETTMRSP; or (¢}
KKKGSVVIVGRINLSGDTAYAQQTRGEEGCOETSQTGRDKNQVEGEVOIVSTATQTFLA
TSINGYLWTVYHGAGTRTIASPKGPVTOMYTNVDKDBDLYGWOQAPQGSRSLTPCTCGSSD
LYLVTRHADVIPYRRRGDSRGSLLAPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGY
AKAVDFIPVESLETTMRSP. In some embodiments, the first fusion protein comprises a
dimerization domain comprising a DNCR polypeptide, a GNCR polypeptide or an ANR
polypeptide.

(31 In some embodiments of the second fusion protein of the disclosure, the dimernization
domain comprises a DNCR polypeptide. In some embodiments, the DNCR polypeptide
comprises a sequence of
SSDEEEARELIERAKFAAERAQEAAERTGDPRVRELARELKRLAQEAAEEVKRDPSSSD
VNEALKLIVEAIFAAVDALEAAERTGDPEVRELARELVRLAVEAAFEVORNPSSSDVNE
ALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAABEVQRNPSSRNVEHALM
RIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVQRDPSGWENH.

(321 In some embodiments of the second fusion protein of the disclosure, the dimerization
domain comprises a GNCR polypeptide. In some embodiments, the GNCR polypeptide
comprises a sequence of
PHERLUKRAEEEARKEAQEKADELROQRHPDSQAAFDAEDLANLAVAAYLTACLLAQEHP
NADIAKLCIKAASEAAEAASKAAELAQRHAPDSOAARDAIKLASQAARAVILAIMLAAEN
PNADIAKLCIKAASEAAEAASKAAELAQRHPDSOQAARDAIKLASQGAAEAVERAIWLAAE
NPNADIAKKCIKAASEAAEBEASKAAREARHPDSORARDEIKEASOKAEEVKERCKS.
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(33 In some embodiments of the second fusion protein of the disclosure, the dimerization

domain comprises an apo MS3a reader {ANR) polvpeptide. In some embodiments, the ANR
polypeptide comprises a sequence of GELDELVYLLDGPGYDPIHSDYVTROGGSHLEFNE.

[341 In some embodiments of the second fusion protein of the disclosure, including those
wherein the dimenzation domain comprises a DNCR polypeptide, a GNCR polypeptide or an
ANR polypeptide, the first fusion protein comprises a dimerization domain comprising a NS3a
polypeptide

[3s} In some embodiments of the second fusion protein of the disclosure, the second fusion
protein turther comprises a killing domain. In some embodiments, the killing domain comprises
a sequence isolated or denved from a {asY polvpeptide, a Cast polypeptide, a Casd polypeptide,
a RIPK 1 polvpepude, a RIPK3 polypeptide or a catalytic domain thereof,

(361 In some embodiments of the second fusion protein of the disclosure, the second fusion
protein Turther comprises a cleavable peptide. In some embodiments, the cleavable peptide
comprises a P2A sequence or a TZA sequence. In some embodiments, the P2A sequence
comprises the sequence of GSGATNFSLLKGAGDVEENPGP. In some embodimenis, the T2A
sequence comprises the sequence of GSGEGRGSLLTCGDVEENPG.

(371 The disclosure provides a nucleic actd encoding the fusion protein of the disclosure. In
some ernbodirnents, a nucleic acid encedes a first fusion protein of the disclosure. In some
embodiments, a nucleic acid encodes a second fusion protein of the disclosure. In some
embodiments, a nucleic acid encodes a tirst fusion protein and a second fusion protein of the
disclosure.

[38] In some embodiments of the nucleic acids of the disclosure, the nucleic acid further
comprises an Internal Ribosome Entry Sequence (IRES) In some embodiments, the IRES
comprises the sequence of
CCTCTCCCTCCCOCCCCCCOTAACGTTACTGGUCGAAGCCGUTTGGAATAAGGUCGGT
GTGCGTTITGTCTATATGTGATTTTCCACCATATTIGCCGTUTTTITGOCAATGTGAGGGT
CCOGGAAACCTGGCCOTOTCTTIOTTGACGAGCATTCCTAGGGGTICTTTOCCOTCTCGCC
AAAGUAATGUAAGGTUTOTTOAATGTCOTOAAGGAAGCAGTTICCTCTGGAAGUTICY
TGAAGACAAACAACGTCTGTAGUCGACCCTTTGCAGGUCAGCGGAACCCCCCACCTGE
CGACAGGTGCUTCTOCGOCCAAAAGCCACGTOTATAAGATACACCTGL AAAGGUGE
CACAACCCCAGTOUCACGTTIGTOAGTTGGATAGTTGTGGRAAAGAGTCAAATGGOTCY
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CCTCAAGUOTATTCAACAAGGGGUTGAAGOATGUCCCAGAAGGTACCCUATTGTATG
GGATCTGATCTGGGGCCTCGOTGCACATGCTTTACATGTGTTITAGTCGAGGTTAAAA
AAACGTCTAGGUCCCCUBAACCACGHGOACGTGOTTTTCOTTTGAAAAACACGATG
ATAAGCTTGCCACAACCC,

[39] In some embodiments of the nuclec acids of the disclosure, the nucleic acid further
comprises one or more of a promoter, an enhancer, an intron, an exon, an untranslated region
{(UTR)}, and a post translational regulatory element (PRE). In some embodiments, the promoter
comprises an inducible promoter. In some embodiments, the inducible promoter comprises a
sequence isolated or derived from a YB_TATA promoter, human beta globin promoter (huBG),
minlL.2 promoter, minimal CMV (minCMY} promoter, and TRE3G promoter. In some
embodiments, the promoter comprises a constitutive promoter. In some embodiments, the
constitutive promoter comprises a sequence isolated or derived from a MND promoter, a hPGK
promoter, a CMV promoter, 2 CAG promoter, a SFFV promoter, an EF1alpha promoter, a UBC
promoter, and a CD43 promoter.

[40] The disclosure provides a vector, comprising a nucleic acid of the disclosure. In some
embodiments, the nucleic acid encodes a fusion protein of the disclosure. In some embodiments,
the nucleic acid encodes a first fusion protein and a second fusion protein of the disclosure. In
some embodiments, the vector comprises a first nucleic acid encoding a first fusion protein of the
disclosure and a second nucleic acid encoding a second nucleic acid of the disclosure. In some
embodiments, a first vector comprises a nucleic acid encoding a first fusion protein of the
disclosure and a second vector comprises a second fusion protein of the disclosure.

[411 In some embodiments of the vectors of the disclosure, the vector comprises an
expression vector capable of driving expression of the nucleic acid 1o a mammalian cell Tn some
embodiments, the expression vector comprises a plasmid. In some embodiments, the expression
vector 18 a cloning vector.

f42 In some embodiments of the vectors of the disclosure, the vector comprises a delivery
vector capable of introducing the nucleic acid to a mammalian cell. In some embodiments, the
delivery vector comprises one or more of a viral vector, a non-viral vector, a fiposome, a micelle,
a polymersome, and a nanoparticle. In some embodiments, the viral vector comprises one or

more sequences 1solated or denved from a viral genome.
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[43] The disclosure provides a cell comprising a fusion protein of the disclosure, a nucleic
acid of the disclosure or the vector of the disclosure. In some embodiments, the cellis a
mammalian cell. In some embodiments, the cell is a human cell. In some embodiments, the cell
is a somatic cell. In some embodiments, the cell is a stem cell. In some embodiments, the cell is
not a human embryonic stern cell. In sore erobodiments, the cell s ex vivo ot in vitro. In some
embodiments, the cell is in vivo. In some embodiments, the cell is an immune cell. In some
embodiments, the cell is a T~cell or a precursor thereof. In some emboduments, the precursoris a
hematopoietic stem cell (HSC).

47 In some embodiments of cells of the disclosure, including those cells expressing g first
fusion protein of the disclosure and 8 second fusion protein of the disclosure, the cell further
comprises a smali molecule inducer. In some ernbodirnents, the small molecule inducer
comprises davoprevit. In some embodimnents, including those wherein the small molecule
inducer comprises danoprevir, the dimerization domain of either the first fusion protein or the
second fusion protein comprises a2 DNCR polypeptide. o some embodiments, the small molecule
inducer comprises grazoprevir. In some embodinments, including those wherein the smali
mciecule inducer comprises grazoprevir, the dimerization domain of either the first fusion
protein of the second fusion protein comprises 8 GNUR polypeptide.

451 In some embodiments of cells of the disclosure, including those cells expressing g first
fusion protein of the disclosure and 8 second fusion protein of the disclosure, the cell further
comprises an idubitor. In some embodiments, the inhibitor comprises an NS3a inhubitor. In
some embodiments, the inhibitor comprises 2 small molecule. In some embodunents, {a) the first
fusion protein comprises a dimerization domain comprising an N83a polypeptide and the second
fusion protein compnees a dirperization domain comprising an AMR polypeptide; or (b) the first
fusion protein comprises a dimerization domain comprising an ANR polvpeptide and the second
fusion protein comprises g dimenzation domain comprising an MN53a polypeptide; and the
inhibiior comprises danoprevir or grazoprevir.

[46] The disclosure provides a composition comprising a fusion protein of the disclosure, a
nucleic acid of the disclosure, a vecior of the disciosure, or a cell of the disclosure.

(471 In some embodiments of compositions of the disclosure, including those compositions
comprising a first fusion protetn of the disclosure and a second fusion protetn of the disclosure,

the composition further comprises a small molecule inducer. In some embodiments, the small
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molecule tnducer comprises danoprevir. In some embodiments, inehuding those wheretn the
small molecule inducer comprises danoprevir, the dimerization domain of either the first fusion
protetn of the second fusion protein comprises a DNCR polypeptide. In some embodiments, the
small molecule inducer comprises grazoprevir. n some embodiments, including those wherein
the sroall molecule inducer comprises grazoprevir, the dunerization domain of either the first
fusion protein or the second fusion protein comprises a GNCR polypepiide.

48] Iun some embodiments of compositions of the disclosure, including those compositions
expressing 4 first fusion protein of the disclosure and a second fusion protein of the disclosure,
the composition further comprises an mhibitor. In some embodiments, the indubitor comprises an
NX3a mhibitor In some embodiments, the inhibitor comprises a small molecule. o some
embodiments, {a) the first fusion protein comprises a dimenzation domain comprising an N33a
polypeptide and the second fusion protein comprises a dimernization domain comprising an ANR
polypeptide; or (b} the first fusion protein comprises a dimerization domain comprising an ANR
polypeptide and the second fusion protein comprises a dimenization domain comprising an N33a
polypeptide; and the inhibitor comprises danoprevir or grazoprevir,

[43] The disclosure provides g pharmacentical composition comprising a composition of the
disclosure and a pharmacentically-acceptable carrier,

(56 The disclosure provides a use of a fusion protein of the disclosure, a nucleic acid of the
disclosure, a vector of the disclosure, a cell of the disclosure, a composition of the disclosure, or
the pharmaceutical composition of the disclosure in the manutacture of a medicament for the
treatment of a disease or disorder. In some embodiments, the disease or disorder comprises one
or more of an autoimmune disease or disorder; an inflammatory disease or disorder; an
imrounodeficiency disease or disorder; and a proliferative disease or disorder. In some
embodiments, the disease or disorder comprises a cancer. In some embodiments, the disease or
disorder comprises an infection or a disease or disorder caused by the infectious disease. In some
embodiments, the disease or disorder comprises a genetic disease or disorder.

(51 The disclosure provides a use of a fusion protein of the disclosure, a nucleic acid of the
disclosure, a vector of the disclosure, a cell of the disclosure, a composition of the disclosure, or
the pharmaceutical composition of the disclosure for the treatment of a disease or disorder.

(521 In some embodiments of the uses of the disclosure, the disease or disorder comprises

one or more of an autcimmune disease or disorder; an inflammatory disease or disorder; an
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immunodeficiency disease or disorder; an ischemic disease or disorder; a blood disease or
disorder; a bone disease or disorder; a neurological disease or disorder; a cardiac disease or
disorder; a vascular disease or disorder; a metabolic disease or disorder; a dermatological disease
or disorder; a digestive disease or disorder; a mitochondrial disease or disorder; a muscle disease
or disorder; a liver disease or disorder; a kadney disease or disorder; a hearing disease or
disorder; an ophthalmic disease or disorder; and a proliferative disease or disorder.

[531 In some embodiments of the uses of the disclosure, the disease or disorder comprises a
cancer. In some embodiments, the cancer comprises one or more of Acute Lymphocytic
Leukemia (ALL) in Adults, Acute Myeloid Leukemia (AML) in Adults, Adrenal Cancer, Anal
Cancer, Basal and Squamous Cell Skin Cancer, Bile Duct Cancer, Bladder Cancer, Bone Cancer,
Brain and Spinal Cord Tumors in Adults, Brain and Spinal Cord Tumors in Children, Breast
Cancer, Breast Cancer in Men, Cancer in Adolescents. Cancer in Children, Cancer in Young
Adults, Cancer of Unknown Primary, Cervical Cancer, Chronic Lymphocytic Leukemia (CLL},
Chronic Myeloid Leukemia ({CML), Chrounic Myelomonocytic Leukemia (CMML), Colorectal
Cancer, Endometrial Cancer, Bsophagus Cancer, Ewing Family of Tumors, Eye Cancer {(Ocular
Melanoma), Gallbladder Cancer, Gastrointestinal Neuroendocrine (Carcinoid) Tumors,
Gastrointestinal Stromal Tumor (GIST), Head and Neck Cancers, Hodgkin Lymphoma, Kapost
Sarcoma, Kidney Cancer, Laryngeal and Hypopharyngeal Cancer, Leukemia, Leukemia in
Children, Liver Cancer, Lung Cancer, Lung Carcinoid Tumor, Lymphoma, Lymphoma of the
Skin, Malignant Mesothelioma, Melanoma Skin Cancer, Merkel Cell Skin Cancer, Multiple
Myeloma, Myelodysplastic Syndromes, Nasal Cavity and Paranasal Sinuses Cancer,
Nasopharyngeal Cancer, Neuroblastoma, Non-Hodgkin Lymphoma, Non-Hodgkin Lymphoma
in Children, Oral Cavity {(Mouth) and Oropharyngeal (Throat} Cancer, Osteosarcoma, Ovanan
Cancer, Pancreatic Cancer, Pancreatic Neuroendocrine Tumor (NET), Penile Cancer, Pituitary
Tumors, Prostate Cancer, Retinoblastoma, Rhabdomyosarcoma, Salivary Gland Cancer, Skin
Cancer, Small Intestine Cancer, Soft Tissue Sarcoma, Stomach Cancer, Testicular Cancer,
Thymus Cancer, Thyroid Cancer, Uterine Sarcoma, Vaginal Cancer, Vulvar Cancer,
Waldenstrom Macrogiobulinemia and Wilms Tumor,

(541 In some embodiments of the uses of the disclosure, the disease or disorder comprises an

infection or a disease or disorder caused by the infectious disease.
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(551 In some embodiments of the uses of the disclosure, the disease or disorder comprises a
genetic disease or disorder.

[56] The disclosure provides a method of treating a disease or a disorder, comprising
administering to a subject an effective amount of a fusion protein of the disclosure, a nucleic acid
of the disclosure, a vector of the disclosure, a cell of the disclosure, a composition of the
disclosure, or the pharmaceutical compaosition of the disclosure, wherein a severity of a sign or
symptom of the disease or disorder i3 decreased, thereby treating the disease or disorder.

(571 The disclosure provides a method of preventing a disease or a disorder, comprising
administering to a subject an etfective amount of a fusion protein of the disclosure, a nucleic acid
of the disclosure, a vector of the disclosure, a cell of the disclosure, a composition of the
disclosure, or the pharmaceutical composition of the disclosure, or the pharmaceutical
composition of the disclosure, wherein an onset or a relapse of a sign or symptom of the disease
or disorder is delayed or inhibited, thereby preventing the disease or disorder.

[58]

In some embodiments of the methods of the disclosure, the disease or disorder
comprises one or more of an autoimmune disease or disorder; an inflammatory disease or
disorder; an immunodeficiency disease or disorder; an ischemic disease or disorder; a blood
disease or disorder; a bone disease or disorder; a neurological disease or disorder; a cardiac
disease or disorder; a vascular disease or disorder; a metabolic disease or disorder; a
dermatological disease or disorder; a digestive disease or disorder, a mitochondrial disease or
disorder; a muscle disease or disorder; a liver disease or disorder; a kidney disease or disorder; a
hearing disease or disorder; an ophthalmic disease or disorder; and a proliferative disease or
disorder.

(56} In some embodiments of the methods of the disclosure, the disease or disorder
comprises a cancer. In some embodiments, the cancer comprises one or more of Acute
Lymphocytic Leukemia (ALL) in Adults, Acute Myeloid Leukemia {AML}) in Adults, Adrenal
Cancer, Anal Cancer, Basal and Squamous Cell Skin Cancer, Bile Duct Cancer, Bladder Cancer,
Bone Cancer, Brain and Spinal Cord Tumors in Adults, Brain and Spinal Cord Tumors in
Children, Breast Cancer, Breast Cancer in Men, Cancer in Adolescents. Cancer in Children,
Cancer in Young Adults, Cancer of Unknown Primary, Cervical Cancer, Chronic Lymphocytic
Leukemia (CLL), Chronue Myeloid Leukemia (CML), Chronic Myelomonocytic Leukeruia

(CMML)}, Colorectal Cancer, Endometrial Cancer, Esophagus Cancer, Ewing Family of Tumors,
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Eve Cancer {Ocular Melanoma), Galibladder Cancer, Gastrointestinal Neuroendocrine
{Carcinoid) Tumors, Gastrointestinal Stromal Tumor (GIST), Head and Neck Cancers, Hodgkin
Lymphoma, Kaposi Sarcoma, Kidney Cancer, Laryngeal and Hypopharyngeal Cancer,
Leukemia, Leukemia in Children, Liver Cancer, Lung Cancer, Lung Carcinoid Tumor,
Lymphoma, Lymphoma of the Skin, Malignant Mesothelioma, Melanoma Skin Caucer, Merkel
Cell Skin Cancer, Multiple Myeloma, Myelodysplastic Syndromes, Nasal Cavity and Paranasal
Sinuses Cancer, Nasopharyngeal Cancer, Neuroblastoma, Non-Hodgkin Lymphoma, Non-
Hodgkin Lymphoma in Children, Oral Cavity (Mouth) and Gropharyngeal (Throat) Cancer,
Osteosarcoma, Ovarian Cancer, Pancreatic Cancer, Pancreatic Neurcendocrine Tumor (NET),
Pentle Cancer, Pituitary Tumors, Prostate Cancer, Retinoblastoma, Rhabdomyosarcoma,
Salivary Gland Cancer, Skin Cancer, Small Intestine Cancer, Soft Tissue Sarcoma, Stomach
Cancer, Testicular Cancer, Thymus Cancer, Thyroid Cancer, Uterine Sarcoma, Vaginal Cancer,
Vulvar Cancer, Waldenstrom Macroglobulinenia and Wilms Tumor.

(60} In some embodiments of the methods of the disclosure, the disease or disorder
comprises an infection or a disease or disorder caused by the infectious disease.

(611 In some embodiments of the methods of the disclosure, the disease or disorder
comprises a genetic disease or disorder.

(62 The disclosure provides a method of preventing a disease or a disorder, comprising
administering to a subject an effective amount of a fusion protein of the disclosure, a nucleic acid
of the disclosure, a vector of the disclosure, a cell of the disclosure, a composition of the
disclosure, or the pharmaceutical coroposition of the disclosure, or the pharraceutical
composition of the disclosure, wherein an onset or a relapse of a sign or symptom of the disease
or disorder 15 delayed or inhibited, thereby preventing the disease or disorder.

(53] The disclosure provides a polynucleotide set comprising one or more vectors
comprising: {a) a first polynucleotide encoding a first fusion protein comprising a first signaling
domain hinked to a first dimerization polypeptide; and (b} a second polynucleotide encoding a
second fusion protein comprising a second signaling domain or an oligomerization domain
finked to a second dimertzation polypeptide; and wherein the first and second dimerization
polypeptides are selected so that interaction of the first and second dimerization polypeptides is

mediated by the presence ot a small roolecule.
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[54] In some embodiments of the polynucleotide sets of the disclosure, a signaling function
in a cell 1s inducible relative to administration of the small molecule to the cell.

(651 In some embodiments of the polynucieotide sets of the disclosure, the small molecule
mediates binding of the first and second dimerization polypeptides.

[66] In some embodiments of the polynucleotide sets of the disclosure,the small molecule
disrupts binding of the first and second dimerization polypeptides.

(671 In some embodiments of the polyunucleotide sets of the disclosure, the small molecule s
selected from the group consisting of. danoprevir and grazoprevir.

[68] In some embodiments of the polynucleotide sets of the disclosure, (a) a first small
molecule mediates binding of the first and second dimerization polypeptides; (b} a second small
molecule disrupts binding of the first and second dimerization polypeptides; {¢) the second small
molecule can mediate binding of a third dirmerization polypeptide to the first dimerization
polypeptide, and (d) the third dimerization polypeptide is linked to a signaling domain.

[69] In some embodiments of the polynucleotide sets of the disclosure, the second small
molecule disrupts binding of the first and second dimerization polypeptides by out-competing the
first small molecule.

(701 In some embodiments of the polynucieotide sets of the disclosure, (a) the first small
molecule 18 grazoprevir or an analog or derivative thereof, and (b} the second small molecule is
danoprevir or an analog or derivative thereof.

(71 In some embodiments of the polynucleotide sets of the disclosure, one or both of the
first and second fusion proteins is a cytoplasmic protein,

(721 In some embodiments of the polynuclectide sets of the disclosure,one or both of the first
and second fusion proteius is a transroembrane protein,

{73 In some embodiments of the polynucleotide sets of the disclosure one or both of the first
and second fusion proteins comprises a transmembrane domain

(741 In some embodiments of the polynucieotide sets of the disclosure, (a} one of the first and
second fusion proteins 15 a transmembrane protein; and (b} one of the first and second fusion
proteins 18 a cytoplasmic protein.

[75] In some embodiments of the polynucleotide sets of the disclosure, the polynucleotide set

comprises multiple signaling domains linked to the first or second dirnerization polypeptide.
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[76] In some embodiments of the polynucleotide sets of the disclosure, the polynucleotide set
comprises a transmembrane receptor with one or multiple protein domains linked to the first or
second dimerization polypeptide.

(77 In some embodiments of the polynuclectide sets of the disclosure, the signaling domain
Hinked to the first dimerization polypeptide 13 identical or substantially 1dentical to the signaling
domain linked to the second dimerization polypeptide.

(781 In some embodiments of the polynucieotide sets of the disclosure, the signaling domain
linked to the first dimernization polypeptide is ditferent or substantially different from the
signaling domain linked to the second dimerization polypeptide.

(79 In some embodiments of the polynucleotide sets of the disclosure, the polynucleotide set
comprises at least two vectors comprising: {a) a first vector comprising the polynucleotide
encoding the first fusion protein; and (b) a second vector comprising polynucleotide encoding
the second fusion protein.

(801 In some embodiments of the polynucleotide sets of the disclosure, a vector backbone
comprises the polynucleotide set. In some embaodiments, the vector backbone is selected from
the group consisting of backbones of adenoviral vectors, lentiviral vectors, baculoviral vectors,
Epstetn Barr viral vectors, papovaviral vectors, vaccinia viral vectors, herpes simplex viral
vectors, retroviral vectors, adeno associated virus (AAV) vectors, and transposon vectors. In
some embodiments, thevector backbone comprises a homology directed repatr vector.

(81} In some embodiments of the polynucleotide sets of the disclosure, a chromosome
comprises the polynuclectide set,

(82} In some embodiments of the polynuclectide sets of the disclosure, the polynuclectide
encoding a first fusion protein and the polynucleotide encoding the second fusion protein are
separated by a separation element comprising a polynuclectide sequence that prevents fusion of
the first tusion protein and the second fusion protein. In some embodiments, the separation
element comprises a polynucleotide sequence comprising a ribosomal skipping sequence. In
some embodiments, the separation element comprises a polynucleotide sequence comprising at
feast two ribosomal skipping sequences. In some embodiments, the separation element comprises
a polynuclectide sequence comprising P2a and/or T2a. In some embodiments, the separation

element comprises a polynucleotide sequence selected from the group consisting of: P2a, T2a,
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T2a-RFP-P2a, P23-T2a, T2a-P2a, and IRES. In some embodiments, the separation element
comprises a polynucleotide sequence comprising a constitutive promoter.

(831 In some embodiments of the polynucleotide sets of the disclosure, (a) the signaling
domains linked to the dimerization polypeptides are part of a chimeric antigen receptor (CAR);
and (b} administration of the small molecule modulates T celi signaling function.

[84] In some embodiments of the polynucleotide sets of the disclosure, () the first fusion
protein coruprises NS3a linked to a cytoplasmic end of a transrembrane CAR lacking a CD3(
domain, {b} the second fusion protein comprises ANR peptide linked to a CD3( domain; and
wherein the small molecule down-regulates CAR T cell signaling,

[85] In some embodiments of the polynucleotide sets of the disclosure, {a) the first fusion
protein comprises NS3a linked to a cytoplasmic end of a transmembrane CAR lacking a CD3(
domain; (b) the second fusion protein comprises DNCRZ (or designed varants thereof, including
but not limited to BDNCR2 1 through DNCR2 34, and DNCR2-3rep) or GNCRU {or designed
variants thereof, including but not imited to GNCR1-3rep, G33, and G38) linked to a CD3(
domain, and wherein administration of the small molecule activates CAR T cell signaling. In
some embodiments, the fusion protein further comprises a transmembrane domain and/or a
costimulatory domain.

186} In some embodiments of the polynucleotide sets of the disclosure, (a) first and second
signaling domains comprise killing domains; and (b) administration of the small molecule
induces cell death.

a7 In some embodiments of the polynucieotide sets of the disclosure, either or both of the
first and second signaling domains are selected from the group consisting of: Caspase-9,
Caspase-1, Caspase-4, RIPK 1, or RIPK3, mutated variants thereof, and combinations of any of
the foregoing. In some embodiments, either or both of the first and second signaling domains
comprises a catalytic domain of caspase-9 or a variant thereof. In some embodiments, {(a) the
first signaling domatn comprises a catalytic domain of caspase-9 or a variant thereot, and (b} the
second signaling domain comprises a catalytic domain of caspase-9 or a variant thereot. In some
embodiments, {a) the first signaling domatn comprises a catalytic domain of caspase-9 or a
variant thereof, and (b) the second dimerization polypeptide is linked to a homo-oligomerization
domain. In some erbodiments, {a) the first dimerization polypeptide is selected from the group

of: DNCRZ {or designed variants thereof, including but not limited to BNCRZ 1 through
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DINCRZ 34, and DNCR2-3rep) or GNCR1 (or variants thereof, including but not Himited to
GNCR1-3rep, (333, and G38) linked to a killing domain, and (b} the second dimerization
polypeptide 13 NS3a and 1s linked to a homo-oligomerization domatn selected from the group of
dimer-NS3aH1, trimer-NS3aH|, pentamer-NS3aH|1, hexamer-NS3a, or variants thereof. In some
embodiments, (a) the first dumerization polypeptide is selected from the group consisting of
DNCR2 {or designed varnants thereof] including but not limited to DNCRZ 1 through

DNCR2 34, and DNCR2-3rep) or GNCR1 {or variants thereof, including but not imited to
GNCR1-3rep, (333, and G38}); and (b) the second dimerization polypeptide is NS3a linked to a
CAR or other homo-oligomeric receptor.

[88] The disclosure provides a cell comprising the polynucleotide set of the disclosure. In
some embodiments, the cell is a prokaryotic cell. In some embodiments, the cell is a yeast cell.
In some embodiments, the cell is a mammalian cell. In some embodiments, the cell is a human
cell. In some embodiments, the cell is a human cell in vivo. In some embodiments, the cell is a
human cell ex vivo. In some embodiments, the cell is a stem cell. In some embodiments, the cell
is a pluripotent stem cell. In some embodiments, the cell is an induced pluripotent stem cell. In
some embodiments, the cell is a hematopotetic stem cell.

[891 The disclosure provides a method of effecting stem cell differentiation comprising
modifying a stem cell using a polypeptide set of the polynuclectide set of the disclosure. In some
embodiments, the cell is a cancer cell. In some embodiments, the cell is a non-cancer cell from a
human subject diagnosed with cancer. In some embodiments, the cell is an immune cell. In some
embodiments, the cell is i3 selected from the group cousisting of. leukocyte, lymphocyte, T cell,
regulatory T cell, effector T cell, CD4+ effector T cell, CDE+ effector T cell, memory T celi,
autoreactive T cell, exhausted T cell, natural killer T cell, B cell, dendritic cell, and macrophage.
in some embodiments, the cell is selected from the group consisting of’ cardiac cell, lung cell,
muscle cell, epithelial cell, pancreatic cell, skin cell, CNS cell, neuron, myocyte, skeletal muscle
cell, smooth muscle cell, liver cell, kidoey cell and ghial cell.

(301 The disclosure provides a cell genetically moditied to express a CAR, comprising a
polynucieotide of the disclosure. In some embodiments, the cell 1s a T cell, a natural kaller (NK)
cell, a natural killer T (NK'T) cell, or an ILC cell.
[911 The disclosure provides a producer cell line wherein cells of the cell hine corprise a

polynuciectide set of the disclosure.
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[92] The disclosure provides a method of producing a polypeptide product of interest from a
gene of interest, the method comprising’ {a) modifying a cell line using the polynucleotide set of
any one of claims 1 to 38 to vield a producer cell line; and (b) culturing the producer cell line to
produce the product of interest. In some embodiments, the polypeptide product of interest
comprises a therapeutic protein or peptide. To some embodiments, the polypeptide product of
interest comprises a virus. In some embodiments, the virus is selected from the group consisting
of adenovirus, lentivirus, baculovirus, Epstein Barr virus, papovavirus, vaccinia virus, herpes

virus, herpes stmplex virus, retrovirus, and adeno-associated virus (AAV),

[33] The disclosure provides a producer cell

(941 The disclosure provides a producer cell line wherein cells of the cell line produce a
polynucieotide set of the disclosure packaged 1n a viral capsid. In some embodiments, the viral
capsid is selected from the group consisting of capsids of an adenovirus, lentivirus, baculovirus,
Epstein Barr virus, papovavirus, vaccinia virus, herpes virus, herpes simplex virus, retrovirus,
and adeno-associated virus {AAV)

[951 The disclosure provides a viral capsid comprising the polynucleotide setof a
polynuciectide set of the disclosure. In some embodiments, the viral capsid is selected from the
group consisting of capsids of an adenovirus, lentivirus, baculovirus, Epstein Barr virus,
papovavirus, vaccinia virus, herpes virus, herpes simplex virus, retrovirus, and adeno-associated
virus {AAV).

[961 The disclosure provides a cell producing a viral capsid of the disclosure. In some
embodiments, the viral capsid is selected from the group consisting of capsids of an adenovirus,
fentivirus, baculovirus, Epstein Barr virus, papovavirus, vaccinia virus, herpes virus, herpes
simplex virus, retrovirus, and adeno-assoctated virus (AAV).

[971 The disclosure provides a composition comprising a polynuclectide set of the disclosure.
[98] The disclosure provides the use of a composition of the disclosure for treating a subject
in need of a CAR therapy.

[99] The disclosure provides a kit comprising the polynucleotide set of the disclosure.

f100]  The disclosure provides a method of making an engineered cell comprising transfecting
into a cell the polynucleotide of any the polynucleotide set of the disclosure. In some

embodiments, the chimeric polypeptide is expressed in the cell. In some embodiments, the
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method further comprises administering the cell in a subject in need thereof. In some
embodiments, the method further comprises administering the small molecule to the subject.
f101]  The disclosure provides a method of controlling a T cell-mediated immune response in a
subject in need thereof comprising administering to the subject a cell of the disclosure of an
effective amount of cells of the disclosure. In some embodiments, the cell is a T cell. In some
embodiments, the cell is an autclogous T cell. In some embodiments, the method further
comprises administering to the subject a small roolecule of the disclosure.
[102]  The disclosure provides a method of stimulating a T cell-mediated immune response to a
target cell population or tissue in a subject, comprising administering to the subject a cell of the
disciosure of an effective amount of cells of the disclosure. In some embodiments, thecell isa T
cell. In some embodiments, the cell 1s an autologous T cell. In some embodiments, the method
further comprises administering to the subject a small molecule of the disclosure.
f103]  The disclosure provides a method of providing an anti-tumor immunity in a subject in
need thereof, the method comprising administering to the subject a cell of the disclosure of an
etfective amount of cells of the disclosure. In some embodiments, the cell is a T cell. In some
embodiments, the cell is an autologous T cell. In some embodiments, the method turther
comprises administering to the subject a small molecule of the disclosure.
[104]  The disclosure provides a method of treating cancer in a subject in need thereof
comprising administering o the subject a cell of the disclosure of an effective amount of cells of
the disclosure. In some embodiments, the cell is a T cell. In some embodiments, the cell is an
autologous T cell. In some embodiments, the roethod further comprises administering to the
subject a small molecule of the disclosure.

Brief Description of Drawings
[105]  FIG. 1A is a schematic diagram of a generalized architecture of a split chimeric antigen
receptor {CAR) that can be regulated by small molecule drugs to disrupt or induce a cellular
signaling activity.
1o6]  FIG 1B is a schematic diagram of an oft-switch ANR CAR, an on-switch DNCR CAR,
and an on~-swiich GNCR CAR.
{1071  FIG. 2 is a schematic diagram of designs to induce homo-oligomerization of killing

domains {e.g., caspase-9) in respounse to small molecule drugs.
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ftos]  FIG. 3 is a plot showing small molecule drug-regulated induction of CII69 expression in
CAR expressing Jurkat cells co-cultured with Fekol cells or Jeko!-RORI-KO cells.

f109]  FHG. 4A is a panel of plots showing target cell killing by the regulatable CARs in the
presence or absence of their cognate inducer or disruptor small molecule drug.

[110]  FIG 4B 1s a panel of plots showing production of the cytokines IFNy and [L-2 from the
T cells expressing Bel-xL/Bad, NS3a/ANR, NS3a/GNCR 1, or NS3a/DNCRZ, respectively, of
FiG. 4A.

f[111]  FIG SA is a schematic diagram of a dual-function on-swiich / safety-switch regulatabie
T cell CAR.

[112]  FIG. 5B is a pair of plots showing CAR signaling and percent killing, respectively, in
the Jurkat CD3 -signaling reporter line in the presence and absence of grazoprevir or danoprevir.
[113]  FIG. 6A is a pair of plots showing CAR sigualing and drug-induced cell death,
respectively, in the Jurkat CD3(-signaling reporter line in the presence and absence of
grazoprevir or danoprevir,

[114]  FIG. 6B is a pair of plots showing CAR signaling and drug-induced cell death,
respectively, in Jurkat CD3{-signaling reporter cells switched from grazoprevir treatment to
danoprevir treatment.

[115]  FIG 7Ais a schematic diagram of a two-chain direct dimerization design NCDC with
caspase-? killing domains,

[116]  FIG. 7B is a plot showing percent killing as a function of drug concentration for the two-
chain direct dimerization design NCDC.

[117]  FIG 8A is a schematic diagram of CAR-NS3a-casp9 and homo-oligomeric helical
bundie-NS3a caspase-9 kill switches.

[118]  FIG. 8B is a plot showing percent killing activity of the templated dimerization designs
of FIG. 8A.

f119]  FI{G 9A is a schematic diagram of models for minimized DNCR2 versions D1 and D9,
[120]  FIG 9B is a plot showing percent killing activity of the miniaturized designs of FIG.
9A.

[121]  FIG. 10 1s a pair of plots showing percent killing in Jurkat and primary T cells,
respectively, expressing the FKBP(F36V)-tused killing dorvains at a range of transduction

levels.
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Detailed Description

Nucleic Acids and Related Terminology

(1221  In some embodiments, the terms “Nucleic acid,” “nucleic acid molecule,” “nucleotide,”
“nucleotide sequence,” “polynuciectide,” and grammatical variants thereof may be used
interchangeably and refer to the phosphate ester polymeric form of ribonucleosides (adenosine,
guanosine, uridine or cytidine;, “RNA molecules”) or deoxyribonucleosides {deoxyadenosine,
deoxyguanosine, deoxythymidine, or deoxyeytidine; “DNA molecules”), or any phosphoester
analogs thereof, such as phosphorothicates and thioesters, in either single stranded form, or a
double-stranded helix. Single stranded nucleic acid sequences refer to single-stranded DNA
{ssDNA) or single-stranded RNA (ssRNA). Double stranded DNA-DNA, DNA-RNA and RNA-
RINA helices are possible.

[123]  In some embodiments, “Nucleic acid,” and in particular a DNA or RNA molecule, may
refer only to the prumary and secondary structure of the molecule, and does not limit it to any
particular tertiary forms. Thus, this term includes double-stranded DNA found, inter alia, in
Hnear or circular DNA molecules (e g, restriction fragments), plasmids, supercotled DNA and
chromosomes. In discussing the structure of particular double-stranded DNA molecules,
sequences are provided according to the normal convention of writing the sequence left to right
in the 57 to 37 direction along the non-transcribed strand of DNA {i.e., the strand having a
sequence homologous to the messenger RNA or mRNA}. Unless otherwise indicated, all muecleic
acid and nuciectide sequences are written left to right in 57 to 37 orientation.

[124]  Nucleotides are referred to by their commonly known one-letter symbols recommended
by the IUPAC-TUB Biochemical Nomenclature Commission. Accordingly, “A’ represents
adenine, “C’ represents cytosine, (3’ represents guanine, ‘T represents thymine, and ‘U’
represents uracil.

(125  In some embodiments, the term “Polynucleotide” refers to polymers of nuclectides of
any length or type, including ribonucleotides, deoxyribonucleotides, analogs thereof, or mixtures
thereof. This term refers to the primary structure of the molecule. Thus, the term includes triple-,
double- and single-stranded deoxyribonucleic acid (“DNA”Y and ribonucleie acid ("RNA”Y. It

also includes modified, for example by alkylation and/or by capping, and unmodified forms of
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the polynucleotide. More particularly, “polynuclectide” includes polydeoxyribonucliectides
{containing 2-deoxy-D-ribose} and polynbonucleotides (containing D-ribose), including mRINA,
whether spliced or unspliced, any other type of polynucleotide which is an N- or C-glycoside of
a purine or pyrimidine base, and other polymers containing nucleotide backbones, for example,
polyamide (e.g., peptide nucleic acids “PNAs™) and polymorpholino polymers, and other
synthetic sequence-specific nucleic acid polymers providing that the pelymers contain
nucieobases in a configuration which allows for base pairing and base stacking, such as 1s found
in DNA and RNA.

[126]  In some embodiments, a vector of the disclosure comprises a nucleic acid sequence of
the disclosure and backbone sequence(s).

(1271  In some embodiments, a polynucleotide includes a DNA e g, a DNA inserted in a
vector. In other aspects, a polynucieotide includes an mRNA . In some aspects, the mRNA is a
synthetic mRNA. In some embodiments, the synthetic mRNA inclades at least one unnatural
nuclecobase. In some embodiuments, all nucleobases of a certain class have been replaced with
unnatural nucleobases (e g, all uridines in a polynuclectide can be replaced with an unnatural
nucleobase, e g., S-methoxy uridine).

f128]  In some embodiments, the term “Expression” refers to the transcription and/or
translation of a particular nucleotide sequence driven by a promoter.

[128]  In some embodiments, the term “Expression vector” refers to a plasmid, virus, or other
nucleic acid designed for polypeptide expression in a cell. The vector or construct 1s used to
introduce a gene wnto a host cell whereby the vector will interact with polymerases in the cell to
express the protein encoded in the vector/construct. The expression vector may exist in the cell
extrachrornosomally or may be tutegrated into the chromosome. Expression vectors may include
additional sequences which render the vector suitable for replication and integration in
prokaryotes, eukaryotes, or preferably both (e.g., shuttle vectors). The polynucleotides of the
disclosure may be provided as components of expression vectors.

[130]  In some embodiments, the term “Cloning vector” refers to a plasmid, virus, or other
nucleic acid designed for producing copies of a polynucleotide. Cloning vectors may contain
transcription and translation inttiation sequences, transcription and translation termination
sequences and a polyadenylation signal. Such constructs will typically include 2 5" LTR, a tRNA

binding site, a packaging signal, an origin of second-strand DNA synthesis, and a3’ LTR ora
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portion thereof. The polynucleotides of the disclosure may be provided as components of cloning
vectors, which may be used to produce the polynuclectides of the disclosure.

f131]  In some embodiments, “Promoter” refers to a nucleotide sequence which indicates
where transcription of a gene is initiated and in which direction transcription will continue.

1321 1o some embodiments, “Encoding” refers to an ability of specific sequences of
nucleotides in a polynucleotide {e.¢. a gene, cDNA, or mRNA) to serve as templates for
synthesis of other polymers and roacromolecules in biological processes having either a defined
sequence of nuclectides {e.g,, rRNA, tRNA and mRNA}) or a defined sequence of amino acids.
Thus, a gene, cDNA, or RNA, encodes a protein if transcription and translation of mRNA
corresponding to that gene produces the protein in a cell or other biclogical system. Both the
coding strand, the nucleotide sequence of which 1s identical to the mRNA sequence and 18
usually provided in sequence histings, and the non-coding strand, used as the template for
transcription of a gene or cDINA, can be referred to as encoding the protein or other product of
that gene or ¢cDNA.

[133]  Unless otherwise specified, a nuclectide sequence “encoding an amino acid sequence,”
{including a polynucleotide “encoding” a chimeric polypeptide of the disclosure), includes ali
nucleotide sequences that are degenerate versions of each other and that encode the same amino
actd sequence.

Polypepiides and Related Terminology

[134]  Amino acids are referred to by either their commonly known three letter symbols or by
the one-letier symbols recommended by the IUPAC-TUB Biochemical Nomenclature
Commission. The amino acid residues are abbreviated as follows, where the abbreviations are
shown in parentheses: alanine (Ala, A), asparagine (Asn; N}, aspartic acid (Asp; D), arginine
{Arg; R}, cysteine {Cys; C), glutamic acid (Glu; E), glutamine (Gln; Q), glycine (Gly; G},
histidine (His; H), 1soleucine (Ile; T), leucine (Leu; L), lysine {(Lys; K}, methionine (Met; M},
phenylalanine (Phe; F}, proline (Pro; P), serine {Ser; S}, threonine (Thr, T), tryptophan (Trp, W),
tyrosine (Tyr; Y), and valine (Val, V).

[135]  Amino acid sequences are writien left to right in amino 1o carboxy orientation.

[136]  In some embodiments, the term “Polypeptide” refers to a sequence of amino acid
subunits. In some embodiments, a “peptide” may comprise at most 50 amino acids. In some

embodiments, a “peptide” may comprise about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 amino
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acids. The term “Polypeptide,” may refer to proteins, polypeptides, and peptides of any length,
size, structure, or function. The terms “Polypeptide,” “peptide,” and “protein” may be used
interchangeably.

[137]  In some embodiments, polypeptides of the disclosure comprise naturally or synthetically
created or modified amino acids, for example, disulfide bond formation, glycosylation,
lipidation, acetylation, phosphorylation, or any other manipulation or modification, such as
conjugation with a labeling componeunt. In some embodiments, polypeptides of the disclosure
comprise one or more aming actd residues are artificial chemical analogs of a corresponding
naturally occurring amino acid (including, for example, synthetic amino acids such as
homocysteine, ornithine, p-acetylphenylalanine, D-amino acids, and creatine), as well as other
modifications known in the art. In some embodiments, polypeptides of the disclosure comprise
gene products, homologs, orthologs, paralogs, fragments and other equivalents, variants, and
analogs of the foregoing. In some embodiments, polypeptides of the disclosure comprise a single
polypeptide or can be a multi-molecular coraplex such as a dimer, trimer or tetramer. To some
embodiments, polypeptides of the disclosure comprise single-chain or multi-chain polypeptides.
In some embodiments, polypeptides of the disclosure comprise disuifide linkages, which may be
found in multi-chain polypeptides.

[138]  In some embodiments, the polypeptides of the disclosure include L-amino acids +
glycine, D-amino acids + glycine (which are resistant to L-amino acid-specific proteases in
vive), or a combination of D- and L-amine acids + glycine. Polypeptides of the disclosure may
be chermcally synthesized or recombinantly expressed.

[139]  Polypeptides of the disclosure may include additional residues at the N-terminus, C-
terrotous, internal to the polypeptide, or a combination thereof, these additional residues are not
included in determining the percent identity of the polypeptides of the disclosure relative to the
reference polypeptide. Such residues may be any residues suitable for an intended use, including
but not limited to tags.

[140]  In some embodiments, the term “Tags” refers to a detectable moteties, including but not
limited to a fluorescent protein, an antibody epitope tag, a purification tag, a histidine tag, or a
linker. In some embodiments, tagged therapeutic agents of the disclosure or tagged ligands of the
disclosure comprise a detectable moiety suitable for purposes of purification, to drive

localization of the polypeptide, and to add functionality to the polypeptides.
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[141]  In some embodiments, “Chimeric polypeptide” refers to any polypeptide comprising a
first amino acid sequence derived from a first source, which is operably-linked, covalently or
non-covalently, to a second amino actd sequence derived from a second source, wherein the first
and second source are not the same {two distinct sources). A first source and a second source that
are not the same can include two different biological entities, or two different proteins from the
same biological entity, or a biological entity and a non-biclogical entity. A chimeric protein of
the disclosure may include a protein derived from at least 2 different biological sources. A
biological source may include any non-synthetically produced nucleic acid or amino acid
sequence {e.g. a genomic or cDNA sequence, a plasmid or viral vector, a native virion or a
mutant or analog of any of the above). A synthetic source may include a protein or nucleic acid
sequence produced chemically and not by a biological system {e.g. solid phase synthesis of
amino acid sequences). A chimeric protein of the disclosure may include a protein derived from
at least 2 different synthetic sources or a protein derived from at least one biological source and
at least one synthetic source. A chimeric protein of the disclosure may include & first amino acid
sequence derived from a first source, covalently or non-covalently linked to a nucleic acid,
derived from any source or a small organic or inorganic molecule derived from any source. The
chimeric protein can tnclude a linker molecule between the first and second amino acid seguence
or between the first amino acid sequence and the nucleic acid, or between the first amino acid
sequence and the small organic or inorganic molecule.

[142]  In some embodiments, a “Fragment” of a polypeptide, or a “truncated polypeptide” may
refers to an amino acid sequence of a polypeptide that 13 shotter than a reference sequence. In
some embaodiments, the reference sequence comprises or consists of a naturally-cccurring
sequence. In comparison to a reference sequence, the fragment may coruprise an N-terminal or a
C-terminal deletion {optionally referred to as a truncation). Alternatively, or in addition, in
comparison to a reference sequence, the fragment may comprise an internal deletion at any one
or more amino actd positions of the polypeptide. Polypeptides of the disclosure may be provided
as a fragment or a truncated version of a reference polypeptide. Moreover, all possible
fragments and truncated variants of the polypeptides of the disclosure are contemplated in the
embodiments provided in this disciosure.

[143]  Insome embodiments, the term “Functional fragment” refers to a polypeptide fragment

that retains a function of the polypeptide. Accordingly, in some embodiments, a functional
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fragment of a bicactive peptide, such as an enzyme, retains the ability to catalyze a biological
action, because the functional fragment comprises a catalytic domain of the enzyme.
Polypeptides of the disclosure may be provided as a fragment or a truncated version of a
reference polypeptide. Moreover, all possible fragments and truncated variants of the
polypeptides of the disclosure are contemplated i the embodiments provided 1o this disclosure.
in some embodiments, a functional fragment of the disclosure retains a function of the
polypeptide even if the activity of the functional fragment or the efficacy of the functional
fragment is modified when compared to the full-length polypeptide. In some embodiments, a
functional fragment of the disclosure retains a function of the polypeptide even if the activity of
the functional fragment or the efficacy of the functional fragment is decreased when compared to
the full-length polypeptide.

[144] In some embodiments, the term “Functional variant” refers to a modified form of 3
polypeptide, fragment, or a member of a class of polypeptides, which maintains the function of
the polypeptide. In some emboduments, a functioval varant of the disclosure retains a function of
the polypeptide even if the activity of the functional variant or the efficacy of the functional
variant 1s modified when compared to the unmodified polypeptide. In some embodiments, a
functional vartant of the disclosure retains a function of the polypeptide even if the activity of the
functional variant or the efficacy of the functional variant is decreased when compared to the
unmodified polypeptide.

[145]  In some embodiments, the term “Amino acid substitution” refers to replacing an amino
acid residue present in a parent or reference sequence (e.g., a wild type sequence) with another
amino acid residue. An amino acid may be substituted, for example, via chemical peptide
synthesis or through recombinant methods known tn the art. For exarple, substituting an amino
acid residue with an alternative amino acid residue is conducted by substituting the codon
encoding the first amino acid with a codon encoding the second amino acid. The various
polypeptide components of the disclosure may be provided with amino acid substitutions.

146]  In some embodiments, “Conservative amino acid substitution” is one in which one
amino acid residue is replaced with an amino acid residue having a chemically similar side chain.
Families of amino acid residues having similar side chains have been defined in the art, including
acidic side chains {e.g., aspartic acid, glutamic acid), basic side chains {e.g, lysine, arginine,

histidine), uncharged polar side chains {(e.g., glycine, asparagine, glutamine, serine, threonine,
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tyrosine, cysteine}, nonpolar side chains {e.g., alanine, valine, leucine, isoleucing, proline,
phenylalanine, methionine, tryptophan), beta-branched side chatns (e g, threonine, valine,
isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine}. Thus,
if an amino acid in a polypeptide s replaced with another amino acid from the same side chain
family, the substitution is considered to be conservative. In another aspect, a string of amino
acids can be conservatively replaced with a chemically similar string that differs in order and/or
composition of side chain family members. The various polypeptide coroponents of the
disclosure may be provided with conservative amino acid substitutions.

[147]  In some embodiments, the term “Non-conservative amino acid substitutions” may refer
to those substitutions in which (1) a residue having an electropositive side chain (e.g,, Arg, His
or Lys) is substituted for, or by, an electronegative residue (e.g., Glu or Asp), (i1} a hydrophilic
residue (e g., Ser or Thr) 1s substituted for, or by, a hydrophobic residue {e.g., Ala, Leuy, lle, Phe
or Val), {ii1) a cysteine or proline is substituted for, or by, any other residue, or (iv} a residue
having a bulky hydrophobic or aromatic side chain {e.g., Val, His, le or Trp) 13 substituted for,
or by, one having a smaller side chain (e.g., Ala or Ser} or no side chain (e.g., Gly}. The various
polypeptide components of the disclosure may be provided with non-conservative amino acid
substitutions. The likelithood that one of the foregoing non-conservative substitutions can alter
functional properties of the protein is also correlated to the position of the substitution with
respect to functionally tmportant regions of the protein: some non-conservative substitutions can
accordingly have little or no etfect on biological properties. The various polypeptide
components of the disclosure may be provided with non-conservative amino acid substitutions
that do not significantly alter the functionality of the altered components.

[148]  In some embodiments, the terms “Transmembrane element” or “transmembrane
domain” may refer to a polypeptide element between the extracetlular element and the
intracellular element. A portion of the transmermbrane element exists within the cell membrane.
Chimeric antigen receptors {CARs) of the disclosure include transmembrane elements.

[149]  In some embodiments, the terms “Intracellular element” or “intracellular domain” may
refer to a polypeptide element that resides on the cytoplasmic side of a cell's cytoplasmic
membrane, and transmits a signal into the eukaryotic cell. CARs of the disclosure include

intracellular elements. In some embodiments, the cell 13 a eukaryotic cell.
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[150]  In some embodiments, the terms “Intracellular signaling element” or “intraceliular
signaling domain” refers to a portion of the intracellular element that transduces the eftector
function signal and, which, subsequently directs a cell to perform a specialized function. In some
embodiments, the cell is a eukaryotic cell.

[151]  In some embodiments, the terms “Extracellular element” or “extracellular element” may
refer to the polypeptide element that resides outside of a cell's cytoplasmic membrane. In a CAR-
expressing cell, the extracellular element may comprise an antigen binding element of the CAR.
In some embodiments, the cell is a eukaryotic cell.

[152]  Sequence Identity and Related Terminology

[153]  In some embodiments, two or more sequences are said to be “identical” if they are 100%
identical to one another.

[154] In some embodiments, “Identity” refers to the overall monomer conservation between
polymeric molecules, e g., between polvpeptide molecules or polynucleotide molecules.
“Identical” without any additional qualifiers, e.g, protein A is identical to protein B, imoplies the
sequences are 100% i1dentical {100% sequence identity). Describing two sequences as, .2,
“70% wdentical)” 15 equivalent to describing them as having, e.g., “70% sequence identity.”

[155]  In some embodiments, when a position in the first sequence is occuptied by the same
amine acid as the corresponding position in the second sequence, then the molecules are
identical at that position. The percent identity between the two sequences is a function of the
number of identical positions shared by the sequences, taking into account the number of gaps,
and the length of each gap, which needs to be introduced tor optimal alignment of the two
sequences. The comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm.

[156]  In certain aspects, the percentage identity {%1D) of a first amino acid {or nucleic acid}
sequence to a second amino acid {or nucleic acid) sequence 18 caleulated as %61D = 100 (Y/Z),
where Y ts the number of amino acid {or nuclecbase) residues scored as identical matches in the
alignment of the first and second sequences {as aligned by visual inspection or a particular
sequence alignment program ) and Z is the total number of residues in the second sequence. if the
fength of a first sequence is longer than the second sequence, the percent identity of the first
sequence to the second sequence will be higher than the percent identity of the second sequence

to the first sequence.
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[157]  In some embodiments, calcuiation of the percent identity of two polypeptide sequences,
for example, can be pertormed by aligning the two sequences for optimal comparison purposes.
For example, gaps can be introduced in one or both of a first and a second polypeptide sequences
for optimal alignment and non-identical sequences can be disregarded for comparison purposes.
In certain aspects, the length of a sequence aligned for comparison purposes 15 at feast 30%, at
feast 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or
100% of the length of the reference sequence. The amino acids at corresponding amino acid
positions are then compared.

[158]  In some embodiments, the generation of a sequence alignment for the calculation of a
percent sequence identity is not limited to binary sequence-sequence comparisons exclusively
driven by primary sequence data. It will also be appreciated that sequence alignments can be
generated by integrating sequence data with data from heterogeneous sources such as structural
data {e.g., crystallographic protein structures}), functional data {e.g., location of mutations}, or
phylogenetic data. A suitable program that integrates heterogeneous data to generate a muitiple
sequence alignment is T-Coffee, available at www tcotfee.org, and alternatively available, e g,
from the European Bioinformatics Institute (EBI) at website ebi.ac uk/Tools/psa. It will also be
appreciated that the final alignment used to calculate percent sequence identity can be curated
either automatically or manually.

[158]  Suitable software programs are available from various sources, and for alignment of
both protein and nucleotide sequences. One suitable program to determine percent sequence
wdentity is bl2seq, part of the BLAST suite of program available from the U.S. government’s
National Center for Biotechnology Information BLAST website (blast.ncbi nlm nih.gov}.
B1Zseq performs a comparison between two sequences using either the BLASTN or BLASTP
algorithm. BLASTN 1s used to compare nucleic acid sequences, while BLASTP is used to
compare amino actd sequences. Other suitable programs are, e.g., Needle, Stretcher, Water, or
Matcher, part of the EMBOSS suite of bicinformatics programs and also available from the EBL
Sequence alignments can be conducted using methods known in the art such as MAFFT, Clustal
{Clustal W, Clustal X or Clustal Omega), MUSCLE, etc. Different regions within a single
polynuclectide or polypeptide target sequence that aligns with a polynucleotide or polypeptide
reference sequence can each have their own percent sequence identity. It 18 noted that the percent

sequence identity value is rounded to the nearest tenth. For example, values from 80.11 10 80.14
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are rounded down to 80.1, while values from 80.15 10 80.19 are rounded up to 802 {t also is
noted that the length value will always be an integer.

f160]  In some embodiments, “Similarity” refers to the overall relatedness between polvmeric
molecules, e g between polynucieotide molecules and/or between polypeptide molecules.
Calculation of percent stmilarity of polymeric molecules to one another can be performed in the
same manner as a calculation of percent identity, except that calculation of percent similarity
takes into account conservative substitutions as s understood in the art. It is understood that
percentage of stmilarity is contingent on the comparison scale used, for example whether the
aming acids are compared, e.g., according to their evolutionary proximity, charge, volume,
flexibility, polarity, hydrophobteity, aromaticity, isoelectric point, antigenicity, or combinations
thereof.

[161]  In some embodiments, the term “Hinked” may refer to a fusion of a first moitety to a
second motety at the C-terminus or the N-terminus. In some embodiments, the term “linked”
may refer to an nsertion of the whole first motety {(or the second moiety ) into any two potnts,
e.g., amino acids, in the second motety (or the first motety, respectively). In some aspects, the
first moiety is linked to a second moiety by a peptide bond or a linker. The first motety can be
linked to a second motety by a phosphodiester bond or a linker. The linker can be a peptide, a
polypeptide, a nucleotide, a nucleotide chain or any chemical moiety.

[162]  In some embodiments, the term “operably-linked” may refer to two or more elements
that are functionally linked within a sequence. In some embodiments, two elements may be
functionally linked 1o a folded protein that are not contiguous with respect to the linear sequence.
in some embodiments, two elements may be functionally linked, following expression from a
multicistronic sequence. In some ermnbodiments, two elements may be functionally linked
because one element can induce or inhibit the expression or function of another, either directly or
indirectly.

f163]  In some embodiments, the term “non-naturally cccurring” may refer (o a polypeptide or
a polynucleotide sequence that does not exist in nature. In some embodiments, the non-naturally
occurring sequence does not exist in nature because the sequence is altered relative to a naturally
cccurring sequence. In some embodiments, the non-naturally occurring sequence does not exist
in nature because it 18 a combination of two, naturally-occurring, sequences that do not oceur

together in nature {e.g., chimeric polypeptide}. In some embodiments, a non-naturally occurring
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polypeptide is a chimeric polypeptide. In some embodiments, a polypeptide or a polynucleotide
18 not naturally occurring because the sequence contains a portion {e.g., a fragment} that cannot
be found in nature, 1.e, a novel sequence. Any of the polynucleotides described herein may be
provided as non-naturally occurring sequences, e.g., having sequences which are altered relative
to native sequences or provided as polynucieotides which are hinked to other polynucleotides in a
manner that does not exist in nature. Any of the polypeptides described herein may be provided
as non-naturally occurring sequences, e.g., having sequences which are altered relative to native
sequences or provided as polypeptides which are linked to other polypeptides in a manner that
does not exist in nature.

Antibodies and Related Terminology

[164]  In some embodiments, the term “Antibody” may refer to various antibody structures,
including but vot himited to monoclonal antibodies, polyclonal antibodies, and antibody
fragments so long as they exhibit the desired antigen-binding activity.

[165] 1o some embodiments, the term “Antibody fragroent”may refer to a molecule other than
an intact antibody that includes a portion of an intact antibody that binds the antigen to which the
intact antibody binds. Examples of antibody fragments include, but are not limited to, Fab, Fab’,
F{ab"}2, and Fv fragments, scFv antibody fragments, linear antibodies, single domain antibodies
such as sdAb {either VL or VH), camelid VHH domains, and multi-specific antibodies formed
from anttbody fragments. Genes of interest of the disclosure, may for example, include antibody
fragments.

[166]  In some embodiments, the term “Single chain antibody” {(scFv} may refer to an antibody
fragment that includes variable regions of heavy {VH) and light (VL) chains, which are linked by
a flexible peptide hinker,

(1671  In some embodiments, the term “Antigen binding molecule” may refer to a molecule
that specifically binds an antigenic determinant. Genes of interest of the disclosure, may for
example, include antigen binding molecules.

[168]  In some embodiments, the term “Antigen” may refer to a molecule that provokes an
framune response.

[169]  In some embodiments, the term “Chimeric Antigen Receptor” or “CAR” may referto a
fusion protein including antigen recognition moieties and cell-activation elements.

Polynucleotides of the disclosure may include genes of interest that produce CARs.
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[170]  In some embodiments, the term “CAR T cell” or “CAR T lymphocyte” may refertoa T
cell containing the capability of producing a CAR polypeptide. For example, a cell that is
capable of expressing a CAR is a T cell containing nucleic acid sequences for the expression of
the CAR in the cell. Cells of the disclosure may be CAR T-cells.

[171]  In some embodiments, the terms “costimulatory element” or “costimulatory signaling
domain” or “costimulatory polypeptide” may refer to an intracellular portion of a costimulatory
polypeptide. To some embodiments, CARs comprising costimulatory domains demwonsirate
increased or enhanced T cell expansion, function, persistence and antitumor activity when
expressed in a T-cell as compared to a CAR lacking a costimulatory domain. Costimulatory
domains may be provided in CARs of the disclosure by incorporating intracellular signaling
domains from one or more T cell costimulatory molecules, such as CD28 or 4-1BB.

(1721 Insome embodiments, a costimulatory polypeptide may comprise a sequence isolated or
derived from one or more of the following: a TNF receptor protein, an Immunoglobulin-like
protein, a cytokine receptor, an wntegrin, a signaling lyrophocytic activation molecule (SLAM
proteins}, and an activating natural killer celi receptor. In some embodiments, a costimulatory
polypeptide may comprise a sequence isolated or derived trom one or more of CD27, CD2E, 4-
IBB (CB137}, OX40, GITR, CD30, D40, IC0S, BAFFR, HVEM, lymphocyte function-
associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, SLAMF7, NKp80, CD160, B7-H3,
and My[88.

Therapentically Lffective and Related Technology

(1731  In some embodiments, the term “Therapeutically effective” may refer to the provision of
a beneficial effect on the recipient, e.g., providing some alieviation, mitigation, or decrease in a
clintcal symptom in the subject or an iprovement in a clinical state of a subject. Therapeutic
etfects need not be complete or curative, as long as some benefit is provided to the subject.

[174]  In some embodiments, the term “Therapeutically effective amount” may refer to a dose
sufficient to impart a therapeutically effective benefit on the recipient. For example, fusion
proteins, nucleic acids, vectors, cells, compositions, or pharmaceutical compositions of the
disclosure may be administered in a therapeutically effective amount. A subject who has been
administered fusion proteins, nucleic acids, vectors, cells, compositions, or pharmaceutical

compositions of the disclosure may subseguently be administered a therapeutically effective
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amount of 3 small molecule of the disclosure to induce or disrupt dimer formation of the fusion
proteins of the disclosure to etfect the desired cellular outcome.

Cell Terminology

[17s]  In some embodiments, the term “Stem cell” may refer to an undifferentiated or partially
differentiated cell that can differentiate into various types of cells and proliterate indefinutely to
produce more of the same stem cell.

[176]  In some embodiments, the term “Plunipotent stem cell” (PSC) may vefer to a cell that
can maintain an unditferentiated state indefinitely and can differentiate into most, if not all cells
of the body.

[177]  In some embodiments, the term “Induced pluripotent stem cell” (iPS or IPSC) may refer
to a pluripotent stem cell that can be generated directly from a somatic cell. This includes, but 1s
not Himited to, specialized cells such as skin or blood cells derived fror an adult.

[178]  In some embodiments, the term “Multipotent” may refer to a cell that can develop into
more than one cell type but 1s roore himited than a pluripotent cell. For example, adult stem cells
and cord blood stem cells may be considered as multipotent.

[179]  In some embodiments, the term “Hematopoietic cell” may refer to a cell that arises trom
a hematopotetic stem cell. This includes, but is not limited to, myeloid progeunttor cells, lvmphoid
progenttor cells, megakaryocytes, ervthrocytes, mast cells, myeloblasts, basophils, neutrophils,
eostnophils, macrophages, thrombocytes, monocytes, natural killer cells, T lymphocytes, B
tymphocytes and plasma cells.

(1201 In some embodiments, the term “T-lymphocyte” or T-cell” may refer to a hematopoietic
cell that normally develops in the thymus. T-lymphocytes or T-cells include, but are not limited
to, natural killer T cells, regulatory T celis, helper T cells, cytotoxic T cells, memory T cells,
gamma delta T cells, and mucosal invariant T celis.

[181]  In some embodiments, the term “Mesenchyme” may refer to a type of animal tissue
included of toose cells embedded in a mesh off proteins and fluid, i.e, the extracellular matrix.
Mesenchyme directly gives rise to most of the body’s connective tissues including bones,
cartilage, lymphatic system, and circulatory system.

[182]  In some embodiments, the term “Mesenchymal cell” may refer to a cell that 1s derived

from a mesenchymal tissue. In some cases, cells of the disclosure may be mesenchymal celis.
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[183]  In some embodiments, the term “Mesenchymal stromal celi” (MSC) may referto a
spindle shaped plastic-adherent cell isolated from bone marrow, adipose, and other tissue

cell can differentiate into osteoblasts (bone cells), chondrocytes {cartilage cells), myocytes
{muscle cells), and adipocytes (fat cells which give rise to marrow adipose tissue). The term
mesenchymal stromal cell is suggested in the scientific literature to replace the term
“mesenchymal stem cell”. In some cases, cells of the disclosure may be mesenchymal stromal
cells.

[184]  In some embodiments of the disclosure, an “autologous cell” 15 a cell obtained from the
same individual to whom it may be administered as a therapy (the cell is autologous to the
subiect). Autologous cells of the disclosure include, but are not limited to, hematopoietic cells
and stem cells, such as hematopoietic stem cells.

f185]  In some embodiments of the disclosure, an allogeneic cell is a cell obtained from an
individual who 15 not the intended recipient of the cell as a therapy (the cell 1s allogeneic to the
subject). Allogeneic cells of the disclosure may be selected from immunologically compatible
donors with respect to the subject of the methods of the disclosure. Allogeneic ceils of the
disclosure may be modified to produce “untversal” allogeneic cells, suitable for administration to
any subject without unintended irnmunogenicity. Allogeneic cells of the disclosure include, but
are not limited to, hematopoigtic cells and stem cells, such as hematopoietic stem cells.

[186]  In some embodiments, the terms “Transfect” or “transform” or “transduce” may refer to
a process by which exogenous nucleic acid 13 transferred or introduced into a cell or a host cell.
A “transfected” or “transformed” or “transduced” cell is one which has been transfected,
transformed or transduced with exogenous nucleic acid or progeny of the cell.

[187]  In some embodiments, the term “Cell therapy” may refer to the delivery of a cell or cells
into a recipient for therapeutic purposes.

Swmatll Molecule Terminology

[188]  In some embodiments, the term “Analog” may refer to a chemically moditied form of a
compound, or member of a class of compounds, described herein which maintains the binding
properties of the compound or class. For example, an analog of danoprevir would include
chemically modified forms of davoprevir that retains the ability to bind DNCR2and NS3a as

described herein.



CA 03209126 2023-07-21

WO 2022/165378 PCT/US2022/014624

[188]  In some embodiments, the term “prodrug”, may include any covalently bonded carriers
which release a small molecule of the disclosure in vivo when such prodrug 1s administered to a
patient. Prodrugs of the disclosure may be prepared by modifying functional groups present in
the compound in such a way that the modifications are cleaved, either in routine manipulation or
in vivo, to the parent compound. The transformation 1n vivo may be, for exarple, as the result of
some metabolic process, such as chemical or enzymatic hydrolysis of a carboxylic, phosphoric or
sulphate ester, or reduction or oxidation of a susceptible functionality. Prodrugs withiu the scope
of the disclosure tnclude compounds wherein a hydroxy, amine, or sulthydryl group 1s bonded to
any group that, when the prodrug of the disclosure 13 administered to & mammalian subject, it
cleaves to form 3 freg hydroxyl, free aming, or free sulthydryl group, respectively. Functional
groups that may be rapidly transtormed, by metabolic cleavage, in vivo form a class of groups
reactive with the carboxyl group of the compounds of this disclosure. They include, but are not
limited to, such groups as alkanoyl (such as acetyl, propionyl, butyryl, and the like),
unsubstituted and substituted aroyl (such as benzoyl and substituted benzoyl), alkoxycarbonyl
{such as ethoxycarbonyl), trialkysilyl (such as trimethyl- and triethysilyl), monoesters formed
with dicarboxylic acids (such as succinyl), and the ke, The small molecules of the disclosure
may be administered as prodrugs. The small molecules of the disclosure may be administered to
a subject as a prodrugs. A therapeutically effective amount of such a prodrug of the disclosure
may be administered. The prodrug may be administered contemporaneously with the
administration of the polynucleotides, gene therapy vectors or cells of the disclosure or following
the administration of the polynucleotides, gene therapy vectors or cells of the disclosure.
Formulations and Related Technology

[190]  In some embodiments, the term “Pharmaceutically acceptable” may refer to compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of human beings and anirsals without
excessive foxicity, irritation, allergic response, or other problem or complication commensurate
with a reasonable benefit/risk ratio. For example, the small molecules, polynucleotides,
polypeptides, gene therapy vectors or cells of the disclosure may be administered as part of a
composition together with other pharmaceutically acceptable components, including

pharmaceutically acceptable carriers.
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[191]  In some embodiments, the term “Pharmaceutically acceptable salts” may refer to
derivatives of the small molecules of the disclosure wherein the specified compound s converted
to an acid or base salt thereot. Such pharmaceutically acceptable saits include, but are not imited
to, mineral or organic acid salts of basic residues such as amines; alkali or organic salts of acidic
residues such as carboxyhic acids; and the hike. The pharmaceutically acceptable salis include the
conventional non-toxic salts or the quaternary ammonium salts of the parent compound formed,
for example, from von-toxic norganic ot organic acids. For example, such conventional non-
toxic salts include those derived from inorganic acids such as hydrochloric, hydrobromic,
sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared from organic acids such
as acelic, propionic, succinig, glyveolic, stearic, lactic, malic, tartarnic, citric, ascorbic, pamoic,
maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2-acetoxybenzoic,
fumaric, toluensulfonic, methanesulfonic, ethane distfonic, oxalic, 1sethionic, and the hike For
example, the small molecules of the disclosure may be provided as pharmaceutically acceptable
salts.

(132]  In some embodiments, the term “Controlied release” may refer to part or all of a dosage
form that can release one or more active pharmaceutical agents over a prolonged period of time
(i.e., over a period of more than 1 hour). The characteristic of controlled release (CR) may also
be referred to as sustained release (SR, prolonged release (PR), or extended release (ER). When
used in assoctation with the dissolution profiles discussed herein, the term “controiled release”
refers to that portion of a dosage form according to the disclosure that delivers active agent over
a period of time greater than 1 hour. For example, the small molecules of the disclosure may be
administered in a conirolied release composition.

(193] 1o some embodiments, the term “Immediate release” may refer to part or all of a dosage
form that releases active agent substantially immediately upon contact with gastric juices and
that results in substantially complete dissolution within about 1 hour. The characteristic of
immediate release (IR} may also be referred to as instant release (IR}, When used in association
with the dissolution profiles discussed herein, the term “immediate release” refers to that portion
of a dosage form according to the disclosure that delivers active agent over a period of time less
than 1 hour. The smal molecules of the disclosure may be administered in an immediate release

COMposition.
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[194]  In some embodiments, the term “Excipients” may refer to pharmacologically inert
ingredients that are not active in the body. See, for example, Hancock, B. C., Moss, G. P,
&amp; Goldfarb, I I (2020). Handbook of pharmaceutical exciptents. London: Pharmaceutical
Press, the entire disclosure of which is incorporated herein by reference. The small molecules of
the disclosure may be mixed with pharmaceutically acceptable carriers, diluents, adjuvants,
excipients, or vehicles, such as preserving agents, fillers, polymers, disintegrating agents,
ghidants, wetting agents, eroulsifying agents, suspending agents, sweetening agents, flavoring
agents, perfuming agents, lubricating agents, acidifying agents, and dispensing agents, depending
on the nature of the mode of administration and dosage forms. Such ingredients, including
pharmaceutically acceptable carriers and excipients that may be used to formulate oral dosage
forms. Pharmaceutically acceptable carriers include water, ethanol, polyols, vegetable oils, fats,
waxes polymers, including gel forming and non-~gel formiong polymers, and suitable mixtures
thereof. Examples of excipients include starch, pregelatinized starch, Avicel, lactose, milk sugar,
sodium citrate, calciurn carbonate, dicalcium phosphate, and lake blend. Examples of
disintegrating agents include starch, alginic acids, and certain complex silicates. Examples of
tubricants include magnesium stearate, sodium lauryl sulphate, tale, as well as high molecular
weight polyethylene glycols. For example, the small molecules, polynucieotides, polypeptides,
gene therapy vectors or cells of the disclosure may be provided and adnunistered in compositions
that include pharmaceutically acceptable excipients.

General Terminology

1951  As used throughout the disclosure, the term “Subject” includes any mamwmal, including
without limitation, humans. In some embodiments, the subject is a human. In some
embodiments, the subject is a neonate, an infant, a toddler, a child, a teenager, an adult, a senior,
a centenarian. In some embodiments, the subject has atleast 1, 2, or 3 X chromosomes. In some
embodiments, the subject has at least 1 or 2 Y chromosomes. In some embodiments, the subject
is diagnosed with a disease or disorder of the disclosure, or otherwise, in need of treatment of the
disclosure. In some embodiments, the subject 15 at risk of developing a disease or disorder of the
disclosure, or otherwise, in need of preventing a disease or disorder of the disclosure.

(136  In some embodiments, the subject is a non-human primate. In some embodiments, the

subject 13 a mammal, including, but not limited to, livestock, a horse, a dog, a cat, a pig, a rabbit,
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a guinea pig, a rodent, a rat, a gerbil, and a mouse. In some embodiments, the subject ts a non-
primate mamimal and the subject 15 genetically-modified.

[197] "A" "an" and "the" include their plural forms unless the context clearly dictates
otherwise.

[198]  “Aund” is used interchangeably with “or” unless expressly stated otherwise.

[138]  "And/or" is to be taken as specific disclosure of each of the two specified features or
components with or without the other. Thus, "and/or” as used 1o a phrase such as "A and/or B,"
includes "A and B," "A or B," "A" {alone), and "B" (alone). Likewise, "and/or," asused in a
phrase such as "A, B, and/or C," 13 intended to encompass each of the following aspects: A, B,
and C, A B,orCAor T AorB, BorC, Aand C; A and B, B and C; A {(alone}; B (alone); and
C (alone).

200 In some embodiments, the terms "About" means approximately, roughly, around, or in
5 S fankia® E

,
the regions of. When "about" is used with a numerical range, 1t may modify that range by
extending the boundaries above and below the numerical values set forth,

201]  In some embodiments, numeric ranges are inclusive of the numbers defining the range.
Where a range of values is stated, each intervening integer value, and each fraction thereof,
between the recited upper and lower hmits of that range is also specifically disclosed, as is each
subrange between such values. The upper and lower limits of any range can independently be
inchuided in or excluded from the range, and each range where either, netther or both Hmits are
included is also encompassed within the disclosure. Thus, ranges are understood to be shorthand
for all of the values within the range, wnchusive of the recited endpownts. For example, a range of
1 to 10 1s understood to include any number, combination of numbers, or sub-range from the
group consisting of' 1,2, 3,4, 5,6, 7,8, 9, and 10,

[202]  Where a value is explicitly stated, it is to be understood that values which are about the
same gquantity or amount as the stated value are also within the scope of the disclosure. Where a
combination is disclosed, cach subcombination of the elements of that combination is also
specifically disclosed and 1s within the scope of the disclosure. Conversely, where different
elements or groups of elements are individually disclosed, combinations thereof are also
disclosed. Where any element of a disclosure is disclosed as having a plurality of alternatives,
examples of that disclosure in which each alternative 1s excluded singly or in any combination

with the other alternatives are also hereby disclosed; more than one element of a disclosure can
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have such exclusions, and all combinations of elements having such exclusions are hereby
disclosed.

[203]  Unless the context requires otherwise, throughout the description and the claims, the
words ‘include’, “including’, and the like are to be construed in an inclusive sense as opposed to
an exclusive or exhaustive sense; that 1s to say, in the sense of “including, but not limited to”.
[204]  Singular or plural words also include the plural and singular number,

respectively. Thus, for exaruple, where the specification describes a gene of interest, the
disclosure includes polynucleotides with a single gene of 1nterest or multiple genes of interest.
205]  “Above,” and “below” and words of similar import refer to this application as a whole
and not to any particular portions of the application.

206]  “Set” includes sets of one or more elements or objects.

(2071 Unis, prefixes, and syrobols are denoted in their Systeme Tnternational de Unites (SI)
accepted form.

208]  Headings are included herein for reference and to aid 1o locating the various sections.
These headings are not intended to Himit the scope of the concepts described with respect to the
headings. Such concepts may have applicability throughout the present specification.

[200]  Although the disclosure is described in some detail by way of illustration and example
for purposes of clarity and understanding, it will be apparent to those skilled in the art that
certain changes and modifications may be practiced. Reference to “the disclosure” or the like is
intended as a reference to any of a wide variety of embodiments of, or aspects of, the disclosure,
and not as limiting the disclosure to a single embodiment or aspect. As used throughout the
disclosure, the terms “aspect” and “embodiment” are interchangeable. Features discussed in the
context of “certain”, “some”, or “other” aspects or embodiments of the disclosure may be found
in any embodiment of the disclosure, however, in these instances, the feature may be considered
a preferred feature in these highlighted embodiments.

f210]  The deseription and examples should not be construed as limiting the scope of the
disclosure to the embodiments and examples described herein, but rather as encompassing all
modifications and alternatives falling within the true scope and spirit of the disclosure.

Small Molecule-Regulated Cell Signaling Expression System

f211]  The disclosure provides a small molecule-regulated cell signaling expression system for

controlling receptor-mediated cell activation and signaling. The system generally includes a
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polynucieotide set that includes a first polynuclectide encoding a first fusion protein that
includes a first signaling domain and first dimerization polypeptide, and a second polynucieotide
encoding a second fusion protein that includes a second signaling domain and a second
dimerization polypeptide, wherein the interaction of the first and second dimerization
polypeptides 1s mediated by the presence of a small molecule.

212]  In some embodiments, the small molecule mediates binding of the first and second
dimerization polypeptides.

23]  In some embodiments, the small molecule disrupts binding of the first and second
dimerization polypeptides.

[214]  In some embodiments, a first small molecule mediates binding of the first and second
dimerization polypeptides, and a second small molecule disrupts binding of the first and second
dimerization polypeptides, wherein the second small roolecule can mediate binding of a third
dimerization polypeptide to the first dimerization polypeptide, and the third dimerization
polypeptide is hinked to a third signaling domain,

[215] In some embodiments, the system includes a polynucleotide set wherein the signaling
domains linked to the dimerization polypeptides are part of a chimeric antigen receptor {CAR),
and wherein administration of the small molecule modulates a T cell signaling function.

[216]  In some embodiments, the system includes a polynucleotide set encoding a first fusion
protein that includes a first dimerization polypeptide linked to a cytoplasmic end of a
transmembrane CAR lacking a CD3( domain, and the second fusion protein includes a second
dimerization polypeptide linked to a CD3( domain, and wherein administration of the small
molecule mediates CAR T cell signaling.

2171 In some embodiments, the system includes a polynucleotide set encoding a first fusion
protein that includes NS3a linked to a cytoplasmic end of a transmembrane CAR lacking a CD3(
domain, and the second fusion protein includes ANR linked to a CD3( domain, and wherein
administration of the small molecule down-regulates CAR T cell signaling,

[218]  In some embodiments, the system includes a polynucleotide set encoding a first fusion
protein that includes NS3a linked to a cytoplasmic end of a transmembrane CAR lacking a CD3(
domain, and the second fusion protein includes DNCR2 (or designed variants thereof) or
GNCRI {or designed variants thereof) linked to a CD3( domain, and wherein administration of

the small molecule activates CAR T cell signaling.
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[218]  In some embodiments, the system includes a polynucieotide set wherein the first and
second signaling domains are killing domaiuns, and wherein adnunistration of the small molecule
induces cell death.

2201  The small molecule-regulated celi signaling systenm of the disclosure is useful for
regulating the activity of a range of target molecules (e.g., signaling proteins) in various
synthetic biclogy applications, such as therapeutic applications.

2211 In one embodiment, the small molecule-regulated cell signaling system of the disclosure
may be used 11 a cell therapy application to program a population of cells for performing and/or
modulating a therapeutic function.

[222]  In one aspect, the small molecule-regulated cell signaling system of the disclosure may
be used to regulate T cell receptor {TCR) and/or chimeric antigen receptor ({CAR) cells used in
cancer therapy. More specifically, the small molecule-regulated cell signaling sysiem of the
disclosure may be used to down-reguiate CARs and/or TCRs and inhibit excessive CAR/TCR
signaling that may result in undesirable exhaustion phenotypes observed in many existing T-cell
therapies.

[223]  In one embodiment, the small molecule-regulated cell signaling system of the disclosure
may be used iy gene therapy applications.

Small Molecule Regulated Dimers

[224]  The disclosure makes use of small molecule-regulated polypeptide dimers to colocalize
signaling domains and thereby regulate a signaling function. For example, the dimers may
colocalize an extracetiular signaling domain and a cytoplasmic (intracellular) signaling domain
and thereby regulate the activity of a signaling molecule of interest. Interaction of the
dimerization polypeptides to form a dimerization complex can be regulated by the presence of
the small molecule.

[225]  The dimers may be used to colocalize signaling domains of a transmembrane receptor.
For example, the dimers may be used to colocalize signaling domains of a transmembrane CAR
that includes:

{1) a tirst fusion protein that includes a first dimerization polypeptide hinked to an extraceliular

signaling domain lacking a cytoplasmic signaling domain; and
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{11} a second fusion protein that includes a second dimerization polypeptide linked to the
corresponding cytoplasmic signaling domain, wherein interaction of the first and second
dimerization polypeptides is mediated by the presence of a small molecule.

[226]  The first and second dimerization polypeptides may be selected so that the interaction of
the first and second dimerization polypeptides 1s mediated by the presence of the small molecule.
{n some cases, the small molecule may mediate assembly of the dimer. In other cases, the smail
molecule may mediate disassembly of the dirver. In yet other cases, a first small molecule may
mediate assembly of the dimer while a second small molecule may displace the first small
molecule and thereby mediate disassembly of the dimer. In still other cases, a first small
molecule may mediate assembly of the dimer while a second smali molecule may cut-compete
the first small molecule and recruit a third dimerization polypeptide tor dimerization,

(2271 A small molecule regulated polypeptide dimer may include the hepatitis C virus protease
NS3a/4a protein (hereafter referred to as NS3a) or a modification thereof as a first dimerization
polypeptide and a “reader” protein as a second dimenization polypeptide. The reader protein
may, for example, be selected to recognize a specific drug-bound state of the NS3a protein.
NS3a proteins and NS3a reader proteins have been described in Baker et al | International Patent
Publication WO2020117778, entitled “Reagents and Methods for Controlling Protetn Function
and Interaction,” published on June 11, 2020, which is incorporated herein by reference in its
entirety.

[228]  NS3a can integrate multiple drug inputs and translate the drug inputs into diverse
outputs using different engineered reader proteins as dimerization partners. NS3a proteins and
pleiotropic response cutputs from danoprevir/NS3a complex readers, grazoprevir/NS3a complex
readers, and ANR/NS3a complex readers have been described in Foight, GW ., et al | Nature
Biotechnology (2019) 37:1209-1216; Cunningham-Bryant, D. et al., Journal of the American
Chemical Society (2019) 141: 3352-3355; and Kagler, I, et al., Journal of Biological Chemistry
(2012 287:39224-39232, which are incorporated herein by reference in thetr entireties.

[229]  In one example, the dimers may be used to colocalize signaling domains of a
transmembrane CAR that includes:

{1) a tirst fusion protein that includes an NS3a polypeptide and an extracellular signaling domain

facking a cytoplasmic signaling domain; and
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{11} a second fusion protein that includes a reader polypeptide and the corresponding cytoplasmic
signaling domain, wherein interaction between the NS3a and reader binding partners may be
controtled by the presence of a small molecule drug,

[230] In some embodiments, the reader selected for the dimer is a danoprevir/INS3 complex
reader {BNCR) polypeptide (or minimized/modified variants thereof) designed to recognize and
bind NS3a in the presence of the small molecule drug danoprevir, thereby providing a drug-
inducible (“on-switch™) systers. Tn ove example the DNCR polypeptide 1s BDNCR2. See Foight,
G W, et al., Nature Biotechnology (2019} 37:1209-1216.

[231]  In some embodiments, the reader selected for the dimer is a grazoprevit/NS3 complex
reader (GNCR) polypeptide (or minimized/modified variants thereof) designed to recognize and
bind NS3a in the presence of the small molecule drug grazoprevir, thereby providing a drug-
inducible (“on-switch™) systern. In ove example, the GNCR protein is GNCR1. See Foight,
G.W ., et al, Nature Biotechnology (2019) 37:1209-1216.

2321  In some embodiments, the reader selected for the dimer is an apoNS3a complex reader
{ANR) peptide {or minimized/modified variants thereof). ANR forms a basal complex with
NS3a, which 1s disrupted by NS3a-targeting drugs, thereby providing a drug-disreputable
system. See Cunningham-Bryant, B et al | Journal of the American Chemical Society (2019}
141:3352-3355, Kagler, J, et al., Journal of Biological Chermistry (2012} 287:39224-39232, and
Foight, G W, et al., Nature Biotechnology (2019) 37:1209-1216.

Chimeric Antigen Receptors

[233] A signaling molecule of interest may include chimeric antigen receptors ({CARs). CARs
can be fusion proteins including an extraceliular element that is an antigen binding element, a
transmeribrane element that anchors the receptor to the cell membrane and at least one
intracellular element. These CAR elements are known in the art, for example as described in
patent application US20140242701, entitled “Clumeric Antigen Receptors”, published on
August 28, 2014, which is incorporated by reference in its entirety. The CAR canbe a
recombinant polypeptide expressed from a polynucleotide including at least an extracellular
antigen binding element, a transmembrane element and an tntracellular (cvioplasmic) signaling
element including a functional signaling element derived from a stimulatory molecule.

[234]  The stimulatory molecule may, for example, be the zeta chain associated with the T cell

receptor complex.
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[235]  The cytoplasmic signaling element may, for example, include one or more functional
signaling elements derived from at least one costimulatory molecule.

f236]  The costimulatory molecule may, for example, be selected from 4-1BB (i.e, CD137),
CD27 and/or CDZ8.

2371 The CAR may be a chimeric fusion protewn including an extracellular antigen binding
element, a transmembrane element and an intracellular signaling element inchuding a functional
signaling element derived from a stiraulatory molecule.

f238]  The CAR may include a chimeric fusion protetn including an extracellular antigen
binding element, a transmembrane element and an intracelivlar signaling element including a
functional signaling elemeunt derived from a costimulatory molecule, and a functional signaling
element derived from a stimulatory molecule.

f23a]  The CAR may be a chimeric fusion protein inchuding an extracetlular antigen binding
element, a transmembrane element, and an intracellular signaling element including two
functional signaling elements derived from one or more costimulatory molecule{s) and a
functional signaling element derived from a stimulatory molecule.

2401  The CAR may include a chimeric fusion protein including an extracellular antigen
binding element, a transmembrane element, and an intracellular signaling element including at
least two functional signaling elements derived from one or more costimulatory molecule(s) and
a functional signaling element derived from a stimulatory molecule.

[241]  The CAR may include an optional leader sequence at the amino-terminus (N-term) of
the CAR fusion protein. The CAR may further include a leader sequence at the N-terminus of the
extracellular antigen binding element, wherein the leader sequence is optionally cleaved from the
antigen recognition element {e.g., a scFv) during cellular processing and localization of the CAR
to the cellular membrane.

2421  FIG. 1A is a schematic diagram of a generalized architecture of a split chimeric antigen
receptor {CAR) that can be regulated by small molecule drugs to disrupt or induce a cellular
signaling activity. The figure illustrates expressed components 110 of the system, wherein a first
fusion protein includes an extraceliular element that is an antigen binding or “antigen-sensing”
domain fused to a first dimerization polypeptide (“dimer half 17} and a second fusion protein
includes a cytoplasmic signaling domain fused 1o a second dimerization polypeptide (“dimer half

27y, The interaction of the first dimerization polypeptide and the second dimerization
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polypeptide can be regulated by small molecule drugs that disrupt (i.e., turn OFF) or induce {i.e,
turn ON) signaling activity.

[243]  In some embodiments, a small molecule-regulated CAR expression systen may be an
“off-switch” CAR. A chemically disruptablie dimer formed by the peptide apo-NS3a reader
{ANR) and NS3a has been described. See Cunningham-Bryant, D, et al, Journal of the
American Chemical Society (2019} 141: 3352-3355, which is incorporated herein by reference in
its entirety.

f244]  In some embodiments, a small molecule-regulated CAR expression systen may be an
“on-gwitch CAR. Two “on-switch” CARs using the designed chemically induced dimers
danoprevir-NS3a complex reader (DNCR Y/ danoprevir/NS3a and grazoprevir-NS83a complex
reader GNCR1/grazoprevir/NS3a have been described. See Foight, G W, et al., Nature
Biotechnology (20193 37: 1209-1212, which 1s tncorporated herein by reference n its entirety,
[245] FIG. 1B 1s a schematic diagram 120 of an off-switch ANR CAR, an on-switch DNCR
CAR, and an on-switch GNCR CAR. The figure tllustrates expressed components of an ANR
CAR 125, a DNCR CAR 130, and a GNCR CAR 135 ANR CAR 125 is ON by default and can
be turned OFF by any NS3a inhibitor, including danoprevir or grazoprevir. DNCR CAR 130
and GNCR CAR 135 are OFF by default and can be turned on by the addition of danoprevir or
grazoprevir, respectively.

Killing Domains

[246] A signaling molecule of interest may include a death or killing domain that can inttiate
signaling cascades leading to cell death. The utility of cell and gene therapies can be enhavced
by safety mechanisms that enable specific induction of cell death in the therapeutic cells in the
event of adverse reactions in patients. This concept of using cell death as a safety mechanism
has been previcusly demonstrated by induction of apoptosis with caspase-9 fused to the small
molecule inducible homodimer FKBP-F36V (1Casp9), which is dimerized by AP1903
(rimiducid) (di Stais, et al., New England Jourpal of Medicine (2011} 365: 1673-1683, which is
incorporated herein by reference in its entirety). Chemically inducible heterodimers can also be
used to inttiate oligomerization of caspase-9, as has been demonsirated with the
FKBP/rapamycin/FREB dimer {rapaCasp9) {Stavrou, M., et al, Molecular Therapy (2018} 26:

1266-1276, which 13 incorporated herein by reference in its entirety).
2 R K
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[247]  The disclosure makes use of small molecule-regulated dimer systems
DNCR/danoprevir/NS3a and GNCR/grazoprevit/NS3a to activate cell death through drug-
induced homo-~oligomerization of killing domains. The small molecule-regulated dimer systems
DNCR/danoprevir/NS3a and GNCR/grazoprevir/NS3a systems can be used to regulate any
killing domain that is activated by homo-oligomerization {¢.g., caspase-9, caspase-1, caspase-4,
RIPK 1, RIPK3).

(2481  FIG. 218 a schematic diagram 200 of designs to induce homo-~oligomerization of killing
domains {e.g2., caspase-9} in response to small molecule drugs. The figure illustrates expressed
components of a two-chain heterodimeric safety switch 210, a single-chain heterodimeric safety
switch 215, and homo-cligomeric NS3a scaftold safety switches 220a and 220b. Two-chain
heterodimeric safety switch 210 includes each half of the small molecule induced dimer, NS3a
and DNCR or GNCR, fused to the kilitng domain. In one example NS3a-killing dowain binds to
DINCR-killing domain only in the presence of the small molecule drug danoprevir. Single-chain
heterodimeric safety switch 215 1ncludes both halves of the small molecule induced dimer linked
in a single construct with the killing domain such that addition of the small molecule drug
induces multimerization, 1.¢., teraplated homo-oligomerization. Homo-oligomeric N83a scaffold
safety switches 220a and 220b include the NS83a dimernization polypeptide linked to a homo-
dimeric receptor such as a CAR (safety switch 220a) or a homo-oligomeric helical bundle (safety
switch 2200} and the other dimerization polypeptide fused the killing domain such that addition
of the small molecule drug mediates oligomenization of the killing domain. Design of protein
homo-oligomeric helical bundles has been described in Boyken, D E et al, Science (2016) 352:
680-087, which is incorporated herein by reference in ifs entirety.

1.1.1. Polynucleotides

[248]  The system of the disclosure generally inchudes a polynucleotide set that includes a first
polynuclectide encoding a first fusion protein and a second polynuclectide encoding a second
fusion protein.

[250]  In some embodiments, the polynucleotide set includes a polynucleotide component that
may wnclude:

{1) a first polynuclectide encoding a first fusion protein that includes a first signaling

domain and first dimerization polypeptide,
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{11} a second polynucleotide encoding a second fusion protein that includes a second

signaling domain and a second dimerization polypeptide,

(111} one or more promoter sequences operatively linked to the first and/or second
polynuclectides,
{iv} an opitonal separation element that includes a polynucleotide sequence that prevents

fusion of the first fusion protein and the second fusion protein, and

{v} one or more optional regulatory sequences,

wherein the first and second polynucicotides, promoter sequence(s), and optional separation
element and regulatory elements are configured for expression and regulated control of a
signaling function of interest.

[251]  The polynucleotides encoding the first and second fusion proteins, promoter
sequence(s), and optional separation element and regulatory sequences may be configured in a
vector backbone for expression and regulated control of a signaling function of interest.

2521 In various erobodiments, the polynucleotide component encoding the fusion proteins
may include a polynucleotide sequence encoding a separation element separating the fusion
proteins.

[253]  In some embodiments, the separation element may include a ribosomal skipping
sequence selected from the group consisting of P2a and T2a.

[254]  In some embodiments, the separation element may include a polynucleotide sequence
that includes at least two ribosomal skipping sequences selected from the group consisting of
T2a-RFP-P2a, P2a-T2a, and T2a-P2a.

[255]  In some embodiments, the separation element may include an internal ribosome entry
site {IRES).

256]  In some embodiments, the separation element may include a constitutive promoter
3eQUeNCe.

(2571  In some embodiments, the polynucleotide component that includes the first and second
polynucleotides encodes one or more constitutive promoter sequences operatively linked to the
first and/or second polynucleotides.

[258]  In various embodiments, the constitutive promoter sequence may include a constitutive
promoter sequence selected from the group consisting of MND, hPGK, CMV, CAG, SFFV,
EFialpha, UBC, and CD43.
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[258]  In some embodiments, the first and/or second polynuclestides may encode one or more
optional regulatory sequences selected from the group consisting of polyA.

[260]  In some embodiments, the polynucleotides encoding the first and/or second fusion
proteins further include a flexible linker sequence separating the signaling domain and
dimerization polypeptides.

261]  In some embodiments, the first or second polynucleotide encodes an NS3a dimerization
polypeptide {or designed variant thereof) and the other of the first or second polynucieotide
encodes a corresponding reader dimerization polypeptide selected from the group consisting of
DNCR2 {or designed varnants thereof, including but not limited to DNCR2 1 through
DINCRZ 34, and DNCR2-3rep) or GNCR1 {(or designed variants thereof, tncluding but not
himited to GNCR1-3rep, G33, and (G38).

(2621  Insome embodiments, the polynucleotide set encodes a first fusion protein that inchudes
NS3a dimerization polypeptide linked to the cytoplasmic end of a transmembrane CAR lacking a
CD3L domain and a second fusion protein that tncludes an ANR dimerization polypeptide linked
to a CD3( domain, wherein the small molecule down-regulates CAR T cell signaling.

[263]  In some embodiments, the polynucleotide set encodes a first fusion protein that includes
NS3a dimerization polypeptide linked to the cytoplasmic end of a transmembrane CAR lacking a
CD3( domain and a second fusion protein that includes DNCR2 (or designed variants thereof) or
GNCRI {or designed variants thereot) linked to a CD3( domain, wherein the small molecuis
activates CAR T cell signaling.

[264]  In some embodiments, the polyonucleotide encoding the first and/or second fusion
protein further encodes a transmembrane domain and/or a costimulatory domain.

265]  In some embodiments, the first and second polynucleotides encode signaling domaiuns
that include killing domains, wherein the administration of the small molecule induces cell death.
266]  In some embodiments, the polynucleotide encoding the first and/or second fusion
protein includes a killing domain selected from the group counsisting of. caspase-9, caspase-1,
caspase~-4, RIPK 1, or RIPK3, or variants thereof.

267]  In some embodiments, the polynucleotide set encodes a first signaling domain that
includes a catalytic domain of caspase-9 {or a variant thereof) and a second signaling domain

that inciudes a catalytic domain of capsase-9 {or a variant thereof}.
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268]  In some embodiments, the polynuclectide set encodes a first dimerization polypeptide
inked to a signaling domain that includes a catalytic domain of caspase-9 {(or a variant thereot)
and a second dimerization polypeptide is linked to a homo-oligomerization domain.

[269]  In some embodiments, the polynucleotide set encodes a first dimerization polypeptide
selected from the group consisting of DNCR2 (or designed variants thereof, including but not
fimited to DNCRZ 1 through DNCR2 34, and DNCR2-3rep) or GNCR1 {or variants thereof,
including but vot himited to GNCR1-3rep, 633, and G38) linked to a killing domain and the
second dimerization polypeptide is NS3a and is linked to a homo-oligomerization domain
selected from the group of: dimer-NS3aH1 (SEQ ID NO: 42), trimer-NS3aH!1 (SEQ D NO: 45),
pentamer-NS3aH1 (SEQ 1D NO: 44}, hexamer-NS3a (SEQ D NG, 43), or variants thereof,

[270]  In some embodiments, the polynucleotide set encodes a first dimerization polypeptide
selected from the group consisting of DNCRZ (or designed variants thereof, including but not
limited to DNCRZ 1 through DNCR2 34, and DNCR2-3rep) or GNCR1 (or variants thereof,
including but not limited to GNCR1-3rep, G33, and G38) linked to a killing domain and the
second dimerization polyvpeptide is NS3a and is linked to a CAR or other homo-oligomeric
receptor.

Vectors and Vecitor Configurations

271]  The polynucleotides of the disclosure may be provided as part of a vector. Examples of
suttable vectors include expression vectors, viral vectors, and plasmid vectors. Expression
vectors can include plasmids, phagemids, viruses, and derivatives thereof.

(2721 In some aspects, the viral vectors may include polynucleotides encoding gene editing
polypeptides, such as polypeptides useful for implementation of gene editing techniques.
Examples of such gene editing techniques include RNA/DNA guided endovucleases {e.g.,
CRISPR ({clustered regularly interspaced short palindromic repeats)), TALEN (transcription
activator-like effector nucleases), ZFN (zinc finger nucleases), recombinase, meganucleases, or
viral integration.

[273]  In some aspects, the polynucleotides of the disclosure may be provided as part of a
homology directed repair (HDR) vector. A homology directed repair mechanisn may be used to
integrate a polynucleoctide set into a chromosome. Examples of mechanisms that may be used to

integrate a polyunucleotide set 1nto a chromosome include sequence-specific nucleases such as
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transposase, CRISPR/Cas9, ZF nucleases, TALE nucleases, recombinases, and other
homologous recombination targeting vectors known in the art.

[274]  Vector components generally include, but are not limited to, one or more of the
following: a signal sequence, an origin of replication, one or more marker genes, an enhancer
element, a prorooter, and a transcription termination sequence. A vector for use in a eukaryotic
host cell may also encode a signal sequence or other polypeptide having a specific cleavage site
at the N-terminus of the mature protein or polypeptide of interest. The signal sequence selected
is preferably one that is recognized and processed (i.e., cleaved by a signal peptidase) by the host
cell. In mammalian cell expression, mammalian signal sequences as well as viral secretory
feaders may be used. Expression vectors used in eukaryotic host cells will typically also contain
sequences necessary for the termination of transcription and for stabilizing the mRNA. Such
sequences are commonly available from the 5" and, occasionally 3', untransiated regions of
eukaryotic or viral DNAs or cDNAs. One useful transcription termination component is the
bovine growth hormone polyadenylation region.

[275]  Expression and cloning vectors may contain a selection gene, also termed a selectable
marker. Typical selection genes encode proteins that (a) confer resistance to antibiotics or other
toxins, e.g., ampiciilin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic
deficiencies, where relevant, or (¢} supply critical nutrients not available from complex media.
[276]  The polynucieotides of the disclosure may in some cases be provided as part of a single
vector. The polynucleotides of the disclosure may be provided as part of a set of at least two
vectors; a first vector including the first polynucleotide and a second vector including the second
polynuclectide. In some cases, the polynuclectides of the disclosure may be provided as a set of
three vectors: a first vector including the first polynucleotide, a secound vector including the
second polynucleotide, and a third vector including a third polynuclectide.

2771  Examples of vectors suitable for use with the polynucleotides of the disclosure include
adenoviral vectors, retroviral vectors such as lentiviral vectors, baculoviral vectors, Epstein Barr
viral vectors, papovaviral vectors, vaccirua viral vectors, herpes simplex viral vectors, adeno
associated virus {(AAV) vectors, and transposon vectors. The polynucieotides of the disclosure
may be provided as part of a homology directed repair vector.

2781  Certain viral vectors are based on non-cytopathic eukaryotic viruses tn which non-

essential genes have been replaced with the gene of interest. Non-cytopathic viruses include



CA 03209126 2023-07-21

WO 2022/165378 PCT/US2022/014624

retroviruses, the life cycle of which involves reverse transcription of genomic viral RNA into
DNA with subsequent proviral integration into host cellular DNA. Retroviruses have been
approved for human gene therapy trials. Most useful are those retroviruses that are replication-
deficient {i.e., capable of directing synthesis of the desired proteins, but incapable of
manufacturiog an 1wofectious particle). Such genetically altered retroviral expression vectors have
general utility for the high-efficiency transduction of genes in vive. Standard protocols for
producing replication-deficient retroviruses (including the steps of incorporation of exogenous
genetic material into a plasmid, transfection of a packaging cell line with plasond, production of
recombinant retroviruses by the packaging cell line, collection of viral particles from tissue
culture media, and infection of the target cells with viral pasticles) are provided in Kriegler, M.,
Gene Transter and Expression, A Laboratory Manual, W H. Freeman Co., New York (1990} and
Murry, E. I, Methods in Molecular Biology, Vol. 7, Humana Press, Inc., Chiffton, NI (1991}
[279]  In some aspects, the virus is an adeno-associated virus, a double-stranded DNA virus.
The adenoc-assoctated virus can be engineered to be replication-deficient and is capable of
infecting a wide range of cell types and species. It further has advantages such as heat and lipid
solvent stability; high transduction frequencies in cells of diverse lineages, including
hemopoietic cells; and lack of superinfection whibition thus allowing multiple sertes of
transductions, Reportedly, the adeno-associated virus can integrate into human cellular DNA in
a site-specific manner, thereby minimizing the possibility of insertional mutagenesis and
vartability of inserted gene expression characteristic of retroviral infection. In addition, wild-
type adeno-associated virus infections have been followed in tissue culture for greater than 100
passages in the absence of selective pressure, implying that the adenc-associated virus genomic
integration i3 a relatively stable event. The adeno-associated virus can also function in an
extrachromosomal fashion.

[280]  Other vectors include plasmid vectors. Plasmid vectors have been extensively described
in the art and are well-known to those of skill in the art. See, e.g., Sambrook et al, Molecular
Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, 1989, In
the last few years, plasmid vectors have been found to be particularly advantageous for
delivering genes to cells in vivo because of their inability to replicate within and integrate into a
host genorne. These plasmuids, however, haviong a prorooter compatible with the host cell, can

express a peptide from a gene operably encoded within the plasmid. Some commonly used
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plasmids avatlable from commercial suppliers include pBR322, pUCHS, pUCT9, various peDINA
plasmids, pRC/CMYV, various pCMY plasmids, pSV40, and pBlueScript. Additional examples
of specific plasmids include pcDNA3 1, catalog number V79020, peDINAS 1/hygro, catalog
aumber V87020; pcDNA4/myc-His, catalog number V86320; and pBudCE4.1, catalog number
YS§3220, all from Invitrogen {Carlsbad, CA). Some commonly used fransposon systems include
pigeyBAC™, TolZ, and Sleeping Beauty™ (See, e.g., Balasubramanian et al. Comparison of
three transposons for the generation of highly productive recombinant CHO cell pools and ceil
fines. Biotechnology and Biocengineering (2015} 113, pi234-1243 ). Other plasmids are well-
known to those of ordinary skill in the art. Additionally, plasmids may be custom designed using
standard molecular biclogy techniques to remove and/or add specific fragments of DNA.

[281]  The disclosure provides a polynucleotide set that includes the following as part of one or
more vectors:

(i) a first polynucleotide encoding a first fusion protein that includes a first dimerization
polypeptide, and

{ii} a second polynucleotide encoding a second fusion protein that includes a second
corresponding dimerization polypeptide, wherein:

(111} the first or second fusion protein further includes a first signaling domain; and

(iv} the other of the first or second fusion protein further includes a second signaling
domain; and

(v} interaction of the first and second dimerization polypeptides in response to a small
molecule regulator effectively regulates a signaling function.

[282]  In some embodiments, the disclosure provides a pelynuclectide set that includes the
following as part of one or more vectors:

{1) a first polynuclectide encoding a first fusion protein that includes a first dimerization
polypeptide, and

(i1} a second polynucleotide encoding a second fusion protein that includes a corresponding
second dimerization polypeptide, wherein:

{111} the first or second fusion protein further includes an extraceliular signaling domain; and
{iv) the other of the first or second fusion protein further includes a cytoplasmic signaling

domatn; and
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{v} interaction of the first and second dimerization polypeptides in response to a small
molecule regulator effectively regulates a signaling function.

[283]  In some embodiments, the disclosure provides a polynuciectide set that includes the
following as part of one or more vectors:

(1) a first polynucleotide encoding a first fusion protein that includes an NS3a dimerization
polypeptide and a first signaling domain; and

{11} a second polynucleotide encoding a second fusion protein that includes a reader
dimerization polypeptide and a second signaling domain, wherein interaction of the N83a and
reader dimerization polypeptides in response to a small molecule regulator effectively regulates a
signaling function.

[284]  In some embodiments, the disclosure provides a polynucleotide set that includes the
following as part of one or wore vectors:

(i) a first polynucleotide encoding a first fusion protein that includes a first dimerization
polypeptide and a first signaling domain; and

{ii} a second polynuclectide encoding a second fusion protein that includes a second
dimerization polypeptide, wherein interaction of the first and second dimerization polypeptides is
mediated by a first small molecule regulator; and

(111} a third polynucleotide encoding a third fusion protein that includes a third dimerization
domain and a third signaling domain, wherein a second small molecule regulator disrupts
binding of the first and second dimerization polypeptides and mediates binding of the third
dimerization polypeptide to the first dimerization polypeptide thereby etfectively regulates a
second signaling function.

Compuositions Including Veciors

[285] A polynucleotide set of the disclosure may be provided as part of a vector. In some
embodiments, the first and second polynuclectide components of the polynucleotide set may be
provided as part of a single vector.

[286]  The disclosure provides a composition that includes a single vector including:

{1) a first polynuclectide component encoding a first dimerization polypeptide, and

{ii} a second polynucleotide component encoding a second dimerization polypeptide,
wherein either the first or second polynucleotide component further encodes a first signaling

domain and the other of the first or second polynuclectide component further encodes a second
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signaling domain and tnteraction of the first and second dimerization polypeptides regulates a
signaling function.

[287]  In some embodiments, the disclosure provides a composition that includes a single
vector including:

{i) a first polynucieotide component encoding a first dimenization polypeptide, and

{ii} a second polynucleotide component encoding a second dimerization polypeptide,
wherein either the first or second polynucleotide component further encodes an extracelinlar
signaling domain and the other of the first or second polynucleotide component further encodes a
cytoplasmic {intraceliular) signaling domain and interaction of the first and second dimerization
polypeptides regulates a signaling function.

[288]  In some aspects, the composition may be used for treating a subject in need of a therapy.
The disclosure provides a pharmaceutical composition that includes:

(i} a single vector including a first polynucleotide component encoding a first dimerization
domain and a second polyunucleotide component encoding a second dimenzation domain,
wherein either the first or second polynucleotide component further encodes a first signaling
domain and the other of the first or second polynucleotide component further encodes a second
signaling domain, and

(i1} a pharmaceutically acceptable carrier, excipient, and/or stabilizer.

[288]  In some aspects, the disclosure provides a pharmaceutical composition that includes:

(1) a single vector including a first polynucleotide component encoding a first dimerization
domain and a second polynuclectide component encoding a second dimerization domatu,
wherein either the first or second polynuclectide component further encodes an extraceliular
signaling domain and the other of the first or second polyunucleotide component further encodes a

cytoplasmic signaling domain, and

(i1} a pharmaceutically acceptable carrier, excipient, and/or stabilizer.
[290] In some embodiments, the first and second polynucieotide components of the

polynucleotide set may be provided as part of a set of at least two vectors, wherein, for example,
a first vector includes the first polynuclectide component, and the second vector includes the
second polynucleotide component.

[291] The disclosure provides a composition that includes:
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{1) a first vector including a first polynucleotide component encoding a first dimerization
polypeptide, and

(i1} a second vector including a second polynucleotide component encoding a second
dimerization polypeptide,

wherein either the first or secound polynucieotide coraponent further encodes a first signaling
domain and the other of the first or second polynucleotide component further encodes a second
signaling domain, and interaction of the first and second dimerization polypeptides regulates a
signaling function.

[292]  In some aspects, the composition may be used for treating a subject 1n need of a therapy.
The disclosure provides a pharmaceutical composition that includes:

(1) a first vector including a first polynucleotide component encoding a first dimerization
polypeptide, and

(i1} a second vector including a second polynucleotide component encoding a second
dimerization polypeptide, wherein etther the first ot second polynucleotide componeunt further
encodes a first signaling domain and the other of the first or second polynucieotide component
further encodes a second signaling domain, and

(111} a pharmaceutically acceptable carrier, excipient, and/or stabilizer.

[293]  In some aspects, the disclosure provides a pharmaceutical composition that tncludes:

{1) a first vector including a first polynucleotide component encoding a first dimerization
domain, and

{11} a second vector inchuding a second polynucleotide component encoding a second
dimerization domain, wherein either the first or second polynuclectide component further
encodes an extracellular sigualing domain and the other of the first or second polynucleotide
component further encodes a cytoplasmic signaling domain, and

{111} a pharmaceutically acceptable carrier, excipient, and/or stabilizer.

f294]  In some aspects, the disclosure provides a composition that includes:

(i) a first vector encoding a first fusion protein that includes a first dimerization polypeptide
and a first signaling domain; and

{ii} a second vector encoding a second fusion protein that includes a second dimerization
polypeptide, wherein interaction of the first and second dimerization polypeptides is mediated by

a first small molecule regulator; and
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{111} a third vector encoding a third fusion protein that includes a third dimerization domain
and a third signaling domain, wherein a second small molecule regulator disrupts binding of the
first and second dimerization polypeptides and mediates binding of the third dimerization
polypeptide to the first dimerization polypeptide.

[295]  In some aspects, the composition may be used for treating a subject in need of a therapy.
The disclosure provides a pharmaceutical composition that includes:

(i) a first vector encoding a first fusion protein that includes a first dimenzation polypeptide
and a first signaling domain; and

(i1} a second vector encoding a second fusion protein that includes a second dimerization
polypeptide, wherein interaction of the first and second dimerization polypeptides 1s mediated by
a first small molecule regulator; and

{(11) a third vector encoding a third fusion protein that wnchudes a third dimerization domaio
and a third signaling domain, wherein a second small molecule regulator disrupts binding of the
first and second dimerization polypeptides and mediates binding of the third dimerization
polypeptide fo the first dimerization polypeptide, and

{(iv) a pharmaceutically acceptable carrier, excipient, and/or stabilizer.

Host Cells

[296] The expression systems may be employed in cells, e.g, an in vitro, in vivo, or €X Vivo
cell comprising the nucleic acid disclosed herein or the expression systems disclosed herein.
[237]  In some aspects, the cell comprises a prokaryotic cell. In some aspects, the celi
comprises a yeast cell. In sorne aspects, the cell comprises a mammalian cell. In some aspects,
the mammalian cell comprises HEK2937, Jurkat, Jekol, CHO, Cos, Hela, HKBI11, or BHK
cells.

298]  In some aspects, the cell (e.g., in vitro, in vivo, or ex vive cells or any host cells}is a
human cell. In some aspects, the cell is present in a patient or dernived from a patient. In some
aspects, the patient-derived cell is a tumor cell, cancer cell, immune cell, leukocyte, lvmphocyte,
T cell, regulatory T cell, effector T cell, CD4+ effector T cell, CD8+ effector T cell, memory T
cell, autoreactive T cell, exhausted T cell, natural killer T cell (NKT cells), B cell, dendritic cell,
macrophage, NK cell, innate lymphoid cell (1LC}, cardiac cell, lung cell, muscle cell, epithelial
cell, pancreatic cell, skin cell, CNS cell, neuron, myocyte, skeletal muscle cell, smooth muscle

cell, liver cell, kidney cell, stem cell, induced pluripotent stem cell (iPSC), embryonic stem cell
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{ESC), and/or hematopoietic stem cell (HSC). In some aspects, the cell comprises an immune
cell. In some aspects, the cell comprises a T cell. In some aspects, the cell comprises a
regulatory T cell. In some aspects, the cell comprises a natural killer T cell. In some aspects, the
cell comprises an NK cell. In some aspects, the cell comprises an effector T cell, e g, a CD4+
effector T cell, and/or a CD8+ effector T cell.

[239]  In some aspects, the human ceil is derived from an allogeneic donor. In some aspects,
the allogeneic cell 18 a tumor cell, cancer cell, immune cell, teukocyte, lymphocyte, T cell,
regulatory T cell, effector T cell, CI¥+ effector T cell, CD8+ effector T cell, memory T cell,
autoreactive T cell, exhausted T cell, natural killer T cell (NKT cells), B cell, dendritic cell,
macrophage, NK cell, cardiac cell, lung cell, muscle cell, epithelial cell, pancreatic cell, skin celi,
CNS cell, neuron, myocyte, skeletal muscle cell, smooth muscle celi, liver cell, kidney cell,
induced pluripotent stera cell ((PSC), embryonic stem cell (ESC), and/or hematopoietic stem cell
(HSC).

300]  In some aspects, the human cell is derived from an autologous donor. In some aspects,
the autologous cell is a tumor cell, cancer cell, immune cell, leukocyte, lymphocyte, T cell,
regulatory T cell, effector T cell, CD4+ effector T cell, CD8+ effector T cell, memory T celi,
autoreactive T cell, exhausted T cell, natural killer T cell (NKT cells), B cell, dendrsitic cell,
macrophage, WK cell, cardiac cell, lung cell, muscle cell, epithelial cell, pancreatic cell, skin cell,
CNS cell, neuron, myocyte, skeletal muscle cell, smooth muscle cell, liver cell, kidney cell,
induced pluripotent stem cell ({PSC), embryonic stem cell (ESC), and/or hematopoietic stem cell
(HSC).

[301]  In some aspects, the cells are engineered to comprise one or more nucleic acids encoding
the polynucleotides described herein or {0 express the polypeptides described herein. In some
aspects, the disclosure provides a host cell comprising the nucleic acid disclosed herein or the
expression vector disclosed herein. In some aspects, the nucleic acid or the expression vector is
integrated into a host cell chromosome. In some aspects, the nucleic acid or the expression
vector 1s episomal.

Compositions Including Host Cells

[302] The polynucleotide set of the disclosure may be provided in a host cell. The cells can
be transiently or stably engineered to incorporate the polynucleotide set of the disclosure. The

disclosure provides a cell comprising a polynucleoctide set that includes a first polynucleotide

59



CA 03209126 2023-07-21

WO 2022/165378 PCT/US2022/014624

encoding a first fusion protein that includes a first signaling domain linked to a first dimerization
polypeptide, and a second polynucleotide encoding a second fusion protein that includes a
second signaling domain linked to a second dimerization polypeptide, wherein interaction of the
first and second dimerization polypeptides controls a signaling function.

303]  The disclosure provides a coruposition comprising a cell modified to express a
polvnuclectide set. In some aspects, the cell composition may be used for producing a
polypeptide product of interest. The expressed polypeptide can be recovered from the cell free
extract of recovered from the culture medium.

[304]  In some aspects, the composition may be used for treating a subject in need of a therapy.
The disclosure provides a pharmaceutical composition that includes: (i) a cell which has been
moditied to express a polynucleotide set, and (i) a pharmaceutically acceptable carrier,
excipient, or stabilizer.

i305]  The cells may include polynucleotides of the disclosure expressing a gene of interest
that provides a therapeutic benefit. Expression of the gene of interest may counfer the cells with
ability to attack tumor cells. The gene of interest may be a chimeric antigen receptor (CAR),
e.g., a chimeric antigen receptor that targets tumor cells. The gene of interest may express a
single-chain antibody fragment linked to a hinge inked to 3 transmembrane region. The
transmembrane region may be linked to an intracellular signaling domain. The transmembrane
region may be linked to a costimulatory domain.

[306]  The cells of the composition may, for example, be T cells. The cells of the composition
may, for example, be CAR-T cells.

[307]  In some embodiments, the disclosure provides a cell composition comprising a means
for reducing, arveliorating, or inhibiting exhaustion and/or dysfunction o a population of
immune cells, e ¢, immune cells expressing a CAR. In some aspects, the means comprise

expressing the CAR as a gene of interest in a polynucleotide set.

i308]  The small molecules of the disclosure may be synthesized using known techniques.
Danoprevir ({ZR,68,127,13a8,14aR, 16a5)-14a-[(Cyclopropvisutfonyijcarbamoyi-6-( {{ (2~
methyl-2-propanyoxyicarbonyli jaminoe)-5,16-dioxo-1,2,3,5,6,7,8,9,10,11,13a,14,143,15,16, 1 Ga-
hexadecahydrocyclopropaleipyrrolol1,2-a]] 1 4]diazacyclopentadecin-2-yt 4-fluoro-1,3-dihydro-

2H-isoindole-2-carboxylate) may be synthesized using known techniques. See for example,
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Carreira, Erick Moran, Hisashi Yamamoto, and N.K. Yee “Industrial Applications of
Asymmetric Synthesis” In Comprehensive Chirality 9, Amsterdam: Elsevier, 2012, Section
9.19.6, Banoprevir, the disclosure of which is incorporated herein by reference.

Making Polvnucleotides

309]  The disclosure provides methods of producing the polynucleotides of the disclosure,
such as DNA vectors of the disclosure and their subcomponents, as well as packaging vectors
and plasmids of the disclosure. Standard molecular biology techniques may be used to assemble
the polynucleotides of the disclosure. Polynucleotides can be chemically synthesized.

Making Packaged Viral Capsids

310]  The disclosure includes methods of making viral capsids containing polynucleotides of
the disclosure. In general, viral capsids of the disclosure may be produced by supplying cells
with packaging polynucleotides of the disclosure. The packaging polynucleotides may be
supplied to packaging cells as plasmids. The packaging cells may be cultured to produce the
viral capsids containing polynucleotides of the disclosure. Preferably the packaged viral capsids
are replication incompetent.

[311] A varety of commercially available kits are suitable for producing packaged viral
capsids of the disclosure. Examples include: MISSION® Lentiviral Packaging Mix {available
from Millipore Sigmay; LV-Max Lentiviral Packaging Mix {(available from ThermoFisher
Scientific).

[3tz]  Viral capsid produced by packaging cells may be purified for use in downstream
methods, such as delivery to cells for use in production of polypeptides, delivery to cells for use
in cell-based therapies, or delivery to subjects for gene therapy methods. Purification may
include processing to eliminate contaminants from host cells or culture media. Purification steps
may include steps based on physical and/or chemical characteristics of the plasnuds. Chemical
characteristics may include, for example, hydrophilicity-hydrophobicity. Physical characteristics
may include, for example, size. Examples of purification strategies based on particle size
include density-gradient ultracentrifugation, ultrafiltration, precipitation, two-phase extraction
systems and size exclusion chromatography. In some cases, precipitation may be employed
together with centrifugation, e.g., using polyethylene giycol, ammontum sulfate or calcium
phosphate. In some cases, aqueous two-phase separation systerns with PEG, dexiran or

polyvinyl alcohol may be used. In some cases, membrane-based tangential flow filtration

&1



CA 03209126 2023-07-21

WO 2022/165378 PCT/US2022/014624

techniques are used; examples include ultrafiltration, diafiliration and microfiltration. In other
embodiments, chromatographic means may be used for punifying viral capsids. In still other
embodiments, immunoaffinity methods may be used to capture capsids using monoclonal
antibodies having specificity to the relevant capsids. See Morenweiser, R, “Downstream
processing of viral vectors and vaccines,” Gene Therapy (2005 12, §103-5110 (2005), the
entire disclosure of which is incorporated herein by reference.

[313]  Examples of suitable viral capsids include, but are not limited to, adenovirus, retrovirus,
Lentivirus, Sendai virus vector, a baculovirus, Epstein Barr virus, a papovavirus, a vaccinia
virus, a herpes simplex virus, and an adeno-associated virus (AAV)

1.1.2. Making Cells

[314]  The disclosure provides methods of making a modified cell to express a polypeptide
product of interest,

[315]  In certain embodiments, the disclosure provides a method of making a therapeutic cell
that expresses a polynucleotide set for use in treating a subject in need of a cell therapy. Inone
aspect, the disclosure provides a method of generating or preparing a therapeutic cell that
expresses a polypeptide product of interest from a polynucleotide set integrated into a single
vector. In one aspect, the disclosure provides a method of generating or preparing a therapeutic
cell that expresses a polypeptide product of interest from a polynuclectide set integrated into two
{or more} veciors.

[316]  In certain embodiments, the polynuclectides of the disclosure are maintained as
extrachromosomal polynucleotides in the host cell. In certain embodiments, the polynucleotides
of the disclosure are present in a vector {e.g., expression vector) in the host cell. In certain
embodiments, the polynucleotides of the disclosure or a subset or subcomponents thereof] are
integrated into a chromosome of the host cell.

[317]  Various methods can be used to introduce the expression vector encoding
polynucieotides of the disclosure into cells to produce cells of the disclosure. See for example,
Green, et al |, Molecular cloning: 4 laboratory manual. Cold Spring Harbor, NY: Cold Spring
Harbor Laboratory Press (2014).

[318] Methods of introducing nucletc acid alterations to a gene of interest are well known in
the art. Examples include targeted homologous recombination {e.g. “Hit and run”, “double-

replacement”), site specific recombinases {(e.g. the Cre recombinase and the Flp recombinase),
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PB transposases {e.g. Sleeping Beauty, piggvBac, TolZ or Frog Prince), genome editing by
enginecred nucleases (e.g. meganucleases, Zine finger nucleases (ZFNs), transcription-activator
like effector nucleases {TALENSs) and CRISPR/Cas system) and genome editing using
recombinant adeno-associated virus (rAAV) platform.  Agents for introducing nucleic acid
alterations to a gene of wnterest can be designed using publicly available sources or obtained
commercially from Transposagen, Addgene and Sangamo Biosciences. Vectors of the
disclosure may make use of these methods for integrating polynucleotides of the disclosure into a
host genome. Polynucleotides and vectors of the disciosure may include polynuclestides
encoding polypeptides required for implementation of these methods for integrating
polynucleotides of the disclosure into a host genome.

[319]  Various approaches suitable for integrating a polynucleotide(s) into a host cell genome
are known in the art, including random ntegration or site-specitic integration (e .g., a“landing
pad” approach); see, e.g., Zhao, M. el al. (2018 ) Appl. Microbiol. Biotechnol. 102:6105-6117,
Lee, I8 etal (2015) Sci. Rep. 5:8572; and Gaidukov, L. et al. (2018} Nucleic Acids Res.
46:4072-4086. Vectors of the disclosure may make use of these methods for integrating
polynucieotides of the disclosure tnto a host genome. Vectors of the disclosure may include
polynuciectides encoding polypeptides required for implementation of these methods for
integrating polynucleotides of the disclosure into a host genome.

[320]  Host cells may be cultured using methods and compositions known i the art. Examples
of commercially available media suitable for culturing host cells of the disclosure include Ham's
F10 (Sigma), Mimimal Essential Mediuro ((MEM), (Sigma), RP Mi- 1640 (Sigma), and
Dulbecco's Maodified Eagle's Medium ((DMEM), Sigma).

3211 Culture wedia may be supplemented as necessary with hormones and/or other growth
factors {such as insulin, transferrin, or epidermal growth factor), salts (such as sodium chloride,
calcium, magnesium, and phosphate), buffers (such as HEPES), nucleotides (such as adenosine
and thymidine}, antibiotics (such as GENTAMYCIN™ drug), trace elements {defined as
inorganic compounds usually present at final concentrations in the micromolar range), and
glucose or an equivalent energy source. Any other necessary supplements may also be included
at appropriate concentrations that would be known to those skilled in the art. Culture conditions,

such as terperature, pH, and the hke, will be apparent to the ordinarily skilled artisan.
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1.1.3. Making Polypeptides and Cellular Products

[322]  The disclosure provides methods of producing polypeptides. The methods may make
use of cells of the disclosure treated with the small rolecules of the disclosure.

[323]  The disclosure provides methods of producing a vector comprising a polynucleotide set,
delivering the vector into a cell {e.g., in vivo, in vitro, or ex vivo), and expressing the
polynucleotide set to provide and/or control a cellular function. Expression may be modulated
by a small molecuie of the disclosure.

f324]  In one embodiment, the method comprises the steps of (a) modifying a cell using a
polynuclectide set encoding a polypeptide product of interest to vield a producer cell line; (b)
culturing the producer cell line under conditions conducive for expression of the polypeptide
product, {¢) modulating production of the polypeptide product by delivering to the cell line a
small molecule of the disclosure; and (d) optionally, recovering the expressed polypeptide.

[325]  In one embodiment, the method comprises the steps of (a) modifying a cell using a
polynucleotide set encoding a polypeptide product of interest to vield a producer cell line; (b)
culturing the producer cell iine under conditions conducive for expression of the polypeptide
product, {¢} measuring the polypeptide of interest; {d} modulating production of the polypeptide
product by delivering to the cell ine a small molecule of the disclosure; and () optionally,
recovering the expressed polypeptide.

[326]  The expressed polypeptide may, for example, be recovered from a cell free extract or
recovered from the culture medium.

3271  In one example, the polypeptide product of interest 1s a therapeutic protein or peptide.
(3281  In another example, the polypeptide product of interest is a virus or viral capsid selected
from the group consisting of adenovirus, lentivirus, baculovirus, Epstein Barr virus, papovavirus,
vaccinia virus, herpes virus, herpes simplex virus, retrovirus, and adenc-associated virus (AAV).
[328]  Polypeptide products of interest may be produced intraceliularly, or directly secreted
into the mediurn. I the polypeptide is produced intraceltularly, cells may be lysed. Particulate
debris may be removed, for example, by centrifugation or ultrafiltration. Where the polypeptide
is secreted into the medium, supernatanis from such expression systems may optionally be
concentrated, e.g., using a commercially available protetn concentration filter, for example, an

Ami con or Millipore Pellicon ultratiltration unut. A protease inhibitor such as PMSF may be
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inchided in any of the foregoing steps to inhibit proteclysis and antibiotics may be inchaded to
prevent the growth of adventitious contaminants.

[330]  Polypeptides may be purified using, for example, hydroxylapatite chromatography, gel
electrophoresis, dialysis, and affinity chromatography, fractionation on an ion- exchange column,
ethanol precipitation, Reverse Phase HPLC, chromatography on silica, chromatography on
heparin SEPHAROSE™, chromatography on an anion or cation exchange resin {(such as a
polyaspartic acid column), low pH hydrophobic interaction chromatography, chromatofocusing,
SDS-PAGE, ammonium sulfate precipiiation, fractionation on immunoaffmity or ton-exchange
columns, ethanol precipitation, reverse phase HPLC, chromatography on silica or on a cation-
exchange resin such as DEAE, chromatofocusing, SDS-PAGE, ammonium sulfate precipitation,
and gel filtration.

[331]  Polypeptide products of interest may be purified to obtain preparations that are
substantially homogeneous for further assays and uses. Polypeptide products of interest may be
purified to obtain preparations that are sufficiently homogenous for pharmaceutical uses.

Cedl Therapy Methods

[332]  The disclosure provides methods of treating a subiect in need of a cell therapy. The
method comprises the steps of (a8} administering to the subject an effective amount of a
pharmaceutical cormposition comprising a therapeutic cell encoding a polvpeptide product of
interest; and (b} administering a therapeutically effective amount of a small molecule to the
subject.

[333]  In certain embodiments, the method includes the steps of:

(i) administering to the subject an effective amount of a pharmaceutical composition
comprising a therapeutic cell encoding a therapeutic polypeptide product of 1nterest (e.g, &
CAR) and a pharmaceutically accepted carrier;

(i1} administering a therapeutically effective amount of a small molecule regulator to the
subject;

(111} monttoring the level of the therapeutic polypeptide product; and

{iv} optionally, adjusting the dosage of the small molecule regulator to adjust the level of the
therapeutic polypeptide product in the subject to a desired level.

[334]  In certain embodiments, the method includes the steps of:
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{1) administering to the subject an effective amount of a pharmaceutical composttion
comprising a therapeutic cell encoding a therapeutic polypeptide product of interest {e.g., a
CAR) and a pharmaceutically acceptable carrier;

(i1} administering a therapeutically effective amount of a small molecule regulator to the
subject;

{111} monitoring the level of the therapeutic polypeptide product; and

{iv} optionally, administeriog a therapeutically effective amount of a second small molecule
regulator 1o terminate the cell therapy.

1335]  In one aspect, the disclosure provides a method for treating a cancer, e g, a fumor, in a
subject i need thereof. Examples of cancers that can be treated using a pharmaceutical
composition disclosed herein include, but are not limited to, melanomas, lymphomas, sarcomas,
and cancers of the colon, kidney, stomach, bladder, brain {e.g., ghiomas, ghioblastomas,
astrocytomas, medulloblastomas), prostate, bladder, rectum, esophagus, pancreas, liver, lung,
breast, uterus, cervix, ovary, blood {e.g., acute myeloid feukemia, acute lymphoid leukenia,
chronic myeloid leukemia, chronic lymphocytic leukemia, Burkitt's lymphoma, EBV-induced B-
cell lymphoma).

[336]  In some cases, cells used to treat subjects may be autologous cells. In some cases, cells
used to treat subjects may be allogenic cells.

(3371 In one aspect, the disclosure provides a method of controlling a T cell-mediated immune
response in a subject in need thereof.

[338]  In one aspect, the disclosure provides a method of stimulating a T cell-mediated tmumune
response to a target cell population or tissue in a subject.

[339] In one aspect, the disclosure provides a method of providing an anti-tumor immunity 1o
a subject.

[340]  In one aspect, the disclosure provides a method of controlling a T cell-mediated
signaling activity in a subject tn need thereof

[341]  In one aspect, the disclosure provides a method of pausing a T cell-mediated signaling
activity tn a subject in need thereof.

[342]  In one aspect, the disclosure provides a method of terminating a T celi-mediated therapy

in a subject in need thereof
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(rene Therapy Methods

[343]  The disclosure provides methods of treating a subject in need thereof by delivering a
polynuclectide set of the disclosure to a subject. A polynucleotide set of the disclosure may be
delivered into a cell of a subject. The method may include administering a pharmaceutically
effective amount of the polynucleotide set to the subject. Admiuistration may be via
administration of viral particles including one or more polynucleotides of the disclosure.
Administration may be via administration of a pharmaceutical composition including one or
more polynucleotides of the disclosure.

[344]  In certain embodiments, the method includes the steps of;

{1) administering to the subject an effective amount of a pharmaceutical composttion
including a polynucleotide set encoding a therapeutic polypeptide product of interest {e.g., a
CAR) and a pharmaceutically acceptable carrier;

(i1} administering a therapeutically effective amount of a small molecule regulator to the
subject;

{111} monitoring the level of the therapeutic polypeptide product; and

{(iv) optionally, adjusting the dosage of the small molecule regulator to adjust the level of the
therapeutic polypeptide product in the subject to a desired level

[345]  The subject may be a mammalian subject. The subject may be a human subject.

346]  The following are examples of disease for which the gene therapy aspects disclosed

herein may be useful:

® Blood cell disorders

s Sickle cell anemia (Hb S5} > 1 1n 5,000, among African-Americans 1 in 400
s Sickle~cell disease (Hb §/C) > 111 25,000

s Hb S/Beta-Thalassemia (Hb 8/Th} > 1 in 50,000

* Variant hemoglobinopathies (including Hb E)

* Glucose-6-phosphate dehydrogenase deficiency (GOPD)

® Inborn errors of amivo acid metabolism

® Tyrosinemia I (TYR [} <1 1 160,000

® Argininosuccinic aciduria {ASA} <1 in 100,000
s Citrullinemia (CIT) < 1 in 100,000

% Phenylketonuria (PKU} > 1 1n 25,000
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Maple syrup urine disease (MSUD) < 1w 100,000

Homocystinuria (HCY) < 1 in 100,000

Tyrosinemia I

Argininermia

Benign hyperphenylalaninemia

Defects of biopterin cofactor biosynthesis

Defects of biopterin cofactor regeneration

Tyrosinemia HI

Hypermethioninemia

Citrullinemia type U

Inborn errors of organic acid metabolism

Glutaric actdemia type | {GA 1} > 1in 75,000
Hydroxymethyliglutaryl lyase deficiency (HMG) < 11in 100,000
Isovaleric acidemia (JVA} < 1 in 100,000

3-Methylcrotouyl-CoA carboxylase deficiency SMCC) > 1 75,000
Methylmalonvl-CoA mutase deficiency (MUT) > 111 75,000
Methyimalonic aciduria, ¢cblA and cbiB forms (MMA, Cbl A,B} < 1 in 100,000
Beta-ketothiclase deficiency (BKT) <1 in 100,000

Propionic acidentia (PROP) > 1 11 75,000

Multiple-CoA carboxylase deficiency (MCD) <1 10 100,000
Methyimalonic acidemia (Cbl CI1}

Malonic acideniia

2-Methyl 3-hydroxy butyric aciduria

Isobutyryl-CoA dehydrogenase deficiency

2-Methylbutyryl-CoA dehydrogenase deficiency
3-Methylglutaconyi-CoA hydratase deficiency

Glutaric acidemia type I

HHH syndrome (Hyperarnmonemia, hyperornithinemia, homocitrullinuria syndrome}
Beta-methyl crotonyl carboxylase deficiency

Adenosylcobalamin synthesis defects

Inborn ervors of fatty acid metabolism
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Long-chain hydroxyacyl-CoA dehydrogenase deficiency (LCHAD) > 110 75,000
Medium-chain acyl-CoA dehydrogenase deficiency (MCAD} > 1 in 25,000
Very-long-chain acyl-CoA dehydrogenase deficiency (VLCAD) > 1in 75,000
Trifunctional protein deficiency (TFP) < 11in 100,000

Carnitine uptake defect (CUD) < | inn 100,000

Medium/short-chain L-3-hydroxy acyl-CoA dehydrogenase deficiency
Medium-chain ketoacyl-CoA thiolase deficiency

Dienoyi-CoA reductase deficiency

Glutaric acidenua type I

Carnitine palmityl transferase deficiency type |

Carnitine palmityl transferase deficiency type 2

Short-chain acyi-CoA dehydrogenase deficiency (SCADY)
Carnpitine/acylcarnitine Translocase Deficiency (Translocase)

Short-chatn hydroxy Acyl-CoA dehydrogenase deficiency (SCHAD)
Long-chain acyl-CoA dehydrogenase deficiency (LCAD)

Multiple acyl-CoA dehydrogenase deficiency (MADD)

Miscellaneous multisystem disgases

Cystic fibrosis (CF) > 1 inn 5,000

Congenital hypothyroidism (CH} > 11n 5,000

Biotinidase deficiency (BIOT) > 1 in 75,000

Congenital adrenal hyperplasia (CAH} > 1 1n 25,000

Classical galactosemia (GALT) > 1 in 50,000

Galactokinase deficiency

(Galactose epimerase deficiency

Others

Severe combined immune deficiency (SCID) - added in 2009

Critical congenital heart defects (Screened using pulse oximetry} - added in 2010
Pompe disease - added in 2013

Mucopolysaccharidosis type I - added 1n 2015

X-linked adrenoleukodysirophy ~ added in 2018
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Table A Sequences

1347] >higK SP-{scFV-hinge}-CD28tm-4-1BB-FKBP-P2A-Dap10-CD28tm-41BB-
FRB{T2098L }-tagBFP
{348] MVLOQTQVFISLLEWISGAYG(scFV _hinge)CPPCPMEFWVLVVVGGVLACYSLEVT

VAFTFWVKRGRKELLYIFKOPFMRPVOTTOEEDGCSCRIPEEEEGGUELASGSASGSAS
MGYQVETISPGDGRTFPKRGOTCVVHYTGMLEDGKKFDSSRDRNKPFKFMLGKQEVIR
GWEEGVAQMSVGORAKLTISPDYAYGATGHPGHPPHATLVEDVELLKLEGSGATNESL
LEQAGDVEENPGPMIHLGHIEFLLLLPVAAAQTTPGERSSLPAFYPGTSGSCSGCGSLSLP
MFWVELVVVGGVLACYSLLVIVAFHFWVKRGRKKLLYIFKQPFMRPVOTTOEEDGCSC
RFPEEEEGGCELGSASGSASGSASGSGSILWHEMWHEGLEEASRLYFGERNVKGMEEVL
EPLHAMMERGPOQTLKETSFNOQAYGRDUMEAQEWCRKYMESGNVKDLLOAWDLYYH
VFRRISKGSASGSASAGVSKGEELIKENMHMKLYMEGTVDNHHFRKCTSEGEGKPYEGT
QTMRIKVVEGGPLPFAFDILATSFLYGSKTFINHTOQGIPDFFKQSFPEGFTWERVTTYEDG
GVLTATODTSLODGCLIVNVEKIRGYVNFTSNGPVMOQEKTLOWEAFTETLYPADGGLEGR
NDMALKLVGGSHLIANAKTTYRSKKPAKNLKMPGVYYVDYRLERIKEANNETYVEQH
EVAVARYCDLPSKLGHKEIN SEQ IB NO: 1

1349]

£350] >higK SP-{scFV-hinge)-CD28tm~-4- 1BB-FKBP-P2A-Dap10-CD28tm-4 1 BB-
FRB(T2098L)-CD3z-tagBFP

i351] MVELOQTOVFISLLLWISGAYG(scFV _hinge)CPPCPMEFWVLVVVGGVLACYSLLVT

VAFIFWVKRGREKLLYIFKOPFMRPVOQTTQEEDGCSCRIFPEEEEGGCEL ASGSASGSAS
MOVOVETISPGDGRTFPRKRGOTCVVHY TGMLEDGKKFDSSRDRNKPFRFMLGKQEVIR
GWEEGVAQMSVGORAKLTISPDY AYGATGHPGHPPHATLVIDVELLKLEGSGATNESL
LKQAGDVEENPGPMIHLGHILFLLLEPVAAAQTTPGERSSLPAFYPGTSGSCSGUGSLSLP
MEFWVLVVVGGVLACYSLLVTVAFIFWVKRGREKLLYIFKOQPFMRPVOQTTQEEDGCSC
RFPEEEEGGUELGSASGSASGSASGSGSILWHEMWHEGLEEASRLYFGERNVKGMEEVL
EPLHAMMERGPOQTLEKETSFNQAYGRDLMEAQEWCRKYMKSGNVKDLLOAWDLYYH
VFRRISKGSASGSASAGRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGR
DPEMGOKPRRENPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATK
DTYDALHMOALPPRVSKGEELIKENMHEMELYMEGTVDNHHFKCTSEGEGKPYEGTOQT
MRIKVVEGGPLPFAFDILATSFLYGSKTFINHTQGIPDFFRKOQSFPEGFTWERVTTYEDGGY
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LTATOQDTSLODGCLIVNVKIRGVNFTSNGPVMOKKTLOWEAFTETLYPADGGLEGRND
MALKLVGGSHLIANAKTTYRSKKPAKNLKMPGVYYVDYRLERIKEANNETYVEQHEY
AVARYCDLPSKLGHKLIN SEQ ID N(: 2

1357]

[353] >higKSP-{scFV-hinge)-CD28tmn-4-1BB-NS3aH 1-P2A-Dap1 0-CD28tm-~4 1BB-GNCR 1~
CD3z-tagBFP

1354] MVEQTOVFISLLLWISGAYG(scFV _hinge)CPPCPMEFWVLVVVGGVLACYSLIVT
VAFIFWVKRGREKLLYIFKOPFMRPYVQTTQEEDGUSCRFPEEEEGGCEL ASGSASGSAS
MEKKGSVVIVGRINLSGDTAYSQQTRGLEGCOETSQTGRDEKNOQVEGEVOVVSTATOSF
LATSINGVEWTVYHGAGTRTIASPKGPVTOMYTNVDKBLVGWQAPQGSRSLTPCTCGS
SDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTR
GVAKAVDFIPVESLETTMRSPGSGATNFSLLKQAGDVEENPGPMIHLGHILFLLLLPVAA
AQTTPGERSSLPAFYPGTSGSCSGUGSLSLPMEFWVLVVVGGVLACYSLLVTVAFIIFWVK
RORKELLYWKOPFMRPVOQTTOEEDGCSCRIPEEEEGGCELGSASGSASGSASGSGSDIE
KLCKKAFEEAKEAQEKADELRQRHPDSQAAEDAEDLANLAVAAVLTACLLAQEHPNA
DIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAIKLASQAARAVILAIMLAAENPN
ADIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAIKLASQAAEAVERAIWLAAENP
NADIAKKCIKAASEAAEEASKAAEEAQRHPDSQKARDEIKEASQKAEEVEKERCKSGSAS
GSASAGRVKFESRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRR
KNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOQ
ALPPRVSKGEELIKENMHMKLYMEGTVDNHHFKCTSEGEGKPYEGTOQTMRIKVVEGGP
LPFAFDILATSFLYGSKTFINHTOQGIPDFFKQSFPEGFTWERVITYEDGGVLTATQDTSLG
DGCLIYNVKIRGVNEFTSNGPVMOKKTLGWEAFTETLYPADGGLEGRNDMALKLVGGS
HLUIANAKTTYRSKKPAKNEKMPGYVYYVDYRLERIKEANNETYVEGHEVAVARYCDLPS
KLGHKLN SEQ 1D NO: 3

1355]

[356) >higK SP-(scFV-hinge)-CD28tm-4-1BB-NS3aH1-P2ZA-Dap 1 0-CD28tm-4 1 BB-DNCR2-
CD3z-tagBFP

{357] MVLGTOVFISLLLWISGAYG{scFV _hinge)CPPCPMEFWVLVVVGGVLACYSLLVT

VAFIFWVKRGREKLLYIFKOPFMRPVOQTTQEEDGCSCRIFPEEEEGGCEL ASGSASGSAS
MKKKGSVVIVGRINLSGERTAYSQQTRGLEGCOETSQTGRDENQVEGEVQVVSTATOSF
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LATSINGVEWTVYHGAGTRTIASPKGEVTOMYTNVDKDLVOWQAPQGSRSLTPCTCGS
SDLYLVTRHADVIPYVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTR
GYAKAVDFIPVESLETTMRSPGSGATNFSLLKOQAGDVEENPGPMIHLGHILFLLLLPVAA
AQTTPGERSSLPAFYPGTSGSCSGUGSLSEPMEWVLVYVVVGGVLACYSLLVTVAFIHFWVK
RORKKLLYIWKOPFMRPVOTTOEEDGCSCRIPEEEEGOGCELGSASGSASGSASGSGSESD
EEEARELIERAKEAAERAQEAAERTGDPRVRELARELKRLAQEAAEEVKRDPSSSDBVNE
ALKLIVEAIEAAVDALEAAERTGDPEVRELARELVRLAVEAAFEVORNPSSSDVNEALH
SMVYAIEAAIFALEAAERTOGDPEVRELARELVRLAVEAAEEVORNPSSRNVEHALMRIVL
AIYLAEENLREAEESGDPEKREKARERVREAVERAEEVQRDPSGWELENHGSASGSASAG
RVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRENPQEG
LYNELQKDKMAEAYSEIGMEKGERRRGKGHDGLYGQGLSTATKDTYDALHMOQALPPRVS

LATSFLYGSKTFINHTQGIPDFFKQSFPEGFTWERVTTYEDGGVLTATQDTSLODGCLIY
NVKIRGVNFTSNGPYVMOKKTLGWEAFTETLYPADGGLEGRNDMALKLVGGSHLIANA
KTTYRSKKPAKNLKMPGVYYVDYRLERIKEANNETY VEGHEVAVARYCDLPSKLGHK
LN SEQ 1D NO: 4

1358]

{359] >higK SP-{scFV-hinge)-CD28tm-4-1BB-NS3aH 1-P2A-Dapi 0-CD28tm-4 1 BB-ANR-
CD3z-tagBFP

1360 MVELOQTOVFISLLLWISGAYG(scFV _hinge)CPPCPMEFWVLVVVGGVLACYSLLVT

VAFIFWVKRGREKLLYIFKOPFMRPVOQTTQEEDGCSCRIFPEEEEGGCEL ASGSASGSAS
MKKKGSVVIVGRINLSGERTAYSQQTRGLEGCOETSQTGRDENQVEGEVQVVSTATOSF
LATSINGVEWTVYHGAGTRTIASPKGPVTOMYTNVDKDLVOWQAPQGSRSLTPCTCGS
SDLYLVTRHADVIPYRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTR
GVAKAVDFIPVESLETTMRSPGSGATNFSLLKQAGDVEENPGPMIHLGHILFLLLLPVAA
AQTTPGERSSLPAFYPGTSGSCSGUGSLSEPMEFWVLVVVGOGVLACYSLLVTVAFIFWVK
ROGRKKLLYIFKGPFMRPYVOTTOEEDGCSCRFPEEEEGGCELGSASGSASGSASGSGSGEL
DELVYLLDGPGYDPIHSDVVTRGGSHLENFGSASGSASAGRVKEFSRSADAPAYQQGON
QLYNELNLGRREEYDVLDKRRGRDPEMGOKPRREKNPQEGEYNELGKDKMAEAYSEIG
MKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPRVSKGEELIKENMHMKLYME
GTVDNHHFKCTSEGEGKPYEGTQTMRIKVVEGGPLPFAFDILATSFLYGSKTFINHTQGE
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PDFFKQSFPEGFTWERVTTYEDGGVLTATODTSLODGCLIYNVKIRGVNFTSNGPYMQK
KTLGWEAFTETLYPADGGLEGRNDMALKELVGGSHLIANAKTTYRSKKPAKNLKMPGY
YYVDYRLERIKEANNETYVEQHEVAVARYCDLPSKLGHKLN SEG 1B NO: 5

1361]

[362] >higKSP-{scFV-hinge)-CD28tm-4-1BB-BelxL-P2A-Dapl10-CD28tm-4 1 BB-BadBH3-
CD3z-tagBFP

1363] MVEQTOVFISLLLWISGAYG(scFV _hinge)CPPCPMEFWVLVVVGGVLACYSLIVT
VAFIFWVKRGREKLLYIFKOPFMRPYVQTTQEEDGUSCRFPEEEEGGCEL ASGSASGSAS
MSQSNRELVVDFLSYKLSQKGYSWSQFSDVEENRTEAPEGTESEMETPSAINGNPSWHL
ADSPAVNGATGHSSSEDAREVIPMAAVKOQALREAGDEFELRYRRAFSDLTSQLHITRPGT
AYQSFEQVVNELFRDGVNWGRIVAFFSFGGALCVESVDRKEMQVLVSRIAAWMATYLN
DHLEPWIQENGGWDTFVELYGNNGSGATNFSLLEKQAGDVEENPGPMIHLGHILFLLLLP
VAAAQTTPGERSSLPAFYPGTSGSCSGCGSLSEPMEFWVLVVVGGVLACYSLEVTVAFIF
WVERGRKELLYIFKQPFMRPVOTTOEEDGCSCRFPEEEEGGCELGSASGSASGSASGSG
SAPPNLWAAQRYGRELRRMSDEFEGSFKGSASGSASAGRVKFSRSADAPAYQOQGONQL
YNELNLGRREEYDVLDKRRGRDPEMGGKPRRENPOQEGLYNELQKDKMAEAYSEIGMIC
GERRRGKGHDGLYQGLSTATKDTYDALHMQOQALPPRVSKGEELIKENMHMKLYMEGTY
DNHHFKCTSEGEGKPYEGTQTMRIKVVEGGPLPFAFDILATSFLY GSKTFINHTQGIPDEF
KQSFPEGFTWERVTTYEDGGVLTATQDTSLODGCLIYNVKIRGVNFTSNGPYMOKKTL
GWEAFTETLYPADGGLEGRNDMA LKL VGGSHUIANAKTTYRSKKPAKNLKMPGVY YV
DYRLERIKEANNETYVEQHEVAVARYCDLPSKLGHKLN SEQ IBNG: 6

1364]

[365] >higKSP-{scFV-hinge)-CD28tm-4-1BB-CD3z

{366] MVYLQTOVFISLLLWISGAYG{(scFV _hinge)CPPCPMFWVLVVVGGVLACYSLEVT
VAFIFWVKRGREKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADA
PAYQOQGONQLYNELNLGRREEYDVLDEKRRGRDPEMGGKPRRENPOQEGLYNELQKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR SEQ ID NO: 7

13671

{368] >Dapl0-CD28tm-41BB-BadBH3-CD3z-P2a-EGFRt
1369] MIHLGHILFLLLLPVAAAQTTPGERSSLPAFYPGTSGSCSGCGSLSLPMEFWVILVY

VOGVLACYSLLVTVAFIFWVKRGRKKLLYFKOQPFMRPVQTTQEEDGCSCRYFPEEEEGG
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CELGSASGSASGSASGSGSAPPNLWAAQRYGRELRRMSDEFEGSFEKGSASGSASAGRVK
FSREADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRREKNPOQEGLYN
ELOKDKMAEAYSEIGMKGERRRGRKGHDGLYQGLSTATKDTYDALHMQALPPRGSGAT
NFSLLKQAGDVEENPGPMLLLVTSLLLCELPHPAFLLIPRKVONGIGIGEFKDSLSINATNI
KHEFENCTSISGDLHILPVAFRGDSFTHTPPLDPQELDILEKTVEEITGFLLIQAWPENRTDLH
AFENLEHRGRTKQHGOFSLAVVSLNITSLGLRSLKEISDGDVISOGNKNLCY ANTINWKK
LEGTSGOKTKISNRGENSCKATGOVCHALCSPEGUWGPEPRDCVSCRNVSRGRECVDK
CNLLEGEPREFVENSECIQCHPECLPOAMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAG
VMGENNTLVWEKYADAGHVCHLCHPNCTYGCTGPGLEGCPTNGPKIPSIATGMVGALLL
LIVVALGIGLFM SEQ ID NG: 8

1370]
371} >Papl(-CD283tm-41BB-ANR-CD32-P2a-EGFRE
[272] MIBLGHEFLLLLPVAAAQTTPGERSSLPAFYPGTSGRCSGUCGSLSLPMEWVILVY

VGGVLACYSLLVTVAFIIFWVKRGREKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGG
CELGSASGSASGSASGSGSGELDELVYLLDGPGYDPIHSDVVTRGGSHLFNFGSASGSAS
AGRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
BEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR
GSGATNFSLLKQAGDVEENPGPMLLLVTSLLLCELPHPAFLLIPRK VCNGIGIGEFKDSLS
INATNIKHFKNCTSISGDLHILPVAFRGDSFTHTPPLDPOELDILK TVKEITGFLLIQAWPE

NRTDLHAFENLEIRGRTKGQHGOFSLAVVSLNITSLGLRSLKEISDGDVISGNKNLCYAN

TINWKKLFGTSGOK TKISNRGENSCKATGQVCHALCSPEGCWGPEPRDCVSCRNVSRG
RECVDKCNLLEGEPREFVENSECIQCHPECLPQAMNITC TGRGPDNCIQCAHYIDGPHCV
KTCPAGVMGENNTLYWKYADAGHVCHLCHPNCTYGCTGPGLEGCPTNGPKIPSIATGM
JGALLLLLVVALGIGLFM SEQ ID NG ¢

1373]
374] >Dapl-CDZ28um-41BB-DNCR2Z-CD32-P2a-EGFRt
[375] MIHLGHILFLLLLPVAAAQTTPGERSSLPAFYPGTSGRCSGCGSLSLPMEWVLVY

VGOVLACYSLLVTVAFHFWVKRGREKLLYIFKOQPFMRPVOTTQEEDGUSCRIPEEEEGG
CELGSASGSASGSASGSGSSSDEEEARELIERAREAAERAQEAAERTGDPRYVRELARELK
RLAQEAAEEVKRDPSSSDVNEALKLIVEAIEAAVDALFEAAERTGDPEVRELARELVRLA

VEAAEEVORNPSSSDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAA
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EEVORNPSSRNVEHALMRIVLAIYLAEENLREABESGDPEKREKARERVREAVERAERY
QRDPSGWLNHGSASGSASAGRVKFSRSADAPAYQQGONGLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRENPOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPRGSGATNFSLLKQAGDVEENPGPMLLLVTSLLLCELPHPAFL
LIPRKVCNGIGIGEFKDSLSINATNIKHFK NCTSISGDLHILPVAFRGDSFTHTPPLDPOELD
LK TVKEITGFLLIQAWPENRTDLHAFENLENRGRTKQHGOQFSLAVVSLNITSLGLRSLKE
ISDGDVISGNKNLCY ANTINWKKLFGTSGOK TKIISNRGENSCKATGOVCHALCSPEGE
WGPEPRDCVSCRNVSRGRECVDKCNLLEGEPREFVENSECIQCHPECLPOAMNITCTGR
GPDNCIQCAHYIDGPHC VK TCPAGVMGENNTLYVWKY ADAGHVCHLCHPNCTYGCTGP

GLEGCPTNGPKIPSIATGMVGALLLLLYVALGIGLEFM SEG (B NO: 19
1376)
1377] >Papl-CD28tm-41BB-GNCRI1-CD32-P2a-EGFRt
[378] MIHEGHILFLLLLPVAAAQTTPGERSSLPAFYPGTSGSCSGUGSLSLPMEWVLVY

VGOVLACYSLLVTVAFIIFWVKRGRKKLLYIFKOPFMRPVOQTTQEEDGUSCRYIPEEEEGG
CELGSASGSASGSASGSGSDIEKLCKKAEEEAKEAQEKADELRQRHPDSQAAEDAEDLA
NLAVAAVLTACLLAQEHPNADIAKLCIKAASEAAFAASKAAFLAQRHPDSOQAARDAIK
LASQAARAVILAIMLAAENPNADIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAL
KLASQAAEAVERAIWLAAENPNADIAKKCIK AASEAAEEASKAAEEAQRHPDSQKARD
EIKEASQKAEEVKERCKSGSASGSASAGRVKFSRSADAPAYQQGONQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOKDKMAEAYSEIGMKGERRRGKGH
DGLYQGLSTATKDTYDALHMOALPPRGSGATNFSLLKQAGDVEENPGPMLLLVTSLLL
CELPHPAFLLIPRKVCUNGIGIGEFKDSLSINATNIKHFKNCTSISGDLHILPVAFRGDSFTHT
PPLDPOELDILKTVKEITGFLLIQAWPENRTDLHAFENLEHRGRTRQHGOFSLAVVSLNIT
SLGLRSEKEISDGDVHSGNKNLCYANTINWRKKLFGTSGOQRKTKISNRGENSCKATGQVC
HALCSPEGCWGPEPRDCVSCRNVSRGRECYVDKCNLLEGEPREFVENSECIQCHPECLPQ
AMNITCTORGPDNCIQCAHYIDGPHOVKTCPAGVMGENNTLVWRKYADAGHVCHLCHP
NCTYGCTGPGLEGCPTNGPKIPSIATOGMVGALLLLEVVALGIGLEFM SEQ 1D NO: 11

1379]
{380] >higKSP-{scFV-hinge)-CD28tm-4-1BB-CD3z-P2a-EGFRt
{381] MVEQTOVFISLLLWISGAYG(scFV _hinge)CPPCPMEFWVLVVVGGVLACYSLIVT

VAFIFWVEKRGRKKLLYIFKQPFMRPVOTTOEEDGUSCRFPEEEEGGCELRVKFSRSADA
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PAYQQGONOQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRENPOEGLYNELQKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPRSGATNFSLLK(Q
AGDVEENPGPMLLLYTSLLLCELPHPAFLLIPRKVUNGIGIGEFKDSLSINATNIKHFKNC
TSISGDLHILPVAFRGDSFTHTPPLDPQELDILKTVKEITGFLLIQAWPENRTDEHAFENLE
HRGRTKOGHGQFSLAVVSLNITSLGLRSLEKEISDGDVIISONKNLOY ANTINWKELFGTSG
QKTKHSNRGENSCKATGQVCHALCSPEGCWGPEPRDCVSCRNYSRGRECVDKCNLLEG
EPREFVENSECIQCHPECLPOAMNITCTGRGPONCIQCARYIDGPHCVKTCPAGYVMGEN
NTLVWKYADAGHVCHLCHPNCTYGCTGPGLEGUPTNGPKIPSIATGMVGALLLLLVVA
LGIGLFM SEG ID NO: 12

1352]

1383] >higkK SP-{scFV-hinge}-CD28tm-4-1BB-BelxL

1384] MVEQTOVFISLLLWISGAYG(scFV _hinge)CPPCPMEFWVLVVVGGVLACYSLIVT
VAFHFWVEKRGRKKLLYIFKQPFMRPYVOQTTOEEDGCSCRFPEEEEGGCELASGSASGSAS
MSQSNRELVVDFLSYKLISQKGY SWSQFSDVEENRTEAPEGTESEMETPSAINGNPSWHIL
ADSPAVNGATGHSSSLDAREVIPMAAVKQALREAGDEFELRYRRAFSDLTSQLRITPGT
AYQSFEQVVNELFRDGVNWGRIVAFFSFGGALCVESVDRKEMQVLVSRIAAWMATYLN
DHLEPWIQENGGWDTFVELYGNN SEQ 1D NO: 13

1385]
[356] >higK SP-(scFV-hinge)-CD28tm-4-1BB-NS3aH 1 gs
(387] MVLQTOVFISLLLWISGAYG(5cFV _hinge)CPPCPMFWVLVVVGGVLACYSLLVT

VAFIFWVKRGREKLLYIFKOPFMRPVOQTTQEEDGCSCRIFPEEEEGGCEL ASGSASGSAS
MKKKGSVVIVGRINLSGERTAYSQQTRGLEGCOETSQTGRDENQVEGEVQVVSTATOSF
LATSINGVEWTVYHGAGTRTIASPKGPVTOMYTNVDKDLVOWQAPQGSRSLTPCTCGS
SDLYLVTRHADVIPYRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTR
GVAKAVDFIPVESLETTMRSP SE( 1D NO: 14

1385]
{389] >DNCR2-CaspPgsD330A-P2a-EGFP-NLS
£390] MSSBEEEARELIERAKEAAERAQEAAERTGDPRVRELARELKRLAQEAAEEVKR

DPSSSDVNEALKLIVEAIEAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVQRNPSS
SDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVE
HALMRIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVQRDPSGWLNHSGS
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ASGSGGFGDVOGALESLRONADLAYILSMEPCGHCLINNVNFCRESGLRTRTGSNIDCEK
LRRRFSSEHFMVEVKGDLTAKKMVLALLELAQQDHGALDCCVVVILSHGCGQASHLQFP
GAVYGTDGUPVSVEKIVNIFNGTSCPSLGGEPRLFFIQACGGEQKDHGFEVASTSPEDES
POSNPEPDATPFOEGLRTFDOQLAAISSLPTPSDIFVSYSTFPGEFVSWRDPKSGSWYVETLD
DIFEQWAHSEDLOSLLLRVANAVSVKGIYKOMPGCEFNFLRKELFFKTSGSGATNFSLLK
QAGDVEENPGPMVSKGEELFTGVVPILVELDGDYNGHKFSVSGEGEGBDATYGKLTLKE
CTTOKEPVEWPTLVTTLTYGVQCFSRYPDHMEQHDFFKSAMPEGY VOQERTIFFKDDGN
YKTRAEVEFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVN
FKIRHNIEDGSVOLADRYQOQNTPIGDGPVLLPDNHYLSTOSAL SKDPNEKRDHMVLLEF
VYTAAGITLGMDELYR SEQ (D NG: 15

1391]

1392] >1Casp-9 (FKBP-F36V-casp-9)

{393] MLEGVQVETISPGDGRTFPKRGOTCVVHYTGMLEDGKKVDSSRDRNKPFKFML
GRKOEVIRGWEEGVAQOMSYVGORAKLTISPDYAYGATGHPGIPPHATLVFDVELLKLESG

GGSGYDOGFGDVGALESLRGNADLAYILSMEPCGHCLANNYNFCRESGLRTRTGONIDCE
KLRRRFSSEHFMVEVKGDLTAKKMVLALLELAQODHGALDCCYVVILSHGCQASHLQF
POGAVYOTDGOPVSVEKIVNIFNGTSCPSLGGKPKLFFIQACGGEQKDHGFEVASTSPEDE
SPGSNPEPDATPFQEGLRTFDOQLDAISSLPTPSDIFVSYSTFPGFVSWRDPKSGSWYVETL
DDIFEQWAHSEDLOSLLLRVANAVSVKGIYEKQMPGCFNFLREKLEFFKTS SEQ 1D NG
16

1394]
395} >1Casp-9-D330A (FKBP-F36V-casp-9)
1396} MLEGVOQVETISPGDGRTFPKRGOTCVVHYTGMLEDGEKK VDSSRDRNKPFRKEFMIL

OGROEVIRGWEEGVAQMSVGORAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLESG
GGSGVDOGFGDVGALESLRGNADLAYILSMEPCGHCLIINNYNFCRESGLRTRTGENIDCE
KLRRRFSSLHFMVEVKGDLTAKKMYLALLELAQQDHGALDCCVVVIHLSHGCQASHLOF
PGAVYGTDGCPVSVEKIVNIFNGTSCPSLGGKPKLFFIQACGGEQKDHGFEVASTSPEDE
SPGANPEPDATPFOQEGLRTFDOQLAAISSLPTPSDIFVSYSTFRPGEFVSWRDPKSGSWYVETL
DDIFEQWAHSEDLOSLLLIRVANAVSVKGIYKOQMPGCENFLRKKLFFKT SEQG 1D NO: 17

{398] >rapaCasp-9 (FRB-FKBP-casp-9)
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{399] MASRILWHEMWHEGLEEASRLYFGERNVKGMFEVLEPLHAMMERGPOTLRETS
FNOAYGRDLMEAQEWCRKYMESGNVKDLLOAWDLYYHVFRRISKLEYSGGGSLEGY
QVETISPGDGRTFPKRGOTCVVHYTOMLEDGKKFDSSRDRNEPFKFMLGKQEVIRGWE
EGVAQMSVGQRAKLTISPDYAYGATGHPGHPPHATLVEFDVELLKLESGGGGSGGGGSG
GGOIGVDGFGDVGALESLRONADLAYILSMEPCGHCLINNVNFCRESGLRTRTOGSNIDC
EKLRRRFSSLHFMVEVKGDLTAKKMVLALLELAQGDHGALDCCVVVILSHGCQASHLG
FPOGAVYGTDOGCPVSVEKIVNIFNGT SCPSLOGKPKLIFIQACGGEQKDHGFEVASTSPED
ESPGSNPEPDATPFQEGLRTIFDOQLDAISSLPTPSDIFVSYSTFPGFVSWRDPKSGSWYVET
LDDIFEGWAHSEDLOGSLLERVANAVSVKGIYKOMPGCFNFLREKLEFFKTS SEQ I NO:
18

£400]
£401] >N83a-Casp9-T2a-DNCR2-Casp9
{402] MEKEKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNOQVEGEVQIVSTA

TQTFLATSINGVLWTVYHGAGTRTIASPKGPVTOMYTNVDKDLVGWOAPQGSRSLTPC
TCGSSDLYLVTRHADVIPYRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAA
VSTRGVAKAVDFIPVESLETTMRSPSGGGSGVDGFGDVGALESLRGNADLAYILSMEPC
GHCLINNVNFCRESGLRTRTOGSNIDCEKLRRREFSSLEHFMVEVKGDLTAKKMVLALLEL
AQQDHGALDCCVVVILSHGCOASHLGFPGAVYGTDGCPVSVEKIVNIFNGTSCPSLGGK

PRKLFFIQACGGEQRKDHGFEVASTSPEDESPGSNPEPDATPFOQEGLRTFDOQLDAISSLPTES
DIFVSYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOSLLLRVANAVSVEGIYK
OMPGCFNPFLREKLFFKTSGSGEGRGSLLTCGDVEENPGPSSDEEFARELIERAKEAAERA
QEAAERTGDPRVRELARELKRUAQEAAEEVRKRDPSSSDYNEALKLIVEAIEAAVDALEA
AERTGDPEVRELARELVRLAVEAAEEVQRNPSSSDVNEALHSIVY AIEAAIFALEAAERT
GDPEVRELARFEL VRLAVEAAEEVQRNPSSRNVEHALMRIVLAIYLAEENLREAEESGDP
EKREKARERVREAVERAEEVQGRDPSGWLNHSGGGSGVDGFGDVGALESLRGNADLAYL
LSMEPCGHCLINNVNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVKGDLTAKKMY
LALLELAQQDHGALDCCVVVILSHGCQASHLOQFPGAVYGTDGCPVSVEKIVNIENGTSC
PSLGGKPKLFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFQEGLRTFDOLDAIS
SLPTPSDIFVSYSTFPGFVSWRDPKSGSWYVETLDDIFEQWARSEDLQSLLELRVANAVSY
KOGIYKOMPGCEFNFLREKLEFFKTS SEQ 1D NG: 19

1403]
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4] >NS3a-Casp®-T2a~-GNCR1-Casp?
5] MKEKGSVVIVGRINLSGDTAYAQOTRGEEGCQETSOQTGRDKNQVEGEVQIVSTA

TOTFLATSINGVLWTVYHGAGTRTIASPEGPVTOMYTNVDKDLYVGWQAPQGSRSLTEC
TCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGOGPLLCPAGHAVGIFRAA
VSTRGVAKAVDIIPVESLETTMRSEPSGGGSGVDOFGDVGALESLRGNADLAYILSMEPC
GHCLINNYNFCRESGLRTRTGSNIDCEKL RRRFSSLHFMVEVKGDLTAKKMVLALLEL
AQODHGALDCCVVVILSHGCQASHLOFPGAVYGTDGCPVSVEKIVNIENGTICPSLGGK
PRLFFIQACGOGEQKDBHGFEVASTIPEDESPGENPEPDATPFOEGLRTFDOLDAISSLPTPS
DIFVSYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOSLLLRVANAVSVKGIYK
CMPGUFNFLRKKLFFRTSGSGEGRGSLLTCGDVEENPGPDIEKLCKKAEEEAKEAQEKA
DELRQRHPDSOQAAEDAEDUANLAVAAVLTACLLAQEHPNADIAKLCIKAASEAAFAAS
KAAELAQRHPDSQAARDAIKLASQAARAVILAIMLAABENPNADIAKLCIKAASEAAEAA
SKAAELAQRHPDSQAARD AEKLASQAAEA\/ERAIWLAAENPNADIAKKC]QKAASEAAEE

NADLAYILSMEPCGHCLINNVYNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVKGDL
TAKKMVLALLELAQODHGALDCCVVVILSHGCQASHLOQFPGAVYGTDGCPVEVEKIVN
INGTSCPSLGGRKPKLFFICACGGEQKDHGFEVASTSPEDESPGINPEPDATPFQEGLRTF
DOLDAISSLPTPSDIFVSYSTFPGFVSWRDPKSGESWYVETLDDIFEQWAHSEDLOSLLLR
YVANAVSVKGIYKQMPGCENFLRKKLEFKTS SEQ 1D NG: 28

6]
7] >N83a-DNCR2Z-Casp®
8] MEKKKGSVVIVOGRINLSGDTAYAQQTRGEEGCQETSQTGRDEKNOQVEGEVQIVSTA

TQTFLATSINGVLWTVYHGAGTRTIASPKGPVTOMYTNVDKDLVGWOAPQGSRSLTPC
TCGSSDLYLVTRHADVIPYRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAA
VSTRGVAKAVDFIPVESLETTMRSPSGGGSSSDEEEARELIERAKEFAAERAQEAAERTGD
PRVRELARELKRLAQEAAEEVERDPSSSDVNEALKLIVEAIEAAVDALEAAERTGDPEV
RELARELVRLAVEAAEEVORNPSSSDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELA
RELVRLAVEAAEEVORNPSSRNVEHALMRIVLAIYLAEENLREAEESGDPEKREKARER
/REAVERAEEVORDPSGWLNHSGGOGSGEGESGVDGFGDVGALESLRGNADLAYILS
MEPCGHCLIINNYNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVKGDLTAKKMVEL A
LLELAQODHGALDCCVVVILSHGCQASHLOFPGAVYGTDGCPVSVEKIVNIFNGTSCPS
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LGGKPKLFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFOEGLRTFDOQLDAISSL
PTPSDIFVSYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOSLLLRVANAVEVK
GIYKOMPGUENFLRKELFFKTS SEQ ID NO: 21

{409]
[410] >NS3a-GNCR1-Casp9
[411] MEKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQVEGEVQIVSTA

TOTFLATSINGVLWTVYHGAGTRTIASPRGPVTOMY TNVDKDLVGWQAPQGSRSLTPC
TCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAA
VSTRGVAKAVDFIPVESLETTMRSPSGGGSDIEKLCKKAEEEAKFAGEK ADELRQRHPD
SOQAAEDAEDLANLAVAAVLETACLLAQEHPNADIAKLCIKAASEAAEAASKAAELAQRH
PDSQAARDAIKLASGAARAVILAIMLAAENPNADIAKLCIKAASEAAEAASKAAELAGR
HPDSOAARDAIKLASQAABAVERAIWLAAENPNADIAKKCIKAASEAAEEASKAAEFAQ
RHPDSQKARDEIKEASQKAEEVKERCKSSGGOGGSGOGGHGSGVDGFGDVGALESLRGNAD
LAYILSMEPCGHCLINNYNFCRESGLRTRTGSNIDCEKLRRREFSSLHFMVEVEKGDLTAK
KMVYLALLELAQGQDHGALDCCVVYVILSHGCQASHLOFPGAVYGTDGCPVSVEKIVNIFN
GTSCPSLGGKPKLFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFQEGLRTFDOL
DAISSLPTPSDIFVSYSTFPGFVSWRDPRSGSWYVETLDDIFEQWAHSEDLOSLLLRVAN
AVSVKGIYKOMPGCENFLRKKLFFKTS SEQ ID NO: 22

[412]
[413] >PNCR2-8hink-NS3a-CaspS
{414] MSSDEEEARELIERAKEAAERAQEAAERTGDPRVRELARELKRLAQEAAEEVER

DPSSSDVNEALKLIVEAIEAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSS
SDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVE
HALMRIVLAIYLAEENLREAFESGDPEKREK ARER VREAVERAEEVORDPSGWLNHSG
GSGSGSKKKGSVVIVGRINLSGDTAYAQQTRGEEGCOETSQTGRDKNQVEGEVQIVSTA
TOTFLATSINGVLWTVYHGAGTRTIASPKGPVTOMY TNVDKDLVGWQAPQGSRSLTPC
TCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLK GSAGGPLLCPAGHAVGIFRAA
VSTRGVAKAVDFIPVESLETTMRSPSGGGGSGGGGSGVDGFGDVGALESLRGNADLAYT
LSMEPCGHCLIINNVNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVKGDLTAKKMY
LALLELAQODHGALDCCVVVILSHGCOASHLOFPGAVYGTDGCPVS VEKIVNIFNGTSC
PSLGGKPKLFFIGACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFQEGLRTFDOQLDAIS
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WO 2022/165378 PCT/US2022/014624

SLEPTPSDIFVSYSTFPGFVSWRDPRKSGSWYVETLDDIFEQWAHSEDLOSLLLRVANAVSY
KGIYKOMPGCFNFLREKKLFFKTS SEQG 1D NO: 23

i415]
416} >DNCR2-5hnk-NS3a-Casp©
(4171 MSSDEEEARELIERAKEAAERAQEAAERTGDPRVRELARELERLAQEAAEEVKR.

DPSSSDVNEALKLIVEAIEAAVDALEAAERTGDPEVRELAREL VRLAVEAAEEVGRNPSS
SDVNEALHSIVYAIEAAIFALEAARRTGDPEVRELARELVRLAVEAAEEVORNPSSRNVE
HALMRIVLAIYLAEENLREAEBESGDPEKREKARER VREAVERABEVORDPSGWLNHSG
GGSKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNOQVEGEVOQIVSTATQT
FLATSINGVLWTVYHGAGTRTIASPKGPVTOMY TNVDEDLVGWOAPQGSRSLTPOTOG
SSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVST
RGVAKAVDFIPVESLETTMRSPSGGGGRGGGGSGVDGPGDVGALESLRGNADLAYILS
MEPCGHCLIINNVNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVEGDLTAKKMVLA
LLELAQODHGALDCOVVVILSHGCQASHLOFPGAVYGTDGOPVSVEKIVNIFNGTSCPS
LGGKPKLFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFOEGLRTFDOLDAISSL
PTPSDIFVSYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOSLLLRVANAVSVK
GIYKOMPGCFNFLRKKLFFKTS SEQ 1D NO: 24

{418]
[419] >PINCR2-3hnk-N83a-Casp9
[420] MSSDEEEARELIERAKEAAERAQEAAERTGDPRVRELARELKRLAQEAAEEVKR

DPSSSDVNEALKLIVEAIEAAVDALEAAERTGODPEVRELARELVRLAVEAAEEVORNPSS
SDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVOQRNPSSRNVE
HALMRIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVORDPSGWLNHEGS
KKKGSVVIVGRINLSGDTAYAQQTRGEEGCOQETSQTGRDEKNOQVEGEVOQIVSTATQTFLA
TSINGVLWTVYHGAGTRTIASPKGPVTOMYTNVDEKDLVGWQAPQGSRSLTPCTCGSSD
LYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGOGPLLCPAGHAVGIFRAAVSTRGY
AKAVDFIPVESLETTMRESPSGGGGSGGGGSGVDROFGDVGALESLRGNADLAYILSMEPC
GHCOLHNNYNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVEKGDLTAKKMVELALLEL
AQUDHGALDCCYVVILSHGCQASHLOFPGAVYGTDGUPVSVEKIVNIFNGTSCPSLGGK
PRLFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFOEGLRTFDOLDAISSLPTPS
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DIFVSYSTFRPGEFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOSLLLRVANAVSVKGIYEK
OMPGCFNFLREKKLFFKTS SEQ 1D NO: 258

1421}
[422] >DNCRZ-noLink-NS3a-Casp9
[423] MSSDEEEARELIERAKEAAERAQEAAERTGDPRVRELARELKRLAQEAAEEVKR.

DPSSSDVNEALKLIVEAIEAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVQRNPSS
SDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVE
HALMRIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVQRDPSGWLNHKK
KGSVVIVGRINLSGDTAYAQOQTRGEEGCQETSQTGRDKNQVEGEVQIVSTATOTFLATSE
NGVLWTVYHGAGTRTIASPRKGPYVTOMYTNVDEDLVGWQAPQGIRSLTPCTCGSSDLY
LVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAK
AVDFIPVESLETTMRSPSGGGGSGOOGGSGVDGRFGDVGALESLRGNADLAYILSMEPCGH
CLONNVNFCRESGLRTRTGSNIDCEKLRRRESSLHFMVEVKGDLTAKKMVELALLEL AQ
QDHGALDCCVVVILSHGCOASHLOFPGAVYGTDGUPVSVEKIVNIFNGTSCPSLGGKPK
LFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFQEGLRTFDOQLDAISSLPTPSDIF
VSYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOSLLLRVANAVSVEGIYKOM
POCFNFLREKKLFFKTS SEQ ID NO: 26

[424]
[425) > -nobink-NS32-Casp®
[426] MDDNMNEAEKLIREAEEAAKDAFEAAERTGDPEVRELARELVRLAKEAAEEVQRNP

SSADVNEALHSIVYAIEAAIFALEAAERTGOPEVRELARELVRLAVEAAEEVORNPSSRN
VEHALMRIVLAIYLAEENLREKKKGSVVIVGRINLSGDTAYSQOQTRGLEGCQETSQTGR
DENOVEGEVOVVSTATOSFLATSINGVLWTVYHGAGTRTIASPRKGPVTOMYTNVDKDL
/GWOAPQGSRSLTPCTCGSSBLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGP
LLCPAGHAVGIFRAAVSTRGVAKAVDFIPVESLETTMRSPSGSGGSGSASGSGGRFGRVG
ALESLRONADLAYILSMEPCGHCLINNVNFCRESGLRTRTGSNIDCEKLRRRFSSLHFM
VEVKGDLTAKKMVLALLELAQODHGALDCCVVVILSHGCOQASHLOFPGAVYGTDGCP
YAVEKIVNIFNGTSCPSLGGKPKLFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATP
FOQEGLRTFDOQLAAISSLPTPSDIFVSYSTFPGEFVSWRDPKSGSWYVETLDDIFEQWAHSED
LOSLLLRVANAVESVEKGIYKOMPGCEFNFLREKLEFKTS SEQ 1D NO: 27

1427]

82



CA 03209126 2023-07-21

WO 2022/165378 PCT/US2022/014624
{428] >P9-N83a-Casp®
[429] MELEEVLKDLEEALERLRNEELRRLIEEIAFLLRRRDDHSHYMIEALUIFVIEAVERT
GDERIEKLLEELIKRIRNGDDDSAIMRIVLAVYLIEENLREKKEKGSVVIVGRINLSGDTAY

SQQTRGLEGCOETSQTGRDKNOVEGEVOVVSTATOSFLATSINGVLWTVYHGAGTR T
ASPROGPVTOMYTNVDKDLVGOGWQAPQGIRSLTPCTCGSSDLYLVTRHADVIPVRRRGDS
RGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIPVESLETTMRSPS
GSGORGSASGSGOFGDVGALESLRONADLAYILSMEPCGHCLIINNVNFCRESGLRTRTG
SNIDCEKLRRRFSSLHFMVEVRKGDLTAKKMVLALLELAQOQDHGALDCCVVVILSHGCQ
ASHLOFPGAVYGTDGCPVSVEKIVNIFNGTSCPSLGGKPKLFFIQACGGEQKDHGFEVAS
TSPEDESPGSNPEPDATPFOQEGLRTFDOLAAISSLPTPSDIFVSYSTFPGEVSWRDPKSGSW
YVETLDDIFEQWAHSEDLOSLLULRVANAVSVKGIYKOQMPGCFNFLRKKLFFKTS SEQ

1 NO: 28

1430}
[431] >P20-N53a~-Casp®
[432] MYAKEAAEFAREAAERTGDPEVRELARELERLARRGSSEHALMRIVLAIYLAEE

NLREKKKGSVVIVGRINLSGDTAYSQQTRGLEGCQETSQTGRDKNQVEGEVOVVSTAT
QSFLATSINGVLWTVYHGAGTRTIASPKGPVTOMY TNVDKDLYGWQAPQGSRSLTPCT
CGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAY
STRGYAKAVDFIPVESLETTMRSPSGSGGSGSASGSGGFGDYVGALESLRGNADLAYILS
MEPCGHCLIINNVNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVKGDLTAKKMVYLA
LLELAQQODHGALDCCVVVILSHGCQASHLOFPGAVYGTDGCPVSVEKIVNIFNGTSCPS
LGGKPKLFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFOEGLRTFDQLAAISSL
PTRPSDIFVSYSTFPGFVAWRDPKSGSWYVETLDDIFEQWAHSEDLOSLLLRVANAVSVK
GIYKQMPGCFNFLRKKLFFKTS SEQ 1D NO: 29

[433]
[434] ~GNCR1-8link-N583a-Casp9
[435) MDIEKLCEKAFFFEAKEAQEKADELRQRHPDSQAAEDAEDLANLAVAAVLTACL

LAQEHPNADIAKLUCIKAASEAAEAASKAAELAQRHPDSQAARDAIKLASQAARAVILAL
MLAAENPNADIAKLCIK AASEAAEAASKAAELAQGRHPDSQAARDAIKLASQGAAEAVER
ATWLAAENPNADIAKKCIKAASEAAEEASKAAEEAQRHPDSQRKARDEIKEASQKAEEVK
ERCKSSGGSGSGSKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQVEGE
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YOIVSTATQTFLATSINGVEWTVYHGAGTRTIASPEKGPVTOMY TNVDKDLVGWQAPQG
SRSLTPCTCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHA
VOIFRAAVSTRGVAKAVDFIPVESLETTMRSPSGGOGGSGOGOGSGVDGRFGDVGALESLRG
NADLAYILSMEPCGHCLINNVNFCRESGLRTRTGSNIDCEKLRRRFSSEHFMVEVKGDL
TAKKMVLALLELAQOQDHGALDCCVVVILSHGCOASHLOFPGAVYGTDGUPVSVEKIVN
ENGTSCPSLOGKPKLFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFQEGLRTF
DOLDAISSLPTPSDIFVSYSTFPGEFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOQSLLLR
VANAVSVKGIYKOMPGCENFLRKELFFKTS SEQ 1D NO: 38

[436]

[437) ~GNCRI-5hnk-NS3a-Casp®

[438] MDIEKLCKKAEEFAKFAQEKADELRORHPDSQAAEDAEDLANLAVAAVLTACL
LAQEHPNADIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAIKLASQAARAVILAIL

MLAAENPNADIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAIKEASQAAEAVER
ATWLAAENPNADIAKKCIKAASEAAEEASKAAREAQRHPDSOKARDEIKEASQKAEEVK
ERCKSSGOGSKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNGVEGEV(QH
VSTATOQTFLATSINGVLWTVYHGAGTRTIASPKGPVTOMYTNVDEKDLVGWQAPQGSERS
LTPCTCGSSBLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLOCPAGHAVGIF
RAAVSTRGVAKAVDFIPVESLETTMRSPSGGGGSGGOGGSGVDGFGDVGALESLRGNAD
LAYILSMEPCGHCLINNYNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVKGDLTAK
KMVLALLELAGOQDHGALDCCVVVILSHGCQASHLOQFPGAVYOGTDGCPVSVEKIVNIFN
GTSCPSLGGEKPRKLFFIQACGOEQKDHGFEVASTSPEDESPGENPEPDATPFQEGLRTIDOL
DAISSLPTPSDIFVSY STFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOSLLLRVAN
AVSVKGIYKOMPGCENFLRKKLFFKTS SEQ 1D NO: 31

{439]
[440] >GNCRI-3hnk-NS3a-CaspS
[441] MDIEKLCKKAEEEAKEAQEKADELROQRHPDSOAAEDAEDLANLAVAAVLTACL

LAQEHPNADIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAIKLASQGAARAVILAL
MLAAENPNADIAKLCIK AASEAAEAASKAAELAQRHPDSQAARDAIKLASQAAEAVER
ATWLAAENPNADIAKKCIKAASEAAEFASKAAEEAQRHPDSQKARDEIKEASOQKAEEVK
ERCKSSGSKKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDENQVEGEVQIVS
TATQTFLATSINGVLWTVYHGAGTRTIASPRKGPYVTOMYTNVDRKDLVGWOQAPQGSRSLT
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PCTCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGOPLLCPAGHAVGIFR
AAVSTRGVAKAVDFIPVESLETTMRSPSGGOGGSGOGGGSGVDGFGDVGALESLRGNADL
AYILSMEPCGHCLIONNVYNFCRESGLRTRTGSNIDCEKLRRRESSLHFMVEVKGDLTAKK
MVLALLELAQGQODHGALDCCVVVILSHGCQASHLQFPGAVYGTDGUCPVSVEKIVNIENGT
SCPSLGGKPEKLFFIQACGGEQRKDHGFEVASTSPEDESPGINPEPDATPFOEGLRTFDQLD
AISSLPTPSDIFVSYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLQSLLLRVANA
VSVEKGIYKOMPGCUENFLRKELIFKTS SEQ 1D NG: 32

{442}
[443] >GNCRI-noLink-N83a-Casp9
[444] MIMEKLCKKAEBEEAKEAQEKADELRORHPDSGAAEDAEDLANLAVAAVLTACL

LAQEHPNADIAKLCIKAASEAABAASKAAELAQRHPDSOAARDAIKLASQAARAVILAT
MLAAENPNADIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAIKLASQAARAVER
ATWLAAENPNADIAKKCIKAASEAAEEASKAAFEAQRHPDSQKARDEIKEASQKAEEVK
ERCKSKKKGSYVIVGRINLSGDTAYAQOTRGEEGCQETSQTGRDKNQVEGEVQIVSTAT
QTFLATSINGVLWTVYHGAGTRTIASPKGPVTOMY TNVDKDLVGWQAPQGSRSLTPCT
CGSSDLYLYTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAV
STRGVAKAVDFIPVESLETTMRSPSGGGGSGGGGSGVDGFGDVGALESLRGNADLAYIL
SMEPCGHCLINNYNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVKGDLTAKKMVL
ALLELAQODHGALDCCVVVILSHGCOASHLOFPGAVYGTDGCPVSVEKIVNIFNGTSCP
SLGGKPKLFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFQEGLRTFDQLDAISS
LPTPSDIFVSYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOSLLLRVANAVSVK
GIYKQMPGCFNFLRKKLFFKTS SEQ 1D NO: 33

[445]
1446} >PONCR2-CaspSD330A
{447} MSSDEEEARELIERAKEAAERAQEAAFRTGDPRVRELARELKRLAQEAAEEVEKR

DPSSSDVNEALKLIVEAIEAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSS
SDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVE
HALMRIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVORDPSGWLNHRGS
ASGSGGFGDVOALESLRONADLAYILSMEPCGHCLINNVNFCRESGLRTRTGSNIDCEK
LRRRISSLHFMVEVEGDLTAKKMVLALLELAQQDHGALDCCVVVILSHGCQASHLQIP
GAVYGTDGUPVSVEKIVNIFNGTSCPSLGGKPRLFFIGACGGEGKDHGFEVASTSPEDES
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PGSNPEPDATPFOQEGLRTFDOQLAAISSLPTPSDIFVSYSTFPGFVSWRDPKSGSWYVETLD
DIFEQWAHSEDLOSLLLRVANAVSVKGIYKOMPGCFNFLRKKLFFKTS SEQ 1D NO: 34

[443]
[449] >DNCRZ-Casp®
[450] MSSDEEEARELIERAKEAAERAQEAAERTGDPRVRELARELKRLAQEAAEEVKR.

DPSSSDVNEALKLIVEAIEAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVQRNPSS
SDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVE
HALMRIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVQRDPSGWLNHSGS
ASGSGGFGDVGALESLRGNADLAYHL . SMEPCGHCLINNVNFCRESGLRTRTGENIDCEK
LRRRFSSLHFMVEVKGDLTAKKMVLALLELAQODHGALDCCVVYVILSHGCQASHLOQFP
CAVYGTDGCPVSVEKIVNIFNGTSCPSLGGKPKLFFIQACGGEQKDHGFEVASTSPEDES
POGANPEPDATPFQEGLRTFDOQLDAISSLPTPSDIFVSYSTFPGFVESWRDPKSGSWYVETLD
DIFEQWAHSEDLQSLELRVANAVSVKGIYKOMPGCENFLRKKEFFKTS SEQ 1D NG: 38

[451]
1452} >P1-Casp9D330A
[453) MDDNEAEKLIREFAEEAAKDAFEAAERTGDPEVRELARELVRLAKEAAFEEVORNP

SSSDVNEALHSIVYAIEAAIFALEAAERTGOPEVRELARELVRLAVEAAEEVORNPSSRN
VEHALMRIVLAIYLAEENLRESGSASGSGGFGDVGALESLRGNADLAYILSMEPCGHCLI
INNVNFCRESGLRTRTGSNIDCEKLRRRFSSLHFMVEVKGDLTAKKMVLALLELAQQODH
GALDCCVVVILSHGCQASHLGFPGAVYGTDGCPVSVEKIVNIFNGTSCPSLGGKPKLFF]
QACGGEQKDHGFEVASTSPEDESPGSNPEPDATPRFQEGLRTFDOLAAISSLPTPSDIFVSY
STFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLQSLLLRVANAVSVKGIYKOMPGC
FNFLREKLFFKTS SEQ 1D NG: 36

[454]
[455] >P9-Casp9D330A
[456] MELEEVLKDLEEALERLRNEELRRLIEFIAELLRRRDDHSHYMIEALIFVIEAVERT

GDERIEKLLEELIKRIRNGDDDSAIMRIVLAVYLIEENLRESGSASGSGGFGDVGALESLR
ONADLAYILSMEPCGHCLINNVNFCRESGLRTRTGSNIDCEKLRRREFSSLHFMVEVEGD
LTAKKMVEALLELAQODHGALDCCVVVILSHGCUCQASHLOFPGAVYGTDGCPVSVEKIV
NIFNGTSCPSLGGKPKLFFIQACGGEQKDHGFEVASTSPEDESPGSNPEPDATPFOQEGLRT
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FDOQLAAISSLPTPSDIFVSYSTFPGFVSWRDPKSGSWYVETLDDIFEQWAHSEDLOGSLLLR
VANAVSVKGIYKOQMPGCENFLRKKLEFFKTS SEQ 1D NO: 37

1457]
[458) >DP20-Casp9D330A
4591 MYAKEFAAEFARBEAAERTOGDPEVRELARELERLARRGSSEHALMRIVIAIYLAEE

NLRESGSASGSGGFGDYVGALESLRGNADLAVYILSMEPCGHCLINNYNFCRESGLRTRTG
SNIDCEKLRRRFSSLHFMVEVKGDLTAKKMVLALLELAQQDHGALDCCVVVILSHGCQ
ASHLOFPGAVYGTDRGCPVSVEKIVNIFNGTSCPSLGGKPKLIFIQACGGEQK DHGFEVAS
TSPEDESPGSNPEPDATPFQEGLRTFDOLAAISSLPTPSDIFVSY STFPGFVSWRDPKSGSW
YVETLDIMFEQWAHSEDLOSLLLRVANAVSVKGIYKOMPGUFNFLRKKLFFKTS SEG
D NO: 38

£460]

[461] >GNCR1-CaspS330A

[462] MBIEKLCKKAEEEAKEAQEKADELROQRHPDSQAAEDAEDLANLAVAAVLTACL
LAQEHPNADIAKLCIKAASEAAFAASKAARLAQRHPDSQAARDAIKLASQAARAVILAIL
MLAAENPNADIAKLCIKAASEAAFAASKAABELAQRHPDSQAARDAIKLASQAAEAVER
ATWLAAENPNADIAKKCIKAASEAAEEASKAAEEAQRHPDSQKARDEIKEASQKAEEVK
ERCKSGSASGSGGFGDVGALESLRGNADLAYILSMEPCGHCLIINNYNFCRESGLRTRTG
SNIDCEKLRRRFSSLHFMVEVKGDLTAKKMYLALLELAQQDHGALDCCVVVILSHGCG
ASHLOQFPGAVYGTDGCPVSVEKIVNIFNGTSCPSLGGKPRKLFFIQACGGEQKDHGFEVAS
TSPEDESPGSNPEPDATPFOEGLRIFDOLAAISSLPTPSDIFVSY STFPGFVSWRDPRKSGSW
YVETLDDIFEQWAHSEDLQSLLLRVANAVSVKGIYKOMPGCFNFLRKKLFFKTS SEQ
1D NG 3¢

[463]
[464] >GNCRI-Casp9
[465] MDIEKLCKKAEEEAKEAQEKADELROQRHPDSOAAEDAEDLANLAVAAVLTACL

LAQEHPNADIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAIKLASQGAARAVILAL
MLAAENPNADIAKLCIK AASEAAEAASKAAELAQRHPDSQAARDAIKLASQAAEAVER
AIWLAAENPNADIAKKCIKAASEAAEEASKAAEEAQRHPDSQKARDEIKEASQKAEEVK
ERCKSGSASGSGOFGDVGALESLRGNADLAYILSMEPCGHCLUNNVNFCRESGLRTRTG
SNIDCEKLRRRFSSLHFMVEVKGDLTAKKMVLALLELAQODHGALDCCVVVILSHGCQ
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ASHLOFPGAVYGTDGCPVSVEKIVNIFNGTSCPSLGGKPKLFFIQACGGEQKDHGIEVAS
TSPEDESPGSNPEPDATPFOEGLRTFDQLDAISSLPTPSDIFVSYSTFPGEFVSWRDPKSGSW
YVETLDDIFEQWAHSEDLOSLLLRVANAVSVKGIYKQMPGCFNFLREKELFFKTS 5EQ
D NG: 46

[466]

{4671 >higKSP-{scFV-hinge-CD28tm-4-1BB-NS3aH1

[468] MVEQTOVFISLLLWISGAYG(scFV _hinge)CPPCPMEFWVLVVVGGVLACYSLIVT
VAFIFWVKRGREKLLYIFKOPFMRPYVQTTQEEDGUSCRFPEEEEGGCEL ASGSASGSAS

MKKKGSVVIVGRINLSGDTAYSQOQOTRGLEGCQETSQTGRDKNQVEGEVQYVSTATQSE
LATSINGVLWTVYHGAGTRTIASPKGPVTOMY TNVDKDLVGWOQAPOGSRSLTPCTCGS
SDLYLYVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTR
GVAKAVDFIPVESLETTMRSP SEQ ID NO: 41

[469]
[470] >dimer-NS3ak 1
(471 MTRTEIHRELERSLREQEELAKRLKELLRFLERLGREGSSDEDVRELLREIKELVEE

[FKLAREQKYLVEELKRODGSASGSASMKEKKGSVVIVGRINLSGDTAYSQOTRGLEGCQ
ETSQTOGRDENOQVEGEVOVVSTATOSFLATSINGVLWTVYHGAGTRTIASPKGPVTOMY
TNVDKDLVGOWOQAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYL
KGSAGGPLLOCPAGHAVGIFRAAVSTRGVAKAVDFIPVESLETTMRSP SEQ 1D NG: 42

[472]

[473] >hexamer-NS3a
{474] MTEDEIRKLRKLLEEAEKKLKKLEDKTRRSEEISKTDDDPKAQSLOQLIAESLMLIA

ESLLIOAISLLLSSRNGSASGSASMKEKGSVVIVGRINLSGDTAYSQOTRGLEGCQETSQT
GRODEKNOQVEGEVOVVYSTATOSFLATSINGVEWTVYHGAGTRTIASPKGPYVTOMY TNVDK
DLVOWQAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAG
GPLLCPAGHAVGIFRAAVSTRGVARKAVDFIPVESLETTMRSP SEQ 1D NG: 43

{475}

[476] >pentamer-NS3aH1

[477] MTRRKOEMKRLKKEMEKIREETEEVKKEIEESKKRPQSESAKNLILIMOQLLINGIR
LLALOQIRMLALQLOEGSASGSASMEKKGSVVIVGRINLSGDTAYSQOTRGLEGCQETSQ
TGRODKNQVEGEVOVVSTATQSFLATSINGVEWTVYHGAGTRTIASPKGPVTOMY TNVD
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KDLYGWQGAPQGSRSLTPCTCGSSDLYLVTRHADVIPYVRRRGDSRGSLLSPRPISYLKGSA
GGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIPVESLETTMRSE SEQ 1D NO: 44
1478]

[479] >trimer-INS3aH1
[480] MSEYEIRKALEELKASTAELKRATASLRASTEELKKNPSEDALVENNRLIVEHNAL

[VENNRHAAVLELIVRAIKGSASGSASMKKKGSVVIVGRINLSGDTAYSQQTRGLEGCQE
TSQTGRDENQVEGEVOVVSTATOSFLATSINGVEWTVYHGAGTRTIASPKGPVTIOMYT
NVDKDLVGWCQAPQGSRSLTPCTCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYL
KGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIPVESLETTMRSP SE€ 1D NO: 45
f451]
1482] >higK SP-{scFV-hinge}-CD28tm-4-1BB-NS3aH1-NS83aH1
[483] MVEQTOVFISLLLWISGAYG(scFV _hinge)CPPCPMEFWVLVVVGGVLACYSLIVT
VAFHFWVEKRGRKKLLYIFKQPFMRPYVOQTTOEEDGCSCRFPEEEEGGCELASGSASGSAS
MEKKGSVVIVGRINLSGDTAYSOQQTRGLEGCOETSQTGRDENOQVEGEVOQVYSTATOSF
LATSINGVEWTVYHGAGTRTIASPKGPVTOMYTNVDKDLVGWQAPQGSRSLTPCTCGS
SDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTR
GVAKAVDFIPVESLETTMRSPGSSGSSGSSGGRKKGSVVIVGRINLISGDTAYSQQTRGLE
GCOETSQTGRDKNQVEGEVOVYSTATOSFLATSINGVEWTVYHGAGTRTIASPKGPVT(
MYTNVDEDLYGWQAPQGSRSLTPCTCGSSDLYLVTIRHADVIPVRRRGDSRGSLLSPRPIE
SYLKGSAGGPLLCPAGHAVGIFRAAVSTRGYAKAVDFIPVESLETTMRSP SEQ ID NO:
46

[484]
[485] SFKBP(F36V)-Casp-1
(486] MLEGVQVETISPGDGRTFPKRGQTCVVHY TGMLEDGKK VDSSRDRNKPFKFML

GKOEVIRGWEEGVAQMSVGQORAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLESG
GOSOGSONPAMPTSSGSEGNVEKLCSLEEAQRIWKOQKSAEIYPIMDRKSSRTRLALHUONEEFD
SIPRRTGAEVDITGMTMLLONLGY SVDVKENLTASDMTTELEAFAHRPEHKTSDSTFLY
FMSHGIREGICGKEHSEQVPDILQUNAIFNMLNTKNCPSLKDKPKVIIQACRGDSPGVY
WEKDSVGVSOGNLSLPTTEEFEDDAIKKAHIEKDFIAFCSSTPDNVSWRHPTMGSVFIGRLE
EHMOEYACSCDVEEIFRKVREFSFEQPDGRAQMPTTERVTLTRCFYLEFPGH SEQ 1D N
47
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(487
[488] >FERBP(F36V)-Casp-4
489] MLEGVOVETISPGDGRTFPKRGOTCVVHY TGMLEDGKK VDSSRDRNKPFKFML

GKQEVIRGWEEGVAQMSVGQRAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLESG
GGSGSGEAGPPESGESTDALKLCPHEEFLRUCKERAEEIYPIKERNNRTRLALICONTEFD
HLPPRNGADFDITGMKELLEGLDYSVDVEENLTARDMESALRAFATRPEHKSSDSTFLY
LMSHGILEGICGTVHDEKKPDVLLYDTIFOQIFNNRNCLSLEDEKPEKVIVOQACRGANRGEL
WYVRDSPASLEVASSOSSENLEEDAVYRKTHVEKDFIAFCSSTPHNVSWRDSTMGSIFITQLE
TCFOKYSWCCHLEEVFRKVQOSFETPRAKAQMPTIERLSMTRYFYLFPGN SEQ 1D NG:
48

£490]

[491] >FKBP(F36V)-Casp-3

492} MLEGVQVETISPGDGRIFPKRGQTCVVHYTGMLEDGKK VDSSRDRNKPFEKFML
GKQEVIRGWEEGYAQMSVGORAKLTISPDY AYGATGHPGIPPHATLVFDVELLKLESG

GGSGMENTENSVDSKSIKNLEPKHHGSESMBPSGISLONSYKMDYPEMGLCIHNNKNFHK
STGMTSRSGTDVDAANLRETFRNLKYEVRNKNDLTREEIVELMRDVSKEDHSKRSSFVC
VLLSHGEEGHFGTNGPVDLKKITNFFRGDRORSLTGRPRKLFHOQACRGTELDCGIETDSGY
DDDMACHKIPVEADFLYAYSTAPGYYSWRNSKDGSWFIQSLCAMEKQY ADKLEFMHIL

TRYNREKVATEFESFSFDATFHAKKQIPCIVSMLTKELYFYH SEQ B NO: 49

[493]

[494] >FEBP(F36V)-Casp-3-Casp-Sinterface

{495] MLEGVQVETISPGDGRTFPKRGUTCVVHYTGMLEDGKKVDSSRDRNKPFKFML
GKOQEVIRGWEEGVAQMSYGORARKLTISPDYAYGATGHPGHPPHATLVFDVELLKLESG

GGSGMENTENSVDSKSIKNLEPKITHGSESMDSGISLONSYKMBYPEMGLCHINNKNFHK
STGMTSRSGTDVDAANLRETFRNLKYEVRNKNDLTREEIVELMRDVSKEDHSKRSSFVC
VLLSHGEEGHFGTNGPVDLKKITNFFRGDRORSLTGEPKLFHQACRGTELDCGIETDSGY
DDDMACHKIPVEADFLYAYSTAPGY YSWRNSKDGSWFIQSLCAMLEK QY ADKLEFMHIL
TRYNREKVATEFESFSFDATFHAKKQIPGCFNFLTKELYFYH SEQ 1D NG: 58

[496]

1497] >RIPK3-FKBP{F36V)-FKBP-F36V)
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{498} MSCVKLWPSGAPAPLVSIEELENQELVGKGGFGTVFRAQHREKWGYDVAVKIVN

SKAISREVKAMASLDNEFVLRELEGVIEKVNWDQDPEKPALVTKFMENGSLSGLLOSQCPR
PWPLLCRLLKEVVLOMEYLHDONPVLLHRDLKPSNVLLBPELHVEKLADFGLSTFQGGS
QSGTGSGEPGGTLGYLAPELFVYNYNRKASTASDYVYSFGILMWAVLAGREVELPTEPSLY
YEAVCNRONRPSLAELPQAGPETPGLEGLEELMOQLCWSSEPKDRPSFQECLPKTDEVEQ
MVENNMNAAVSTVKDFLSQLRSSNRRFESIPESGOQGGTEMDGFRRTIENQHSRNDYMYS
EWELNKLNLEEPPSSVPKKCPSLTKRSRAQEEQVPOAWTAGTSSDSMAQPPOTPETSTEFR
NOMPSPTSTGTPSPGPRGNQGAEROQGMINWSCRTPEPNPVTGRPLVNIYNMLEGVOVETT
SPGDGRTFPKRGOTCVVHYTGMLEDGKKVDSSRDENKPFKFMLGKQEVIRGWEEGVA
OMSVGORAKLTISPDY AYGATGHPGIPPHATLVFDVELLKLEGGSGRLEGVOVETISPG
DGRTFPEKRGOTCVVHYTOMLEDGKE VDS SRDRNKPFKFMLGKQEVIRGWEEGVAQMS
VGORAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE SEQ 1D NO: 51

{499]

[500] >MLKL-FKBP(FI6V-FKBP-F36V)

[501] MENLKEHTLGOVIHKRCEEMKYCKKGUCRRLGHRVLGLIKPLEMLQDQGKRSVP
SEKLTTAMMNBFKAALFEANGEIEKFSNRESNICRFLTASQDKILFKDVNRKLSDVWKELSL
LLOVEQRMPVYSPISGGASWAQEDCQODADEDRRAFOMLRRDNEKIEASLRRLEINMKEIK
ETLROQYLPPKCMOQEIPQEQIKEIKKEQLSGSPWILLRENEVSTLYKGEYHRAPVAIKVFKEK
LOAGSAIVROTFNKEIK TMKEKFESPNILRIFGICIDETVTPPOFSIVMEYCELGTLRELLDR
EKDLTLGEKRMVLVLGAARGLYRLHHSEAPELHGKIRSSNFLVTOQGYQVRKLAGFELRKT
OTSMSLGTTREKTDRVKSTAYLSPOELEDVEYQYDVEKSEIY SFGIVEWEIATGBIPFQGC
NSEKIRKLVAVKRGOEPLGEDCPSELREIDECRAHDPSVRPSVDEH KKLSTHFSKGSMLE
GVOVETISPEGGRTFPKRGOTCVVHYTOMLEDGKE VDSSRDRNKPFKFMLGRQEVIRG
WEEGVAQMSVGOQRAKLTISPDY AYGATGHPGHPPHATLVFDVELLKLETGSGMLEGV(
VETISPGDGRTFPRRGOTCVVHYTGMLEDGKKVDSSRDRENKPFKFMLGKQEVIRGWEE
GVAQMSVGORAKLTISPDYAYGATGHPGHPPHATLVFDVELLKLE SEQ 1D N{}: 52

15021

{503} >APAF1-FKBPFE36VI-FKBP-F36V)
{504} MBAKARNCELOHREALEKDIKTSYIMDHMISDGFLTISEEEKVRNEPTQQORAA

MLIKMILKEKDNDSYVSFYNALLHEGYEKDLAALLHDGIPVVSSSSGKDSVIGITSGSMLE
GYQVETISPEGGRTFPKRGOTCVVHYTGMLEDGKKVDSSRDRNKPFKFMLGKQEVIRG
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WEEGVAQMSVGORAKLTISPDY AYGATGHPGHPPHATLVEDVELLKLETGSOGMLEGVQ
VETISPGDGRTFPRKRGOTCYVVHYTOGMLEDGKKVDSSRDRNKPFKFMLGKQEVIRGWEE
GYVAQMSVGQORAKLTISPDYAYGATGHPGIPPHATLVEFDVELLKLE SEQ 1D NO: 83

(5051
[506] >DNCR2-Casp-1
[507) MSSDEEEARELIERAKEAAFRAQEAAERTGDPRVRELARELKRLAQEAAEEVKR

DPSSSDVNEALKLIVEAIEAAVDALEAAERTGODPEVRELARELVRLAVEAAEEVORNPSS
SDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVE
HALMRIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVOQRDPSGWLNHTGS
GGOSONPAMPTSSGREGNVEKLCSLEEAQRIWK OKSAEIYPIMDRE SSRTRLALHONEEFDS
PRETGAEVDITGMTMLLONLGY SVDVKKNLTASDMTTELEAFAHRPEHK TSDSTFLVF
MSHGIREGICGKEHSEQVPDILOUNAIFNMLNTKNCPSLKDKPKVIIQACRGDSPGVVW
FKDSVOGVSGNLSLPTTEEFEDDAIKK AHIEKDFIAFCSSTPRNYVSWRHPTMGSVFIGRLIE
HMOEYACSCDVEEIFRKVRFSFEQPDGRAQMPTTERVTLTRCOFYLFPGH SEQ 1D NG: 34

(508
[509] >PNCR2-Casp-4
(510] MSSDEEEARELIERAKEAAERAQEAAERTGDPRVRELARELKRLAQGEAAEEVKR

DPSSSDVNEALKLIVEAIEAAVDALFAAERTGDPEVRELARELVRLAVEAAEEVQRNPSS
SDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVQORNPSSRNVE
HALMRIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVORDPSGWLNHTGS
GOGSGEAGPPESGESTDALKLCPHEEFLRLCKERAEEIYPIKERNNRTRLALIICNTEFDH
LPPRNGADFDITGMKELLEGLDYSVDVEENLTARDMESALRAFATRPEHKSSDSTFLVE
MSHGILEGICGTVHDEKKPDVLLYDTIFQIFNNRNCLSLKDKPKVIVOACRGANRGELW

/RDSPASLEVASSQSSENLEEDAVYKTHVEKDFIAFCSSTPHNYSWRDSTMGSIFITOLIT
CFOKYSWCCHLEEVFRKVOQSFETPRAKAQMPTIERLSMTRYFYLFPGN SEQ 1D NO:
35

i511]
[512] >PNCR2-Casp-3
[513] MSSDEEEARELIERAKEAAFRAQEAAERTGDPRVRELARELKRLAQEAAEEVKR

DPSSSDVNEALKLIVEAIEAAVDALEAAERTGODPEVRELARELVRLAVEAAEEVORNPSS
SDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVOQRNPSSRNVE
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HALMRIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVORDPSGWLNHTGS
GGOSOGMENTENSVDSKSIKNLEPKHHGSESMD SGISLDNSYKMDYPEMGLCHINNKNFH
KSTOMTSRSGTDVDAANLRETFRNLKYEVRNENDLTREEIVELMRDVSKEDHSKRSSF
VOVLLSHGEEGUFGTNGPVDLEKKITNFFRGDRORSLTGKPKLFHQACRGTELDCGIETDS
GVDDDMACHEIPVEADFLYAYSTAPGY YSWRNSKDGSWFIQSLCAMLEQYADKLEFM
HILTRVNRKVATEFESFSFDATFHAKKQIPCIVSMLTKELYFYH 5EQ ID NG: 56

1514]
{515] >DNCR2Z-Casp-3-Casp@interface
[516] MSSDEEEARELIFRAKEAAERAQEAAERTGDPRVRELARELKRLAQEAAFREVKR

DPSSSDVNEALKLIVEAIEAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVQRNPSS
SDVNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVQRNPSSRNVE
HALMRIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVORDPSGWLNHTGS
GOGSGMENTENSVDSKSIKNLEPKHHGSESMBSGISLONSYKMDYPEMGLCIHNNKNFH
KSTGMTSRSGTDVDAANLRETFRNLKYEVRNKNDLTREEIVELMRDVSKEDHSKRSSF
YCVLLSHGEEGUFGTNGPVDLEKKITNFFRGDRCRSLTGKPRKLFHQACRGTELDCGIETDS
GVDDDMACHKIPVEADFLYAYSTAPGYYSWRNSKDGSWFIQSLCAMLKOQYADKLEFM
HILTRVNREKVATEFESFSFDATFHAKKQIPGCFNFLTKELYFYH SEQ D NG: 57

15171
{518] >RIPK3-DNCR2
{519} MSCVKLWPSGAPAPLVSIEELENGELVGKGGFGTVFRAQHRKWEYDVAVKIVN

SKAISREVKAMASLDNEFVLRLEGVIEKVNWDQUDPKPALVTKFMENGSLSGLLOSQCPR
PWPLLCRELKEVVLGMEYLHDONPVLLHRDLKPSNVLLDPELHVRKLADFGLSTFQGGS
QSGTGSGEPGGTLGYLAPELEFVNVNRKASTASDVY SFGILMWAVLAGREVELPTEPSLY
YEAVCNRONRPSLAELPQGAGPETPGLEGLKELMOQLCWSSEPKDRPSFQECLPKTDEVEQ
MVENNMNAAVSTVKDFLSQURSSNRRFSIPESGOGGTEMDGFRRTIENQHSRNDVMVS
EWELNKLNLEEPPSSVPKECPSLTKRSRAQEEQVPOAWTAGTSSDSMAQPPOTPETSTER
NOMPSPTSTGTPSPGPRGNQGAFRQGMNWSCRTPEPNPVTGRPLVNIYNSSDEEEAREL]
ERAKEAAERAQEAAERTGDPRVRELARELKRLAQEAAEEVERDPSSSDVNEALKLIVEA
IEAAVDALEAAERTOGDPEVRELAREL VRLAVEAAEEVQRNPSSSDVNEALHSIVYAIEAA
FALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVEHALMRIVLAIYLAEENL
REAEESGDPEKREKARERVREAVERAEEVQRDPSGWLNH SEQ [P NO: 58
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1520]
[521) >MLEL-DNCR2
{522} MENLKHHTLGOVIHKRCEEMEK Y CKKOCRRLGHRVLGLIK PLEMLOQDOGKRESYP

SEKLTTAMNRFKAALEEANGEIEKFSNRSNICRFLTASQDKILFKDVNRKLSDYVWEKELSL
LLOVEQRMPVSPISQGASWAQEDQQDADEDRRAFOMELRRDNEKIEASLRRLEINMEFEIK
ETLRQYLPPKUCMOQEIPQEQIKEIKKEGQGLSGSPWILLRENEVSTLYKGEYHRAPVAIKVEKK
LOAGSIAIVROTFNKEIKTMEKFESPNILRIFGICIDETVTPPOQFSIVMEYCELGTLRELLDR
EEKDLTLGEKRMVLVLGAARGLYRLHHSEAPELHGKIRSSNFLYTOQOGYOQVKLAGFELRKT
QTSMSLGTTREKTDRVESTAYLSPQELEDVFYQYDVKSEIVSFGIVLWEIATGDIPFOQGC
NSEKIRKLVAVKRQOEPLGEDCPSELREHDECRAHDPSVRPSVDEILKKLSTFSKGSSSDE
EEARELIFRAKEAAERAQEAAERTGDPRVRELARFLKRLAQEAAEEVKRDPSSSDVNEA
LELIVEAIHAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVQRNPSSSDVNEALHSE
VYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVEHALMRIVL AL
YLAEENLREAEESGDPEKREKARERVREAVERAEEVORDPSGWLNH SEQ 1D NG: 539

[523]
[524] >APAFI-DNCR2
(525] MBAKARNCLLOHREALEKDIKTSYIMDHMISDGFLTISEEEK VRNEPTQOOGRAA

MLIKMILKKDNDSYVSFYNALLHEGYKDLAALLHDGIPVVSSSSGKDSVSGITSGSSSDE
EEARELIERAKEAAERAQEAAERTGDPRVRELARELKRLAQEAAEEVKRDPSSSDVNEA
LEKLIVEAIFEAAVDALEAAFRTGDPEVRELARELVRLAVEAAFEVORNPSSSDVNEALHSI
VYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVOQRNPSSRNVEHALMRIVL AL
YLAEENLREAEESGDPEKREKARERVREAVERAEEVORDPSGWLNH SEQ D NO: 60

15261
[527] >APAFI-NS3a-DNCR2
[528] MDPAKARNCLLOHREALEKDIKTSYIMDHMISDGFLTISEEEKVRNEPTQOQQRAA

MLIKMILKKDNDSYVSFYNALLHEGYKDLAALLHDGIPYVSSSSGKDSVIGITSGIMEK
KGSVVIVGRINLSGDTAYAQOQTRGEEGCQEMSQTGRDKNQVEGEVOIVSTATOTFLATS
INGVLWTVYHGAGTRTIASPRGPVTOMYTNVDBEDBDLVGWQAPQGSRSLTPCTCGSSDLY
LVTREHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAK
AVDFIPVESLETTMRSPTGSGGGSSSDEEFARELIERAKEAAERAQEAAERTGDPRVREL
ARELKRLAQEAAFEVKRDPSSSDVNEALKLIVEAIEAAVDALEAAERTGDPEVRELARE
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LVRLAVEAAEEVORNPSSSDVNEALHSIVYAIEAAIFALEAAERTODPEVRELARELVRL
AVEAAEEVORNPSSENVEHALMRIVLAIYLAEENLREAEESGDPEKREKARERVREAVE
RAEEVQRDPSGWLNH SE( B NO: 61

i529]
530] >RIPK3-NS83a-P2a-RIPK3-DNCR2
531} MSCVKLWPSGAPAPLVSIEELENQGELVGKGGFGTYVFRAQHRKWGYDVAVKIVN

SKAISREVK AMASLDNEFVLRLEGVIEK VNWDOQDPKPALVTKFMENGSLSGLLOSQCPR
PWPLLCRLLKEVVLGMFYLHDONPVLLHRDLKPSNVLLDPELHVKLADFGLSTFOGGS
QSGTGSGEPGGTLGYLAPELFVNYNRKASTASDVYSFGILMWAVLAGREVELPTEPSLY
YEAVCNRONRPSLABLPQAGPETPGLEGLKELMOLCWSSEPKDRPSFOECLPKTDEVFQ
MVENNMNAAVSTVKDFLSQLRSSNRRFSIPESGQGGTEMDGFRR TIENQHSRNDVMYS
EWLNKLNLEEPPSSVPKKCPSLTKRSRAQEEQVPOAWTAGTSSDSMAQPPQTPETSTER
NOMPSPTSTGTPSPGPRGNQGAERQGMNWSCRTPEPNPVTGRPLVNIYNMKKKGSVVI
VGRINLSGDTAYAQQTRGEEGCQETSQTGRDKNQVEGEVQIVSTATQTFLATSINGVLW
TVYHGAGTRTIASPKGPVTOMYTNVDKDLVGWQAPQGSRSLTPCTCGSSDLYLVTRHA
DVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGVAKAVDFIP
VESLETTMRSPGSGEGRGSLLTCGDVEENPGPMSCVKLWPSGAPAPLY SIEELENQELY
GKGGFGTVFRAQHRKWGYDVAVKIVNSK AISREVK AMASLDNEFVLRLEGVIEKYNW
DODPKPALVTKFMENGSLSGLLOSQCPRPWPLLCRLLKEVVLGMFYLHDONPYLLHRD
LKPSNVLLDPELHVKLADFGLSTFQGGSQSGTGSGEPGGTLGYLAPELFYNYNRKASTA
SDVYSFGILMWAVLAGREVELPTEPSLVYEAVONRQNRPSLAELPOQAGPETPGLEGLKE
LMOLCWSSEPKDRPSFQOECLPK TDEVFQMVENNMNAAVSTVKDFLSQLRSSNRRESIPE
SGOGGTEMDGFRRTIENQHSRNDVMVSEWLNKLNLEEPPSSVPKKCPSLTKRSRAQERQ

IPOAWTAGTSSDSMAQPPQTPETSTFRNGMPSPTSTGTPSPGPRGNQGAERQGMNWSC
RTPEPNPVTGRPLVNIYNSSDEEEARELIERAKEAAFRAQEAAFRTGDPRVRELARELKR
LAQEAAEEVKRDPSSSDVNEALKLIVEAIEAAVDALEAAERTGDPEVRELARBLVRLAY
EAAEEVQRNPSSSDYNEALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAE
EVORNPSSRNVEHALMRIVLAIYLAEENLREAEESGDPEKREK ARERVREBAVERAEEVQ)
RDPSGWLNH SEQ ID NO: 62

[532] Table B Sequences
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0X40

ST

(UnuProtkB

[533] Table € Sequences

>LeucineZipper-GCN4 (dimer}
ORMKOLEDKVEELLSKNYHLENEVARLKELVGDAAR

>pRO2Z.5 (trimer}
SEYEIRKALEELKASTAELKRATASLRASTEELKENPSEDALVENNRLIVEHNATVENNR
HAAVLELIVRAIK

>2LAHCZ 23 (dimer)
TRTEIRELERSLREQEFLAKRLKELLRELERLOREGSSDEDVRELLREIKELVEEIEKT AR
EQRYLVEELKRQOD

>5H2LD 10 A (pentamer)
TRRKOGEMKRLKKEMEKIREETEEVEKEIEESKKRPOSESAKNLILIMQLLINQIRLLALQ!
RMLALQLQE

TEDEIRKLRKLLEEAEKKELKKLEDKTRRSEEISKTDDDPKAQSLOLIAESIMLIAESLLHA
ISLLLSSRNG

>ANR
GELDELVYLLDGPGYDPIHSDVVTRGGSHLFNF

>DNCR2
SSDEEEARELIERAKEAAERAQEAAERTGDPRVRELARELKRLAQEAAEEVKRDPSSSD
VNEALKLIVEAIEAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVQRNPSSSDVNE
ALHSIVYAIEAAIFALEFAAERTGDPEVRELARELVRLAVEAAFEVORNPSSRENVEHALM
RIVEAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVORDPSGWENH

>DNCR2 1
DDNEAEKLIREABEAAKDAFEAAERTGDPEVRELARELVRLAKEAAEEVQRNPSSSDYN
EALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVEHALM
RIVLAIYLAEENLRE
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>PDNCR2 2
EERELARELERLAKEAAREVORNPSSSDVNEALHSIEYAREAAEFAREAAERTGDPEVRE
LARELVRLAVEAAEEVORNPSSRNVEHALMRIVLAIYLAEENLRE

>DNCR2_3
DENEAEHSRRYAKEAAEFAREAAERTGDPEVRELARELERLAREAAEEVQRNPSSRNVE
HALMRIVLAIYLAEENLRE

>DNCR2 4
DENELEHIRRYLKEILEFVREVVERTGDEHIRRLLEELERL VKK VIEELKRRPDLHHNEHA
FMRLYLAVYLAEENLRE

SDNCR2 5
DENELEHIRRYLKEVLEFVREILERTGDEEVKKLIEELERL VKKIEEELKRDPRRHHNEHA
VMRLVLAVYLLEENLRE

>PDNCR2Z 6
DEEELHERVEELWKELHELVRRHSHDSDINELLHHEYLREVLEFVREVLERTGDEHIKR
LLHELVKRIVETIEEL KRNSHHSNNEHAVMRIVLAVYLAEENLRE

>DNCR2_7
DEEELERRLEELWRRIKERVERHSHDSDLNELLHIEYLREVVEFVREVVERTGDEHIKRL
LLELIREIVEVIEKLERNLHDSNNEHAVMRIVLAVYLAEENLRE

>DNCR2 8
EVEEVLKDLEEAIERLHDHEINRLAKEVLKILRKRDDHSIY AVEVMIFVIEVLERTGDEK
/RELIRELAEIRRKGGTDGAVMRLYLAIYLLEENLRE

SDNCR2 9
ELEEVLKDLEEALERLRNEELRRLIEEIAELLRRRDDHSITYMIEALIFVIEAVERTGDERIE
KLLEELIKRIRNGDDDSAIMRIVLAVYLIEENLRE

>PDNCR2 10
EAEEAAKDABEAAERLHDPEVRELARELVRLAKETTHEDGLHSIVYAIEAAIFALEAAERR
TGDPEVRELARELVRLARNGDHSGALMRIVEAIYLAEENLRE

>DNCR2 11
EAEEAAKDABEAAERLHDPEVRELARELVRLAKERDDHSIVYAIEAAIFALEAAERTGD
PEVRELARELVRLAREGDHSSALMRIVLAIYLAEENLRE

SDNCRZ 12
DDNEAEKLIREAEEVLKDIEEILERLHDEENRL VEEVQKILKELLER VHKHPHDSDLNELL
HIFYMMEVLIFVLEVLERTGDEEIRKLVWHIVRIILEILEELRRNPKHSNNEHALMRLLL
AIYLLEENLRE

>DNCR2 13
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EAEEAAKDAEEAAERLHDPEVRELARELVRLAKEVDDHSIVY AIEAAIFALEAAERTGD
PEVRELARELVRLAVEAAEEVORNPSSRNVEHALMRIVLAIYLAEENLRE

SDINCRZ 14
EFEEVLKDLFEVVERLHNEEIRRULERLIFLLRRVRDHSFIYLVEAVIFVLEVLERTGDHR
VEELLEKLVRLVIEVLEELERHPHKENNEHAAMRFVLAVYLIEENLRE

SDNCR2 15
EWEEVLKDLEEALERLHDEBIRRLLERVVELLRED TDHSIVYLIEALIFVIEAVERTGDERI
HRLLEBLVRRIIK VIEELHRHPHKENNEHAAMRFVLAVYLIEENLRE

>PDNCR2 16
EERELARELERLARERRDHSIEYAREAAFFAREAAERTGDPEVRELARELVRLARNGSD
EHALMRIVLAIYLAEENLRE

>DNCR2_17
EERELARELERLAKEAAEEVORNPSSSDVNEALHSIEYAREAAEFAREAAERTGDPEVRE
LARELVRLARNGSDEHALMRIVLAIYLAEENLRE

SPDINCRZ 18
DEEFIRKRIEEQWRRDTDHSWEYLREVAEFARFILERTGDERIKELVLRILELIENGTDDH
AIMRLVLALYLIEENLRE

SDNCR2 19
DEEBLREEVEHLWREDTDHSWEYLREALEFLREIVERTGDERLRELLKKALELVRHGTD
GHAIMRLVLAAYLLEENLRE

>PDNCR2 20
YAKEAAEFAREAAERTGDPEVRELARELERLARRGSSEHALMRIVLATYLAEENLRE

>DNCR2 21
YAKEVAEFVREVWERTGDERVEELLKKLEELRRNGSDEHALMRLVLAVYLIEENLRE

>DNCR2_ 22
YWKEVAEFLREVLERTGDEEVKKLLEEFEELRRRGSDEHALMRL VLAVYLIEENLRE

>DNCR2 23

DEEELERKIEEQVRKLREEVERRSHDSDLNEAL HSMEYLREIAEFAREIVERTGDEELRK
LEKEILRLUIHENPEDVGHAIMRLILALYLLEENLRE

SDINCRZ 24
DDNEAEKLIREAEEAAKDAFEAAERTGDPEVRELARELVRLAKEAAEEVORNPSSSDVN
EALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVQRNPSSRNVEHALM
RIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVQORD

>DNCR2 25
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EERELARELERLAKEAAEEVQORNPSSSDYNEALHSIEYAREAAEFAREAAERTGDPEVRE
LARELVRLAVEAAEEVORNPSSRNVEHALMRIVLAIVLAEENLREAEESGDPEKREK AR
ERVREAVERAEEVQGRD

>DNCR2_26
DENEAEHSRRYAKEAAEFAREAAERTGDPEVRELARELERLAREAAEEVQRNPSSRNVE
HALMRIVLAIYLAEENLREAEESGDPEKREK ARERVREAVERAEEVOQRD

SDINCRZ 27
DENELEHIRRYLKEILEFVREVVERTGDEHIRRLLEELERLVEKKVIEELKRRPDLHHNEHA
FMREVLAVYLAEENLREAEESGDPEKREKARERVREAVERAEEVQRD

SDNCR2 28
DENELEHIRRYLKEVLEFVREILERTGDEEVKKLIEELERL VKKIEEELKRDPRRHHNEHA
VMRLVLAVYLLEENLREAEESGDPEKREKARFRVREAVERAEEVORD

>PNCR2 29
DEEELHERVEELWKELHELVRRHSHDSDINELLHHEYLREVLEFVREVLERTGDEHIKR
LEHELVKRIVETIEELKRNSHHSNNEHAVMRIVLAVYLAEENLREAFEESGDPEKREKARE
RVREAVERAEEVQRD

>DNCR2 30
DEEELERRLEELWRRIKERVERHSHDADLNELLHIEYLREVVEFVREVVERTGDEHIKRL
LLELIREIVEVIEKLERNLHDSNNEHAVMRIVLAVYLAEENLREAEESGDPEKREKARER
VREAVERAEEVQRD

>DNCR2 31
DDNEAEKLIREABEVLRDIEEILERLHDEEHRLVEEVOKILKELLERVHRKHPHDSDLNELL
HIFYMMEVLUIFVLEVLERTGDEFIRKLVWHIVRILEIL EELRRNPKHSNNEHALMRULL
AITYLLEENLREAEESGDPEKREKARERVREAVERAEEVORD

>DNCR2 32
EAEEAAKDABEAAERLHDPEVRELARELVRLAKEVDDHSIVYAIEAAIFALEAAERTGD
PEVRELARELVRLAVEAAEEVORNPSSRNVEHALMRIVLAIVLAEENLREAEESGDPEK
REKARERVREAVERAEEVQRD

>DNCR2_33
EFEEVLKDLEEVVERLHNEEIRRLLERLIELLRRVRDHSFIYLVEAVIFVLEVLERTGDHR
VEELLEKLVRLVIEVLEELERHPHKENNEHAAMRFVLAVYLIEENLREAEESGDPEKREK
ARERVREAVERAEEVQRD

>DNCR2_ 34
EWEEVLKDLEEALERLHDEEIRRLLERVVELLREDTDHSIVYLIEALIFVIEAVERTGDERI
HRLLEELVRRIK VIEELHRHPHKENNEHAAMRFVLAVYLIEENLREABESGDPEKREKA
RERVREAVERAEEVQRD
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>GNCR1

DIEKLCKKAEEFAKEAQEKADELRQRHPDSQAAEDAEDLANLAVAAVLTACLLAQEHP
NADIAKLCIKAASEFAAEAASKAAELAQRHPDSQAARDAIKLASGAARAVILAIMLAAEN
PNADIAKLCIKAASEAAEAASKAAELAQRHPDSOQAARDAIKLASQAAEAVERAIWLAAE
NPNADIAKKCIKAASEAAREASKAAEEAQRHPDSOKARDEIKEASQKAEEVKERCKS

>GNCR1-3rep
DIFKLCKKAEEEAKEAQEKADELRQRHPDSQAAEDAEDLANLAVAAVLTACLLAQEHP
NADIAKLCIKAASEAAEAASKAAFLAQRHPDSQAARDAIKLASQGAARAVILAIMLAAEN
PNADIAKKCIKAASEAAEEASKAAEEAQRHPDSOKARDEIRKEASQKAEEVERRCWRAA
EN

>33
DIEKLCKKAEEEAKEEGNELAVAAVETACLLAQGEWPNSHI AXKLC IKAASEAAERGDSQA
ARAVILAIMLAAENPNNEHAEECIRELAMEAARDGTSEHAERVERECWEKHME

(338
DIEKLCKKAEEEAKEVGDNLAVAAVLTACLLAQEHPNADIAKLCIKAASEAAESGDKQ
AARAVILAIMLAAENPNADIAKLCIKAASEAAEGSKHGWSQAAEAVERATWLAAENPN
ADIAKKCIKAASEAAREGNSQKAEEVKERCKS

>P2a
GSGATNFSLLKOQAGDVEENPGP

>T2a
GSGEGRGSLLTCGDVEENPG

>T2a-R¥P-Pla
GRGEGRGSLLTCGDVEENPGPMVSKGEEDNMATKEFMRFKVHMEGSVNGHEFEIEGEG
EGRP YEGTQ’I’ AKLKVTKGGPLPFAWDILSPOFMYGSKAYVKHPADIPDYLKLSFPEGEFK
WERVMNFEDGGVVTVTQDSSLODGEFIYEKVEKLRGTNFPSDGPVMOKKTMGWEASSER
MYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVOLPGAYNVNIKLDITSHNED
YTIVEQYERAEGRHSTGOMBEL YKGSGATNFSLLKQAGDVEENPGP

>YB TATA
TCTAGAGGGTATATAATGGGGGCCA

> human beta globin (huBG)
GAATTCAGGGCTGGGUATAAAAGTCAGGGCAGAGUCATCTATTGCTTACATTTGCTT
CTGACACAACTGTGTTCACTAGCAACCTCAAACAGACACC
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>minll.2
TCGAGGACATTTTGACACCCCCATAATATTTTITCCAGAATTAACAGTATAAATTGCA
TCTCTTGTTCAAGAGTTCCCTATCACTCTCTTITAATCACTACTCACAGTAACCTCAALC
TCCTG

>minimalCMV {minCMV)
GAGGTAGGCOGTGTACGGTGOGGCGCCTATAAAAGCAGAGCTCGTTTAGTGAACCGTC
AGATCGCCTGGA

>TRE3G
ACGTATAAGUTTTGCTTATOGTAAACCAGGOGCGUCTATAAAAGAGTGCTGATTTTTIG
AGTAAACTTCAATTCCACAACACTTTTOGTCTTATACCAACTTTCCGTACCACTTCCTA
CCCTCGTAAA

>MIND
TOGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGGATCAAGGTTAGGAACAGAGAGA
CAGCAGAATATGOGGCCAAACAGOATATCTOGTGOTAAGCAGTTCCTGCCCCGGUTCA
GGOCCAAGAACAGTTGGAACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAG
CAGTTCCTGCCCCGGCTCAGOGUCAAGAACAGATGGTCCCCAGATGCGGTCCCGCC
CTCAGCAGTTTCTAGAGAACCATCAGATGTTTCCAGGGTGUCCCAAGGACCTGAAAT
GACCCTGTGCCTTATTITGAACTAACCAATCAGTTCGCTTCTCGCTTICTGTTCOGC GG
TTCTGCTCCCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGC

>hPGK
GOGOTTOGOGTTGCGUCTTTTCCAAGGUAGUCCTGOGTTTGUGCAGGGACGUGGETG
CTCTGOGCOTOGOTTCCGOGAAACGCAGCGOGCGUCGACCUCTGOOGTCTCGUCACATTCOTT
CACGTCCGTTCGCAGCOGTCACCCGGATCTTICGUCGUTACCOTTGTGGGCCCCCCGHO
GACGCTTCCTGUTCCGUCCCTAAGTCOGGHAAGOGTTCCTTGCGGTTCGUGGLGTGLCG
GACGTGACAAACGGAAGCCGCACGTCTCACTAGTACCCTCGCAGACGGACAGCGCC
AGGGAGCAATGOGCAGCGCGUCGACCGLCGATGOGGUTGTGGUCCAATAGCGOCTGUTCA
GCAGGGCOGCGUCGAGAGCAGCGOLCGGHAAGGGGUGGTGLCGGLAGGCGLGGOTOTE
GGGCGGTAGTGTGGOCCCTGTTCCTGCCCGUGUGGTOGTTCCGCATICTGCAAGCCTC
COGGAGCGUACGTCGGLAGTCGOCTCCCTCOGTTGACCGAATCACCGACCTCTCTCCCC
AG

>N83alb
MAKGSVVIVGRINLSGDTAYSQOTRGLLGCHTSATGRDKNOQVDGEVQVLSTATQSFLA
TCVNGVOWTVYHGAGSKTLAGPKGPITOMYTNVDODLVGWPAPPGARSMTRCTCGSES
DLYLVTRHADVIPVRRRGDSRGSLLSPRPVSYLKGSAGGPLLCPSGHVVGIFRAAVCTR
GYAKAVDFIPVESMETTMRESP

>NS3aH1
MEKKGSVVIVGRINLSGDTAYSQQTRGLEGCQETSQTGRDKNQVEGEVOVVSTATOSF
LATSINGVEWTVYHGAGTRTIASPRKGPVTOMY TNVDKDLVGWQAPQGSRSLTPCTCGS
SDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTR
GVAKAVDFIPVESLETTMRSP
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>NS3aoptS139A
KEKKGSVVIVGRINLSGDTAYAQOQTRGEEGCQETSOTGRDENOQVEGEVOQIVSTATOTFLA
TSINGVLWTVYHGAGTRTIASPKGPVTOMYTNVDKDLVGWOQAPQGSRSLTPCTCGSSD
LYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGY
AKAVDFIPVESLETTMRSP

>P2a-128
GSGATNFSLLKOQAGDVEENPGPGSGEGRGSLLTCGDVEENPGP

>T2a-Pla
GSGEGRGSLLTCGDVEENPGPGSGATNFSLLKQAGDVEENPGP

>CMV
CGTTACATAACTTACGGTAAATGOCCCOGCCTGGCTGACCGCCCAACGACCCCOGCCC
ATTGACGTCAATAATCGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGOTGGAGTATTITACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTA
TCATATGCCAAGTACGUCCCCTATTGACGTCAATGACGOGTAAATGGCCCGCCTOGLA
TTATGCCCAGTACATGACCTTATGGOGACTTTCCTACTTGGCAGTACATCTACGTATTA
GTCATCGUTATTACCATGCTGATGUGOTTTTGGCAGTACATCAATGGGCGTGGATAG
CGOHTTTOGACTCACGGOGATTTCCAAGTCTCCACCCCATTGACGTCAATGGOAGTTTG
TTTTGGCACCAAAATCAACGOGACTTITCCAAAATGTCOTAACAACTCCGCCCCATTG
ACGUAAATGOGUCGOTAGGCOGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGOTTT
AGTGAACCGTCAGAT

>CAG
ATTGACGTCAATAATCGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGOTGGAGTATTTACGGTAAACTGCCCACTTGOCAGTACATCAAGTGTA
TCATATGCCAAGTACGUCCCCTATTGACGTCAATGACGOGTAAATGGCCCGCCTOGLA
TTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTA
GTCATCGUTATTACCATGOTCGAGOTGAGCCCCACGTTCTGCTTCACTCTCCCCATCT
CCCCCCCCTCCCCACCCCCAATTTTOTATTTATTTATTTTTITAATTATTTTGTGCAGCG
ATGGGOGCGGEGEGEGEGEGEGEGCGLGCGLCAGGLGLGLLGHEGECGGGGLGAG
GGOCGHGGCGGHGUGAGGUGGAGAGGTGUGOGCGHCAGUCAATCAGAGCGOGLGEGT
TCCGAAAGTTTCCTTITATGGUGAGGCGOGLCGGCGGUGGEGGLCCTATAAAAAGUGA
AGCGCGCGGUCGGGCGATCGATT

>SFFV
OCTAACGUCATTTTGCAAGGUATGGAAAAATACCAAACCAAGAATAGAGAAGTTCAG
ATCAAGGGCOGOTACATGAAAATAGUTAACGTTGGGCCAAACAGGATATCTGCGOT
GAGCAGTTTCOGCCCCGOCCCOGOGLCAAGAACAGATGGTCACCGCAGTTTCGGCC
CCGGLCCGAGGCCAAGAACAGATGGTCCCCAGATATOGGUCCAACCCTCAGCAGTTT
CTTAAGACCCATCAGATGTTTCCAGGCTCCCCCAAGGACCTGAAATGACCCTGUGCC
TTATTTGAATTAACCAATCAGCCTGCTTCTCGUTTCTGTTCGCGCGCTTICTGCTTCCC
GAGCTCTATAAAAGAGCTCACAACCCCTCACTCGOCGUGCCAGTCCTCCGACAGACT
GAGTCGCCCGGE
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>EFlalpha
GGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAAT
TGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTA
CTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGC
CGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAG

>URBC
GGCCTCCGCGCCGOOTTTTGGCGCCTCCCGUGGGLGLCCCCCTCCTCACGGCGAGCG
CTGUCCACGTCAGACGAAGGGUGLAGUGAGCOTCCTGATCCTTCCGUCCGGACGUTC
AGGACAGCGGCCCGUTOUTCATAAGACTCOGUCTTAGAACCCCAGTATCAGCAGAA
GGACATTTTAGGACGGGACTTGOGGTGACTCTAGGGCACTGGITTITCTTICCAGAGAG
COGAACAGGUOAGGAAAAGTAGTCCCTICTCGOGCGATTICTGUGGAGGGATCTCCGT
GGOGGCGETGAACGCCGATGATTATATAAGGACGCGUCGGUTOTGGCACAGCTAGTT
CCGTCGCAGUCCGGGATTTGGGTCGUGGTTCTTETTIGTGGATCGUTGTGATCGTICACT
TGOGTGAGTAGCGGGCTGECTGOGLTOGLCGOGOUTTTCETGGCCGLCGGHLCGLTCG
GTGGGACGGAAGCGTGTGGAGAGACCGCCAAGGGUTGTAGTICTGGGTCCGCGAGCA
AGOTTGCCOCTOGAACTGOOGOGTTGOGHOGGAGCOCAGCAAAATGHCGGUTGTTCCCGA
OTCTTGAATGGAAGACGUTTGTOGAGGLGOGUTOTGAGGTCGTTGAAACAAGGTGGG
GOGGCATGOTGOGGCOGCAAGAACCCAAGGTCTTGAGGUCTTCGCTAATGUCGGGAAAG
CTCTTATTCGOGGTGAGATGGGUTGGGGCACCATCTGHGGACCCTGACGTGAAGTTIG
TCACTGACTGGAGAACTCGGTTTGICGTCTGTTGCGGGGGCGGCAGTTATGGCGGTG
CCGTTGGGCAGTGCACCCGETACCTTTGGGAGUGCGUGUCCTCETCGTGTICGTGACGT
CACCCOGTTCTGTTGOCTTATAATGCAGGGTOGGOGGCCACCTGCCOGGTAGGTOTGUGET
AGGCTTTTICTCCGTCGLAGGACGCAGGGTTCGGGUCTAGGGTAGGCTICTCCTGAATC
GACAGGUCGCCGGACCTOTGOTGAGOGGAGGOATAAGTGAGGCOTCAGTTITCTTTGG
TCGOTTTTATOGTACCTATCTTCTTAAGTAGCTOGAAGCTCCGOTITTGAACTATOGCGET
COGOGTTGGCGAGTETGTTTTGTGAAGTTTITITAGGCACCTTTTGAAATGTAATCATT
TGGOGTCAATATGTAATTTTCAGTOGTTAGACTAGTAAATTGTCCGCTAAATTCTGGOC
GTTTTTGGCTITTTITGTTAGACATCGATT

[534] Table

Brisease or Targeted Proteins (or antigens/epitopes theresf)

disorder

Autoimmune: ABCCR, ADIPOG, ADRB3, AGPATZ, AKTZ, ALMSI, ANGPTLS,
APPLIL, AQP2, AVP, AVPRZ, BANKI, BCARI, BLK, BSCL2, C44A,

C4B, CAPN10, CAV1, CAVINT, CCR5, CD38, CDKAL1, CEL,
CELA2A, CISD2, CLECléA CLPS CR2, CTLA4, DCAF17, DMXL2,
DNAJC3, DNASEL DNASEIL3, DYRK1B, BIF2AK3, ENPPI,
FCGR2B, FOXP3, GLQR., (;{K, GLIS3, GSK3A, GSK3B, GYSI,
H\I'FIB HNF4A, TER3IPL, IFFHI, IL2RA, INPPL1, INS, INSR, IRFS,
IRST, ITGAM, KONJTT, KONOQT, KLE11, LEP, LIPE, LTK, MAFA,
MAPK%EPL MBP, MCF2L2. MT-ND1I, NEUROD1, PAX4, PDCDI,
PDX1, PLAGL1, PPARG, PPPIRISE, PPPIR3A, PTFIA, PTPN22,
PTPRN, PTPRNZ, RASGRP, RETN, RFX6, SH2B3, SLCI6A11,
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SLC16A13, SLC19A2, SLC2A4, SLC30AB, SSB, STAT3, STATY,
SUMO4, TRC1D4, TCF7L2, TLRS, TNFSF4, TREX1, TRMTI0A,
UCPL, UCP3, WESL, XROCS, XROCS, ZFPST

Blood

ACSL4, ADA, AK1, ALDOA, AMMECR1, ANK1, ATP11C, BPGM,
BRCAL BRCA2, BRIP1, CDS9, CDANT, CDINL, CPOX, CYRA,
CYRB, CYBCI, EPR41, EPR42, ERCC4, F8, F9, FANCA, FANCE,
FANCC, FANCDZ, FANCE, FANCE, FANCG, FANCL FANCL,
GEPD, GCLC, GPI, GSR, GSS, HBA1, HBA2, HBB, KCNES, KCNNA4,
KLF1, LPIN2, MAD2LZ, NCF1, NCF2, NCF4, PALB2, PGK 1,
PIEZOL, PKLR, RADST, RADSIC, RFWD3, RHAG, RPL1T, RPLIS,
RPL18, RPL26, RPL27, RPL3S, RPL35A, RPLS, RPS10, RPS1SA,
RPS17, RPSIO, RPS24, RPS26, RPS27, RPS2S, RPS29, RPST,
SEC23B, SLOZAL SLC4A L, SLX4, SPTAL, SPTR, TPII, TSRZ,
UBE2T, XRCC2

Bone

ANOS, BMP1, CA2, CLON7, COL1AY, COL1A2, CREB3LI, CRTAP,
FKEP10, IFITMS, IKBKG, LRPS, MBTPS2, MESD, MITF, O8TM1,
P3H1, PAHB, PLEKHM]I, PLOD2, PPIB, SEC24D, SERPINF1,
SERPINHI, SNX10, SP7, SPARC, SPG7, TCIRG1, TENTSA,
TMEM3SB, TNFRSF11A, TNFSFI1, WNT1

Neurological

’\AR%' AARS2. ABCAZ, ABCAT7, ABHD12, ACO2, ACOX1,

ACTLGB, ADAMIO, ADAM22, ADPRS, ADRAZB, ADSL, AFG3L2,
AGTPBPL ATFM1, ALDHIBAL ALDHTAL ALG13, ALS2, AMPD2,
ANG, ANOTO, ANXALL APIS1, APZM1, AP3B2, AP4B1, AP4EL,
AP4AM1, AP481, AP5Z1. APLPL, APOAT, APOR, APP, APTX, AR
ARHGEFS, ARL6IP1, ARSA, ARSB, ARV, ARX, ASAHI, ASCCI,
ATGS, ATIC, ATL1, ATL3, ATM, ATN1, ATPI3AZ, ATP1AL,
ATP2AZ, ATP2B3, ATP6AP2, ATP6VIA, ATPTA, ATXNIT, ATXNIO,
ATXN2, ATXN3, ATXN7, BAGALNT 1, BCKDK, BEAN1, BICDZ,
BRATI, BRCLZ, C120rf65, C19rf12, Clorf194, Coorf72, CACNALA,
CACNAIB, CACNAID, CACNAIE, CACNAIG, CACNATH,
CACNA2D2, CACNB4, CAD, CAPN1, CASR, CCDC88A, CCDC8SC,
COTS, CDK 19, CDK5, CDKLS, CERS1, CHCHD10, CHCHD?, CHDZ,
CHMP1A, CHMP2B, CHP1, CHRNA2, CHRNA4, CHRNB2, CILK 1,
CLCNZ, CLN3, CLNS, CLN6, CLNg, CLP1, CLPB, CNNM2, CNPY3,
CNTNZ, CNTNAPT, ONTNAPZ, COAT, COASY, COQ2, COQBA,
COX6A1, CPAS, CPLX1, CPTIC, CRAT, CSFIR, CSNK2B, CSTB,
CTDP1, CTSD, CTSF, CUX2, CWFISL1, CYFIPZ, CYP2U1L, CYPTBI,
DABI. DAGLA, DALRD3, DEN1, DCAFS, DCTN1, DCX, DDHDI,
DDHD?2, DEAF1, DENNDSA, DEPDCS, DGUOK, DHDDS, DHTKDI,
DIX16, DIAPH, DIAPH3, DLLI. DMXL2, DNAJR2, DNAJC13,
DNAJC3, DNAJC6, DNM1, DNM2, DNMT 1, DOCK7, DPP6, DST,
DSTYK, DYNCIHI, BCHS1, BEF1A2, ERF2, EFHC T, EGR2, BIF283,
FIF4G1. ELOVL4, ELOVLS, ELP1, ELP3. EMC1, EML 1, ENTPD1,
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EPM2A. EPRS1, ERBB4, ERLINT, ERLINZ, EXOSC3, EXOSCS,
EXOSCH, EXT2, FA2H, FART, FARS2, FARSB, FAT2, FBLNS,
FBXO038, FBXO7, FDXR, FGD4, FGF12, FGF14, FGGY, FIG4,
FLVCR1I, FOLRI, FRRSIL, FTL, FUS, GABBR2, GABRA1,
GABRA2, GABRAS, GABRB1, GABRB2, GABRE3, GABRD,
GABRG2, GAL, GAN, GARS1, GBA, GBAZ, GBE1, GDAP1, GDAPZ,
GIGYF2, GIB1, GIC2, GLS, GNAO!L, GNB4, GOSR2, GOT2, GRIAZ,
GRID?2, GRINZA, GRINZB, GRINZD, GRM1, GRM7, GRN, GUF1,
HACEL HARSL, HON, HEXA, HEXB, HINT1, HIP1, HK 1,
HNRNPAT, HNRNPU, HSD17B10, HSPBI, HSPR3, HSPBR, HSPDI,
HTRAZ, HIT, IARS2, IBAST, TER3IPT, IGHMBP2, INF2, IREBZ,
IRF2BPL, ITM2B, ITPA, ITPR1, KARS1, KCNA2, KONBI, KCNC1,
KONC3, KOND?2, KCND3, KONHE, KONT10, KONK4, KCNMAL,
KONQ2Z, KONO3, KONT1, KONT2, KCTD7, KIDINS220, KIF 1A,
KIFIB, KIFIC, KIFSA, KLC2, LICAM, LAGE3, LGI1, LITAF,
LMNA, LMNB2, LNPK, LRRK2, LRSAM 1!, MAG, MAPK 10, MAPT,
MARCHF6, MARST, MARS2, MATR3, MCM3AP, MDH1, MDH?2,
MED25, MEF2C, MFN2, MFSDS, MME, MORC2, MPV17, MPV17,
MPZ, MT-ATP6, MT-CO1, MT-CO3, MT-CYB, MTHFS, MTMR2,
MT-NDT, MT-ND2, MT-ND4, MT-ND4L. MT-NDS, MT-NDS,
MTOR, MTPAP, MYHI4, NACCT, NAGA, NAGLU, NALCN, NAXD,
NAXE, NDRG1, NECAPT, NEFH, NEFL, NEK1, NEURODZ, NGF,
NHLRCI, NHLRCZ, NIPA 1, NKX6-2, NOP36, NOTCH2NLC,
NPRL2, NPRL3, NRROS, NTSC2, NTRK?2, NUP107, NUPI33, OPAL,
OPTN, O8GEP, OTOF, OTUD6B, OXR1, PAHTM, PACS2, PAK L,
PANKZ, PARK7, PARS2, PCDHI2, PCDHI9, PCLO, PCNA, PCYTZ,
PDK3, PDXK, PDYN, PEN1, PHACTR1, PHF21A, PHF6, PIGA,
PIGR, PIGH, PIGK, PIGN, PIGP, PIGO, PIGS, PIGT, PIGU, PIK3RS,
PINK1, PLA2GS, PLCBI, PLD3, PLEKHGS, PLP1, PLPBP, PMP2,
PMP2Z. PMPCA, PMPCB, PNKP, BNPLAG, BNPO, POLG, PPP2R2B,
PPP3CA, PPP5C, PPT1, PRDMI2, PRDM12, PRDMS, PRICKLE],
PRICKLEZ, PRICKLE3, PRKCG, PRKN, PRPH, PRPST, PRRT2,
PRUNEL, PRX, PSAP, PSEN1, PSEN2, PTPN23, BUMI, QARSI
RAB]O RAB7A, RAPGEF2, RARS?, REEP, REEP2, RELN, REPSI,
RETREGI, RFCT, RHOBTRZ, RNF13, ROGDL RORA, RORB, RPIA,
RRM‘?B, RTN2, RUBCN, SACS, SAMD12, SARS1, SBF1, SBF2,
SBF2, SCARB2, SCN11A, SCN1A, SCN1B, SCN2A, SCN3A, SCNSA,
SCNYA, SCYL1, SELENOL SEMAG6B, SEPSECS, SERPINII,
SETDIA, SETX, SH3TC2, SIGMAR1, SIK1, SIRT2. SLCI2A1,
SLC12AS, SLCI12A6, SLC13AS, SLC1A2, SLCIA4, SLC25A19,
SLO25A22, SLO25A46, SLO2AT, SLO30AT0, SLC33A1T, SLO3ISAZ,
SLC35A3, SLC30A 14, SLC44A1, SLCASAT, SLCSA6, SLCSAT
SLO6AT, SLC6A3, SLOYAT, SLE9AG, SMCIA, SMN1, SMN2,
SMPD1, SNAP29, SNCA, SNCAIP, SNIP1, SNX14, 80D1, SORD,
SORLI, SPART, SPAST, SPATAS, SPGI1, SPG21, SPG7, SPTANI,
SPTBN2, SPTBN4, SPTLCT, SPTLC2, SOSTMI, SRPXZ, ST3GALS,
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STIGALS, STURL, STX1B, STXBP1, SUMF1, SUOX, SURF1, SYN1,
SYNE1, 8YNJ1, SYT14, SZT2. TANGO?2, TARDBP, TBCID24,
TBCD, TBCE, TBK 1, TBP, TCF4, TDPI, TDP2, T'E"(“PR” TFG,
TGMS6, THG1L, TIMMS0, TMEM106B, TMEM175, TMEM230,
TMEM240, TMX2, TNRC6A, TOEL, TPSIRK, TPP1, TPRKE,
TRAK1, TRAPPC2L, TRAPPO6B, TREMZ, TREX1, TRIM?2, TRIP4,
TRPC3, TRPM7, TRPV4, TSC1, TSC2, TSENZ, TSEN34, TSEN54,
TTBK2, TTR, TUBA4A, TUBGCP2, TWNK, TXNZ, TYMP, UBA1,
UBAS, UBAPI, URQLNZ, UBQLN4, UBTF, UCHL1, UGDH, UGP2,
UNCSC, UNCS0, VAC14, VAMPI, VAPB, VARSI, VCP, VPSI13A,
VPS13C, VPSI3D, VPS35, VPS3TA, VPS53, VRK I, VWA3B,
WARSI, WASF1, WASHCS, WDR4, WDR45, WDR45B, WDR73,
WNK 1, WWOX, ‘KR( C1, YARSI, YEATS2, YWHAG, ZEB2,
ZEYVE26, ZEYVEZT, ZNHIT3

Cardiovascular

AARSZ, ABCCY, ACADVL, ACTCL, ACTN?2, AGK, ALPK3, BAG3,
BRAF, CALR3, CAV3, CDH2, CRYAR, CSRP3, CTNNAZ, DES,
DMD, DNAJC19, DSC2, DSG2, DSP, DTNA, EMD, EYA4, FKRP,
FKTN, FLNC, GATA4, GATAD1, GIAS, GRM7, GTPBP3, JPH2, JUP,
KRAS, LAMA4, LDB3, LMNA, MAP2K 1, MAP2K?2, MIB1, MT-
ATP6, MT-ATPS, MT-CYB, MTO1, MYBPC3, MYH6, MYH7,
MYLZ, MYL3, MYLK2, MYO6, MYOZ2, MYPN, NDUFR1 1, NEXN,
NPPA, OPA1, PKP2, PLN, PPCS, PRDM 16, PREAG2, PSEN],
PSENZ, RAFT, RBM20, RYRZ, SCNSA, SCO2Z, SDHA, SGCD,
SLC25A4, TAZ, TBX20, TBX5, TCAP, TGFB3, TMEMA43, TMPO,
TNNC1T, TNNI3, TNNBK, TNNT2, TPM1, TSEM, TTN, VCL, ZFPM2

Metabolic

AGL, ALDOA, ARSB, RCKDHA, BCKDHB, DBT, ENO3, EPM2A,
BTFA, ETFB, ETFDH, G6PC, GAA, GALNS, GBA, GBE1, GCDH,
GCHI, GLB1, GNS, GUSB, GYG1, GYS2, HGSNAT, HYALL, IDS,
TDUA, LAMP2, LDHA, NAGLU, PAH, PFKM, PGAM?2, PGM1,
PHK AL, PHKAZ, PHKB, PHKGZ, PRKAG?, PSAPR, PTS, PYGL,
PYGM, ODPR, SGSH, SUGCT, SUMFI, VPS33A

AAGAR, ANAPCT, AQPS, BMST, BRAF, CAST, CD151, CDHI,
CDH3, COL11A1, COL17AL COL7AL, CST6, CTNND1, CTSC,
CYP26C1. DDB2. DPHI, DSG1, DSP, DST, EDA, EDAR,
EDARADD, ERCC6, ERCC2, ERCC3, ERCCA, ERCCS, EVC, BVC2,
EXPHS, FGF1C, }?GFRZ’;, FGFR3, GJAL, GIB2, GIB3, GIB4, GIBS6,
GRHLZ, HOXC13, [FT122, [FT43, IKBKG, ITGA3, ITGA6, ITGBA4,
JUP, KANK?2, KDF 1, KDSR, KLHL24, KRAS, KREMEN1, KRT1,
KRT14, KRT16, KRT17, KRTS, KRT6A, KRT6B, KRT6C, KRT74,
KRTR3, KRT85, KRTO, LAMAZ, LAMB3, LAMC2, LORICRIN,
MAP2K 1, MAP?K2, MBTP32, MSX1, NECTIN, NECTIN4,
NFKBIA, NLRP1, PKP1, PLEC, POLH, POMP, PRKD1, RHBDF2,
RHOA, RIPK4, RSPO1, SASHI, SERPINB7. SLURPI, SMARCADI,
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SNAP29, TAT, TP63, TRPM4, TRPV3, TSPEAR, TWIST2, WDRI19,
WDR3S, WNTI0A, XPA, XPC

Mitochondrial AARS2, ACADY, AGK, ATFM1, ATP5F1A, ATP5FID, ATPSFIE,
ATPSMD, ATPAF2, BCSIL, BOLA3, C120rf65, C10BP, CARS2,
COA3, COAS, COAS, COAS, COQ2, COQ4, COQ6, CONT, COQSA
CO09, COX10, COX14, COX15, COX20, COXA4Tl, COXSA,
COX6A2, COX6B1, COX8A, CYC!, DGUOK, DNAZ, EARSZ,
FLAC2, FARS2, FASTKD?2, FBXL4, FDX2, FLADI, FOXREDI,
GATB, GATC, GFER, GFM1, GFM2, GTPEP3, IBAS7, ISCA2,
LRPPRC, LYRM4, LYRM7, MARSZ, MGME1, MICOS13, MIPEP,
MPV17, MRM2, MRPL12, MRPL3, MRPL44, MRPS14, MRPS16,
MRPS2, MRPS22, MRPS23, MRPS28, MRPS34, MRPST, MT-ATPG,
MT-ATPS, MT-CO1, MT-CO2, MT-CO3, MT-CYB, MTFMT, MT-
ND1, MT-ND2, MT-ND3, MT-ND4, MT-ND4L, MT-ND5, MT-ND6,
MTO1, NARSZ, NDUFA1, NDUFA10, NDUFAT1, NDUFAT2,
NDUFA13, NDUFA2, NDUFA4, NDUFAS, NDUFAS, NDUFAFL,
NDUFAF2, NDUFAF3, NDUFAF4, NDUFAFS, NDUFAFS,
NDUFAFS, NDUFB 11, NDUFB3, NDUFBS, NDUFBO, NDUFS1,
NDUFS2, NDUFS3, NDUFS4, NDUFS6, NDUFS7, NDUFSS,
NDUFV1, NDUFV2, NFUTL, NSUN3, NUBPL, OPA1, PDHAL, PDSSI,
PDSS2, PET100, PET117, PINK |, PNPLA4, PNPT1, POLG, POLG2,
PRICKLE3, PUSI, QRSL1, RMNDI, RNASEH!I, RRM2B, SCO1,
SCO2, SDHA, SDHAF1, SDHD, SFXN4, SLO25A10, SLC25A21,
SLC25A26, SLC25A4, SUCLA2, SUCLGI, SURF1, TACO!, TARS2
TEAM, TIMM22, TIMMDC1, TK2, TMEM 1268, TMEM70, TOP3A,
TRITL, TRMTI0C, TRMTS, TSFM, TTC19, TUFM, TWNEK, TXN2,
TYMP, UQCC2, UQCC3, UOCRB, UGCRC2, UQCRFS1, UQCRQ,
VARS2, WARS2, YARS?

>

2

Muscle ANOS, B3GALNTZ, B4GATT, BVES, CAPN3, CAV3, CHKE,
COLI2AL, COL6AL, COL6AZ, COLGAS, CRPPA, DAG!, DES,
DINATBG, DPM1, DPMZ, DPM3, DYSE, EMD, FHL1, FKRP, FKTN,
GIPC1, GMPPB, HNRNPDL, INPPSK, ITGA7, LAMA2, LARGE],
LIMS2, LMNA, MYOT, PLEC, POGLUT1, POMGNTI, POMGNTZ,
POMEK, POMT1, POMTZ, POPDC3, PYROXD1, RXYLTL, SGCA,
SGCR, SGCD, SGCG, SYNEL SYNE2, TCAP, TMEMA43, TNPOS3,
TORIAIP1, TRAPPCI1, TRIM32, TRIP4, TTN

Liver ABCB11, ABCR4, AKRIDI, AMACR, ATP8B1, CYPTB1, HSD3R7,
NR1H4, SLC25A13, TIP2

Hearing ABCC1, ABHD12, ABHDS, ACOX1, ACSL4, ACTB, ACTGI,
ADAMTS17, ADCY1, ADGRV, AIFM1, ALMST, AMMECRT,
ANKH, APO00S12.4, APIB1, AP1SI, ARSG, ATPIA3, ATP6VIBI,
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ATPGVIB2, BCAP3L, BCSIL, BDPI, BRAF, BSND, CABP2,
CACNAID, CCDCS0, CD151, CD164, CDCI4A, CDHI1, CDH23,
CBACAMI6, CEP250, CEPT8, CIB2, CISD2, CLCNKA, CLONKE,
CLDN14, CLIC5, CLPP. CLRN1, COCH, COLI1AL COL11A2,
COL2AY, COL4A3, COL4A4, COL4AS, COL4AG, COLOAL, COLOAD,
CO06, CRYM, DCAF17, DCDC2, DCHST, DIABLO, DIAPHI,
DIAPH3, DLX5, DMXL2, DNAJC3, DNMT!1, DSPP, EDN3, EDNRE,
ELMOD3, EPSS, EPSSL2, ERAL, ERCC2, EROC3, BRCCS, ERCCS,
FROCR, ESPN, ESRP1, BSRRE, EXO8C2, EYAL EYA4, FAT4,
FDXR, FGF9, FGFR3, FITM2, FKBP14, FLNA, FOXC1, GABI,
GATA3, GFER, GIPC3, GIB2. GIB3, GIB6, GPC4, GPRASPZ,
GPSM2, GRAP, GRHL2, GRXCR1, GRXCR2, GSDME, HARSI,
HARSZ, HGF, HOMER?, HSD17B4, IARSZ, IGF1, ILDR1, ITM2B,
JAGT, KARST, KONEL KONES, KONHZ, KCNF10, KONQT, KONQA4,
KITLG, KRAS, LARS2, LHFPLS, LMX1A, LONP1, LOXHDI,
LOXL3, MAF, MARS2, MARVELD2, MCM2, MET, MGP, MITF,
MPZ, MPZL2, MSRB3, MT-CO1, MT-CYR, MYH 14, MYH9,
MYO15A, MYOIF, MYO3A, MYO6, MYOTA, NARS2, NDP, NF2,
NLRP3, NOG, OPA1, OSBPL2, OTOA, OTOF, OTOG, OTOGL,
PIRX2, PAX1, PAX3, PCDHIS, PONA, PDEIC, PDZD7, PRX],
PEX6, PEX7, PHYH, PIGL, PISD, PIVK, PLSI, PMP22, PNPT1,
POU4F3, PPIPSK 2, PPPZRAC, PRPST, PTPN11, RAB40OAL, RAF1,
RDX, REST, RIPOR2, ROR1, RPGR, RPS23. 81PR2, SALLI,
SERACT, SERPINEG, SIX1, SIX5, SLC17AS, SLC19A2, SLC26A4,
SLO26AS, SLO33A1, SLC44A4, SLC4ATT, SLOS2A2, SLOS2A3,
SLCYAL, SLITRK6, SMPX, SNATZ, SOX10, SPATAS, SPNS2,
SPTBN4, STRC, SYNF4, TBC1D24, TBL1X, TBL1Y, TBX22,
TECTA, THRB, TIMMSA, TMC1, TMEMI132E, TMEMS67, TMIE,
TMPRSS3, TNC, TNFRSF11A, TPRN, TRAPPC 12, TRIOBP, TRMU,
TRRAP, TSPEAR, TUBB4B, TWNK, TXNL4A, TYR, USHIC,
USHIG, USH2A, WRP2, WFS1, WHRN

Opthalmic

ARMS2. ABCA4, ABCA4, ABHD12, ARHDS, ADGRV1, AGBL1L
AGBLS, AGK, AGPS, AHR, AIPL1, ARHGEF18, ARLG, ARSG,
ASB10, BBSZ, BESTT, BFSPI, BFSP2, 2, €3, C8orf37, €9, (A4,
CACNAIF, CDH23, CEP290, CERKL, CFB, CFH, CFI, CHMP4B,
CHST6, CIB2, CLCC1, CLPB, CLRN1, CNGA1, CNGA3, CNGB1,
CNGB3, COL11AL COLISAT, COL2A1, COL8A2, CRB1, CRB2,
CRX, CRYAA, CRYAA2, CRYAB, CRYBAI, CRYBAZ, CRYBA4,
CRYBB1, CRYBB2, CRYBB3, CRYGB, CRYGC, CRYGD, CRYGS,
CST3, CTDPL, CWC27, CX3CRE, CYPIRL, CYR27AL CYP4V2,
DCN, DHDDS, DHEXG8, DMPK, DNMBP, EBP, ELOVL4, EPGS,
EPHA2, ERCC1, BRCC2, ERCC6, ESPN, EXOSC2, EYS, FAM126A,
FAMI61A, FARL, FBLNS, FLVCRY, FOXE3, FSCN2. FTL, FYCOL,
GALK1, GALT, GONTZ2, GDF6, GFER, GIA1, GJA3, GIAB, GLS,
GNATIL GNB3, GNPAT, GPATCH3, GRHLZ, GRK 1, GRMS6, GSN,
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GUCAIB, GUCY?2D, HARSL, HGSNAT, HK1, HMCN1, HMX1,
HSF4, HTRA1L, IARS?, IDH3B, IFT140, IFT172, IFT43, IMPDHI,
IMPG2, INPPSK, IQCB1, KONA4, KONI13, KIAA 1549, KIF3B, KI7,
KLHL7, KRT12, KRT3, LCAS, LCAT, LEMD2, LIM2, LONP1,
LOXLI, LRAT, LRIT3, LSS, LTBP2, MAF, MAK, MBNL1, MERTK,
MEFRP, MIP, MSMO1, MT-ATP6, MT-CO1, MT-CO3, MT-CYB, MT-
ND1, MT-ND2, MT-ND4, MT-ND4L, MT-NDS, MT-ND6, MVK,
MYH9, MYOTA, MYOC, NEK2, NHS, NMNAT1, NPHP, NPHP4,
NR2E3, NRL, NTF4, NUP188, NYX, OCRL. OFD1, OPA3, OPTN,
OVOL2, PCARE, PCDHI5, PDEGA, PDEGB, PDE6G, PDZD7, PEXT,
PHYH, PIK3C2A, PIKFYVE, PISD, PITX3, PNPLAGS, POMGNTI,
PRCD, PRICKLE3, PROMI, PRPF3, PRPF31, PRPF4, PRPF6, PRPFS,
PRPHZ, PRPS], RAB3GAP2, RAXZ, RBP3, RD3, RDH1, RDHI2,
RECOQL4, REEPS, RGR, RHO, ROMI, RP1, RPIL1, RP2, RPO, RPH6S,
RPGR, RPGRIP1, SAG, SCAPER, SDCCAGS, SEMA4A, SIPAIL3,
SIX6, SLCI6A12, SLC24A1, SLC2AL, SLO33A1, SLC4A 11, SLO4A4,
SLOTAT4, SNRNP200, SPATA7, SRD5A3, TACSTD?, TBK1, TCF4,
TDRD7, TEK, TGFBI, TKFC, TLR4, TMCO1, TMEM6G7, TOPORS,
TRAF3IPL, TRNTI, TRPM1, TTC&, TUBB4B, TULPI, UBIADI,
UNC4SB, USHIC, USHIG, USH2A, USP45, VOCAN, VIM, VSX1,
VEX2, WDR19, WDR36, WPS1, WHRN, ZEB1, ZNF408, ZNF513

Cancer

A2M, AARS2, ABCB1, ABCC1, ABCC2, ABCC3, ABCCS, ABCCS,
ABCGZ, ABIL, ABL1, ABL2, ACAP1, ACKR3, ACLY, ACO1, ACP3,
ACSL3, ACVRI, ACVRIB, ACVR2A, ACVR2B, ADAMI0, ADAMY,
ADAMTSE, ADAMTS14, ADAMTS18, ADAMTS20, ADAMTS3,
ADAMTS4, ADAMTSS, ADAMTS6, ADAMTSS, ADAMTSS,
ADCY1, ADGRBI, ADM, ADNP, ADORAZA, ADRAIR, AFDN,
AFF1, AFF3, AFF4, AFP, AGER, AHNAK?2, AHR, AHSG, AJUBA,
AK9, AKAP12, AKAPY, AKRIBL, AKTIL, AKT2, AKT3, ALB,
ALCAM, ALDOA, ALDOB, ALDOC, ALK, ALKBHS, ALPK2,
ALPL, ALPP, AMERT, AMPH, ANAPC1, ANG, ANGPT1, ANGPTZ,
ANK3, ANKRD12, ANXAT ANXALL ANXA2, ANXA4, ANXAT,
AOC3, AP2B1, APAF1, APC, APEX1, APOAL, APOA2, APOBEC3E,
APOCT, APOC3, APOD, APOE, APOL2, APPBP2, AR, AREG, ARG2,
ARHGAP26, ARHGAP32, ARHGAP3S, ARHGEF 12, ARHGEFS,
ARIDIA, ARIDIB, ARID2, ARIDSB, ARNT, ASPH, ASPM,
ASPSCRI, ASXL1, ASXL2, ATF1, ATG13, ATIC, ATM, ATOH]1,
ATPIA1, ATP2R3, ATP7B, ATR, ATRX, AURKA, AURKB, AXINI,
AXINZ, AZGP1, B2M, BAD, BAG1, BAP1, BARD1, BAX, BCL10,
BCLIIA, BCLIIB, BCL2, BCL2AT, BCL2L1, BCL2L2, BCL2L2-
PABPNT, BCL3, BCL6, BCL7A, BCLY, BCLOL, BCLAF1, BCOR,
BCORL1, BCR, BDNF, BHMTZ, BIRC2, BIRC3, BIRCS, BIRCS,
BIVM-ERCCS, BLK, BLM, BLMIL BMI1, BMP2, BMP4, BMPRIA,
BNIP3, BNIP3L, BRAF, BRCA1, BRCA2, BRD3, BRD4, BRIPI,
BRMSI, BTGI, BTG2, BTK, BUBIB, C1OBP, C3orf70, C6, (7, CAE,
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CACNAID, CAD, CALCA, CALR, CAMTAT, CANTI, CANX, CAP2,
CAPNG6, CARD11, CARMI, CARS1, CASC3, CASPI, CASP10,
CASP2, CASP3, CASP4, CASPS, CASP6, CASP7, CASPS, CASPY,
CAST, CAT, CAV1, CBFA2T3, CBFB, CBL. CBLB, CBLC. CCARL,
CCDC120, CCDC6, CCKBR, CCL1Y, CCLI3, CCL14, CCL16, CCL1S,
CCLI9, CCL2, CCL21, CCL23, CCL3, CCL4, CCLS, CCL7, CCLS,
CCN2, CCN4, CCNAL CCNA2, CCNB1, CCNB1IPI, CCNB2,
CCND1, CCND2, CCND3, CONEL, CCNE2, CCNG1, CONG2Z, CONH,
CCR10, CCR7, D14, CB1D. CD24, CD27, CD274, CD36, CD38,
CD40, CD40LG, CD44, CD46, CDS2, CDS9, CD70, CD74, CDT9A,
CD79B, CD82, CD9, CBC16, CDC20, CDC25A, CDC2SE, CDO25C,
CDC27, CDC34, CDC37, CROs, CDCT3, CDHI, CDHL, CDHIT,
CDHS, (DK 1, CDK 12, CDK2, CDK4, CDK6, CDK7, CDKNI1A,
CDKNIB, CDKNIC, CDENZA, CDEKN2C, CDX2, CEACAMS,
CEACAMS, CEBPA, CENPF, CEP43, CEP76, CFH, CFHR1, CFLAR,
CFTR, CGA, CHCHD7, CHD4, CHD7, CHDS, CHEK 1, CHEK?,
CHFR, CHGA, CHI3L1, CHP2. CIB2, CIC, CIITA, CKB, CKSIB,
CKS2, CLDN3, CLDN4, CLDN7, CLEC3B, CLICt, CLIPI, CLSTNI,
CLTC, CLTCLL, CLU, CNBD1T, ONBP, CNKSR1, ONNT, CNOT3,
CNTF, CNTRL, COLT1AL COL17AT, COLI8AL COLIAT, COLIAZ,
COL2AY, COL4A2, COL4AS, COL4A4, COL4AS, COLSAL, COLSA3,
COL6AT, COX17, CP, CRABP1, CRADD, CREB1, CREB3L1,
CRER3L2, CREBRBP, CRLF2, CRP, CRTC1, CRTC3, CRYAR,
CSDEL, CSEIL, CSF1, CSFIR, CSF2, CSF2RA, CSF3, CSF3R,
CSNISL CSNK1E, CSNE2A2, CSNK2B, CST3, CST6, CSTA, CSTR,
CTAG1A, CTAGIB, CTAG2, CTCF, CTNNB1, CTNNBLI, CTNNDI,
CTSH, CTSD, CTSH, CTSL, CTTN, CULL, CULZ, CUL4B, CULS,
CUX1, CXCL1, CXCL10, CXCL13, CXCL2, CXCLS, CXCLS,
CXCLY, CXCR1, CXCR2, CXCR4, CYBSR3, CYLD, CYPI9AL,
CYPIAZ, CYP2C19, CYP2BEL, CYP3A4, CYP3AS, DADI, DAPKI,
DAXX, DBL, DCC, DCN, DCTN1, DDR2, DDIT3, DDR2, DDX10,
DDX3Y, DDX5, DDX6, DEFAL, DEFAIB, DEFA3, DEK, DES,
DHFR, DHX9, DIAPH1, DIAPH3, DICER 1, DIS3, DLC1, DMD,
DNAHI2, DNAJB1, DNAJC2, DNER, DNM2, DNMT3A, DOCK2,
DROSHA, DST, DUSP1, DUSP14, DUSP4, DVL3, DYNLL1, DYRKZ,
FOF1, F2F3, B2F5, ERAGY, EBF1, EDN1, EEF1AL FEF2, EFNAL
FFNA2, EFNAS, EFNB1, EFNB2, EFNB3, EGF, EGFR, EGR1, EI24,
FIF282, BIF3E, BIF3H, BEIF4A2, FIF4E, BIFAEBPL, BIF4GT, FIF4H,
EIF5A, ELANE, ELF3, ELF4, ELK3, ELK4, ELL, EML4, ENC1, ENG,
ENC1, ENO2, ENPP2, EP300, EPAST, EPCAM, EPHAL, EPHAZ,
FPHA3, EPHA4, EPHA7, TPHAS, EPHB?2, EPHRB3, EPHRB4, EPHXI,
FPO, EPOR, FPSi5, FRBR2. ERBR3, ERBR4, ERC1, BRCCI,
FRCCZ, BRCC3, BRCC4, BRCCS, ERCC6, BRG, ESR1, FSR2,
ETNKI, ETV1, ETV4, ETVS, ETV6, EWSR1, EXT1, EXT2, EZH1,
E7H2, EZR, F13A1, FI3B, F2, F3, FABP1, FABPZ, FABP4, FARPS,
FADD, FAF1, FAMI66A, FANCA, FANCC, FANCDZ, FANCE,
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FANCF, FANCG, FAP, FAS, FASLG, FASN, FATL, FAT4, FRN2,
FBXO11, FBX06, FBXW7, FCER2, FCGR2B, FCRL4, FEN1, FES,
FEV, FGA, FGB, FGF1, FGF17, FGF18, PGF19, FGF2, FGE23, FGF3,
FGF4, FGEF6, FGF7, FGF8, FGFO, FGFBP1, FGFR 1, FGFR2, FGFR3,
FGFR4, FGG, FH, FHIT, FIPIL1, FKBPS, FKBPR, FLCN, FLG, FLI1,
FLT1, FLT3, FLT4, FMOS, FN1, FOLH1, FOS, FOSLT, FOXAT,
FOXAZ, FOXI1, FOXL2, FOXMI, FOXO1, FOXO03, FOX04, FOXPI,
FOXQ1, FRMD7, FSCN1, FSHB, FST, FSTL3, FTHI, FTL, FUBPI,
FUS, FZD1, FZD2, G6PD, GADD45A, GADD45G, GASE. GART,
GAST, GATAL GATA2, GATA3, GCLM, GDF15, GDNF, GHI, GH2,
GIAL, GIBS, GLO1, GMNN, GNA11, GNA13, GNAIL, GNAQ,
GNAS, GNB1, GNPTAR, GOLGAS, GOPC, GOTL, GOT2, GPA33,
GPC3, GPHN, GPL, GPS2, GPX1, GPX2, GRB10, GRE2, GRB7,
GRIN2A, GSK3A, GSN, GSR, GSTM1, GSTM3, GSTP1, GTF2H]1,
GUSRB, H2AC6, H3-3A, H3-3B, H3C2, H4Co, HDAC 10, HDAC?,
HDACS, HERPUD1, HEY1, HGF, HGFAC, HIF1A, HIPY, HIPIR,
HK1, HK2, HLA-A, HLA-B, HLA-G, HLF, HMGAT, HMGA?2,
HMGXB4, HMOX 1, HNF1A, HNRNPAZRB1, HOOK3, HOXAL1,
HOXAT3, HOXAS, HOXAY, HOXC11, HOXC13, HOXDI1,
HOXD13, HP, HPGD, HPN, HRAS, HSF1, HSPOOAAT, HSPOOABT,
HSP%B‘ HSPAIL, HSPAZ, HSPA4, HSPAS, HSPE1, HSPDI,
HSPEL HSPH1, HUWEL IBSP, ICAMI, ID1. ID2, ID3, IDH1, IDH2,
DO1, IFNAI, IFNA13, IFNARL, IFNARZ, IFNRI, IFNG, IGFIR,
IGF2, IGF2R, IGFBP2, IGFEP3, IKBKE, IKZF 1, IL10, FL11, IL12A,
TL13, LI3RAZ, TL15 TL16 TL1T7A, IL17R, IL18, IL1A, IL1B, IL1R1,
TLIRZ, ILIRN, IL2, IL21R, IL24, L2RA TLORB, IL2RG, IL4, IL4R,
1L, 1.6, IL6R, IL6ST, IL7, IL7R, IL9, ILF3, ILK, ING1, INHBA,
INHBB, INPPL 1, INS, INTS12, IPO7, IRF1, IRF4, IRF6, IRS2, IRS4,
ITGA1, ITGA2, ITGA2B, ITGA3, ITGA4, ITGAS, ITGAG, ITGAM,
ITGAV, ITGB1, ITGB3, ITGB4, ITGBS, ITGBS, ITGB7, ITGES,
ITIHA, ITK, ITPKB, JAK 1, JAK2, JAK3, JKAMP, ITR. JUN, JUND,
JUP, KALRN, KATZB, KAT6A, KATSB, KONJS, KDMS5A, KDMSC,
KDM6A, KDR, KDSR, KEAP], KEL, KIAA1109, KIF2A, KIF2C,
KIFSB, KIFC3, KISS1, KIT, KITLG, KLF4, KLF5, KLF6, KLHLS,
KLK10, KLK11, KLK13, KLK14, KLK15, KLK2, KLK3, KLK4,
KLK5, KLK6, KLK7, KLK8, KLK9, KLRK1, KMT24A, KMT2B,
KMT2C, KMT2ZD, KNL1, KRAS, KRT13, KRT14, KRT15, KRT17,
KRT1S, KRT19, KRT4, KRT8, KTN1, LALBA, LAMB1, LAMCI,
LASPi, LATSI. LATS2, LCK, LCN1, LCPI. LCTL, LDHA, LEF1,
LEP, LEPR, LGALS3, LGALS3BP, LGALS4, LGI1, LGMN, LHB,
LIDXE, LIF, LIFR, LIG4, LIMK {, LMNA, LMO1, LMO2, LPP, LRIG3,
LRPIB, LRP4, LRRKZ, LTA, LTA4H, LTB, LTBR, LTF, LUM, LYL1,
LYN, LZTRI, MAD2L1, MADZL2, MAF, MAFB, MAGEA3,
MAGEA4, MAGEAS, MAGERS, MAGEB6, MAGEC1, MAGEC2,
MAGECS, MAGED, MAGED?2, MAGEH, MALT1, MAML2,
MAPZK T, MAPZKZ, MAP2K4, MAP3K T, MAP3K 13, MAP3K3,

113




WO 2022/165378

CA 03209126 2023-07-21

PCT/US2022/014624

MAP3IK4, MAP4K3, MAPK 1, MAPK 14, MAPK3, MAPK7, MAPKS,
MAPKSIP1, MAPKAPKZ, MAST2, MATE, MAX, MBD1, MBD?2,
MBDM4, MCLT, MCM2, MCM3, MCMS5, MCM7, MDC1, MDH]1,
MDK, MDM2, MDM4, MECOM, MECP2, MED, MED12, MED13,
MED17, MED23, MEF2A, MEN1, MET, METTL 14, MFGER, MGA,
MGMT, MIA, MIF, MITF, MKI67, MLF1, MLHT, MLH3, MLLT1,
MLLT10, MLLT11, MLLT3, MLLT6, MME, MMP1, MMP10,
MMP1L, MMP12, MMP13, MMP14, MMP15, MMP16, MMP2,
MMP3, MMP7, MMPR, MMP9, M1, MORC4, MPL, MPO, MRE11,
MRTFA, MSH2, M8H6, MSI2, MSLN, MSMB, MSN, MSR1, MSTI,
MTIA, MTIG, MTAL MTCP1, MTOR, MUCT, MUCT7, MUTYH,
MVP, MXT1, MXRAS, MYB, MYBLZ, MYC, MYCL, MYCN,
MYDE8, MYH11, MYHS, MYOSA, MYOCD, MYOD1, MYOG,
NAB2, NAGA, NAIP, NAMPT, NAT2, NAV3, NBN, NBPF1,
NBPF10, NCAM1, NCOAT, NCOA2, NCOA3, NCOA4, NCOR1,
NCOR2, NDRG1, NEB, NEDD4L, NEDDS, NEO1, NF1, NF2,
NFATC?, NFE2L2, NFIB, NFKB1, NFKB2, NFKBIA, NFKBIE, NGF,
NGFR, NIBAN1, NIN, NKX2-1, NKX3-1, NLRP3, NME1, NME2,
NONO, NOST, NOS2, NOS3, NOTCH1, NOTCHZ, NOTCH3, NPM1,
NOQOI, NROBL, NRI1H2, NR4AZ, NR4A3, NRAS, NRG1, NRG2,
NRG3, NRP1, NRP2, NSD1, NSD2, NSD3, NT5C2, NTF3, NTF4,
NTHLT, NTNT, NTN4, NTRK1, NTRKZ, NTRK3, NUCBZ, NUDT1,
NUMAT, NUMB, NUP210L, NUP214, NUP93, NUP98, NUTM],
NUTM2B, NUTM2D, ODAM, OGG1, OLIG2, OMA1, OR4A 16,
OR51E2. OR52NT, ORM 1, OSM, OTUD7A, P2RYS, PABPC1,
PAFAHIRB2, PAGE4, PALB2, PAPPA, PARPI, PARVE, PATZ1,
PAX3, PAXS5, PAXT, PAXS, PERM1, PBX1, PCBP1, POMI, PCNA,
PDAPI, PDCDILG2, PDCD2L, PDEADIP, PDGFA, PDGTR,
PDGFRA, PDGERB, PDISS2, PDZD4, PECAMI, PERI, PF4, PGC,
PGF, PGR, PHF20, PHF6, PHLDAT, PHOXZE, PICALM, PIGR,
PIK3CA. PIK3CB, PIK3CG, PIK3R 1, PIK3R2, PIK3R3, PIMI, PIM2,
PIM3, PIN1, PIP4K2B, PIPSK1A, PKM, PLAGY, PLAT, PLAY,
PLAUR. PLOGI, PLOG2, PLEC, PLG, PLK1, PLPI, PMEPAL, PML.
PMP22, PMS1, PMS2, PNMT, POLD1, POLE, POLQ, POMC, PONI,
POSTN, POTL, POTEF, POUZAF1, POUZF2, POUSF1, PPA2, PPARG,
PPARGC1A. PPFIBPL, PPMID, PPPIR15A, PPP2RIA, PPP6C, PPY,
PRCC, PRDM 1, PRDM 13, PRDMI6, PRDX2, PRDX4, PREX2, PRF1,
PRKACA, PRKARIA, PRKCA, PRKCE, PRKCD, PRKCE, PRECH,
PRKCI PRKCQ, PRKDC, PRL, PROC, PRPFS, PRRX 1, PRSI,
PSCA, PSENT, PSIPI, PSMD4, PTCHI, PTCH2, PTEN, PTGS1,
PTGS2, PTH, PTHLH, PTK2, PTK6G, PTN, PTPN11, PTPN13, PTPRE,
PTPRC, PTPRK, PTPRO, PTPRT, PTTGI, PURA, PZP, K1,
RABTIFIP3, RABIS, RAB2S, RAB40A, RABEPI, RACT, RADZI,
RAD23A, RAD23B, RADS1, RADSIB, RADSID, RADS2, RADS4R,
RAF1, RANBP2, RANBP3, RAPIGDS!, RARA, RARB, RARG,
RASAL, RBI, RBBP4, RBL1, RBL2, REM10, REM1S, RBM6, RBMX,
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RBP4, RECOL4, REL, RELA, RELB, RET, RHEB, RHOA, RHOB,
RHOC, RHOH, RITI, RMC1, RMI2, RNF213, RNF43, ROS1, RPAZ,
RPGR, RPL10, RPL22, RPL27, RPLS, RPN1, RPS15, RPS2, RPS3,
RPS6K AT, RPSGKAS, RSBNIL, RSPO2, RSPO3, RUNX 1, RUNXITI,
RXRA, RXRE, RXRG, SI00A1, SI00AZ, S100A4, S100A6, S100A7,
S100AS, S100A9, STO0B, STPRI, SACS, SALL4, SARTI, SBDS,
SCGB1A1, SCGBID2, SCGB2AL, SCGB2AZ, SDC1, SDC4, SDHA,
SDHAF?2, SDHB, SDHC, SDHD, SELE, SELL, SELP, SEMA3E,
SEPTIN?, SERPINA1, SERPINA3Z, SERPINAS, SERPINB13,
SERPINB2, SERPINB3, SERPINB4, SERPINE1, SERPINF1, SET,
SETBPI, SETD?, SETDBI, SF3B1, SFN, SFPQ, SFRP4, SGK 1,
SH2B3, SH3GL1, SHRG, SIN3A, SIRT2, SIRT4, SIX1, SKP2,
SLC19A1, SLC1A3, SLO26A3, SLO2ZAT, SLO34AZ, SLO3AL,
SLC44A3, SLCASA3, SLC4AS, SLPI SMADT, SMADZ, SMAD3,
SMAD4, SMARCA4, SMARCB1, SMARCD!, SMARCE! SMCIA,
SMC3, SMO, SMYD3, SND1, SNX25, SOCST, SOD1, SOD2Z, SOS1,
SOX1, SOX17, SOX2, 80X9, SP1, SPARC, SPARCL1, SPATAS,
SPEN, SPINK I, SPINT1, SPINT2, SPOP, SPP1, SPRRIB, SPRR3,
SPRY 1, SRC, SRDSAL, SRDSAZ, SRSF2, SRSF3, 8818, §S18L1, S8T,
SSX1, SSX2, SSX2B, S8X4, 8T14, STAG2, STARD3, STAT3, STAT4,
STATSA, STATSE, STAT6, STEAPL, STIL, STK 11, STK19, STMNI,
STRAP, STRN, STT3A, §TX2, SUFU, SULTIEL 8UZ12, SYK,
SYNE!, TAF1, TAF1S, TAGLN, TAL1, TAL2, TAPL, TRCID12,
TBLIXRI, TBX3, TCEAL TCF12, TCF3, TCF7, TCF7L2, TCLI1A,
TCP11L2, TDRDIO, TDRDG, TEK, TENTSC, TERT, TET, TET2, TF,
TFAP2B, TFDP1, TFDP2, TFE3, TFEB, TFF1, TFF2, TFF3, TFG,
TFRC, TG, TGFA, TGFB2, TGFB3, TGFBR2, TGFBR3, TGIF1,
TGM4, TGM7, THBS!. THBS?, THRS4, THPO, THRA, THRB, TIEL,
TIMM17A, TIMP1, TIMP2, TIMP3, TIP2, TK1, TLXI, TLX3,
TMEM127, TMF1, TMPRSS2, TMPRSSE3, TNC, TNF, TNFAIP2,
TNFAIP3, TNFRSF10A. TNFRSF10B, TNFRSF10C, TNFRSF 10D,
TNFRSE118, TNFRSF12A, TNFRSF14, TNFRSF17, TNFRSFIA,
TNFRSF1B, TNFRSF4, TNFRAFS, TNFRSFO, TNFSF10, TNFSFI1,
TNFSF13, TNFSF13B, TNFSF4, TNFSFS, TNK?2, TOMI, TOP1,
TOPZA, TOP3A, TP53, TPS3IBPL, TP53BP2, TP63, TPDS2, TPI,
TPM1, TPM2, TPM3, TPM4, TPR. TPX2, TRAF1, TRAF2, TRAF3,
TRAF4, TRAF7, TRIM23, TRIMZ24, TRIM2S, TRIM27, TRIM33,
TRIM7, TRIO, TRIP11, TRIP4, TRO, TRRAP, TSC1, TSC2, TSGI01,
TSHR, TSPANS, TSPO, TTLLY, TTR, TUBAIA, TUSC2, TWISTI,
TXLNA, TXNDCS, TXNIP, TXNRD1, TYMP, TYMS, TYRO3,
U2AF1, UBAL, UBE2C, URE2L, UBE2N, URRS, UGTIAL UGTIAIC,
UGTI1A3, UGT1A4, UGT1AS, UHRFIBPIL, USHIC, USP6, USPS,
VAMP3, VCAMI, VEGFA, VEGFB, VEGFC, VEGFD, VHL, VIL1,
VIP, VTN, VWF, WAS, WASF3, WDCP, WERL, WFDC2, WIF 1,
WNTIL, WNTZ, WRN, WT1, WWTR1, XBP1, XIAP, XIRP2, XPA,
XPC, XPO1, XRCCT, XRCC2, XRCC3, XROC4, XRCCS, XRCCS,
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YBX1, YWHAB, YWHAE, YWHAH, ZBTB16, ZFHX3, ZFPISL1,
ZFP36L2, ZMYM2, ZNF132, ZNF 180, ZNF300, ZNF331, ZNF3R4,
ZNF471, ZNF483, ZNF521, ZNF620, ZNF750, ZNF814, ZNF844,
ZNF91, ZRANB3, ZRSR?2

Genetic AGPATZ, AGRN, ATPL1, ALG1, ALG1L, ALG12, ALG13, ALG14,
ALG2, ALG3, ALGS, ALGB, ALG9, ATPGAP], ATPGAPD,
B3GALNTZ, B3GLCT, B4AGALT1, BAGATI, BPGM, BSCL2,
CACNAIF, CAD, CAVL, CAVINT, CCDC11S, CDANL, CDINI,
CEP290, CHAT, CHKB, CHRNA 1, CHRNB1, CHRND, CHRNE,
CNGA3, COGL, COG2, COGS, COGE, COGT, COGE, COLI2AL,
COLI3A1, COL6AT, COL6AZ, COL6A3, COLQ, CRB1, CRPPA,
CRX, CYPLIBL, CYPI7AL CYP2IA2, DAGL, DDOST, DOK7,
DOLK, DPAGTL. DPM1, DPM2, DPM3, DUOX2, DUOXA2, EGLNI,
EPASI, FPO. EPOR, FCSK, FKRP, FKTN, FOXE1, FUTS8, GALNT2,
GDIF6, GFPT1, GIPC1, GLIS3, GMPPB, GNAT1, GNB3, GRK1,
GRM6, GUCY2D, HBB, HSD3RB2, IGST1, IMPDH1, INPPSK, IQCB1,
R84, ITGAT, IYD, KONJ13, KONI6, KLP1, LAMA?2, LARGEL
LCAS, LMNA, LPINZ, LRAT, LRIT3, LRP4, MAGT1, MGAT?2,
MPDU1, MPL MUSK, MYO7A, MYO9A, NKX2-1, NMNATI,
NPHP1, NPHP4, NUST, NKX2-5, NYX, PAXS, PDESB, PGMI,
PMM2, POMGNT1, POMGNT2, POMK, POMTL. POMT?2, POR,
PREPL, RAPSN, RD3, RDHI2, RFT1, RHO, RPE6S, RPGRIP1,
RXYLT1, SAG, SCN4A, SDCCAGS, SEC23B, SLCI8A3, SLO24A1,
SLC25A1, SLO35A1T, SLC3SA2, SLC35CT, SLC39A8, SLOSAS,
SLOSAT, SNAP25, SPATAT, SRD5A3, S8R4, STAR, STT3A, STT3B,
SYT2, TBLIX, TG, THRA, TMEM165, TMEM199, TPO, TRAF3IPI,
TRHR, TRIP4, TRPM !, TSHR. TUBB4R, TULPI, USP45, VAMPI,
THL, WDR 19

Kits

(5351  The disclosure provides kits or articles of manutacture comprising polynucleotides of
the disclosure and a preparation for delivery of the polynuclectides to cells. The polymuclectides
may be provided as part of a vector of the disclosure. In some embodiments, the kit or article of
manufacture further comprises instructions for using the set of the polynucleotides to transform
cells to express a gene of interest to produce a polypeptide of interest.

[536]  In some cases, the kits may also include a small molecule of the disclosure.

Examples
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Methods

[537]  NS3a-based regulated CARs were evaluated using lentiviral transduction of T cells and
flow cytometry analysis. The CARs gvaluated are specific for the ROR1 antigen expressed on
the target cell line Jekol. The Jurkat and Jekol cell lines were obtained from American Type
Culture Collection (Manassas, VA) and maintained in RPMI 1640 media with Glutamax (Gibeo)
containing 10% fetal calf serum (Gibco). For lentiviral transduction, hurkat cells were incubated
with lentivirus in coroplete media plus LenttBOOST at the wmanufacturers recoromended
concentration {Sirion Biotech). Eighteen hours after transfection, lentivirus and LentiBOOST
were diluted by addition of 1 volume tresh media.

[s3s]  Pre-selected, cryopreserved primary human CP4 T cells from normal donors were
obtained from Bloodworks (Seattle WA). Human T cells were cultured in OpTmizer medium
{Thermo Fisher) supplemented with Tmmune Cell Serum Replacement (Thermo Fisher), 2mM L-
glutamine {(Gibeo), 2mM Glutamax (Gibeo), 200 1U/mi [L-2 (R&D systems), 120 [U/ml IL-7
{R&D systerns), and 20 HU/mi H.-15 (R&D systems).

[s39]  Lentivirus was produced using standard protocols in a HEK293T suspension line. Viral
supernatant was concentrated 10x using Lenti-X (Takara Bio) following the manufacturer’s
protocol.

[540] For lentiviral transduction, T cells were stimulated with a 1:100 dilution of T cell
TransAct (Miltenyi) for 30 hours. Virus was then added to T cells for 18-24 hours. Stimulation
and viral infection were then terminated by addition of 7 volumes of fresh media without
TransAct, and cells were cultured for 3-7 additional days before analysis.

[541]  Purified recombinant Rorl linked to human Ig Fc was produced in-house and conjugated
to Alexa 047 dye for detection and used as a flow cytometry reagent to detect the ROR1 CAR.
[saz1  Kill switch-positive cells {1e5) were incubated for 24-48 hours with inducer drug before
staining and analysis for death. Conditions were normalized to contain about 50% transduction
positive {(+} cells by adding untransduced Jurkat or primary T cells in order to get accurate
statistics on death.

[s43]  Flow cytometry was performed on a Ze3 cytometer (Biorad). To determine expression
of markers, between 1x10°- 2x10° total cells were transferred to a U-bottom 96 well culture dish
{Corning). Cells were washed twice with Cell Staining Buffer (BioLegend), then stained with

Zombie Violet (1:1000, BiocLegend) and ROR1-FC for ROR1-specific CAR constructs (20 min
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at room temperature}. Cells were washed twice in Cell Staining Buffer, then stained with
Annexin V-PE (BD) in 1x Annexin V Binding Buffer (BD) for 15 min at room temperature.
After staining, cells were washed once with Annexin V Binding Buffer, resuspended in AnneinV
Binding Buffer and immediately analyzed.

s44] Flow cytometry data was analyzed using Flowdo 10 {Tree Star).
Percent killing was calculated by gating on live cells, then
calculating 100~{{percent GFP positive DMSO condition} — {percent GFP
positive drug condition}} / (percent GFP positive DMSO condition),

[s45]  For flow analysis of induction of CD69 expression, Jurkat cells were mixed 1.1 with
Jekol cells or Jeko1-RORI1-KO cells. Drug was added to a final concentration of 300 nM.
Cultures were incubated with drug for 24 hours before flow analysis for surface markers.

i546]  For IncuCyte analysis of Jekol killing by primary T cells, Sed Jekol-Nuclight Red
target cells were muxed with Sed CAR-positive T cells in 96-well flat-bottomed plates. Drug was
added to appropriate final concentration at tirae zero, and plates were imaged every 6 hours for
Nuclight Red signal from the Jekol cells. Supernatants for MSD analysis of cytokine release
were taken at 24 hours post coculture setup. IL-2 and IFNy were measured with a V-Plex
Custormn Human Cytokine kit (Meso Scale Discovery, K151AOH-4), following the
manufacturer’s protocol.

(5471 For IncuCyte analysis of CD3(-signaling tdTomato reporter line with CARs and
DNCR2-casp~9 kill switch (with EGFP transduction maker}, Sed CAR+ cells were plated per
well in poly-D-Lys coated plate in which Sed Jekol cells were previously seeded. Drug(e.g.,
grazoprevir, danoprevir) was added to given final concentration and cells were imaged for
tdTomato and EGFP signal at 20X, 800 msec exposure, 4 trmages/well, every 3 hours. Cells
were removed from the Incucyte plate to a v-bottom plate tor 2 washes o PBS at 48 hours when
the drug condition was changed.

is48]  Coculture for flow analysis of the CAR/lall switch constructs was setup 24 hours before
analysis. CAR-positive cells (1e5 celis; part { and part 1 positive, t.e., ROR1+ and EGFRt+
{part I marker)) were mixed with 1eS Jekol cells and drug. Cells were analyzed for ROR1,
EGFRt (MLLLVTSLLLCELPHPAFLLIPRKVUONGIGIGE), tdTomato, EGFP, and viability as

described hereinbelow.
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isa9] Percent killing was calculated by gating on live cells, then

calculating 100+{{percent GFP positive DMSO condition) — {percent GFP
positive drug condition}} / {percent GFP positive DMSO condition).

(5501 Flow cytometry of CAR experiments was performed ou a Ze5 cytometer (Biorad),
Purified recombinant Rorl linked to human Ig Fc was produced in-house and conjugated to
Alexa 647 dye for detection and used as a flow cytometry regent to detect the ROR1 CAR. To
determine expression of markers, between 1x10°- 2x10° total cells were transferred to a U-
bottom 96 well culture dish (Corning). Cells were washed twice with Cell Staining Buffer
{Biolegend), then stained with the relevant reagents in a total volume of 25 ul. Brilliant Stain
Butter (BD) for 30 minutes on ice (for CD6Y experiment). Alternatively, cells were stained in
Cell Staining Buffer, with eFluor 780 fixable viability dye (¢Bioscience) at 1:1000 dilution.
After staining, cells were washed twice with Cell Stainung Buffer, optionally fixed in FluoroFix
Buffer (Biolegend) and kept at 4°C in the dark untid analysis. Flow cytometry data was analyzed
using FlowJo 10 (Tree Star).

5511 Drrugs used in the following examples and their target proteins are shown in Table 2. T
cell markers and fluorochromes used for detection are shown in Table 3.

Table 2. Drugs used and their target proteins

Drug Source Catalog number | Target proteins
danoprevir ApexBio A4024 DNCR2
Srazoprevir ApexBio A3618 ANR, GNCR1
A-1155463 ApexBio B6163 Bel-xL
AP21967 Takara 635055 FKBP/FRB(T2098L)
API903

ApexBio B4168 FKBP-F30V
{rimiducid)
rapamycin ApexBio ABIGT FKBP/FRB

Table 3. T cell markers and fluorochromes used for detection

Target

Flugrochrome

Clone Supplier

CDes

PE

FN50

Biolegend
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CD3 BUVS035 SK7 BD
EGFR BvV421 AY13 Biolegend

Temporal Comtrol of CAR Activity

[552]  The three NS3a-based regulated CARs described hereinabove with reference to FIG. 1B
were evaluated in the Jurkat cell line. The CARSs are specific for the ROR1 antigen expressed on
the target cell line Jekol. In this example, the two polypeptide chains of the regulatable CARs
were expressed from a single lentivirus separated by a P2a. We corupared the performance of
the three NS3a-based CARs to a chemically inducible ("on-switch”™) dimer
FKBP/AP21967/FRB(T2098L ) system and a chemically disruptable (“off-switch”) dimer Bel-
xL/A~1155463/Bad. Briefly, Jurkat cells expressing the designed small molecule-regulatable
CARs were nuxed 1.1 with Jekol target cells in the absence or presence of 500 nM cognate
small molecule drug. The same Jurkat cells were mixed 1:1 with Jekol knockout (KO) cells
facking ROR1 as a negative control. Untransduced Jurkat cells, cells expressing an on-switch
CAR without the CD3( signaling domain, and a conventional single-chain ROR1-CAR were
used as controls. CD69Y expression, a T cell activation marker, was detected by tlow cytometry,
gating on live CD3+/ROR 1+ cells.

(5531 FHG. 3 1s a plot showing small molecule drug-regulated induction of CD69 expression in
CAR expressing Jurkat cells cocultured with Jekol cells or Jekol-ROR1I-KO cells. Jurkat celis
expressing the regulatable CARs were mixed 1:1 with Jekol target cells in the absence (black
bars) or presence {light gray bars) of 500 nM cognate small molecule drug. The same Jurkat
cells were co-cultured with Jekol knockout (KO) cells lacking ROR1 as a negative control {datk
gray bars}. The data show that when Jurkat cells expressing the regulatable CARSs are co-
cultured 1:1 with Jekol target cells, CD69 expression was activated on Jurkat cells in response to
CAR signaling, as indicated by flow cytometric analysis of Jurkat surface marker staining. All
three on-switch CARs ("ON CARs” FRKBP/FRB, NS83a/GNCRI, and NS33a/DNCR2) showed
more cells with CD69 expression tn the presence of their cognate inducer small molecule drug
than in the absence of the small molecule drug. The ANR oft-switch CAR (disrupted by
grazoprevir) gave better performance than the Bel-xL/Bad off-switch CAR, as the later showed

fittle reduction 1n CD69 expression in the presence of disruptor drug. Untransduced Jurkats or
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Jurkats transduced with an on-switch CAR without the CD3( signaling domain
{(FKBP/FRBACD3() showed no activation of CDO69 expression. A conventional, single-chain
ROR1-CAR ("Conventional CAR™) showed no significant regulation in response to 500 nM
danoprevir. Comparison of the off-state of the regulatable CARs {(no drug for on-switch CARs,
with drug for off~switch CARs) to CI69 activation in response to target Jekol cells that have the
ROR1 antigen knocked out (ROR1 KO} shows that none of these CARs achieve a complete off-
state.

[554]  We next evaluated the regulatable CARs in a 1:1 mix of CD4+ and CDB+ primary
human T cells. In this example, we expressed the two polypeptide chains from two separate
fentiviral vectors to reduce any background that might arise from incomplete skipping of the P2a
element in a single-vector construct described with reference to FIG. 3. Brietly, T cells
expressing both parts of the regulatable CARs were mixed 1:1 with Jeko1 target cells that
contained a NucLight Red marker for tracking of target cell growth in the presence or absence of
500 nM an 1nduer or distuptor drug. The drugs used were A-1155463 for the Bel-xL/Bad dirner,
grazoprevir for the NS3a/ANR dimer, grazoprevirfor the NS3a/GNCR1 dimer, and danoprevir
for the NS3a/DNCRZ dimer. Untransduced cells and cells expressing a conventional single-
chain RORT-CAR were used as controls. Cell growth was tracked using an IncuCyte killing
assay. Cytokine production from the CAR T cells were measured by taking supernatants at 24
hours and using a custom V-plex kit (Meso Scale Discovery, MSD).

(5551 FIG. 4A is a panel of plots 400, 410, 415, and 420 showing target cell killing by the
regulatable CARs in the presence or absence of their cognate inducer or disruptor smali molecule
drug. The data show that the on-switch CARs, GNCRI-CAR (plot 415} and DNCR2-CAR (plot
420), have very little activity in the off-state (“vehicle” control lacking the drug), with
comparable lack of target cell killing to untransduced T cells. However, in the presence of their
respective inducer small molecule drug the on-switch CARs show less control of Jekol growth
than the conventional RORT CAR. The off-switch CARs, Bel-xL/BAD {plot 400) and
NS3a/ANR {(plot 410) show control of target cells growth close to that of the conventional CAR,
but a leakier off-state with more killing of target cells than from untransduced T cells.

[ss6]  FIG. 4B is a panel of plots 425, 430, 435, and 440 showing production of the cytokines
IFNy and I1L.-2 from the T cells expressing Bel-xL/Bad, NS3a/ANR, NS3a/GNCRI, or

NS3a/DINCR2, respectively, of FIG. 4A. The data show that most of the trends in cytokine
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production for each regulatable CAR were in the correct direction of modulation, but the
regulatable CARs resulted in lower overall cviokine production than the conventional CAR.

[557]  Because our N583a-based dimerization systems can respond to two different inducer
drugs, danoprevir for DNCR2 and grazoprevir for GNCR1, we can use the two drug inputs to
control two different signaling outputs. In one example, a dual-function CAR system includes an
activation or on-switch component to activate CAR signaling and a safety-switch component to
induce apoptosis.

[558]  FI( 5A is a schematic diagram of a dual-function on-swiich / safety-switch regulatabie
T cell CAR. The figure tHustrates expressed on-switch components 310 (NS3a/CAR and
ONCRI-CD30) of the system interacting in the presence of the smali molecule inducer
graroprevir. Activation of the CAR induces receptor dimerization. When the small molecule
danoprevir 1s added, it out-competes grazoprevir, recruiting the safety-switch component 515
{(DNCRZ-caspase-9} to the homodimeric CAR fused to N83a. The homodimerized NS3a results
in dimerization and activation of caspase-9 vielding T cell death.

[ss9]  To evaluate the use of two drug inputs to control two different signaling outputs, we
used a Jurkat cell CD3-signaling reporter line expressing the red fluorescent protein tdTomato
to track CAR signaling, and the loss of the transduction marker (EGFP) of the BNCR2-caspase-9
construct to track Jurkat cell death.

[seo]  FIG. 5B is a pair of plots 320 and 525 showing CAR signaling and percent killing,
respectively, in the Jurkat CD3-signaling reporter line in the presence and absence of
grazoprevir or danoprevir. Referting now to plot 520, the data show that the dual-function CAR
is activated by 500 nM grazoprevir (“grazo”}, but not by 500 nM danoprevir (“dang”) as
measured by tdTomato gMFIL Referring now to plot 525, the data show that the safety-switch in
the GNCRI1-CAR/DNCR2-casp-9 system is triggered by 5300 nm danoprevir {(dano) as indicated
by the increase in percent killing, but not by 500 oM grazoprevir {grano). In this example,
percent killing of the Jurkat cells was measured by loss of the transduction marker EGFP-
positive population in the drug-treated population relative to a DMSO-treated control.
Grazoprevir and danoprevir had no effect on Jurkat cells expressing a conventional CAR with
DNCRZ-casp-8.

[361]  We tested the ability to switch between CAR signaling and induction of apoptosis over

time in an IncuCyte assay. Briefly, the CD30-signaling reporter line expressing the dual-function
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GNCRI-CAR / DNCR2-casp9® was mixed 1:1 with Jeko 1 cells and treated with 500 nM
graroprevir or danoprevir, of DMSO. Over a period of 48 hours, CAR signaling was tracked by
tdTomato intensity and drug-induced cell death (i e, activation of the safety switch} was
monitored by tracking the transduction marker EGFP intensity.

5621  FIG 6A s a pair of plots 600 and 610 showing CAR sigoaling and drug-induced cell
death, respectively, in the Jurkat CD3(-signaling reporter line in the presence and absence of
grazoprevit of danoprevir. The data show that over 48 hours CAR signaling (plot 600} was only
activated by grazoprevir, as destgned, and that only danoprevir treatment resulted in decreased
cell viability as indicated by a loss of EGFP intensity {(plot 610}

[s€3]  We then tested the ability to switch from induction of CAR signaling with grazoprevir to
induction of apoptosis with danoprevir. Briefly, CAR signaling was activated by grazoprevir
treatroent at ime zero, After 48 hours, the cells were washed and treated with danoprevir. CAR
signaling (tdTomato intensity} and cell viability (EGFP intensity) were tracked over an
additional 72-hour period.

[se4]  FIG. 6B is a pair of plots 615 and 620 showing CAR signaling and drug-induced ceil
death, respectively, in Jurkat CD3(-signaling reporter cells switched from grazoprevir treatment
to danoprevir treatment. Grazoprevir treatment was added at time zero (solid line}, with no
grazoprevir treatment (black dashed line) as controls. At 48 hours (indicated by arrow), cells
were washed and treated with danoprevir (black solid line} or no treatment {gray line). The data
show that CAR signaling (plot 615) increases after grazoprevir treatment and declines after
danoprevir treatment. The data also show that cell viability remained constant untdd treatment
with danoprvir at 48 hours, at which point the EGFP signal began to drop both for cells that had
previously been treated with grazopreviv (black solid line) and for cells that were not treated with
grazoprevir (black dashed line).

[s65]  Referning now to FIG. 6A and FIG. 6B, the data demonstrate the ability to temporally
switch between the control of two different signaling outputs. The small molecule regulation of
CAR signaling could serve as a safety switch to pause CAR-T cell activity, while the inducible
caspase-9 switch would act as a terminal safety switch to destroy the T cell therapy.

1.1.4. Small Molecule Drug-Induced Cell Death

[s66]  The utility of cell and gene therapies can be enhanced by safety mechanisis that enable

specific induction of cell death in the therapeutic cells in the event of adverse reactions in
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drug-induced homo-oligomerization of killing domains as described herein above with reference
to FIG. 2. These strategies included direct dimerization via the inducible heterodimer or homo-
oligomerizing one half of the inducible heterodimer via fusion to a homo-cligomeric scaffold
{e.g., CAR) or a homo-oligomeric helical bundle.

[s67]  We first tested for drug-induced death of Jurkat cells by fusing N83a and BDNCR2
separately to the catalytic domaiu of caspase-9 (NCIDC). The small molecule inducible
homodimer FKBP-F36V (iCasp%), which is dimerized by AP1903 {(rimiducid) and the inducible
heterodimer FKBP/rapamycin/FRB dimer (rapaCasp9) were used as controls. Briefly, Jurkat
cells expressing NCIDC, 1Casp9, or rapalCasp® were exposed to danoprevir, rimiducid or
rapamycin, respectively, for 24 hours and analyzed by flow cytometry with gating set to measure
killing in the top about 10% of cells expressing the highest amount of the GFP k] switch
transduction marker.

isea]  FIG. 7A 18 a schematic diagram of a two-chain direct dimerization design NCDC with
caspase-9 killing domains. FIG. 7B is a plot showing percent kiiling as a function of drug
concentration for the two-chain direct dimerization design NCDC. The data show that titration
of the dimerizing drug danoprevir resulted in modest killing of the most highly-expressing Jurkat
cells. In comparison, 1Casp9 or rapaCasp? killed about 80-100% of this high-expressing
population 1n response to rimiducid or rapamycin, respectively.

[s69]  To reduce the large genetic cargo that comes from encoding the caspase-9 domain twice
10 the NS83a-casp-9/DNCR 2-casp-9 kill switch construct, we tried strategies that wovolved
templated homo-oligomerization of NS3a. FIG. 8A is a schematic diagram of CAR-NS3a-
casp9and homo-~oligomeric helical bundle-NS3a caspase-9 kill switches. NS3a was fused to the
C-terminus of a CAR construct {CAR-NS3a) or to the C-terminus of designed, homo-oligomeric
helical bundles, including a dimer, trimer, pentamer, and hexamer. For both kill switches,
caspase-9 was fused to DNCR2 or GNCR1.

i570]  To evaluate the kil switch designs of FIG. 8A, constructs were expressed in Jurkat cells,
treated with 500 nM danoprevir (DNCRZ-casp-9) or 500 oM grazoprevir {GNCR 1-casp-9) and
cell death measured by percent killing as described herein above.

(5711 FIG. 8B 1s a plot showing percent killing activity of the templated dimerization designs

of FI(3. 8A. The data show that when expressed in Jurkats, treatment with 500 nM danoprevir

124



CA 03209126 2023-07-21

WO 2022/165378 PCT/US2022/014624

{IINCR2-casp-9) or 500 nM grazoprevir {GNCR1-casp-9) induced Jurkat death to varying
degrees. All homo-oligomeric scaffolds of N83a induced robust death with DNCR2-casp-9, but
only the CAR-NS3a and hexamer-NS83a induced modest death with GNCR 1-casp-9. This may
be due to the lower affinity of GNCR1 for the grazoprevir/NS3a complex when compared to the
high affinity of DNCRZ2 for the danoprevir/NS3a complex (see Foight, GW. et al., Nature
Biotechnology (2019) 37: 1209-1216}. The best two scaffolds, CAR-NS3a and dimer-NS3a with
DNCR2-casp-9 induced comparable killing to iCasp®. DNCR2-casp-9 and GNCR1-casp-9 with
danoprevir or grazoprevir treatment did not induce Jurkat death in the absence of a scaffolded
NS83a.

[s72]1  To reduce the size of CAR constructs further, we used Rosetta protein design to design
minimized versions of DNCR2 by trimming the length and number of helices. FIG. SAisa
schervatic diagraro of models for minimized DNCR2 versions D1 and D9, Models for D1 and
D2 are shown in complex with danoprevir/NS3a next to the full length
DNCR2/danoprevit/NS3a.

[573]  The miniaturized versions of DNCR2Z, D} and D9, were fused to caspase-9 and co-
expressed in Jurkat cells with homo-oligomerized NS3a scaffolds. We also evaluated a CAR
construct that included an additional copy of NS3a (CAR-2ZxNS3a). The original DNCR2-casp-9
was used as a control. Jurkat cells expressing different DNCR2 varants fused to caspase-9 along
with CAR-NS3a, CAR-NS3a-NS3a, or dimer-N83a were treated with 500 oM danoprevir and
cell death was measured by percent killing as described herein above.

5741  FIG. 9B 1s a plot showing percent killing activity of the munaturized designs of FIG. SA
The data show that when fused to caspase-9 and co-expressed with homo-oligomerized NS3a
scaffolds, the minimized DNCR2 versions D1 and D9 induced comparable Jurkat death as the
original DNCR2-casp-©. We increased killing further by fusing an additional copy of NS3ato
the CAR construct (CAR-2xNS3a).

[575]  We explored the ability of other human killing domains to induce cell death in Jurkat
and primary human T cells. We fused FKBP-F36V to a panel of killing domains that included
caspase-9 D330A, caspase-9, caspase-1, caspase-4, and the necroptosis-inducing protein RIPK3.
Briefly, Jurkat and primary human CD4-+/CD8+ T cells expressing FKBP(F36V)-fused killing
domains were treated with 10 nM rimuducid and cell death was measured by percent killing as

described herein above.
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[576]  FIG. 10 is a pair of plots and showing percent killing in Jurkat and primary T cells,
respectively, expressing the FKBP(F36V)-fused killing domains at a range of transduction
levels. Percent BEGFP (%6EGFP) denotes different transduction levels of the killing domains.
The data show that similar killing was induced by caspase-1, caspase-4, caspase-9 and a low
basal-activity mutant of caspase-9, D330A in both cell types. This killing was proportional to
the transduction level of the cells with the lentiviral construct expressing the kill switch, as
measured by the percent of cells that were positive for the EGFP transduction marker. RIPK3, a
necroptosis-inducing protein was not able to induce cell death in this assay. By extension,
caspase-| and caspase-4 would likely function similarly to caspase-9 to induce cell death with

our DNCR/NS3a dimeric systems,

SEQUENCE LISTING

This application contains a sequence listing in electronic form in ASCII text format. A copy

of the sequence listing is available from the Canadian Intellectual Property Office.
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Claims

We claim:

I A fusion protetn comprising a chimeric polypeptide operably-linked to a dumerization
domain, wherein the chimeric polypeptide comprises an extracellular domain comprising an
antigen sensing domain, a transroembrane domain, and an wtracellular dowain, and wherein the

the chimeric polypeptide is operably linked to the dimerization domain intracellularly.

2. The fusion protein of claim 1, wherein the chimeric polypeptide comprises a T Cell
Receptor {TCR), a Chimeric Antigen Receptor {CAR), or a chimeric receptor.
3. The fusion protein of claim 1 or 2, wherein the antigen sensing domain comprises one or
more of
a set of three complementarity determining regions {CDRg) of a heavy chain variable
region,
a set of three complementarity determining regions {CDRs) of a heavy chain variable
region and a set of three complementarity determining regions (CDRs) of a light chain
variable region;
a fibronectin-protein hased scaffold;

wherein the antigen sensing region specificaliy binds a target antigen.

4. The fusion protein of any one of claims 1-3, wherein the antigen sensing region

comprises one or more sequences isolated or derived from a mammalian sequence.

5. The fusion protein of any one of claims 1-3, wherein the antigen sensing region

cOmprises one or more sequences isolated or derived from a human sequence.

6. The fusion protein of any one of claims 1-5, wherein the antigen sensing region
comprises a bumanized or fully buman antibody.
7. The fusion protein of any one of claims 1-6, wherein the antigen sensing region

comprises a single chain varable fragment (scFv).
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8. The fusion protein of any one of claims 1-3, wherein the extracellular domain further

comprises one or more of a hinge region, a spacer sequence, or a safety swiich.

9. The fusion protein of claim 8, wherein the hinge region comprises a sequence isolated or
derived from a CD4 (cluster of differentiation 4} polypeptide, a CDS8 (cluster of differentiation 8)

polypeptide or a CD28 (cluster of differentiation 28) polypeptide.

10. The fusion protein of claim 9, wherein the hinge region comprises a sequence isolated or

derived from a human sequence.

it The fusion protein of claim §, wherein the spacer sequence comprises a sequence isolated

or derived from a CP4 polypeptide, a CDS polypeptide, a CD28 polypeptide.

12. The fusion protein of claim 11, wherein the spacer sequence comprises a sequence

isolated or derived from a human sequence.

13, The fusion protein of claim 8, wherein the safety switch comprises a sequence 1solated or

derived from an eptdermal growth factor receptor (EGFR) polypeptide.

14, The fusion protein of claim 13, wherein the safety switch comprises a truncated EGFR

(EGFRt} polypeptide.

15. The tusion protein of claim 13 or 14, wherein the safety switch comprises a sequence

isolated or derived from a human sequence.
16. The fusion protein of any one of claims [-15, wherein the transmembrane domain

comprises a sequence isolated or derived from a {34 polypeptide, a CD8 polypeptide, a CD2Z8

polypeptide.
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17. The fusion protein of claim 16, wheretn the transmembrane domain comprises a sequence

isolated or derived from a human sequence.

I8. The fusion protein of any one of claims 1-17, wherein the intracellular domain comprises

one or more costimnulatory domain{s).

19 The fusion protein of claim 18, wherein the one ot more costimulatory domain{s)
comprises a sequence isolated or derived from a CD3( {cluster of differentiation 3 zeta}

polypeptide.

20. The fusion protein of claim 18 or 19, wherein the one or more costimulatory domain(s)
comprises a sequence isolated or derived from a CD28 polypeptide, a 4-1BB {cluster of
differentiation 137) polypeptide, an ICOS (Inducible T Cell Costimulator) polypeptide, an GX40

polypeptide, or a CD27 (cluster of differentiation 27) polypeptide.

21. The fusion protein of claim 18 or 19, wherein the one or more costimulatory domain(s)
CoOmprises
(a) a first costimulatory domain comprising sequence isolated or derived from a
CD28 polypeptide, a 4-1BB polypeptide, or an ICOS polypeptide; and
(b} a second costimulatory domain comprising sequence isolated or derived from a 4-

1BR polypeptide, an OX40 polypeptide, or a CD27 polypeptide.

22. The fusion protein of any one of claims 18-21, wherein the one or more costimudatory

domain(s) comprise{s) a sequence isolated or derived from a human sequence.

23, The fusion protein of any one of claims 1-21, wherein the chimeric polypeptide

comprises an intracellular domain further comprising an inducible cytokine domain.
24 The fusion protein of claim 23, wherein the inducible cytokine domain comprises a

nuciear factor of activated T-cells (NFAT) polypeptide capable of inducing expression of an IL-

12 cytokine.
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25. The fusion protein of any one of claims 1-21, wherein the chimeric polypeptide
p Y polypep

comprises an intracellular domain further comprising an intracellular domain of a cytokine

receptor.

26, The tusion protein of claim 25, wherein the intraceliular domain of a cytokine receptor
comprises an IL-2 receptor beta (IL-2RP) chain fragment.

27.  The fusion protein of claim 25 or 26, wherein the chimeric polypeptide comprises an
intracellular domain further comprising a Signal Transducer and Activator of Transcription
{(STAT3/5) binding motif.

28. The fusion protein of any one of claims 1-27, wherein the chimeric polypeptide
comprises an intracellular domain further comprising at least one immunoreceptor tyrosine-based

activation motif (ITAM) sequence.

29, The fusion protein of any one of claims 1-27, wherein the fusion protein comprises, from

aming to carboxy termini, the chimeric polypeptide, a linker, and the dimerization domain.

30. The fusion protein of claim 29, wherein the linker comprises one or more of a DNA

sequence, an RNA sequence, an amino acid sequence, and a polymer.

31 The fusion protein of claim 29 or 30, wherein the linker:

comprises a sequence of GGGGS; or

comprises a length of between 2 and 20 amino acids; or

comprises a sequence comprising glycine {3} and serine (8).

32. The fusion protein of claim 29 or 30, wherein the linker comprises an oligomerization

domain.
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33, The fusion protein of claim 32, wherein the oligomertzation domain comprises the
sequence of
SEYEIRKALEELKASTAELKRATASLRASTEELKKNPSEDALVENNRLIVEHNAITVENNR
HAAVLELIVRAIK (trimer};
TRTEHRELERSLREQEELAKRLKELLRELERLOREGSSDEDVRELLREIKELVEEIEKLAR
EQKYLVEELKRGD (dimer);
TRRKOQEMEKRLKKEMEKIREETEEVRKKEIEESKKRPQSESAKNLILIMOQLLINGIRLELALQI
RMELALQLQE (pentamer); or
TEDEIRKLRKLLEFAEKKLKKLEDKTRRSEFISKTDDDPKAQSLOLIAESLMUIAESLLIIA
ISLLLSSRNG (hexamer),

34.  The tusion protein of any one of clairs 1-33, wheretn the dimerization domain comprises

an NS3a polypeptide.

35. The fusion protein of claim 34, wherein the NS3a polypeptide comprises a sequence of
(a)
MAKGSVVIVGRINLSGDTAYSQUTRGLLGCHTSATGRDENQVDGEVOVLSTATOSFLA
TCVNGVOCWTVYHGAGSKTLAGPRGPITOMYTNVDODLVGWPAPPGARSMTPCTCGSS
DLYLVTRHADVIPVRRRGDSRGSLLSPRPVSYLKGSAGGPLLOPSGHYVGIFRAAVUTR
GVAKAVDFIPVESMETTMRSP; or

(b)
MEKKGSVVIVGRINLSGDTAYSQQTRGLEGCQETSQTGRDEKNOVEGEVOYVVSTATOSE
LATSINGVLWTVYHGAGTRTIASPKGPVTOMYTNVDKDLVGWQAPQGSRSLTPCTCGS
SDLYLVTRHADVIPYVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTR
GVAKAVDFIPVESLETTMRSP; or

(c)
KEKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSOQTGRDENGVEGEVOIVSTATOTFLA
TSINGVLWTVYHGAGTRTIASPKGPVTOMY TNVDKDLVOWQAPRPQGSRISLTPUCTUGSSD
LYLVTRHADVIPYRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGY
AKAVDFIPVESLETTMRSP.
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36. The fusion protein of any one of claims 1-33, wherein the dimerization domain comprises

a DNCR polypeptide.

37. The fusion protein of claim 36, wherein the DNCR polypeptide comprises a sequence of
SSDEEEARELIEFRAKEAAFRAQEAAERTGDPRVRELARELKRLAQEAAEEVKRDPSSSD

YNEALKLIVEAIEAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSSDVNE
ALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVEHALM
RIVEAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVORDPSGWLNH.

38 The fusion protein of any one of claims 1-33, wherein the dimerization domain comprises
a GNCR polypeptide.

39. The fusion protein of claim 38, wherein the GNCR polypeptide comprises a sequence of
DIEKLCKKAEEEAKEAQEKADELRQRHPDSQAAEDAEDLANLAVAAVLTACLLAQEHP
NADIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAIKLASQAARAVILAIMLAAEN
PNADIAKLCIKAASEAAEAASKAAELAQRHPDSQAARDAIKLASGAAEAVERAIWLAAE
NPNADIAKKCIKAASEAABEASKAAEFEAQRHPDSORKARDEIKEASQKAEEVKERCKS.

44, The fusion protein of any one of claims 1-33, wherein the dimerization domain comprises

an apo NS3a reader (ANR) polypeptide.

41 The fusion protein of claim 40, wherein the ANR polypeptide comprises a sequence of

GELDELVYLLDGPGYDPIHSDVVTRGGSHLFNE,

42. The fusion protein of any one of claims 1-41, further comprsing a killing domain.
43. The fusion protein of claim 42, wherein the killing domain comprises a sequence

isolated or derived from a Caspase-9 (Cas®) polypeptide, a Caspase~-1 (Uast polypeptide}, a
{"aspase-4 {Cas4) polypeptide, a Receptor Interacting Sering/Threonine Kinase 1 (RIPK 1} a
Receptor Interaciing Serine/Threonine Kinase 3 (RIPK3) polypeptide or a catalytic domain

thereof,
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44 The fusion protein of any one of claims 1-43 further comprising a cleavable pepnde.

45, 'The fusion protein of claim 44, wherein the cleavable peptide comprises a PZA sequence

or & T2A seguence.

46, The fusion protein of claum 45, wherein the P2ZA sequence comprises the sequence of
GSGATNEFSLLEQAGDYEENPGP.
47, The fusion protein of claim 45, wheretn the T2A sequence comprises the sequence of

GSGEGRGSLLTCGDVEENPG.

48, A macleic acid enceding the fusion protein of any one of claims 1-47

49 The nucleic acid of claim 48, further comprising an Internal Ribosome Entry Sequence

(IRES).

0. The nucleic acid of claim 49, wherein the IRES comprises the sequence of
CCTCTCCCTCCCCCCCCCUTAACOTTACTOGUODAAGCCGUTTOGAATAAGGUCLGT
GTGCGTTTGTCTATATGTGATTTICCACCATATTGCCGTICTTTTGGLAATGTGAGGGO
CCOGAAACCTGOCCOTOTCTTCTTGACGAGCATTCCTAGGGOGTCTTTCCCCTCTCGEC
AAAGGAATGCAAGGTICTGYTTGAATGTCGTGAAGGAAGUAGTTCOTCTGGAAGCTTCT
TGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGG
COACAGGTGUCTCTGUGGUCAAAAGUCACGTGTATAAGATACACCTGUAAAGGCGEG
CACAACCCCAGTGUCACGTTIGTGAGTTGGATAGTTGTGUGAAAGAGTCAAATGGLTCY
CCTCAAGCGTATTOCAACAAGOGOCTGAAGGATGUOCAGAAGOTACCCCATIGTATG
GGATCTGATCTGGGGCOCTCGOTGCACATGOTTTACATGTGTTTAGTCGAGGTTAAAA
AAACGTUTAGOCCCCCCOAACCACGGOGACOGTOGTTTICCTTTGAAAAACACGATG
ATAAGCTTGCCACAACCC.
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51 The nucleic acid of any one of claims 48-50, further comprising one or more of a
promoter, an enhancer, an intron, an exon, an untranslated region {UTR), and a postiranslational

regulatory element (PRE}.

52, Thenucleic acid of claim 51, wherein the promoter comprises an inducible promoter.
53. The nucleic acid of claim 52, wherein the inducible promoter comprises a sequence
isolated or derived from a YB_TATA promoter , human beta globin promoter (huBG) , minll.2
promoter , minimalCMV (minCMV) promoter , and TRE3G promoter .

54. The nucleic acid of claim 51, wherein the promoter comprises a constitutive promaoter.
55, The nucleic acid of claim 54, wherein the constitutive promoter comprises a sequence

isolated or derived from a MND promoter , a hPGK promoter , a CMV promoter , a CAG

promoter , a SFFV promoter , an EF lalpha promoter |, a UBC promoter , and a CD43 promoter .

56. A vector comprising the nucleic acid of any one of claims 48-55.
57 The vector of claim 56, wherein the vector comprises an expression vector capable of

driving expression of the nucleic acid in a mammalian cell.

58. The vector of claim 57, wherein the expression vector comprises a plasmid.
59. The vector of claim 56, wherein the vector comprises a delivery vector capable of

introducing the nucleic acid to a mammalian cell.

60.  The vector of claim 56, wherein the delivery vector comprises one or more of a viral

vector, a non-viral vector, a fiposome, a micelle, a polymersome, and a nanoparticle.

61.  The vector of claim 60, wherein the viral vector comprises one or roore sequences

isolated or derived from a viral genome.
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62. A cell comprising a fusion protein of any one of claims 1-47, a nucleic acid of any one of

claims 48-55 or the vector of any one of claims 56-61.

63, The cell of claim 62, wherein the cell 1s a mammalian cell.
64, The cell of claim 62, wherein the cell is a human cell.
65, The cell of any one of claims 62-64, wherein the cell 1s a somatic cell.

66.  The cell of any one of claims 62-64, wherein the cell is a stem cell.

67. The cell of claim 66, wherein the cell 1s not a human embryonic stem cell.
68. The cell of any one of claims 62-67, wherein the cell is ex vivo or in vitro.
69, The cell of any one of claims 62-07, wherein the cell is 11 vivo.

70, The cell of any one of claims 60-67, wherein the cell ts an immune cell.

71 The cell of claim 70, wherein the cell is a T-cell or a precursor thereof.
72. The cell of claim 71, wherein the precursor is 3 hematopoietic stem cell (HSCy
73, A composition comprising a fusion protein of any one of claims 1-47, a nucletc acid of

any oue of claims 48-55, a vector of any one of claims 36-61, or a cell of any one of claims 62-
72
~y

74. A pharmaceutical composition comprising a composition of claim 72 and a

pharmaceniically-acceptible carrier,
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75 A second fusion protein comprising a signaling domain operably-linked o a dimerization
domain, wherein,

{a} in the presence of a small moleculs inducer, the dimerization domain is capable of
forming a dimer with the dimerization domain of a first fusion protein of any ong
of clatms 1-47 ot

{113 in the presence of an inhibitor, a dimer comprising the dimerization domain of the
second fusion protein and the dimertization dorsawn of the fivst fusion protein mway

be disrapied.

76, The second fusion protein of claim 75, further comprising one or more of an adaptor

sequence, a transmembrane domain, and a costirulatory domain,

7. The second fusion protein of claim 76, wherein the adaptor sequence comprises a

sequence wolated or derived from a DAPIO polvpepiide.

78, The second fusion protein of claim 76 or 77, wherein the transmembrane domain
comprises a sequence solated or derived from a CD4 polypeptide, 2 CBB polypeptide, a CI28

polypeptide.

79. The second fusion protein of claim 78, wherein the transmembrane domain comprises a

sequence isolated or derived from a buman sequence.

&0, The second fusion protein of any one of claims 73-79, wherein the costimulatory domain

comprises a sequence isolated or derived from a CD3L (cluster of differentiation 3 reta)

polypeptide.
81, The second fusion protein of any one of claims 75-80, wherein the costimulatory domain

comprises a sequence isolated or denved from a {1328 polvpeptide, a 4-1BB polypeptide, an

008 polypeptide, an OX40 polypeptide, or 2 CD2Z7 polvpeptide.
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2. The second fusion protein of claim B0 or 81, wherein the costimulatory domain

comprises a sequence isolated or derived trom a human sequence.

83, The second fusion protein of any one of claims 75-82, wherein the fusion protein
comprises, from aming to carboxy termun, the dimenzation domain, a inker and the regulation

domain.

34. The second fusion protein of claim 83, wherein the linker comprises one or more of a

DNA sequence, an RMA sequence, an amino acid sequence, and a polymer,

a5, The second fusion protein of claim 83 or 84, wherein the hinker:
comprises a sequence of GGGOGE; or
comprises a length of between Z and 20 amino acids; or

comprises a seguence comprising glyeine (G) and sering {8},

&5, The second fusion protein of claim 84 or 85, wherein the linker comprises an

oligomerization domain.
&7, The second fusion protein of claim 8O, wherein the oligomenzation domain comprises

the seguence of
SEYEIREALEELKASTAELKRATASLRASTEELEKNPREDALVENNRLIVEHNAHVENNMNR.
HAAVLELIVRAIK {irimery;
TRTEIRFELERSLREQEELAKRLKELLRELERLOREGISDEDVRELLREIKELVEEIFKLAR
FORKYLYVEELKRGD (dimer);
TRERKGEMKRLKKEMEKIRFETEEVRKEIEESKKRPOSESAKNLILIMGQLLINQIRLLALOQT
RMEALOQLQE (pentamery; or
TEDEIRKLRKLLEFAFKKLKKLEDKTRRSEEISKTDDDPKAQSLOLIAESLMLIAESLLIIA
ISLLLSSRNG (hexamer),

38.  The second fusion protein of any oune of clairas 75-87, wherein the dimerization domain

comprises an NS3a polypeptide.
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89, The second fusion protein of claim 88, wherein the NS3a polvpeptide comprises a
sequence of

(a)
MAKGSVVIVGRINLSGDTAYSQOTRGLLGCHTSATGRDKNQVDGEVOVLSTATQSFLA
TCYNGVOWTYVYHGAGSKTLAGPKGPITOMY TNVDQDLVGWPAPPGARSMTPCTCGSS
DLYLVTRHADVIPVRRRGDSRGSLLAPRPVSYLKGSAGGPLLCPSGHVVGIFRAAVCTR
GVAKAVDFIPVESMETTMRSP; or

{b)
MEKKGSVVIVGRINLSGDTAYSSQUTRGLEGCQETISQTGRDENQVEGEVOQVVSTATOSKE
LATSINGVLWTVYHGAGTRTIASPKGPVTOMYTNVDKDLVGWQAPQGSRSLTPCTCGS
SDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTR
GVAKAVDFIPVESLETTMRSPE; or

©
KKKGSVVIVGRINLSGDTAYAQQTRGEEGCQETSQTGRDENOQVEGEVQIVSTATQTFLA
TSINGVLWTVYHGAGTRTIASPKGPVTOMYTNVDEKDLVGWQAPQGSRSLTPCTCGSSD
LYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSAGGPLLCPAGHAVGIFRAAVSTRGY
AKAVDFIPVESLETTMRESP.

90, The second fusion protein of claim 88 or 89, wherein the first fusion protein comprises a
dimerization domain comprising a DNCR polypeptide, a GNCR polypeptide or an ANR
polypeptide.

91.  The second fusion protein of any one of claims 75-87, wherein the dimerization domain

comprises a DNCR polypeptide.

92. The second fusion protein of claim 91, wherein the DNCR polypeptide comprises a
sequence of
SSDEFEAREBLIFRAKEAAFRAQEAAERTGDPRVRELARELKRLAQEAAEEVKRDPSSSD
VNEALKLIVEAIFAAVDALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSSDVNE
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ALHSIVYAIEAAIFALEAAERTGDPEVRELARELVRLAVEAAEEVORNPSSRNVEHALM
RIVLAIYLAEENLREAEESGDPEKREKARERVREAVERAEEVORDPSGWL NG,

93. The second fusion protein of any one of claims 75-87, wherein the dimerization domain

comprises a GNCR polypeptide.

94,  The second fusion protein of claim 93, wherein the GNCR polypeptide comprises a
sequence of

DIFKLCKKAFEEAKEAGEKADEL RQRHAPDSOAAEDAEDLANLAVAAVLTACLLAGQEHP
NADIAKLCIKAASEHAAEAASKAAELAQRHPODSOAARDAIKLASQAARAVILAIMLAAEN
PNADIAKLOCIKAASEAAFAASKAAELAQRHPDSGAARDAIKLASGAARAVERATWLAAE
MNPNADIAKKCIKAASEAAREASKAAEFEAQRHPDSQRE ARDEIKEASQKABEVKERCKS.

93, The second fusion protein of any one of claims 75-87, wherein the dimerization domain
comprises an apo NS3a reader (ANR) polypeptide.
96, The second fusion protein of claim 95, wherein the ANR polypeptide comprises a

sequence of GELDELVYLLDGPGYDPIHSDVVTRGGSHLENE.

97. The second fusion protein of any one of claims 91-96, wheretn the first fusion protein

comprises a dirnenzation domain comprising a NS3a polypeptide.

98, The second fugion protein of any one of claims 73-97, further comprising a hing
domain.
aa, The second fusion protein of claim 98, wherein the killing domain comprises a sequence

isolated or derived from a Cas? polypeptide, a Casl polypeptide, a Cas4 polypeptide, 3 RIPK1

polyvpeptide, a RIPKS polvpeptide or a catalyviic domain thereof

100, The second fusion protern of any ove of clairus 75-99, further corprising a cleavable

peptide.
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101 The second fusion protein of claim 100, wherein the cleavable peptide comprises a P2A

sequence of a T2A sequence.

102, The second fusion protein of claym 101, wherein the P2ZA seguence comprises the

sequence of GSOATNFSLLEKQAGRVEENPGP.

103, The second fusion protetn of claim 102, wherein the T2 A sequence comprises the

sequence of GRGEGRGSLLTCGDVEENPG.

134, A nuclore aoid encoding the second fusion protein of any one of claims 75-103.

105, The nucleic acid of claim 104, further comprising an Internal Ribosome Entry Sequence

(IRES).

1064, The nucleio acid of olaim 105, wherein the IRES comprises the sequence of
CCTCTCCOTCCCCCCOCCCTAACGTTACTGGUCGAAGCUGCTTGUAATAAGGCCGHT
GTGUGTTTGTCTATATGTGATTTITCCACCATATTGCCGTCTTTTGGCAATGTGAGGEGC
CCGOAAACCTOGUCCTETCTTCTTGACGAGUATTCCTAGGRGTUTTTCCCOTOTOGCC
AAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCT
TGAAGACAAACAACGTCTGTAGCGACCCTTTGLAGGUAGUGGAACCCCCCALCTGG
CGACAGOTGCUTOTGUGHUCAAAAGUCACGTOTATAAGATACACCTGUAAAGGUGG
CACAACCCCAGTGUCACGTTOTGAGTTGOATAGTTGTGGAAAGAGTCAAATGGCTCT
CCTCAAGUGTATTCAACAAGGOGUTGAAGOATGCCCAGAAGGTACCCCATIGTATG
GGATCTGATCTGGGGUCTCGOTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAA
AAACGTCTAGGUCCCCUBAACCACGHGOACGTGUTTTTCCTTTGAAAAACACGATG
ATAAGUTTGCCACAACCC,

107, The nucletc acid of any one of claims 104-100, further comprising one or more of a

promoter, av enhancer, an intron, an exon, an undravslated region (UTR), and a postiransiational

E

reguiatory element (PRE}.
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108 The nucleic acid of claim 107, wherein the promoter comprises an inducible promoter.

10%  The nucteic acid of claim 108, wherein the inducible promoter comprises a sequencs
isolated or derived from a YB_ TATA promoter, human beta globin promoter (haBG), mundl2

promoter, minimalCMVY (minCMVY) promoter, and TRESG promoter,

~nr
I
‘

116, The nucleic acid of claim 107, wherein the promoter comprises 3 constitutive promoter

1311, The nucleic acid of ¢laim 110, wherein the constifutive promoter comprises a sequence
isolated or derived from a2 MIND promoter, g hPGK promoter, 3 CMV promoter, a CAG
promoter, a SFFY promoter, an EF Lalpha promoter, a UBC promoter, and a CD43 promoter,

1120 A vector comprising the nucleic acid of any one of claims 104-111

113, The vector of claim 112, wherein the vector comprises an expression vector capable of

driving expression of the nucleic acid in a mammalian cell.

1314 The vector of claim 113, wherein the expression vector comprises 8 plasmid.

FES. Thevector of claim 112, wherein the vector comprises a delivery vector capable of

introducing the nucleic acid to 2 mammalian cell.

1316, Thevector of claim 112, wherein the deltvery vector comprises one or more of a viral

vector, a non-viral vector, a liposome, a micelle, a polyvmersome, and a nanoparticle,

117 The vector of claim 115, wherein the viral vector comprises ong or more sequences

isolated or derived from a viral genome,

PIR A cell comprising a fusion protein of any one of claims 75-103, a nucleic acid of any one

of clatms 104-111 or the vector of any one of claims 112-117.
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119, The cell of elaim 113, further comprising a small molecule inducer,

¢

b

(&b

The cell of claim 119, wherein the small molecule inducer comprises danoprevir,

121, The cell of claim 120, wherein the dimerization domain of either the first fusion protein

or the second fusion protetn comprises a DNCR polypeptide.

122, The ceil of claim 119, wherein the small molecule inducer comprises grazoprevir,

123, The cell of olaim 122, wherein the dimerization domain of either the first fusion protein

or the second fusion protetn comprises a GNCR polypeptide.

124, The cell of claim 118, further comprising an inhibitor,

125, The cell of olaim 124, wherein the inhubitor comprises arn NS3a inhubitor,

126, The cell of claim 124 or 125, wherein the inhibitor comprises 2 small molecule.

e
b
~J

The composition of any one of claims 124-126, wherein
{a} the furst fusion protein comprises a dimerization domatn comprising an N53a
polypepiide and the second fusion profein comprises a dimerization domain
comprising an ANR polypeptide; or
{113 the first fusion protein comprises a dimerization domain comprising an ANK
polypeptide and the second fusion protein comprises a dimernization domain
comprising an NS3a polypeptide; and

wherein the mhibitor comprises danoprovir or grazoprevir.,

128, The cell of any one of claims 118-127, wherein the cell is a mammalian cell.

129 The cell of claim 128, wherein the cell 18 3 human cell.
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130, The cell of anv one of ¢laims 118-12% wherein the cell is g somatio cell
o 2

131, The cell of any one of claims 118-129, wherein the cell 15 a stem cell.

132, Thecell of claim 131, wherein the cell is not 2 human embrvonic stem cell.

133, The cell of any one of claims 118132, wherein the cell 1s ex vive or in vitro.

134, The ceil of any ove of ¢laims 118132, wherein the ceil 15 tn vivo,

135, Thecell of any one of claums 118-134, wherein the cell 1s animumune cell.

136, The cell of clairn 135, wheretn the cell is a T-cell or a precursor thereof,

137, The cell of claim 136, wherein the precursor 15 a hematopoietic stem cell (HSC)

138, A composition comprising a fusion protein of any ooe of clairms 75-103, a nucleio acid of

any one of claims 104-111, a vector of any one of claims 112-117, or a cell of any one of ¢laims

PER-137.

135 The composition of claim 138, further comprising a small molecule inducer.

143, The composition of claim 139, wherein the small molecuie inducer comprises danoprevir,
F ,

141, The composition of claim 1490, wherein the dimerization domain of either the first fusion

protein or the second fusion protein comprises a DNCR polvpeptide.

142, The composition of claim 139, wherein the small molecule inducer comprises
F ,

SraxopTeviy,
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143, The composition of claim 142, wherein the dimerization domain of either the first fusion

protein or the second fusion protein comprises a GMNUR polypeptide.

144, The composition of claim 138, further comprising an inhibitor,

145 The composition of claim 144, wherein the inhubitor comprises an N83a imhibitor.

t4o.  The composition of claim 144 or 145, wherein the inhibitor comprises a small molecule.

147, The composition of any one of claims 144-146, wherein
{2} the first fusion protein comprises a dimerization domain comprising an N53a
polypeptide and the second fusion protein comprises a dimerization domain
comprising an ANR polyvpeptide; or
(3 the first fusion protein comprises g dimertzation domain comprising an ANR
polypeptide and the second fusion protein comprises a dimerization domain
comprising an N83a polypeptide; and

wherein the inhibitor comprises danoprevir or grazoprevir,

148, A pharmaceutical composition comprising a composition of any one of claims 138-147

and a pharmaceuticaliy-acceptable carrier,

149, A use of a fusion protein of any one of claims 1-47 or 75-103, a nucleic acid of any one
of claims 48-55 or 104-111, a vector of any one of claims 56-61 or 112-117, a cell of any one of
claims 62-72 or 118-137, a composition of any one of claims 73 or 138-147, or the
pharmaceutical composition of claim 74 or 148 1o the manufacture of a medicament for the

treatrment of a disease or disorder.

150, A use of a fuston protein of any one of claims 1-47 or 75-103, a nucletc acid of any one
of claims 48-55 or 104-111, a vector of any one of claims 56-01 or 112-117, a cell of any one of
claims 62-72 or 118-137, a composition of any one of claims 73 or 138-147, or the

pharmaceutical composition of claim 74 or 148 for the treatment of a disease or disorder.
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151, Theuse of claim 149 or 150, wherein the disease or disorder comprises one or more of an
autcimmune disease or disorder; an inflammatory disease or disorder; an immunodeficiency
disease or disorder; an ischemic disease or disorder; a blood disease or disorder; a bone disease
or disorder; a neurological disease or disorder; a cardiac disease or disorder; a vascular disease or
disorder; a metabolic disease or disorder; a dermatological disease or disorder; a digestive
disease or disorder; a mitochondrial disease or disorder; a muscle disease or disorder; a hiver
disease or disorder; a kidney disease or disorder; a hearing disease or disorder; an ophthalmic

disease or disorder; and a proliferative disease or disorder.

152,  Theuse of claim 149 or 150, wherein the disease or disorder comprises a cancer.

153.  The use of any one of claims 149-152, wherein the disease or disorder comprises an

infection or a disease or disorder caused by the infectious disease.

154, Theuse of any one of claims 149-152, wherein the disease or disorder comprises a

genetic disease or disorder.

155, A method of treating a disease or a disorder, comprising administering o a subject an
etfective amount of a fusion protein of any one of claims 1-47 or 75-103, a nucleic acid of any
one of claims 48-35 or 104-111, a vector of any one of claims 56-61 or 112-117, a cell of any
one of claims 62-72 or 118-137, a composition of any one of claims 73 or 138-147, or the
pharmaceutical cormposition of claim 74 or 148, wherein a severity of a sign or symptom of the

disease or disorder is decreased, thereby treating the disease or disorder.

156. A method of preventing a disease or a disorder, comprising administering to a subject an
etfective amount of a fusion protein of any one of claims 1-47 or 75-103, a nucleic acid of any
one of claims 48-55 or 104-111, a vector of any one of claims 56-01 or 112-117, a cell of any
one of claims 62-72 or 118-137, a composition of any one of claims 73 or 138-147, or the
pharmaceutical coroposition of claim 74 or 148, wherein an onset or a relapse of a sign or
symptom of the disease or disorder is delayed or inhibited, thereby preventing the disease or

disorder.
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157,  The method of claim 155 or 156, wherein the disease or disorder comprises one or more
of an autoimmune disease or disorder; an inflammatory disease or disorder; an
immunodeficiency disease or disorder; an ischemic disease or disorder; a blood disease or
disorder; a bone disease or disorder; a neurclogical disease or disorder; a cardiac disease or
disorder; a vascular disease or disorder; a metabolic disease or disorder; a dermatological disease
or disorder; a digestive disease or disorder; a mitochondrial disease or disorder; a muscle disease
or disorder; a liver disease or disorder; a kidney disease or disorder; a hearing disease or

disorder; an ophthalmic disease or disorder; and a proliferative disease or disorder.

158 The method of claim 155 or 156, wherein the disease or disorder comprises a cancer.

159, The method of any one of clairas 155-138, wherein the disease or disorder coruprises an

infection or a disease or disorder caused by the infectious disease.

160, The method of any one of claims 155-158, wherein the disease or disorder comprises a

genetic disease or disorder.
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