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PROTEIN PAYLOAD RELEASE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Nos. 63/193,004
filed May 25, 2021 and 63/109,812 filed November 4, 2020, each of which is hereby

incorporated in their entirety by reference for all purposes.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on XXXX, 20XX, is named XXX-XXX sequencelisting.txt and is
H#Hi# #H bytes in size.

BACKGROUND

Cell-based therapy platforms provide promising avenues for treating a variety of
diseases. One such promising platform is CAR-T based therapies in the treatment of cancer.
Given their promise, improvements in cell-based therapies are needed. An active area of
exploration is engineering cell-based therapies to produce and/or secrete effector molecules
such as cytokines, a process referred to as armoring, that enhance the cell-based therapy. For
example, unarmored CAR-T therapies have poor efficacy in solid tumors and armoring can
impact the entire cancer immunity cycle and boost the activity of CAR-T. However,
uncontrolled or unregulated armoring strategies can have negative impacts on treatment, such
as off-target effects and toxicity in subjects. Thus, additional methods of controlling and
regulating the armoring of cell-based therapies, such as regulating production and/or

secretion of payload effector molecules, are required.

SUMMARY
Provided herein, in some embodiments, is a cell-based therapy platform involving
regulated armoring of the cell-based therapy, such as regulated secretion of payload effector
molecules. Also provided herein, in some embodiments, is a combinatorial cell-based
immunotherapy involving regulated armoring for the targeted treatment of cancer, such as

ovarian cancer, breast cancer, colon cancer, lung cancer, and pancreatic cancer.
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The therapy provided herein, however, can limit systemic toxicity of armoring. For
example, the immunotherapy provided herein can be tumor-specific and effective while
limiting systemic toxicity and/or other off-target effects due to armoring. These therapies
deliver proteins of interest, such as immunomodulatory effector molecules, in a regulated
manner, including regulation of secretion kinetics, cell state specificity, and cell or tissue
specificity. The design of the delivery vehicle is optimized to improve overall function in
cell-based therapies, such as cancer therapy, including, but not limited to, optimization of the
membrane-cleavage sites, promoters, linkers, signal peptides, delivery methods, combination,
regulation, and order of the immunomodulatory effector molecules.

Non-limiting examples of effector molecules encompassed by the present disclosure
include cytokines, antibodies, chemokines, nucleotides, peptides, enzymes, and oncolytic
viruses. For example, cells may be engineered to express and secrete in a regulated manner at
least one, two, three or more of the following effector molecules: IL-12, IL-16, IFN-f, IFN-y,
IL-2, IL-15, IL-7, IL-36y, IL-18, IL-1p, IL-21, 0X40-ligand, CD40L, anti-PD-1 antibodies,
anti-PD-L1 antibodies, anti-CTLA-4 antibodies, anti-TGFf antibodies, anti-TNFR2, MIP1a
(CCL3), MIP1p (CCL5), CCL21, CpG oligodeoxynucleotides, and anti-tumor peptides (e.g.,
anti-microbial peptides having anti-tumor activity, see, e.g., Gaspar, D. ef al. Front
Microbiol. 2013; 4: 294; Chu, H. et al. PLoS One. 2015; 10(5): €0126390, and
website:aps.unmc.edu/AP/main.php).

Provided for herein is an engineered nucleic acid comprising an expression cassette
comprising a promoter and an exogenous polynucleotide sequence encoding a membrane-
cleavable chimeric protein, oriented from N-terminal to C-terminal, having the formula: S —
C —MT or MT — C — S, wherein S comprises a secretable effector molecule, C comprises a
protease cleavage site, and MT comprises a cell membrane tethering domain, wherein the
promoter is operably linked to the exogenous polynucleotide sequence, and wherein S — C —
MT or MT — C — S is configured to be expressed as a single polypeptide.

Also provided for herein is a membrane-cleavable chimeric protein, oriented from N-
terminal to C-terminal, having the formula: S — C — MT or MT — C — S, wherein S comprises
a secretable effector molecule, C comprises a protease cleavage site, and MT comprises a cell
membrane tethering domain, wherein S — C — MT or MT — C — S is configured to be
expressed as a single polypeptide.

Also provided for herein is an isolated cell comprising an engineered nucleic acid,
wherein the engineered nucleic acid comprises an expression cassette comprising a promoter

and an exogenous polynucleotide sequence encoding a membrane-cleavable chimeric protein,
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oriented from N-terminal to C-terminal, having the formula: S — C — MT or MT - C - §,
wherein S comprises a secretable effector molecule, C comprises a protease cleavage site,
and MT comprises a cell membrane tethering domain, wherein the promoter is operably
linked to the exogenous polynucleotide sequence, and wherein S — C —MT or MT - C — S is
configured to be expressed as a single polypeptide.

Also provided for herein is an isolated cell comprising a membrane-cleavable
chimeric protein, wherein the membrane-cleavable chimeric protein, oriented from N-
terminal to C-terminal, has the formula: S — C — MT or MT — C — S, wherein S comprises a
secretable effector molecule, C comprises a protease cleavage site, and MT comprises a cell
membrane tethering domain, and wherein S — C — MT or MT — C - S is configured to be
expressed as a single polypeptide.

Also provided for herein is a method of inducing release of a membrane-tethered
effector molecule, comprising: a) providing a cell, wherein the cell comprises a membrane-
bound protease and a membrane-cleavable chimeric protein, oriented from N-terminal to C-
terminal, having the formula: S — C — MT or MT — C — S, wherein S comprises a secretable
effector molecule, C comprises a cognate protease cleavage site of the membrane-bound
protease, wherein S — C — MT or MT — C — S is configured to be expressed as a single
polypeptide; and b) culturing the cell under conditions suitable for expression of the
membrane-bound protease and the membrane-cleavable chimeric protein, wherein upon
expression, the membrane-cleavable chimeric protein is tethered to the cell membrane of the
cell, and wherein, upon expression, the membrane-bound protease cleaves the cognate
membrane-bound protease cleavage site of the membrane-cleavable chimeric protein, thereby
releasing the secretable effector molecule from the cell membrane.

In some aspects, the promoter is a constitutive promoter. In some aspects, the
constitutive promoter is selected from the group consisting of: CAG, HLP, CMV, EFS,
SFFV, SV40, MND, PGK, UbC, hEF1aV1, hCAGG, hEF1aV2, hACTb, helF4A1,
hGAPDH, hGRP78, hGRP94, hHSP70, hKIND, and hUBIb. In some aspects, the promoter is
an inducible promoter. In some aspects, the inducible promoter comprises a minimal
promoter and a responsive element selected from the group consisting of: NFkB response
element, CREB response element, NFAT response element, SRF response element 1, SRF
response element 2, AP1 response element, TCF-LEF response element promoter fusion,
Hypoxia responsive element, SMAD binding element, STAT3 binding site, inducer molecule

responsive promoters, and tandem repeats thereof.
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In some aspects, the promoter is a synthetic promoter. In some aspects, the synthetic
promoter comprises an activation-conditional control polypeptide- (ACP-) binding domain
sequence and a promoter sequence. In some aspects, the promoter sequence is derived from a
promoter selected from the group consisting of: minP, NFkB response element, CREB
response element, NFAT response element, SRF response element 1, SRF response element
2, AP1 response element, TCF-LEF response element promoter fusion, Hypoxia responsive
element, SMAD binding element, STAT3 binding site, minCMV, YB_TATA, minTK,
inducer molecule responsive promoters, and tandem repeats thereof. In some aspects, the
ACP-binding domain comprises one or more zinc finger binding sites. In some aspects, the
synthetic promoter is regulatable by an activation-conditional control polypeptide (ACP) that
binds to the ACP-binding domain of the synthetic promoter.

In some aspects, the ACP is a transcriptional modulator. In some aspects, the ACP is a
transcriptional repressor. In some aspects, the ACP is a transcriptional activator. In some
aspects, the ACP further comprises a repressible protease and one or more cognate cleavage
sites of the repressible protease. In some aspects, the ACP further comprises a hormone-
binding domain of estrogen receptor (ERT2 domain).

In some aspects, the ACP is a transcription factor. In some aspects, the transcription
factor is a zinc-finger-containing transcription factor. In some aspects, the ACP comprises a
DNA-binding zinc finger protein domain (ZF protein domain) and a transcriptional effector
domain. In some aspects, the ZF protein domain is modular in design and is composed of zinc
finger arrays (ZFA). In some aspects, the ZF protein domain comprises one to ten ZFA.

In some aspects, the effector domain is selected from the group consisting of’ a
Herpes Simplex Virus Protein 16 (VP16) activation domain; an activation domain comprising
four tandem copies of VP16, a VP64 activation domain; a p65 activation domain of NFxB; an
Epstein-Barr virus R transactivator (Rta) activation domain; a tripartite activator comprising
the VP64, the p65, and the Rta activation domains (VPR activation domain); a histone
acetyltransferase (HAT) core domain of the human E1A-associated protein p300 (p300 HAT
core activation domain); a Kriippel associated box (KRAB) repression domain; a Repressor
Element Silencing Transcription Factor (REST) repression domain, a WRPW motif of the
hairy-related basic helix-loop-helix repressor proteins, the motif is known as a WRPW
repression domain; a DNA (cytosine-5)-methyltransferase 3B (DNMT3B) repression domain;
and an HP1 alpha chromoshadow repression domain.

In some aspects, the one or more cognate cleavage sites of the repressible protease are

localized between the ZF protein domain and the effector domain. In some aspects, the
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repressible protease is hepatitis C virus (HCV) nonstructural protein 3 (NS3). In some
aspects, the cognate cleavage site comprises an NS3 protease cleavage site. In some aspects,
the NS3 protease cleavage site comprises a NS3/NS4A, a NS4A/NS4B, a NS4B/NS5A, or a
NS5A/NS5B junction cleavage site. In some aspects, the NS3 protease can be repressed by a
protease inhibitor. In some aspects, the protease inhibitor is selected from the group
consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir,
paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir.

In some aspects, the ACP is capable of undergoing nuclear localization upon binding
of the ERT2 domain to tamoxifen or a metabolite thereof. In some aspects, the tamoxifen
metabolite is selected from the group consisting of’ 4-hydroxytamoxifen, N-
desmethyltamoxifen, tamoxifen-N-oxide, and endoxifen.

In some aspects, the ACP further comprises a degron domain, and wherein the degron
domain is operably linked to the ACP. In some aspects, the degron domain is derived from a
degron selected from the group consisting of HCV NS4 degron, PEST (two copies of
residues 277-307 of human IkBa), GRR (residues 352-408 of human p105), DRR (residues
210-295 of yeast Cdc34), SNS (tandem repeat of SP2 and NB (SP2-NB-SP2 of influenza A
or influenza B), RPB (four copies of residues 1688-1702 of yeast RPB), SPmix (tandem
repeat of SP1 and SP2 (SP2-SP1-SP2-SP1-SP2 of influenza A virus M2 protein), NS2 (three
copies of residues 79-93 of influenza A virus NS protein), ODC (residues 106-142 of
ornithine decarboxylase), Nek2A, mouse ODC (residues 422-461), mouse ODC_DA
(residues 422-461 of mODC including D433 A and D434A point mutations), an APC/C
degron, a COP1 E3 ligase binding degron motif, a CRL4-Cdt2 binding PIP degron, an
actinfilin-binding degron, a KEAP1 binding degron, a KLHL2 and KLHL3 binding degron,
an MDM2 binding motif, an N-degron, a hydroxyproline modification in hypoxia signaling, a
phytohormone-dependent SCF-LRR-binding degron, an SCF ubiquitin ligase binding
phosphodegron, a phytohormone-dependent SCF-LRR-binding degron, a DSGxxS phospho-
dependent degron, an Siah binding motif, an SPOP SBC docking motif, and a PCNA binding
PIP box. In some aspects, the degron domain comprises a cereblon (CRBN) polypeptide
substrate domain capable of binding CRBN in response to an immunomodulatory drug
(IMiD) thereby promoting ubiquitin pathway-mediated degradation of the ACP. In some
aspects, the CRBN polypeptide substrate domain is selected from the group consisting of’
IKZF1, IKZF3, CKla, ZFP91, GSPT1, MEIS2, GSS E4F1, ZN276, ZN517, ZN582, ZN653,
ZN654, ZN692, ZN787, and ZN827, or a fragment thereof that is capable of drug-inducible
binding of CRBN. In some aspects, the CRBN polypeptide substrate domain is a chimeric
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fusion product of native CRBN polypeptide sequences. In some aspects, the CRBN
polypeptide substrate domain is a IKZF3/ZFP91/IKZF3 chimeric fusion product having the
amino acid sequence of
FNVLMVHKRSHTGERPLQCEICGFTCRQKGNLLRHIKLHTGEKPFKCHLCNYACQRR
DAL (SEQ ID NO: 175). In some aspects, the IMiD is an FDA-approved drug. In some
aspects, the IMiD is selected from the group consisting of: thalidomide, lenalidomide, and
pomalidomide. In some aspects, the degron domain is N-terminal of the repressible protease,
C-terminal of the repressible protease, N-terminal of the ZF protein domain, C-terminal of
the ZF protein domain, N-terminal of the effector domain, or C-terminal of the effector
domain.

In some aspects, the promoter is a tissue-specific promoter.

In some aspects, the secretable effector molecule comprises a signal peptide or a
signal-anchor sequence. In some aspects, the signal peptide comprises a native signal peptide
native to the secretable effector molecule. In some aspects, the signal peptide comprises a
non-native signal peptide or the signal-anchor sequence comprises a non-native signal-anchor
sequence non-native to the secretable effector molecule. In some aspects, the non-native
signal peptide or the non-native signal-anchor sequence is selected from the group consisting
of: IL-12, IL-2, optimized IL-2, trypsiongen-2, Gaussia luciferase, CD5, human IgKVII,
murine IgKVII, VSV-G, prolactin, serum albumin preprotein, azurocidin preprotein,
osteonectin, CD33, IL6, IL8, CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1, GROalpha,
CXCL12, IL21, CD8, NKG2D, TNFR2, and GMCSF.

In some aspects, the secretable effector molecule is selected from a therapeutic class,
wherein the therapeutic class is selected from the group consisting of: a cytokine, a
chemokine, a homing molecule, a growth factor, a co-activation molecule, a tumor
microenvironment modifier, a ligand, an antibody, a peptide, and an enzyme. In some
aspects, the cytokine is selected from the group consisting of: IL-1-beta, IL-2, IL-4, IL-6, IL-
7, IL-10, IL-12, an IL-12p70 fusion protein, IL-15, IL-17A, TL-18, IL-21, IL-22, Type I
interferons, Interferon-gamma, and TNF-alpha. In some aspects, the secretable effector
molecule comprises IL-15, IL-12, or an IL-12p70 fusion protein. In some aspects, the
secretable effector molecule comprises IL-15. In some aspects, the secretable effector
molecule comprises IL-15 having the amino acid sequence of SEQ ID NO: 199. In some
aspects, the secretable effector molecule comprises IL-15 and an IL-15Ra sushi domain. In
some aspects, the secretable effector molecule comprises and IL-15/IL-15Ra sushi domain

fusion protein having the amino acid sequence of SEQ ID NO: 202. In some aspects, the
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secretable effector molecule consists of [L-15 and IL-15Ra sushi domain. In some aspects,
the secretable effector molecule comprises IL-12. In some aspects, the secretable effector
molecule comprises an IL-12p70 fusion protein. In some aspects, the secretable effector
molecule comprises an IL-12p70 fusion protein having the amino acid sequence of SEQ ID
NO: 203. In some aspects, the secretable effector molecule consists of [L-12. In some
aspects, the secretable effector molecule consists of an IL-12p70 fusion protein. In some
aspects, the secretable effector molecule is IL-15. In some aspects, the chemokine is selected
from the group consisting of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11
fusion protein, CCL19, CXCL9, and XCLI1. In some aspects, the homing molecule is selected
from the group consisting of’ anti-integrin alpha4,beta7; anti-MAdCAM; SDF1; and MMP-2.
In some aspects, the growth factor is selected from the group consisting of: FLT3L and GM-
CSF. In some aspects, the co-activation molecule is selected from the group consisting of: 4-
1BBL and CD40L. In some aspects, the tumor microenvironment modifier is selected from
the group consisting of: adenosine deaminase, a TGFbeta inhibitor, an immune checkpoint
inhibitor, a VEGF inhibitor, and HPGE2. In some aspects, the TGFbeta inhibitor is selected
from the group consisting of: an anti-TGFbeta peptide, an anti-TGFbeta antibody, a TGFb-
TRAP, and a combination thereof. In some aspects, the immune checkpoint inhibitor is
selected from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an
anti-PD-L2 antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3
antibody, an anti-TIGIT antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-
B7-H3 antibody, an anti-B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA antibody,
an anti-GAL9 antibody, an anti-A2AR antibody, an anti-phosphatidylserine antibody, an anti-
CD27 antibody, an anti-TNFa antibody, an anti-TREMI antibody, and an anti-TREM?2
antibody. In some aspects, the VEGF inhibitor comprises an anti-VEGF antibody, an anti-
VEGF peptide, or a combination thereof. In some aspects, the secretable effector molecule is
a human-derived effector molecule.

In some aspects, the protease cleavage site is selected from the group consisting of: a
Type 1 transmembrane protease cleavage site, a Type II transmembrane protease cleavage
site, a GPI anchored protease cleavage site, an ADAMS protease cleavage site, an ADAM9
protease cleavage site, an ADAM10 protease cleavage site, an ADAM]12 protease cleavage
site, an ADAM1S5 protease cleavage site, an ADAM17 protease cleavage site, an ADAM19
protease cleavage site, an ADAM?20 protease cleavage site, an ADAM21 protease cleavage
site, an ADAM?28 protease cleavage site, an ADAM3O0 protease cleavage site, an ADAM33

protease cleavage site, a BACE]1 protease cleavage site, a BACE2 protease cleavage site, a
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SIP protease cleavage site, an MT1-MMP protease cleavage site, an MT3-MMP protease
cleavage site, an MT5-MMP protease cleavage site, a furin protease cleavage site, a PCSK7
protease cleavage site, a matriptase protease cleavage site, a matriptase-2 protease cleavage
site, an MMP9 protease cleavage site, and an NS3 protease cleavage site. In some aspects, the
protease cleavage site is cleavable by a protease selected from the group consisting of: a Type
1 transmembrane protease, a Type II transmembrane protease, a GPI anchored protease, an
ADAMS protease, an ADAMO protease, an ADAMI10 protease, an ADAMI12 protease, an
ADAMLIS protease, an ADAM17 protease, an ADAMI9 protease, an ADAM20 protease, an
ADAM21 protease, an ADAM?28 protease, an ADAM3O0 protease, an ADAM33 protease, a
BACE] protease, a BACE2 protease, a SIP protease, an MT1-MMP protease, an MT3-MMP
protease, an MT5-MMP protease, a furin protease, a PCSK7 protease, a matriptase protease,
a matriptase-2 protease, an MMP9 protease, and an NS3 protease.

In some aspects, the protease cleavage site is cleavable by an ADAM17 protease. In
some aspects, the protease cleavage site comprises a first region having the amino acid
sequence of PRAE (SEQ ID NO: 176). In some aspects, the protease cleavage site comprises
a second region having the amino acid sequence of KGG (SEQ ID NO: 177). In some
aspects, the first region is located N-terminal to the second region. In some aspects, the
protease cleavage site comprises the amino acid sequence of PRAEX1X2KGG (SEQ ID NO:
178), wherein X1is A, Y, P, S, or F, and wherein X2is V, L, S, I, Y, T, or A. In some
aspects, the protease cleavage site comprises the amino acid sequence of PRAEX1X2KGG
(SEQ ID NO: 178), wherein X1is A, Y, P, S, or F, and wherein X2is V,L, S, I, Y, or T. In
some aspects, the protease cleavage site comprises the amino acid sequence of
PRAEAVKGG (SEQ ID NO: 179). In some aspects, the protease cleavage site comprises the
amino acid sequence of PRAEALKGG (SEQ ID NO: 180). In some aspects, the protease
cleavage site comprises the amino acid sequence of PRAEYSKGG (SEQ ID NO: 181). In
some aspects, the protease cleavage site comprises the amino acid sequence of PRAEPIKGG
(SEQ ID NO: 182). In some aspects, the protease cleavage site comprises the amino acid
sequence of PRAEAYKGG (SEQ ID NO: 183). In some aspects, the protease cleavage site
comprises the amino acid sequence of PRAESSKGG (SEQ ID NO: 184). In some aspects,
the protease cleavage site comprises the amino acid sequence of PRAEFTKGG (SEQ ID NO:
185). In some aspects, the protease cleavage site comprises the amino acid sequence of
PRAEAAKGG (SEQ ID NO: 186). In some aspects, the protease cleavage site comprises the
amino acid sequence of DEPHYSQRR (SEQ ID NO: 187). In some aspects, the protease
cleavage site comprises the amino acid sequence of PPLGPIFNPG (SEQ ID NO: 188). In
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some aspects, the protease cleavage site comprises the amino acid sequence of PLAQAYRSS
(SEQ ID NO: 189). In some aspects, the protease cleavage site comprises the amino acid
sequence of TPIDSSFNPD (SEQ ID NO: 190). In some aspects, the protease cleavage site
comprises the amino acid sequence of VTPEPIFSLI (SEQ ID NO: 191). In some aspects, the
protease cleavage site comprises the amino acid sequence of ITQGLAVSTISSFF (SEQ ID
NO: 198)

In some aspects, the cell membrane tethering domain comprises a transmembrane-
intracellular domain or a transmembrane domain. In some aspects, the transmembrane-
intracellular domain and/or transmembrane domain is derived from PDGFR-beta, CDS,
CD28, CD3zeta-chain, CD4, 4-1BB, 0X40, ICOS, CTLA-4, PD-1, LAG-3, 2B4, LNGFR,
NKG2D, EpoR, TNFR2, B7-1, or BTLA. In some aspects, the cell membrane tethering
domain comprises a cell surface receptor, or a cell membrane-bound portion thereof.

In some aspects, the cell membrane tethering domain comprises a post-translational
modification tag, or motif capable of post-translational modification to modify the chimeric
protein to include a post-translational modification tag, where the post-translational
modification tag is capable of association with a cell membrane. In some aspects, the post-
translational modification tag comprises a lipid-anchor domain, optionally wherein the lipid-
anchor domain is selected from the group consisting of: a GPI lipid-anchor, a myristoylation
tag, and a palmitoylation tag.

In some aspects, when expressed in a cell, the secretable effector molecule is tethered
to a cell membrane of the cell. In some aspects, when expressed in a cell expressing a
protease capable of cleaving the protease cleavage site, the secretable effector molecule is
released from the cell membrane. In some aspects, the protease expressed on the cell
membrane is endogenous to the cell. In some aspects, the protease is selected from the group
consisting of: a Type 1 transmembrane protease, a Type 1l transmembrane protease, a GPI
anchored protease, an ADAMS protease, an ADAMO protease, an ADAMI10 protease, an
ADAMI12 protease, an ADAM15 protease, an ADAMI17 protease, an ADAM19 protease, an
ADAM?20 protease, an ADAM21 protease, an ADAM?28 protease, an ADAM3O0 protease, an
ADAM33 protease, a BACE] protease, a BACE2 protease, a SIP protease, an MT1-MMP
protease, an MT3-MMP protease, an MTS-MMP protease, a furin protease, a PCSK7
protease, a matriptase protease, a matriptase-2 protease, and an MMP9 protease. In some
aspects, the protease is an ADAM17 protease.

In some aspects, the protease expressed on the cell membrane is heterologous to the

cell. In some aspects, the protease is hepatitis C virus (HCV) nonstructural protein 3 (NS3).
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In some aspects, the protease cleavage site comprises an NS3 protease cleavage site. In some
aspects, the NS3 protease cleavage site comprises a NS3/NS4A, a NS4A/NS4B, a
NS4B/NS5A, or a NS5A/NS5B junction cleavage site. In some aspects, the protease can be
repressed by a protease inhibitor. In some aspects, the protease inhibitor is selected from the
group consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir,
paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir. In some aspects,
expression and/or localization of the protease is capable of regulation. In some aspects, the
expression and/or localization is regulated by a cell state of the cell.

In some aspects, the engineered nucleic acid is a single-stranded or double-stranded
nucleic acid selected from the group consisting of: a DNA, cDNA, an RNA, an mRNA, and a
naked plasmid.

In some aspects, the isolated cell is selected from the group consisting of: a T cell, a
CD8+ T cell, a CD4+ T cell, a gamma-delta T cell, a cytotoxic T lymphocyte (CTL), a
regulatory T cell, a viral-specific T cell, a Natural Killer T (NKT) cell, a Natural Killer (NK)
cell, a B cell, a tumor-infiltrating lymphocyte (TIL), an innate lymphoid cell, a mast cell, an
eosinophil, a basophil, a neutrophil, a myeloid cell, a macrophage, a monocyte, a dendritic
cell, an erythrocyte, a platelet cell, a human embryonic stem cell (ESC), an ESC-derived cell,
a pluripotent stem cell, a mesenchymal stromal cell (MSC), an induced pluripotent stem cell
(iPSC), and an iPSC-derived cell. In some aspects, the isolated cell is a Natural Killer (NK)
cell.

In some aspects, the isolated cell is autologous. In some aspects, the isolated cell is
allogeneic. In some aspects, the isolated cell is a tumor cell selected from the group
consisting of: a bladder tumor cell, a brain tumor cell, a breast tumor cell, a cervical tumor
cell, a colorectal tumor cell, an esophageal tumor cell, a glioma cell, a kidney tumor cell, a
liver tumor cell, a lung tumor cell, a melanoma cell, an ovarian tumor cell, a pancreatic tumor
cell, a prostate tumor cell, a skin tumor cell, a thyroid tumor cell, and a uterine tumor cell.

In some aspects, the isolated cell was engineered via transduction with an oncolytic
virus.

In some aspects, the isolated cell further comprises a protease capable of cleaving the
protease cleavage site. In some aspects, the protease is an endogenous protease. In some
aspects, the endogenous protease is selected from the group consisting of: a Type 1
transmembrane protease, a Type II transmembrane protease, a GPI anchored protease, an
ADAMBS protease, an ADAMO protease, an ADAMI10 protease, an ADAM12 protease, an
ADAMI1S protease, an ADAM17 protease, an ADAMI9 protease, an ADAM?20 protease, an
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ADAM?21 protease, an ADAM28 protease, an ADAM3O0 protease, an ADAM33 protease, a
BACE] protease, a BACE2 protease, a SIP protease, an MT1-MMP protease, an MT3-MMP
protease, an MT5-MMP protease, a furin protease, a PCSK7 protease, a matriptase protease,
a matriptase-2 protease, and an MMP9 protease. In some aspects, the endogenous protease is
an ADAM17 protease. In some aspects, the protease is a heterologous protease. In some
aspects, the heterologous protease is hepatitis C virus (HCV) nonstructural protein 3 (NS3).
In some aspects, the protease is expressed on the cell membrane of the isolated cell. In some
aspects, the protease is capable of cleaving the protease cleavage site. In some aspects,
cleavage of the protease cleavage site releases the secretable effector molecule from the cell
membrane of the isolated cell.

In some aspects, the protease cleavage site comprises a first region having the amino
acid sequence of PRAE (SEQ ID NO: 176). In some aspects, the protease cleavage site
comprises a second region having the amino acid sequence of KGG (SEQ ID NO: 177). In
some aspects, the first region is located N-terminal to the second region. In some aspects, the
protease cleavage site comprises the amino acid sequence of PRAEX1X2KGG (SEQ ID NO:
178), wherein X1is A, Y, P, S, or F, and wherein X2is V,L, S, 'Y, T, or A. In some
aspects, the protease cleavage site comprises the amino acid sequence of PRAEX1X2KGG
(SEQ ID NO: 178), wherein X1 is A, Y, P, S, or F, and wherein X2is V,L, S, LY, or T. In
some aspects, the protease cleavage site comprises the amino acid sequence of
PRAEAVKGG (SEQ ID NO: 179). In some aspects, the protease cleavage site comprises the
amino acid sequence of PRAEALKGG (SEQ ID NO: 180). In some aspects, the protease
cleavage site comprises the amino acid sequence of PRAEYSKGG (SEQ ID NO: 181). In
some aspects, the protease cleavage site comprises the amino acid sequence of PRAEPIKGG
(SEQ ID NO: 182). In some aspects, the protease cleavage site comprises the amino acid
sequence of PRAEAYKGG (SEQ ID NO: 183). In some aspects, the protease cleavage site
comprises the amino acid sequence of PRAESSKGG (SEQ ID NO: 184). In some aspects,
the protease cleavage site comprises the amino acid sequence of PRAEFTKGG (SEQ ID NO:
185). In some aspects, the protease cleavage site comprises the amino acid sequence of
PRAEAAKGG (SEQ ID NO: 186). In some aspects, the protease cleavage site comprises the
amino acid sequence of DEPHYSQRR (SEQ ID NO: 187). In some aspects, the protease
cleavage site comprises the amino acid sequence of PPLGPIFNPG (SEQ ID NO: 188). In
some aspects, the protease cleavage site comprises the amino acid sequence of PLAQAYRSS
(SEQ ID NO: 189). In some aspects, the protease cleavage site comprises the amino acid

sequence of TPIDSSFNPD (SEQ ID NO: 190). In some aspects, the protease cleavage site
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comprises the amino acid sequence of VTPEPIFSLI (SEQ ID NO: 191). In some aspects, the
protease cleavage site comprises the amino acid sequence of ITQGLAVSTISSFF (SEQ ID
NO: 198).

In some aspects, the isolated cell further comprises an antigen recognizing receptor. In
some aspects, the antigen recognizing receptor recognizes an antigen selected from the group
consisting of: 5T4, ADAMY, AFP, AXL, B7-H3, B7-H4, B7-H6, C4.4, CA6, Cadherin 3,
Cadherin 6, CCR4, CD123, CD133, CD138, CD142, CD166, CD25, CD30, CD352, CD37,
CD38, CD44, CD56, CD66e, CD70, CD71, CD74, CD79b, CD80, CEA, CEACAMS,
Claudin18.2, cMet, CSPG4, CTLA, DLK1, DLL3, DR5, EGFR, ENPP3, EpCAM, EphA2,
Ephrin A4, ETBR, FGFR2, FGFR3, FRalpha, FRb, GCC, GD2, GFRa4, gpA33, GPC3,
gpNBM, GPRC5, HER2, IL-13R, IL-13Ra, IL-13Ra2, IL-8, IL-15, IL1RAP, Integrin aV,
KIT, L1ICAM, LAMP1, Lewis Y, LeY, LIV-1, LRRC, LY6E, MCSP, Mesothelin, MUC1,
MUC16, MUCIC, NaPi2B, Nectin 4, NKG2D, NOTCH3, NY ESO 1, Ovarin, P-cadherin,
pan-Erb2, PSCA, PSMA, PTK7, ROR1, S Aures, SCT, SLAMF7, SLITRK6, SSTR2,
STEAP1, Survivin, TDGF1, TIM1, TROP2, and WT1. In some aspects, the antigen
recognizing receptor comprises an antigen-binding domain. In some aspects, the antigen-
binding domain comprises an antibody, an antigen-binding fragment of an antibody, a F(ab)
fragment, a F(ab') fragment, a single chain variable fragment (scFv), or a single-domain
antibody (sdAb). In some aspects, the antigen-binding domain comprises a single chain
variable fragment (scFv). In some aspects, the scFv comprises a heavy chain variable domain
(VH) and a light chain variable domain (VL). In some aspects, the VH and VL are separated
by a peptide linker. In some aspects, the scFv comprises the structure VH-L-VL or VL-L-
VH, wherein VH is the heavy chain variable domain, L is the peptide linker, and VL is the
light chain variable domain. In some aspects, the antigen recognizing receptor is a chimeric
antigen receptor (CAR) or T cell receptor (TCR).

In some aspects, the antigen recognizing receptor is a CAR. In some aspects, the CAR
comprises one or more intracellular signaling domains, and the one or more intracellular
signaling domains are selected from the group consisting of: a CD3zeta-chain intracellular
signaling domain, a CD97 intracellular signaling domain, a CD11a-CD18 intracellular
signaling domain, a CD2 intracellular signaling domain, an ICOS intracellular signaling
domain, a CD27 intracellular signaling domain, a CD154 intracellular signaling domain, a
CDS8 intracellular signaling domain, an OX40 intracellular signaling domain, a 4-1BB
intracellular signaling domain, a CD28 intracellular signaling domain, a ZAP40 intracellular

signaling domain, a CD30 intracellular signaling domain, a GITR intracellular signaling
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domain, an HVEM intracellular signaling domain, a DAP10 intracellular signaling domain, a
DAPI12 intracellular signaling domain, and a MyD88 intracellular signaling domain. In some
aspects, the CAR comprises a transmembrane domain, and the transmembrane domain is
selected from the group consisting of: a CD8 transmembrane domain, a CD28
transmembrane domain a CD3zeta-chain transmembrane domain, a CD4 transmembrane
domain, a 4-1BB transmembrane domain, an OX40 transmembrane domain, an ICOS
transmembrane domain, a CTLA-4 transmembrane domain, a PD-1 transmembrane domain,
a LAG-3 transmembrane domain, a 2B4 transmembrane domain, and a BTLA
transmembrane domain. In some aspects, the CAR comprises a spacer region between the
antigen-binding domain and the transmembrane domain.

Also provided for herein is a composition comprising any of the isolated cells
described herein, and a pharmaceutically acceptable carrier.

Also provided for herein is a method of treating a subject in need thereof, the method
comprising administering a therapeutically effective dose of any of the isolated cells
described herein or any of the compositions described herein. In some aspects, the isolated
cell is derived from the subject. In some aspects, the isolated cell is allogeneic with reference
to the subject. In some aspects, the method further comprises administering a checkpoint
inhibitor. In some aspects, the checkpoint inhibitor is selected from the group consisting of:
an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 antibody, an anti-CTLA-4
antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT antibody, an anti-
VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-B7-H4 antibody, an
anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, an anti-A2AR
antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-TNFa
antibody, an anti-TREM1 antibody, and an anti-TREM2 antibody. In some aspects, the
method further comprises administering an anti-CD40 antibody.

Also provided for herein is a lipid-based structure comprising any of the engineered
nucleic acids described herein, or any of the expression vectors described herein, or any of
the membrane-cleavable chimeric proteins described herein. In some aspects, the lipid-based
structure comprises an extracellular vesicle, a lipid nanoparticle, a micelle, or a liposome. In
some aspects, the extracellular vesicle is selected from the group consisting of: a nanovesicle
and an exosome. In some aspects, the lipid-based structure comprises a lipid nanoparticle or a
micelle. In some aspects, the lipid-based structure comprises a liposome.

Also provided for herein is a composition comprising any of the lipid-based structures

described herein, and a pharmaceutically acceptable carrier.
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Also provided for herein is a method of treating a subject in need thereof, the method
comprising administering a therapeutically effective dose of any of the lipid-based structures
described herein or any of the compositions described herein. In some aspects, the
administering comprises systemic administration. In some aspects, the lipid-based structure is
capable of engineering a cell in the subject. In some aspects, the method further comprises
administering a checkpoint inhibitor. In some aspects, the checkpoint inhibitor is selected
from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2
antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an
anti-TIGIT antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3
antibody, an anti-B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-
GALD9 antibody, an anti-A2AR antibody, an anti-phosphatidylserine antibody, an anti-CD27
antibody, an anti-TNFa antibody, an anti-TREM1 antibody, and an anti-TREM?2 antibody. In
some aspects, the method further comprises administering an anti-CD40 antibody.

Also provided for herein is a nanoparticle comprising any of the engineered nucleic
acids described herein or any of the membrane-cleavable chimeric proteins described herein.
In some aspects, the nanoparticle comprises an inorganic material.

Also provided for herein is a composition comprising any of the nanoparticles
described herein.

Also provided for herein is a method of treating a subject in need thereof, the method
comprising administering a therapeutically effective dose of any of the nanoparticles
described herein, or any of the compositions described herein. In some aspects, the
administering comprises systemic administration. In some aspects, the nanoparticle is capable
of engineering a cell in the subject. In some aspects, the method further comprises
administering a checkpoint inhibitor. In some aspects, the checkpoint inhibitor is selected
from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2
antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an
anti-TIGIT antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3
antibody, an anti-B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-
GALD9 antibody, an anti-A2AR antibody, an anti-phosphatidylserine antibody, an anti-CD27
antibody, an anti-TNFa antibody, an anti-TREM1 antibody, and an anti-TREM2 antibody. In
some aspects, the method further comprises administering an anti-CD40 antibody.

Also provided for herein is a virus engineered to comprise any of the engineered
nucleic acids described herein or any of the expression vectors described herein. In some

aspects, the virus is selected from the group consisting of’ a lentivirus, a retrovirus, an
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oncolytic virus, an adenovirus, an adeno-associated virus (AAV), and a virus-like particle
(VLP).

Also provided for herein is a composition comprising any of the engineered viruses
described herein, and a pharmaceutically acceptable carrier.

Also provided for herein is a method of treating a subject in need thereof, the method
comprising administering a therapeutically effective dose of any of the engineered viruses
described herein, or any of the compositions described herein. In some aspects, the
administering comprises systemic administration. In some aspects, the engineered virus
infects a cell in the subject and expresses the expression cassette. In some aspects, the method
further comprises administering a checkpoint inhibitor. In some aspects, the checkpoint
inhibitor is selected from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1
antibody, an anti-PD-L2 antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an
anti-TIM-3 antibody, an anti-TIGIT antibody, an anti-VISTA antibody, an anti-KIR antibody,
an anti-B7-H3 antibody, an anti-B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA
antibody, an anti-GAL9 antibody, an anti-A2AR antibody, an anti-phosphatidylserine
antibody, an anti-CD27 antibody, an anti-TNFa antibody, an anti-TREM1 antibody, and an
anti-TREM2 antibody. In some aspects, the method further comprises administering an anti-

CDA40 antibody.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a schematic of the Membrane-Cleavable system described herein
in which a desired payload is expressed as a chimeric protein in which a protease cleavage
site is inserted between the payload and membrane-tethering domain. The left panel
illustrates a schematic of the Membrane-Cleavable system using a transmembrane spanning
architecture (e.g., the chimeric protein contains a transmembrane domain). The right panel
illustrates a schematic of the Membrane-Cleavable system using a membrane-associated
architecture (e.g., the chimeric protein contains a post-translational modification tag allowing
association with a cell membrane).

FIG. 1B illustrates a representative Membrane-Cleavable system for the regulated
secretion of IL-15 in which IL-15 is expressed as a chimeric protein having a cleavage site
capable of cleavage by TACE inserted between the IL-15 payload and membrane-tethering
domain. The left panel illustrates a Type I transmembrane architecture (e.g., S — C — MT)

through use of Type I transmembrane domains, such as PDGFR-beta and CD8. The right
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panel a Type II transmembrane architecture (e.g., MT — C — S) through use of Type II
transmembrane domains, such as NKG2D and TNFR2.

FIG. 2 provides a plot of membrane-bound expression as assayed by flow cytometry
(calculated as geometric mean fluorescent intensity, “gMFI1,” y axis) and IL-15 secretion as
determined by ELISA (measured as pg/ml, x-axis) for each Membrane-Cleavable IL-15
construct.

FIGs. 3A-3C provide membrane-bound expression and secretion of IL-12
Membrane-Cleavable systems. FIG. 3A indicates membrane-bound expression of each
Membrane-Cleavable IL-12 system in NK cells, as measured by flow cytometry. FIG. 3B
indicates membrane-bound expression of each Membrane-Cleavable IL-12 system in T cells,
as measured by flow cytometry. FIG. 3C shows IL-12 secretion for each Membrane-
Cleavable IL-12 system expressed in NK cells and T cells.

FIGs. 4A-4B provide membrane-bound NK cell expression and secretion of various
IL-15 Membrane-Cleavable systems. FIG. 4A indicates membrane-bound expression of each
Membrane-Cleavable IL-15 system in NK cells, as measured by flow cytometry. FIG. 4B

shows IL-15 secretion for each Membrane-Cleavable IL-15 system expressed in NK cells.

DETAILED DESCRIPTION

Chimeric proteins (or engineered nucleic acids encoding the chimeric proteins) are
provided for herein having the formula S — C — MT or MT — C - S, oriented from N-terminal
to C-terminal and expressed as a single polypeptide. S refers to a secretable effector
molecule. C refers to a protease cleavage site. MT refers to a cell membrane tethering
domain. The membrane-cleavable chimeric protein is engineered such that secretion of the
effector molecule can be regulated in a protease-dependent manner. Specifically, the
membrane-cleavable chimeric protein is engineered such that secretion of the effector
molecule can be regulated as part of a “Membrane-Cleavable” system, where incorporation
of a protease cleavage site (“C”) and a cell membrane tethering domain (“MT”) allow for
regulated secretion of an effector molecule in a protease-dependent manner. Without wishing
to be bound by theory, the components of the Membrane-Cleavable system present in the
membrane-cleavable chimeric protein generally regulate secretion through the below cellular
processes:

- MT: The cell membrane tethering domain contains a transmembrane domain (or a

transmembrane-intracellular domain) that directs cellular-trafficking of the
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chimeric protein such that the protein is inserted into, or otherwise associated
with, a cell membrane (“tethered”)

- C: Following expression and localization of the chimeric protein into the cell
membrane, the protease cleavage site directs cleavage of the chimeric protein such
that the effector molecule is released (“secreted”) into the extracellular space.
Generally, the protease cleavage site is protease-specific, including sites
engineered to be protease-specific. The protease cleavage site can be selected or
engineered to achieve optimal protein expression, cell-type specific cleavage, cell-
state specific cleavage, and/or cleavage and release of the payload at desired
kinetics (e.g., ratio of membrane-bound to secreted chimeric protein levels)

In some aspects, membrane-cleavable chimeric proteins (or engineered nucleic acids
encoding the membrane-cleavable chimeric proteins) are provided for herein having a protein
of interest (e.g., any of the effector molecules described herein), a protease cleavage site, and
a cell membrane tethering domain.

An “effector molecule,” refers to a molecule (e.g., a nucleic acid such as DNA or
RNA, or a protein (polypeptide) or peptide) that binds to another molecule and modulates the
biological activity of that molecule to which it binds. For example, an effector molecule may
act as a ligand to increase or decrease enzymatic activity, gene expression, or cell signaling.
Thus, in some embodiments, an effector molecule modulates (activates or inhibits) different
immunomodulatory mechanisms. By directly binding to and modulating a molecule, an
effector molecule may also indirectly modulate a second, downstream molecule.

In certain embodiments described herein (e.g., in general, for all membrane-cleavable
chimeric proteins described herein), an effector molecule is a secretable effector molecule
(e.g., referred to as “S” in the formula S — C — MT or MT — C — S for membrane-cleavable
chimeric proteins described herein). Non-limiting examples of effector molecules include
cytokines, chemokines, enzymes that modulate metabolite levels, growth factors, co-
activation molecules, tumor microenvironment modifiers, ligands, peptides, enzymes,
antibodies, antibodies or decoy molecules that modulate cytokines, homing molecules, and/or
integrins.

The term “modulate” encompasses maintenance of a biological activity, inhibition
(partial or complete) of a biological activity, and stimulation/activation (partial or complete)
of a biological activity. The term also encompasses decreasing or increasing (e.g., enhancing)
a biological activity. Two different effector molecules are considered to “modulate different

tumor-mediated immunosuppressive mechanisms” when one effector molecule modulates a
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tumor-mediated immunosuppressive mechanism (e.g., stimulates T cell signaling) that is
different from the tumor-mediated immunosuppressive mechanism modulated by the other
effector molecule (e.g., stimulates antigen presentation and/or processing).

Modulation by an effector molecule may be direct or indirect. Direct modulation
occurs when an effector molecule binds to another molecule and modulates activity of that
molecule. Indirect modulation occurs when an effector molecule binds to another molecule,
modulates activity of that molecule, and as a result of that modulation, the activity of yet
another molecule (to which the effector molecule is not bound) is modulated.

In some embodiments, modulation of a tumor-mediated immunosuppressive
mechanism by at least one effector molecule results in an increase in an immunostimulatory
and/or anti-tumor immune response (e.g., systemically or in the tumor microenvironment) by
at least 10% (e.g., 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or 200%). For
example, modulation of a tumor-mediated immunosuppressive mechanism may result in an
increase in an immunostimulatory and/or anti-tumor immune response by at least 20%, at
least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 100%. In some embodiments, modulation of a tumor-mediated immunosuppressive
mechanism results in an increase in an immunostimulatory and/or anti-tumor immune
response 10-20%, 10-30%, 10-40%, 10-50%, 10-60%, 10-70%, 10-80%, 10-90%, 10-100%,
10-200%, 20-30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-100%, 20-
200%, 50-60%, 50-70%, 50-80%, 50-90%, 50-100%, or 50-200%. It should be understood
that “an increase” in an immunostimulatory and/or anti-tumor immune response, for example,
systemically or in a tumor microenvironment, is relative to the immunostimulatory and/or
anti-tumor immune response that would otherwise occur, in the absence of the effector
molecule(s).

In some embodiments, modulation of a tumor-mediated immunosuppressive
mechanism by at least one effector molecule results in an increase in an immunostimulatory
and/or anti-tumor immune response (e.g., systemically or in the tumor microenvironment) by
at least 2 fold (e.g., 2, 3, 4, 5, 10, 25, 20, 25, 50, or 100 fold). For example, modulation of a
tumor-mediated immunosuppressive mechanism may result in an increase in an
immunostimulatory and/or anti-tumor immune response by at least 3 fold, at least 5 fold, at
least 10 fold, at least 20 fold, at least 50 fold, or at least 100 fold. In some embodiments,
modulation of a tumor-mediated immunosuppressive mechanism results in an increase in an
immunostimulatory and/or anti-tumor immune response by 2-10, 2-20, 2-30, 2-40, 2-50, 2-

60, 2-70, 2-80, 2-90, or 2-100 fold.
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Non-limiting examples of immunostimulatory and/or anti-tumor immune mechanisms
include T cell signaling, activity and/or recruitment, antigen presentation and/or processing,
natural killer cell-mediated cytotoxic signaling, activity and/or recruitment, dendritic cell
differentiation and/or maturation, immune cell recruitment, pro-inflammatory macrophage
signaling, activity and/or recruitment, stroma degradation, immunostimulatory metabolite
production, stimulator of interferon genes (STING) signaling (which increases the secretion
of IFN and Th1 polarization, promoting an anti-tumor immune response), and/or Type I
interferon signaling. An effector molecule may stimulate at least one (one or more) of the
foregoing immunostimulatory mechanisms, thus resulting in an increase in an
immunostimulatory response. Changes in the foregoing immunostimulatory and/or anti-
tumor immune mechanisms may be assessed, for example, using in vitro assays for T cell
proliferation or cytotoxicity, in vifro antigen presentation assays, expression assays (e.g., of
particular markers), and/or cell secretion assays (e.g., of cytokines).

In some embodiments, modulation of a tumor-mediated immunosuppressive
mechanism by at least one effector molecule results in a decrease in an immunosuppressive
response (e.g., systemically or in the tumor microenvironment) by at least 10% (e.g., 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or 200%). For example, modulation of a
tumor-mediated immunosuppressive mechanism may result in a decrease in an
immunosuppressive response by at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 100%. In some embodiments,
modulation of a tumor-mediated immunosuppressive mechanism results in a decrease in an
immunosuppressive response 10-20%, 10-30%, 10-40%, 10-50%, 10-60%, 10-70%, 10-80%,
10-90%, 10-100%, 10-200%, 20-30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%,
20-100%, 20-200%, 50-60%, 50-70%, 50-80%, 50-90%, 50-100%, or 50-200%. It should be
understood that “a decrease” in an immunosuppressive response, for example, systemically or
in a tumor microenvironment, is relative to the immunosuppressive response that would
otherwise occur, in the absence of the effector molecule(s).

In some embodiments, modulation of a tumor-mediated immunosuppressive
mechanism by at least one effector molecule results in a decrease in an immunosuppressive
response (e.g., systemically or in the tumor microenvironment) by at least 2 fold (e.g., 2, 3, 4,
5, 10, 25, 20, 25, 50, or 100 fold). For example, modulation of a tumor-mediated
immunosuppressive mechanism may result in a decrease in an immunosuppressive response
by at least 3 fold, at least 5 fold, at least 10 fold, at least 20 fold, at least 50 fold, or at least

100 fold. In some embodiments, modulation of a tumor-mediated immunosuppressive
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mechanism results in a decrease in an immunosuppressive response by 2-10, 2-20, 2-30, 2-
40, 2-50, 2-60, 2-70, 2-80, 2-90, or 2-100 fold.

Non-limiting examples of immunosuppressive mechanisms include negative
costimulatory signaling, pro-apoptotic signaling of cytotoxic cells (e.g., T cells and/or NK
cells), T regulatory (Treg) cell signaling, tumor checkpoint molecule
production/maintenance, myeloid-derived suppressor cell signaling, activity and/or
recruitment, immunosuppressive factor/metabolite production, and/or vascular endothelial
growth factor signaling. An effector molecule may inhibit at least one (one or more) of the
foregoing immunosuppressive mechanisms, thus resulting in a decrease in an
immunosuppressive response. Changes in the foregoing immunosuppressive mechanisms
may be assessed, for example, by assaying for an increase in T cell proliferation and/or an
increase in IFNy production (negative co-stimulatory signaling, T cell signaling and/or
MDSC); Annexin V/PI flow staining (pro-apoptotic signaling); flow staining for expression,
e.g., PDL1 expression (tumor checkpoint molecule production/maintenance); ELISA,
LUMINEX®, RNA via qPCR, enzymatic assays, e.g., IDO tryptophan catabolism
(immunosuppressive factor/metabolite production); and phosphorylation of PI3K, Akt, p38
(VEGF signaling).

In some embodiments, effector molecules function additively: the effect of two
effector molecules, for example, may be equal to the sum of the effect of the two effector
molecules functioning separately. In other embodiments, effector molecules function
synergistically: the effect of two effector molecules, for example, may be greater than the
combined function of the two effector molecules.

Effector molecules that modulate tumor-mediated immunosuppressive mechanisms
and/or modify tumor microenvironments may be, for example, secreted factors (e.g.,
cytokines, chemokines, antibodies, and/or decoy receptors that modulate extracellular
mechanisms involved in the immune system), inhibitors (e.g., antibodies, antibody fragments,
ligand TRAP and/or small blocking peptides), intracellular factors that control cell state (e.g.,
microRNAs and/or transcription factors that modulate the state of cells to enhance pro-
inflammatory properties), factors packaged into exosomes (e.g., microRNAs, cytosolic
factors, and/or extracellular factors), surface displayed factors (e.g., checkpoint inhibitors,
TRAIL), and and/or metabolic genes (e.g., enzymes that produce/modulate or degrade

metabolites or amino acids).
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In some embodiments, at least one of the effector molecules stimulates an
immunostimulatory mechanism in the tumor microenvironment and/or inhibits an
immunosuppressive mechanism in the tumor microenvironment.

In some embodiments, at least one of the effector molecules (a) stimulates T cell
signaling, activity and/or recruitment, (b) stimulates antigen presentation and/or processing,
(c) stimulates natural killer cell-mediated cytotoxic signaling, activity and/or recruitment, (d)
stimulates dendritic cell differentiation and/or maturation, (e) stimulates immune cell
recruitment, (f) stimulates pro-inflammatory macrophage signaling, activity and/or
recruitment or inhibits anti-inflammatory macrophage signaling, activity and/or recruitment,
(g) stimulates stroma degradation, (h) stimulates immunostimulatory metabolite production,
(1) stimulates Type I interferon signaling, (j) inhibits negative costimulatory signaling, (k)
inhibits pro-apoptotic signaling of anti-tumor immune cells, (1) inhibits T regulatory (Tryg)
cell signaling, activity and/or recruitment, (m) inhibits tumor checkpoint molecules, (n)
stimulates stimulator of interferon genes (STING) signaling, (o) inhibits myeloid-derived
suppressor cell signaling, activity and/or recruitment, (p) degrades immunosuppressive
factors/metabolites, (q) inhibits vascular endothelial growth factor signaling, and/or (r)
directly kills tumor cells.

In some embodiments, effector molecules may be selected from the following non-
limiting classes of molecules: cytokines, antibodies, chemokines, nucleotides, peptides, and
enzymes. Non-limiting examples of the foregoing classes of effector molecules are listed in
Table 1 and specific sequences encoding exemplary effector molecules are listed in Table 2.
Effector molecules can be human, such as those listed in Table 1 or Table 2 or human
equivalents of murine effector molecules listed in Table 1 or Table 2. Effector molecules can
be human-derived, such as the endogenous human effector molecule or an effector molecule
modified and/or optimized for function, e.g., codon optimized to improve expression,
modified to improve stability, or modified at its signal sequence (see below). Various
programs and algorithms for optimizing function are known to those skilled in the art and can
be selected based on the improvement desired, such as codon optimization for a specific
species (e.g., human, mouse, bacteria, etc.).

In some embodiments, the effector molecule comprises interlekin 12 (IL-12), for
example, p35 and p40 as a dimer that is generally referred to in the art as IL12p70. In some
embodiments, the first effector molecule comprises an IL12p70 fusion protein. In some

embodiments, the IL.12p70 fusion protein is a human IL12p70 fusion protein. In some
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embodiments, the human IL12p70 fusion protein comprises the sequence shown in SEQ ID

NO: 203.

In some embodiments, the effector molecule comprises interlekin 15 (IL-15). In some

embodiments, the effector molecule consists of IL-15 (see, e.g., SEQ ID NO: 199). In some

embodiments, the effector molecule comprises a fusion protein including IL-15 and an

extracellular portion of IL-15 Receptor o (IL-15Rat), such as the sushi domain as shown in

SEQ ID NO: 201. An exemplary IL-15/IL-15Ra sushi domain fusion is provided as SEQ ID

NO: 202.

Table 1. Exemplary Effector Molecules

Effector name Category Function

anti-CD40 or CD40 Stimulates B-cells and antigen presenting

Ligand Agonist antibody cells.

Stimulates myeloid cells and antigen

FIt3L Ligand agonist presenting cells

CXCL10-11 fusion Chemokine Attracts T-cells

TGFb blocking

peptides Antagonist peptides | Inhibit TGFb pathway, TME modifier

Adenosine deaminase Degradation of suppressive adenosine in

(ADA) TME modifier the TME

Kyneurinase TME modifier Degradation of kyneurine

HPGE2 TME modifier Degradation of PGE2

CXCL13 Chemokine Attracts B-cells

anti PD-1/PD-L1 Agonist antibody Remove checkpoint

anti-CTLA-4 Agonist antibody Remove checkpoint
Antagonist Neutralizes an

anti-VEGF antibody immunosuppressive/angiogenesis factor
Antagonist

anti-TNFa antibody Neutralizes cytokine/pro-tumor factor
Antagonist

anti-IL-10 antibody Neutralizes immunosuppressive cytokine
Antagonist

anti-SDF1/CXCL12 antibody Neutralizes pro-tumor chemokine

Neutralizes an immunosuppressive

(TBRID?2 trap Capture trap cytokine

CCL21 Chemokine Attracts leukocytes/NK

CCL1 Chemokine Attracts leukocytes/NK

CCL17 Chemokine Attracts leukocytes/NK

CCL19 Chemokine Attracts leukocytes/NK

CCL21 Chemokine Attracts leukocytes/NK

CCL20 Chemokine Attracts leukocytes/NK

CClL21a Chemokine Attracts leukocytes/NK

MIP1b (CCL5) Chemokine Attracts leukocytes/NK
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Effector name Category Function
CXCL10 Chemokine Attracts leukocytes/NK
CXCL11 Chemokine Attracts leukocytes/NK
CCL2 Chemokine Attracts monocytes
MIP-1alpha (CCL3) Chemokine Attracts leukocytes/NK
XCL1 Chemokine Attracts leukocytes/NK
IFNbeta Cytokine T cell response, tumor cell killing
IFNgamma Cytokine T cell response, tumor cell killing
1L-12 Cytokine T cells, NK cells
IL-1beta Cytokine T cells, NK cells
IL-15 Cytokine Stimulates T-cells and NK
1L-2 Cytokine Stimulates T-cells and NK
1L-21 Cytokine Stimulates T-cells
1L-24 Cytokine Stimulates T-cells
1L36-gamma Cytokine Stimulates T-cells
1L-7 Cytokine Stimulates T-cells
1L-22 Cytokine Stimulates T-cells
IL-18 Cytokine Stimulates T-cells
Granzymes/Perforin Enzyme Direct tumor cell killing
0X86 (anti-0X40) ligand Stimulates T-cells

Neutralizing Neutralizes an Immunosuppressive
anti-TGFbeta antibody cytokine
TRAIL Receptor/ligand Direct tumor cell killing
FASL (CD49L) Receptor/ligand Direct tumor cell killing
0X40-L Receptor/Ligand Stimulates T-cells
cGAS secreted molecule | Stimulates antigen-presenting cells
41BBL secreted molecule | Co-activation of T-cells
CD40L secreted molecule | Stimulates T-cells
GM-CSF secreted molecule | Growth factor for monocytes
STING secreted molecule Stimulates antigen-presenting cells
HAC-V Antagonist
‘microbody’ PD1 antibody inhibits checkpoint

Converts to cytotoxic molecule upon

yCD Pro-drug activation
CpG/Nucleotides Nucleotides STING agonist

Table 2: Exemplary effector molecule sequences

IL-12 (Human) (SEQ ID NO: 56)

ATGTGCCATCAGCAGCTTGTCATATCTTGGTTTTCACTTGTATTCCTGGCCAGCCCTTTGGTTGC
GATCTGGGAGCTCAAGAAGGATGTGTACGTTGTAGAGCTGGACTGGTACCCCGATGCTCCCGGT
GAGATGGTCGTTTTGACATGTGACACTCCAGAAGAGGACGGTATTACGTGGACTCTGGACCAGT
CCTCCGAAGTTCTTGGTTCTGGTAAGACTCTGACTATCCAGGTGAAAGAATTTGGGGATGCGGG
ACAATACACATGCCACAAGGGAGGCGAGGTGTTGTCTCATAGTTTGCTGCTTCTCCACAAGAAA
GAGGATGGAATCTGGAGCACCGACATACTCAAGGATCAAAAGGAACCCAAAAATAAGACATTT
CTGCGATGTGAGGCTAAGAACTATAGTGGCCGCTTCACTTGTTGGTGGCTGACTACCATCAGCA
CAGATCTCACGTTTTCAGTAAAAAGTAGTAGAGGTTCAAGTGATCCTCAAGGGGTAACGTGCGG
TGCTGCAACACTGTCTGCTGAACGCGTAAGAGGAGATAATAAGGAGTACGAGTATTCCGTAGA
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ATGCCAAGAGGACAGTGCTTGTCCTGCGGCCGAGGAGTCTCTCCCAATAGAAGTGATGGTGGA
CGCGGTGCATAAACTGAAATATGAGAACTACACAAGCAGTTTTTTTATAAGAGATATCATCAAG
CCCGATCCGCCGAAGAATTTGCAACTTAAACCGCTTAAAAACTCACGCCAGGTTGAAGTATCCT
GGGAGTATCCGGATACATGGTCAACACCACACAGCTATTTTTCCCTTACCTTCTGTGTGCAGGTC
CAAGGGAAGAGCAAAAGGGAGAAGAAGGACAGGGTATTCACTGATAAAACTTCCGCGACGGT
CATCTGCCGAAAAAACGCTAGTATATCTGTACGGGCGCAGGATAGGTACTATAGTTCTTCTTGG
TCTGAGTGGGCCTCAGTTCCGTGCTCTGGGGGAGGAAGTGGAGGAGGGTCCGGCGGTGGAAGC
GGGGGAGGGAGTCGCAACTTGCCAGTGGCTACACCAGATCCAGGCATGTTTCCATGTCTGCATC
ATTCCCAGAATCTCCTGAGAGCGGTGTCAAATATGCTCCAAAAAGCGAGACAAACACTGGAAT
TTTACCCGTGTACCAGTGAGGAGATTGATCACGAGGACATAACCAAGGACAAGACCTCAACTG
TAGAAGCGTGTTTGCCGCTGGAGTTGACTAAGAATGAGTCCTGCCTCAATTCCAGAGAAACTTC
ATTCATTACTAACGGCAGTTGTCTTGCATCCCGGAAAACGTCCTTTATGATGGCCCTTTGCCTTA
GTTCAATTTACGAGGATCTTAAAATGTATCAAGTGGAGTTTAAAACCATGAATGCTAAACTTCT
TATGGACCCCAAACGACAAATTTTTCTGGATCAGAATATGCTTGCCGTGATAGACGAACTCATG
CAGGCGCTTAATTTTAACTCCGAAACAGTTCCACAAAAATCTAGCCTTGAAGAACCTGATTTTT
ATAAAACGAAGATTAAACTGTGTATCCTGCTGCATGCCTTTCGCATCCGAGCTGTCACAATCGA
TAGGGTTATGTCCTACCTTAACGCGAGCtaG

1L-12p70 (Human; codon optimized; bold denotes signal sequence) (SEQ ID NO: 57)

ATGTGCCATCAGCAACTCGTCATCTCCTGGTTCTCCCTTGTGTTCCTCGCTTCCCCTCTGG
TCGCCATTTGGGAACTGAAGAAGGACGTCTACGTGGTCGAGCTGGATTGGTACCCGGACGCCC
CTGGAGAAATGGTCGTGCTGACTTGCGATACGCCAGAAGAGGACGGCATAACCTGGACCCTGG
ATCAGAGCTCCGAGGTGCTCGGAAGCGGAAAGACCCTGACCATTCAAGTCAAGGAGTTCGGCG
ACGCGGGCCAGTACACTTGCCACAAGGGTGGCGAAGTGCTGTCCCACTCCCTGCTGCTGCTGCA
CAAGAAAGAGGATGGAATCTGGTCCACTGACATCCTCAAGGACCAAAAAGAACCGAAGAACA
AGACCTTCCTCCGCTGCGAAGCCAAGAACTACAGCGGTCGGTTCACCTGTTGGTGGCTGACGAC
AATCTCCACCGACCTGACTTTCTCCGTGAAGTCGTCACGGGGATCAAGCGATCCTCAGGGCGTG
ACCTGTGGAGCCGCCACTCTGTCCGCCGAGAGAGTCAGGGGAGACAACAAGGAATATGAGTAC
TCCGTGGAATGCCAGGAGGACAGCGCCTGCCCTGCCGCGGAAGAGTCCCTGCCTATCGAGGTC
ATGGTCGATGCCGTGCATAAGCTGAAATACGAGAACTACACTTCCTCCTTCTTTATCCGCGACA
TCATCAAGCCTGACCCCCCCAAGAACTTGCAGCTGAAGCCACTCAAGAACTCCCGCCAAGTGGA
AGTGTCTTGGGAATATCCAGACACTTGGAGCACCCCGCACTCATACTTCTCGCTCACTTTCTGTG
TGCAAGTGCAGGGAAAGTCCAAACGGGAGAAGAAAGACCGGGTGTTCACCGACAAAACCTCCG
CCACTGTGATTTGTCGGAAGAACGCGTCAATCAGCGTCCGGGCGCAGGATAGATACTACTCGTC
CTCCTGGAGCGAATGGGCCAGCGTGCCTTGTTCCGGTGGCGGATCAGGCGGAGGTTCAGGAGG
AGGCTCCGGAGGAGGTTCCCGGAACCTCCCTGTGGCAACCCCCGACCCTGGAATGTTCCCGTGC
CTACACCACTCCCAAAACCTCCTGAGGGCTGTGTCGAACATGTTGCAGAAGGCCCGCCAGACCC
TTGAGTTCTACCCCTGCACCTCGGAAGAAATTGATCACGAGGACATCACCAAGGACAAGACCTC
GACCGTGGAAGCCTGCCTGCCGCTGGAACTGACCAAGAACGAATCGTGTCTGAACTCCCGCGA
GACAAGCTTTATCACTAACGGCAGCTGCCTGGCGTCGAGAAAGACCTCATTCATGATGGCGCTC
TGTCTTTCCTCGATCTACGAAGATCTGAAGATGTATCAGGTCGAGTTCAAGACCATGAACGCCA
AGCTGCTCATGGACCCGAAGCGGCAGATCTTCCTGGACCAGAATATGCTCGCCGTGATTGATGA
ACTGATGCAGGCCCTGAATTTCAACTCCGAGACTGTGCCTCAAAAGTCCAGCCTGGAAGAACCG
GACTTCTACAAGACCAAGATCAAGCTGTGCATCCTGTTGCACGCTTTCCGCATTCGAGCCGTGA
CCATTGACCGCGTGATGTCCTACCTGAACGCCAGT

IL-12 (Mouse) (SEQ ID NO: 58)

ATGTGTCCACAGAAGCTGACAATAAGTTGGTTTGCCATTGTCCTCCTGGTGAGCCCACTCATGG
CAATGTGGGAACTCGAAAAGGATGTCTACGTGGTAGAAGTAGATTGGACTCCAGACGCGCCAG
GGGAGACAGTGAATTTGACATGTGACACACCAGAAGAAGATGACATTACATGGACATCTGACC
AACGCCATGGCGTAATAGGGAGTGGGAAAACACTCACGATCACAGTTAAAGAGTTCTTGGATG
CTGGTCAATATACTTGCCATAAAGGCGGCGAGACACTCAGCCACTCACATTTGCTTTTGCATAA
AAAAGAGAATGGCATTTGGAGCACTGAAATACTTAAGAACTTTAAGAACAAGACATTTCTCAA
GTGTGAGGCCCCTAATTACAGCGGCAGGTTCACGTGCTCATGGCTGGTCCAGCGCAACATGGAC
CTCAAGTTTAACATAAAATCTTCTTCCTCTTCACCTGACTCCAGAGCTGTTACTTGCGGCATGGC
TTCTCTGAGCGCAGAAAAAGTAACGTTGGATCAAAGAGACTACGAAAAGTACTCTGTTTCTTGT
CAAGAGGATGTTACGTGCCCGACGGCCGAAGAAACGCTTCCAATTGAACTCGCGTTGGAAGCT
CGCCAACAAAACAAGTATGAAAACTACAGTACAAGCTTCTTTATACGGGATATAATTAAACCCG
ATCCCCCCAAGAACTTGCAAATGAAACCACTTAAGAACAGCCAGGTGGAAGTTTCCTGGGAGT
ATCCAGACTCATGGAGTACTCCTCACAGCTATTTTTCTCTGAAATTCTTTGTAAGGATACAACGG
AAGAAAGAGAAGATGAAAGAGACCGAGGAGGGTTGTAATCAGAAGGGAGCGTTTCTCGTGGA
GAAAACGTCTACCGAAGTCCAATGTAAAGGTGGCAATGTGTGCGTCCAAGCTCAGGATAGATA
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CTATAATTCAAGTTGCTCCAAGTGGGCCTGTGTTCCATGCCGCGTTCGGAGCGGGGGAGGTAGC
GGAGGAGGTAGTGGGGGTGGGTCAGGAGGAGGGAGTCGAGTTATCCCGGTGTCAGGCCCCGCA
CGCTGCTTGAGCCAGAGTCGCAACCTCCTTAAGACAACAGATGACATGGTGAAAACAGCACGC
GAAAAGCTTAAACACTACTCTTGTACGGCGGAGGATATTGATCACGAGGATATTACCCGAGACC
AAACTAGCACTTTGAAAACCTGTCTGCCCCTTGAACTTCATAAAAATGAGAGCTGTCTGGCTAC
ACGAGAGACGTCAAGTACGACTAGGGGCAGCTGTCTCCCGCCGCAAAAGACAAGCCTCATGAT
GACGCTCTGTTTGGGTTCCATTTACGAGGACTTGAAAATGTATCAAACGGAGTTCCAGGCTATA
AATGCGGCGTTGCAGAACCATAACCATCAACAAATTATACTTGATAAAGGCATGTTGGTGGCGA
TTGATGAACTCATGCAGAGTCTCAATCACAACGGGGAAACGTTGAGACAGAAACCCCCAGTCG
GTGAAGCGGACCCATATCGAGTAAAAATGAAGCTCTGCATTCTGCTTCACGCATTCAGCACTAG
AGTTGTTACCATCAACCGGGTAATGGGATATCTCTCCAGTGCGtaG

1L21 (Human; codon optimized; bold denotes signal sequence) (SEQ ID NO: 59)

ATGGAACGCATTGTGATCTGCCTGATGGTCATCTTCCTGGGCACCTTAGTGCACAAGTCG
AGCAGCCAGGGACAGGACAGGCACATGATTAGAATGCGCCAGCTCATCGATATCGTGGACCAG
TTGAAGAACTACGTGAACGACCTGGTGCCCGAGTTCCTGCCGGCCCCCGAAGATGTGGAAACC
AATTGCGAATGGTCGGCATTTTCCTGCTTTCAAAAGGCACAGCTCAAGTCCGCTAACACCGGGA
ACAACGAACGGATCATCAACGTGTCCATCAAAAAGCTGAAGCGGAAGCCTCCCTCCACCAACG
CCGGACGGAGGCAGAAGCATAGGCTGACTTGCCCGTCATGCGACTCCTACGAGAAGAAGCCGC
CGAAGGAGTTCCTGGAGCGGTTCAAGTCGCTCCTGCAAAAGATGATTCATCAGCACCTGTCCTC
CCGGACTCATGGGTCTGAGGATTCA

1L-12p70 T2A 1121 (Human; codon optimized; bold denotes signal sequences) (SEQ ID NO: 60)

ATGTGCCATCAGCAACTCGTCATCTCCTGGTTCTCCCTTGTGTTCCTCGCTTCCCCTCTGG
TCGCCATTTGGGAACTGAAGAAGGACGTCTACGTGGTCGAGCTGGATTGGTACCCGGACGCCC
CTGGAGAAATGGTCGTGCTGACTTGCGATACGCCAGAAGAGGACGGCATAACCTGGACCCTGG
ATCAGAGCTCCGAGGTGCTCGGAAGCGGAAAGACCCTGACCATTCAAGTCAAGGAGTTCGGCG
ACGCGGGCCAGTACACTTGCCACAAGGGTGGCGAAGTGCTGTCCCACTCCCTGCTGCTGCTGCA
CAAGAAAGAGGATGGAATCTGGTCCACTGACATCCTCAAGGACCAAAAAGAACCGAAGAACA
AGACCTTCCTCCGCTGCGAAGCCAAGAACTACAGCGGTCGGTTCACCTGTTGGTGGCTGACGAC
AATCTCCACCGACCTGACTTTCTCCGTGAAGTCGTCACGGGGATCAAGCGATCCTCAGGGCGTG
ACCTGTGGAGCCGCCACTCTGTCCGCCGAGAGAGTCAGGGGAGACAACAAGGAATATGAGTAC
TCCGTGGAATGCCAGGAGGACAGCGCCTGCCCTGCCGCGGAAGAGTCCCTGCCTATCGAGGTC
ATGGTCGATGCCGTGCATAAGCTGAAATACGAGAACTACACTTCCTCCTTCTTTATCCGCGACA
TCATCAAGCCTGACCCCCCCAAGAACTTGCAGCTGAAGCCACTCAAGAACTCCCGCCAAGTGGA
AGTGTCTTGGGAATATCCAGACACTTGGAGCACCCCGCACTCATACTTCTCGCTCACTTTCTGTG
TGCAAGTGCAGGGAAAGTCCAAACGGGAGAAGAAAGACCGGGTGTTCACCGACAAAACCTCCG
CCACTGTGATTTGTCGGAAGAACGCGTCAATCAGCGTCCGGGCGCAGGATAGATACTACTCGTC
CTCCTGGAGCGAATGGGCCAGCGTGCCTTGTTCCGGTGGCGGATCAGGCGGAGGTTCAGGAGG
AGGCTCCGGAGGAGGTTCCCGGAACCTCCCTGTGGCAACCCCCGACCCTGGAATGTTCCCGTGC
CTACACCACTCCCAAAACCTCCTGAGGGCTGTGTCGAACATGTTGCAGAAGGCCCGCCAGACCC
TTGAGTTCTACCCCTGCACCTCGGAAGAAATTGATCACGAGGACATCACCAAGGACAAGACCTC
GACCGTGGAAGCCTGCCTGCCGCTGGAACTGACCAAGAACGAATCGTGTCTGAACTCCCGCGA
GACAAGCTTTATCACTAACGGCAGCTGCCTGGCGTCGAGAAAGACCTCATTCATGATGGCGCTC
TGTCTTTCCTCGATCTACGAAGATCTGAAGATGTATCAGGTCGAGTTCAAGACCATGAACGCCA
AGCTGCTCATGGACCCGAAGCGGCAGATCTTCCTGGACCAGAATATGCTCGCCGTGATTGATGA
ACTGATGCAGGCCCTGAATTTCAACTCCGAGACTGTGCCTCAAAAGTCCAGCCTGGAAGAACCG
GACTTCTACAAGACCAAGATCAAGCTGTGCATCCTGTTGCACGCTTTCCGCATTCGAGCCGTGA
CCATTGACCGCGTGATGTCCTACCTGAACGCCAGTAGACGGAAACGCGGAAGCGGAGAGGGCA
GAGGCTCGCTGCTTACATGCGGGGACGTGGAAGAGAACCCCGGTCCGATGGAACGCATTGTG
ATCTGCCTGATGGTCATCTTCCTGGGCACCTTAGTGCACAAGTCGAGCAGCCAGGGACAG
GACAGGCACATGATTAGAATGCGCCAGCTCATCGATATCGTGGACCAGTTGAAGAACTACGTG
AACGACCTGGTGCCCGAGTTCCTGCCGGCCCCCGAAGATGTGGAAACCAATTGCGAATGGTCG
GCATTTTCCTGCTTTCAAAAGGCACAGCTCAAGTCCGCTAACACCGGGAACAACGAACGGATCA
TCAACGTGTCCATCAAAAAGCTGAAGCGGAAGCCTCCCTCCACCAACGCCGGACGGAGGCAGA
AGCATAGGCTGACTTGCCCGTCATGCGACTCCTACGAGAAGAAGCCGCCGAAGGAGTTCCTGG
AGCGGTTCAAGTCGCTCCTGCAAAAGATGATTCATCAGCACCTGTCCTCCCGGACTCATGGGTC
TGAGGATTCA

IL-12 2A_CCL21a (Human) (SEQ ID NO: 61)

ATGTGCCATCAGCAGCTTGTCATATCTTGGTTTTCACTTGTATTCCTGGCCAGCCCTTTGGTTGC
GATCTGGGAGCTCAAGAAGGATGTGTACGTTGTAGAGCTGGACTGGTACCCCGATGCTCCCGGT
GAGATGGTCGTTTTGACATGTGACACTCCAGAAGAGGACGGTATTACGTGGACTCTGGACCAGT
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CCTCCGAAGTTCTTGGTTCTGGTAAGACTCTGACTATCCAGGTGAAAGAATTTGGGGATGCGGG
ACAATACACATGCCACAAGGGAGGCGAGGTGTTGTCTCATAGTTTGCTGCTTCTCCACAAGAAA
GAGGATGGAATCTGGAGCACCGACATACTCAAGGATCAAAAGGAACCCAAAAATAAGACATTT
CTGCGATGTGAGGCTAAGAACTATAGTGGCCGCTTCACTTGTTGGTGGCTGACTACCATCAGCA
CAGATCTCACGTTTTCAGTAAAAAGTAGTAGAGGTTCAAGTGATCCTCAAGGGGTAACGTGCGG
TGCTGCAACACTGTCTGCTGAACGCGTAAGAGGAGATAATAAGGAGTACGAGTATTCCGTAGA
ATGCCAAGAGGACAGTGCTTGTCCTGCGGCCGAGGAGTCTCTCCCAATAGAAGTGATGGTGGA
CGCGGTGCATAAACTGAAATATGAGAACTACACAAGCAGTTTTTTTATAAGAGATATCATCAAG
CCCGATCCGCCGAAGAATTTGCAACTTAAACCGCTTAAAAACTCACGCCAGGTTGAAGTATCCT
GGGAGTATCCGGATACATGGTCAACACCACACAGCTATTTTTCCCTTACCTTCTGTGTGCAGGTC
CAAGGGAAGAGCAAAAGGGAGAAGAAGGACAGGGTATTCACTGATAAAACTTCCGCGACGGT
CATCTGCCGAAAAAACGCTAGTATATCTGTACGGGCGCAGGATAGGTACTATAGTTCTTCTTGG
TCTGAGTGGGCCTCAGTTCCGTGCTCTGGGGGAGGAAGTGGAGGAGGGTCCGGCGGTGGAAGC
GGGGGAGGGAGTCGCAACTTGCCAGTGGCTACACCAGATCCAGGCATGTTTCCATGTCTGCATC
ATTCCCAGAATCTCCTGAGAGCGGTGTCAAATATGCTCCAAAAAGCGAGACAAACACTGGAAT
TTTACCCGTGTACCAGTGAGGAGATTGATCACGAGGACATAACCAAGGACAAGACCTCAACTG
TAGAAGCGTGTTTGCCGCTGGAGTTGACTAAGAATGAGTCCTGCCTCAATTCCAGAGAAACTTC
ATTCATTACTAACGGCAGTTGTCTTGCATCCCGGAAAACGTCCTTTATGATGGCCCTTTGCCTTA
GTTCAATTTACGAGGATCTTAAAATGTATCAAGTGGAGTTTAAAACCATGAATGCTAAACTTCT
TATGGACCCCAAACGACAAATTTTTCTGGATCAGAATATGCTTGCCGTGATAGACGAACTCATG
CAGGCGCTTAATTTTAACTCCGAAACAGTTCCACAAAAATCTAGCCTTGAAGAACCTGATTTTT
ATAAAACGAAGATTAAACTGTGTATCCTGCTGCATGCCTTTCGCATCCGAGCTGTCACAATCGA
TAGGGTTATGTCCTACCTTAACGCGAGCCGGCGCAAGAGGGGTTCCGGAGAGGGAAGGGGTAG
TCTGCTCACCTGCGGCGATGTTGAAGAAAATCCTGGTCCCATGGCGCAAAGTCTGGCTCTTTCA
CTCCTGATCCTGGTCTTGGCCTTCGGGATTCCGAGGACCCAAGGAAGTGATGGTGGCGCCCAAG
ATTGTTGCCTTAAATACAGCCAGCGGAAAATACCCGCGAAAGTGGTCAGGAGTTATAGAAAAC
AGGAGCCTTCCCTGGGTTGTAGTATCCCCGCCATACTTTTCCTCCCGAGAAAACGGAGCCAGGC
CGAACTGTGCGCTGACCCTAAGGAACTTTGGGTGCAACAACTTATGCAACACCTGGATAAGACA
CCTTCTCCTCAAAAGCCAGCTCAGGGCTGCCGAAAAGATAGAGGCGCCTCAAAAACCGGAAAA
AAGGGCAAAGGTTCTAAAGGATGTAAGCGGACTGAACGCTCTCAAACGCCTAAAGGGCCGtaG

IL-12 2A CCL21a (Mouse) (SEQ ID NO: 62)

ATGTGTCCACAGAAGCTGACAATAAGTTGGTTTGCCATTGTCCTCCTGGTGAGCCCACTCATGG
CAATGTGGGAACTCGAAAAGGATGTCTACGTGGTAGAAGTAGATTGGACTCCAGACGCGCCAG
GGGAGACAGTGAATTTGACATGTGACACACCAGAAGAAGATGACATTACATGGACATCTGACC
AACGCCATGGCGTAATAGGGAGTGGGAAAACACTCACGATCACAGTTAAAGAGTTCTTGGATG
CTGGTCAATATACTTGCCATAAAGGCGGCGAGACACTCAGCCACTCACATTTGCTTTTGCATAA
AAAAGAGAATGGCATTTGGAGCACTGAAATACTTAAGAACTTTAAGAACAAGACATTTCTCAA
GTGTGAGGCCCCTAATTACAGCGGCAGGTTCACGTGCTCATGGCTGGTCCAGCGCAACATGGAC
CTCAAGTTTAACATAAAATCTTCTTCCTCTTCACCTGACTCCAGAGCTGTTACTTGCGGCATGGC
TTCTCTGAGCGCAGAAAAAGTAACGTTGGATCAAAGAGACTACGAAAAGTACTCTGTTTCTTGT
CAAGAGGATGTTACGTGCCCGACGGCCGAAGAAACGCTTCCAATTGAACTCGCGTTGGAAGCT
CGCCAACAAAACAAGTATGAAAACTACAGTACAAGCTTCTTTATACGGGATATAATTAAACCCG
ATCCCCCCAAGAACTTGCAAATGAAACCACTTAAGAACAGCCAGGTGGAAGTTTCCTGGGAGT
ATCCAGACTCATGGAGTACTCCTCACAGCTATTTTTCTCTGAAATTCTTTGTAAGGATACAACGG
AAGAAAGAGAAGATGAAAGAGACCGAGGAGGGTTGTAATCAGAAGGGAGCGTTTCTCGTGGA
GAAAACGTCTACCGAAGTCCAATGTAAAGGTGGCAATGTGTGCGTCCAAGCTCAGGATAGATA
CTATAATTCAAGTTGCTCCAAGTGGGCCTGTGTTCCATGCCGCGTTCGGAGCGGGGGAGGTAGC
GGAGGAGGTAGTGGGGGTGGGTCAGGAGGAGGGAGTCGAGTTATCCCGGTGTCAGGCCCCGCA
CGCTGCTTGAGCCAGAGTCGCAACCTCCTTAAGACAACAGATGACATGGTGAAAACAGCACGC
GAAAAGCTTAAACACTACTCTTGTACGGCGGAGGATATTGATCACGAGGATATTACCCGAGACC
AAACTAGCACTTTGAAAACCTGTCTGCCCCTTGAACTTCATAAAAATGAGAGCTGTCTGGCTAC
ACGAGAGACGTCAAGTACGACTAGGGGCAGCTGTCTCCCGCCGCAAAAGACAAGCCTCATGAT
GACGCTCTGTTTGGGTTCCATTTACGAGGACTTGAAAATGTATCAAACGGAGTTCCAGGCTATA
AATGCGGCGTTGCAGAACCATAACCATCAACAAATTATACTTGATAAAGGCATGTTGGTGGCGA
TTGATGAACTCATGCAGAGTCTCAATCACAACGGGGAAACGTTGAGACAGAAACCCCCAGTCG
GTGAAGCGGACCCATATCGAGTAAAAATGAAGCTCTGCATTCTGCTTCACGCATTCAGCACTAG
AGTTGTTACCATCAACCGGGTAATGGGATATCTCTCCAGTGCGCGGCGCAAGAGGGGTTCCGGA
GAGGGAAGGGGTAGTCTGCTCACCTGCGGCGATGTTGAAGAAAATCCTGGTCCCATGGCGCAA
ATGATGACCCTTTCCCTGCTGAGTCTTGTCCTCGCGCTCTGCATCCCGTGGACGCAGGGGTCTGA
TGGGGGGGGCCAAGACTGTTGCCTGAAGTATTCACAAAAAAAGATACCGTACTCTATTGTCAGA
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GGGTACAGGAAGCAAGAACCCTCCTTGGGTTGCCCTATACCAGCAATTCTTTTCTCCCCACGCA
AGCATTCCAAACCAGAACTGTGTGCGAACCCCGAGGAGGGTTGGGTACAGAACTTGATGCGAA
GGCTTGACCAGCCCCCAGCCCCTGGCAAGCAGTCACCTGGGTGCAGAAAAAACAGAGGTACTT
CAAAGAGCGGCAAGAAAGGCAAAGGGAGTAAAGGATGTAAAAGAACGGAGCAGACCCAGCCT
TCACGAGGCtaG

CCL21a 2A IL-12 (Mouse) (SEQ ID NO: 63)

ATGGCGCAAATGATGACCCTTTCCCTGCTGAGTCTTGTCCTCGCGCTCTGCATCCCGTGGACGCA
GGGGTCTGATGGGGGGGGCCAAGACTGTTGCCTGAAGTATTCACAAAAAAAGATACCGTACTC
TATTGTCAGAGGGTACAGGAAGCAAGAACCCTCCTTGGGTTGCCCTATACCAGCAATTCTTTTC
TCCCCACGCAAGCATTCCAAACCAGAACTGTGTGCGAACCCCGAGGAGGGTTGGGTACAGAAC
TTGATGCGAAGGCTTGACCAGCCCCCAGCCCCTGGCAAGCAGTCACCTGGGTGCAGAAAAAAC
AGAGGTACTTCAAAGAGCGGCAAGAAAGGCAAAGGGAGTAAAGGATGTAAAAGAACGGAGCA
GACCCAGCCTTCACGAGGCCGGCGCAAGAGGGGTTCCGGAGAGGGAAGGGGTAGTCTGCTCAC
CTGCGGCGATGTTGAAGAAAATCCTGGTCCCATGTGTCCACAGAAGCTGACAATAAGTTGGTTT
GCCATTGTCCTCCTGGTGAGCCCACTCATGGCAATGTGGGAACTCGAAAAGGATGTCTACGTGG
TAGAAGTAGATTGGACTCCAGACGCGCCAGGGGAGACAGTGAATTTGACATGTGACACACCAG
AAGAAGATGACATTACATGGACATCTGACCAACGCCATGGCGTAATAGGGAGTGGGAAAACAC
TCACGATCACAGTTAAAGAGTTCTTGGATGCTGGTCAATATACTTGCCATAAAGGCGGCGAGAC
ACTCAGCCACTCACATTTGCTTTTGCATAAAAAAGAGAATGGCATTTGGAGCACTGAAATACTT
AAGAACTTTAAGAACAAGACATTTCTCAAGTGTGAGGCCCCTAATTACAGCGGCAGGTTCACGT
GCTCATGGCTGGTCCAGCGCAACATGGACCTCAAGTTTAACATAAAATCTTCTTCCTCTTCACCT
GACTCCAGAGCTGTTACTTGCGGCATGGCTTCTCTGAGCGCAGAAAAAGTAACGTTGGATCAAA
GAGACTACGAAAAGTACTCTGTTTCTTGTCAAGAGGATGTTACGTGCCCGACGGCCGAAGAAAC
GCTTCCAATTGAACTCGCGTTGGAAGCTCGCCAACAAAACAAGTATGAAAACTACAGTACAAG
CTTCTTTATACGGGATATAATTAAACCCGATCCCCCCAAGAACTTGCAAATGAAACCACTTAAG
AACAGCCAGGTGGAAGTTTCCTGGGAGTATCCAGACTCATGGAGTACTCCTCACAGCTATTTTT
CTCTGAAATTCTTTGTAAGGATACAACGGAAGAAAGAGAAGATGAAAGAGACCGAGGAGGGTT
GTAATCAGAAGGGAGCGTTTCTCGTGGAGAAAACGTCTACCGAAGTCCAATGTAAAGGTGGCA
ATGTGTGCGTCCAAGCTCAGGATAGATACTATAATTCAAGTTGCTCCAAGTGGGCCTGTGTTCC
ATGCCGCGTTCGGAGCGGGGGAGGTAGCGGAGGAGGTAGTGGGGGTGGGTCAGGAGGAGGGA
GTCGAGTTATCCCGGTGTCAGGCCCCGCACGCTGCTTGAGCCAGAGTCGCAACCTCCTTAAGAC
AACAGATGACATGGTGAAAACAGCACGCGAAAAGCTTAAACACTACTCTTGTACGGCGGAGGA
TATTGATCACGAGGATATTACCCGAGACCAAACTAGCACTTTGAAAACCTGTCTGCCCCTTGAA
CTTCATAAAAATGAGAGCTGTCTGGCTACACGAGAGACGTCAAGTACGACTAGGGGCAGCTGT
CTCCCGCCGCAAAAGACAAGCCTCATGATGACGCTCTGTTTGGGTTCCATTTACGAGGACTTGA
AAATGTATCAAACGGAGTTCCAGGCTATAAATGCGGCGTTGCAGAACCATAACCATCAACAAA
TTATACTTGATAAAGGCATGTTGGTGGCGATTGATGAACTCATGCAGAGTCTCAATCACAACGG
GGAAACGTTGAGACAGAAACCCCCAGTCGGTGAAGCGGACCCATATCGAGTAAAAATGAAGCT
CTGCATTCTGCTTCACGCATTCAGCACTAGAGTTGTTACCATCAACCGGGTAATGGGATATCTCT
CCAGTGCGtaG

IL7 (Mouse) (SEQ ID NO: 64)

ATGTTTCATGTGTCCTTCAGGTACATATTTGGTATCCCACCACTTATATTGGTGCTCTTGCCTGTA
ACCAGCTCTGAATGTCATATAAAAGACAAGGAGGGCAAAGCATACGAGTCCGTATTGATGATC
TCAATCGATGAACTTGACAAGATGACAGGGACCGATTCTAATTGTCCAAATAACGAGCCAAACT
TCTTTCGGAAACACGTGTGTGATGATACAAAAGAAGCTGCTTTTCTTAACAGAGCTGCCAGAAA
ACTCAAGCAGTTCCTCAAGATGAATATATCCGAGGAATTTAACGTGCATCTCCTCACAGTATCT
CAGGGAACTCAAACCCTTGTAAACTGCACTTCTAAGGAGGAGAAGAATGTCAAAGAGCAGAAG
AAAAATGATGCATGTTTTTTGAAACGGCTGTTGAGGGAGATCAAAACATGCTGGAATAAAATCC
TCAAGGGCTCAATTaG

IL-15 (Human) (SEQ ID NO: 65)

ATGGAAACAGACACATTGCTGCTTTGGGTATTGTTGCTCTGGGTGCCTGGATCAACAGGAAACT
GGGTAAACGTAATTTCAGATCTGAAGAAGATCGAGGACCTTATTCAATCCATGCACATCGATGC
CACTCTCTACACCGAAAGCGACGTTCACCCATCTTGCAAGGTGACCGCTATGAAATGTGAATTG
TTGGAACTTCAGGTAATTTCTCTGGAGAGCGGCGATGCCTCAATACATGACACCGTTGAAAATC
TTATCATCCTTGCTAATGATTCACTCTCTAGTAATGGGAACGTAACAGAGAGCGGGTGTAAGGA
GTGTGAAGAACTGGAGGAGAAAAACATTAAGGAATTTTTGCAGTCATTCGTCCATATAGTGCAA
ATGTTCATAAACACTTCCAGAAGAAAGCGAGGCTCTGGGGAGGGGCGAGGCTCTCTGCTGACC
TGTGGGGATGTAGAAGAGAATCCAGGTCCCATGGACCGGCTGACCAGCTCATTCCTGCTTCTGA
TTGTGCCAGCCTACGTGCTCTCCATCACATGTCCTCCCCCAATGAGCGTCGAGCATGCTGACATC
TGGGTGAAGTCATACTCCTTGTACAGCAGAGAGAGATACATTTGTAATTCCGGATTCAAGCGCA
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AGGCCGGCACCTCCTCTCTGACAGAGTGCGTCCTTAACAAAGCAACCAACGTAGCACATTGGAC
CACACCATCCTTGAAGTGCATACGAGAACCTAAATCTTGCGATAAGACTCATACTTGTCCACCT
TGTCCAGCCCCAGAACTGCTTGGCGGACCCTCAGTATTTTTGTTCCCACCAAAGCCAAAAGACA
CACTCATGATATCCAGAACTCCTGAGGTGACCTGTGTCGTTGTAGACGTTTCCCACGAAGATCC
TGAAGTAAAATTCAACTGGTACGTGGATGGGGTCGAAGTCCATAACGCCAAGACTAAACCAAG
GGAGGAACAGTATAACTCTACTTACCGAGTAGTTTCTGTGTTGACCGTGCTGCACCAGGACTGG
TTGAACGGGAAGGAGTACAAATGCAAGGTGAGCAATAAAGCTCTGCCCGCACCAATCGAAAAG
ACAATATCTAAGGCCAAGGGGCAGCCACGAGAGCCCCAGGTATACACACTGCCACCCTCACGC
GATGAATTGACTAAGAACCAGGTTTCCCTGACCTGTCTTGTAAAAGGTTTCTACCCTTCCGACAT
AGCTGTTGAGTGGGAAAGTAACGGGCAGCCAGAGAACAATTACAAGACAACTCCACCCGTTCT
TGATAGCGATGGATCATTTTTTCTGTATTCCAAACTCACTGTCGATAAAAGTCGCTGGCAGCAA
GGCAATGTTTTTAGCTGCTCAGTCATGCACGAAGCACTGCATAATCACTACACACAAAAAAGTT
TGTCCCTTAGCCCTGGTAAGtaG

IL-15 (Human) (SEQ ID NO: 66)

ATGTACTCAATGCAGTTGGCCTCCTGTGTAACATTGACCTTGGTCCTCTTGGTCAACAGCAATTG
GATCGATGTACGCTACGACTTGGAGAAGATTGAGTCCCTTATACAGAGTATACACATAGATACA
ACCTTGTATACTGACAGTGACTTCCATCCCAGCTGTAAAGTGACTGCAATGAACTGTTTTTTGTT
GGAGTTGCAAGTAATTCTGCATGAATACAGCAACATGACCCTCAATGAAACCGTTAGGAATGTC
CTTTATCTCGCAAATTCTACTCTGAGTAGCAATAAGAATGTTGCCGAAAGCGGCTGCAAGGAGT
GCGAAGAACTGGAGGAAAAAACTTTCACCGAGTTTCTCCAGAGTTTCATCAGAATTGTCCAAAT
GTTCATTAATACAAGTAGTGGTGGTGGGAGCGGGGGTGGAGGCAGTGGGGGAGGTGGGAGCGG
AGGTGGAGGGTCCGGAGGGGGGAGCCTTCAAGGCACTACTTGTCCTCCACCCGTATCCATCGAG
CACGCCGATATTCGAGTTAAAAATTATAGTGTTAATAGCAGAGAACGATACGTCTGCAACTCAG
GGTTTAAGAGAAAGGCCGGAACTTCAACTCTCATAGAATGCGTGATTAATAAGAATACTAACGT
CGCACATTGGACTACTCCCAGTCTCAAGTGCATACGCGATCCATCTCTCGCTCATTACTCACCAG
TACCTACAGTGGTTACTCCTAAGGTGACCTCTCAGCCCGAATCACCATCTCCCAGCGCAAAAGA
GCCTGAGGCCTTTTCTCCTAAATCAGACACTGCTATGACTACAGAAACAGCCATAATGCCAGGA
AGCCGGCTGACACCATCTCAAACTACCAGCGCAGGCACAACTGGGACTGGCTCCCACAAAAGC
TCACGCGCACCAAGTCTCGCCGCAACAATGACATTGGAGCCTACAGCCAGCACATCTCTTAGAA
TCACAGAAATTTCTCCCCACAGTAGCAAGATGACCAAGGTGGCAATTAGTACCAGCGTCCTTCT
TGTAGGAGCTGGAGTTGTGATGGCATTTTTGGCATGGTATATCAAAAGCAGGtaG

IL-15 (Mouse) (SEQ ID NO: 67)

ATGAAGATCCTCAAGCCATACATGCGAAACACTAGTATTAGCTGTTACTTGTGTTTTCTGCTGAA
TAGTCATTTTTTGACTGAAGCAGGAATCCATGTATTTATACTCGGTTGTGTGTCTGTAGGTCTGC
CAAAGACTGAGGCTAATTGGATTGACGTGCGCTATGATCTTGAAAAAATAGAGTCCTTGATTCA
ATCAATACACATCGATACCACTCTCTACACCGACAGTGATTTCCATCCTTCCTGCAAGGTAACA
GCTATGAATTGCTTCCTCCTGGAGCTCCAAGTCATTCTCCATGAGTACTCCAACATGACTTTGAA
CGAAACTGTAAGAAACGTATTGTATCTGGCTAATAGCACCTTGTCTAGTAACAAAAATGTGGCA
GAGAGCGGCTGCAAAGAATGTGAAGAATTGGAAGAGAAAACATTTACAGAGTTCCTGCAATCC
TTTATTCGCATCGTCCAAATGTTTATCAATACCTCTtaG

IL-15 (Mouse) (SEQ ID NO: 68)

ATGTATTCCATGCAACTTGCCAGTTGTGTAACCCTTACTCTCGTCCTGCTCGTTAATTCCGCTGG
TGCTAACTGGATAGATGTTCGATACGATCTGGAAAAGATTGAGTCCCTTATCCAATCCATTCAT
ATAGATACCACCCTTTATACTGACAGCGACTTCCATCCTTCTTGCAAGGTGACCGCTATGAATTG
TTTCCTGCTGGAACTCCAAGTTATTCTGCATGAATACTCTAATATGACACTTAACGAGACCGTAA
GAAATGTTCTCTATCTCGCTAATAGTACTTTGAGCTCAAATAAGAACGTGGCCGAGTCTGGGTG
TAAGGAATGCGAAGAGCTGGAAGAAAAGACATTCACCGAGTTTCTCCAGTCTTTCATACGGATT
GTGCAGATGTTTATCAACACATCAGATTACAAAGACGACGATGATAAGtaG

IL-18 (Mouse) (SEQ ID NO: 69)

ATGGCAGCCATGTCTGAGGACTCTTGTGTGAACTTTAAAGAAATGATGTTCATAGACAATACAC
TCTACTTTATACCTGAGGAGAATGGAGATTTGGAATCTGACAACTTTGGCAGGCTGCATTGCAC
TACCGCAGTTATCCGAAACATCAACGATCAGGTACTGTTTGTTGATAAAAGACAACCTGTATTC
GAGGACATGACCGACATAGATCAGTCTGCCTCAGAGCCCCAGACTAGGCTTATCATCTATATGT
ACAAGGACAGCGAAGTACGAGGCCTGGCTGTTACACTCTCAGTCAAAGACTCTAAGATGAGCA
CCCTGTCATGCAAGAACAAAATTATCAGTTTTGAGGAGATGGACCCACCTGAAAACATAGATG
ACATTCAGTCAGACCTCATTTTTTTTCAAAAGCGGGTACCAGGACACAACAAAATGGAATTTGA
ATCATCACTCTACGAAGGACATTTCCTTGCATGCCAGAAAGAGGATGACGCATTCAAATTGATC
CTGAAAAAAAAGGACGAAAATGGTGATAAATCAGTCATGTTTACATTGACCAATCTTCACCAA
AGTtaG

IL-18 (Mouse) (SEQ ID NO: 70)
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ATGGCTGCAATGTCTGAAGATAGCTGTGTCAACTTTAAGGAGATGATGTTCATTGATAATACTT
TGTACTTTATACCTGAAGAAAATGGAGACCTTGAGTCAGACAACTTCGGGAGACTGCACTGCAC
AACTGCCGTTATCCGAAACATAAATGATCAAGTATTGTTCGTGGACAAAAGACAACCAGTCTTT
GAGGATATGACAGACATCGACCAATCCGCATCTGAACCTCAGACTAGGCTGATCATCTATATGT
ACGCCGACTCCGAAGTAAGAGGCCTTGCTGTGACACTTAGTGTTAAGGATAGTAAGATGAGCA
CACTGTCCTGTAAGAATAAGATTATATCTTTTGAAGAGATGGACCCTCCCGAGAACATAGATGA
CATCCAGAGCGACTTGATCTTCTTTCAGAAGCGAGTGCCAGGCCATAACAAGATGGAATTTGAA
TCATCTCTTTATGAAGGCCATTTCCTCGCATGTCAAAAGGAGGACGATGCCTTCAAGCTCATTCT
GAAAAAAAAAGACGAGAACGGTGATAAGAGCGTGATGTTCACTCTGACAAATCTGCACCAGTC
AtaG

IL-18 (Human) (SEQ ID NO: 71)

ATGTATCGCATGCAACTCCTGTCCTGCATTGCTCTGAGCTTGGCTTTGGTAACCAACTCATACTT
CGGGAAACTGGAGAGTAAACTCTCCGTAATCAGGAATCTTAATGACCAAGTATTGTTTATTGAC
CAGGGCAACCGCCCGTTGTTCGAGGATATGACTGATTCTGACTGTCGGGATAACGCTCCGAGAA
CTATCTTTATCATTTCAATGTACAAGGACAGCCAACCGCGGGGTATGGCTGTGACAATCAGTGT
CAAATGTGAGAAGATTTCCACGCTGTCCTGCGAAAACAAGATAATTTCTTTCAAAGAAATGAAC
CCCCCTGACAATATAAAGGATACAAAGAGTGATATCATCTTCTTTCAGAGGTCCGTGCCCGGCC
ACGATAATAAGATGCAATTTGAAAGTTCATCTTATGAGGGGTACTTTTTGGCATGCGAGAAAGA
AAGGGATCTCTTCAAGTTGATCCTGAAGAAGGAGGACGAATTGGGCGACCGCTCCATCATGTTC
ACAGTCCAGAACGAGGACtaG

IL-18 (Human) (SEQ ID NO: 72)

ATGTACCGCATGCAGCTCCTGAGTTGTATTGCCCTTTCCCTCGCTCTCGTTACCAATTCTTACTTC
GGTAAGCTTGCCTCTAAACTCTCTGTTATTAGGAACTTGAACGACCAAGTCCTTTTCATAGACCA
AGGGAACAGACCACTGTTTGAAGATATGACGGATAGCGATTGCCGAGATAATGCCCCTAGGAC
GATTTTTATCATTAGTATGTATGCGGACTCTCAACCGAGGGGGATGGCCGTTACTATAAGTGTG
AAATGCGAGAAAATATCAACGCTCAGTTGTGAGAACAAAATCATAAGTTTCAAGGAGATGAAT
CCACCTGATAACATCAAAGACACTAAGTCTGATATTATATTTTTCCAACGAAGTGTTCCGGGAC
ACGATAACAAAATGCAATTTGAGAGCTCCTCATACGAGGGCTACTTCCTCGCGTGTGAGAAAGA
AAGGGATTTGTTTAAGCTTATCCTCAAGAAAGAGGACGAGTTGGGGGATCGGAGCATAATGTTT
ACCGTACAGAATGAGGACtaG

IL-21 (Mouse) (SEQ ID NO: 73)

ATGGAGCGGACACTCGTGTGTCTTGTCGTAATTTTTCTCGGGACAGTCGCACACAAGTCCTCAC
CCCAGGGTCCTGATCGCCTTCTCATACGCCTCCGACATTTGATCGACATTGTAGAGCAGCTCAA
AATTTACGAGAATGACCTCGATCCCGAGCTTTTGAGTGCTCCCCAAGACGTTAAGGGTCATTGC
GAGCACGCAGCTTTTGCTTGCTTCCAGAAGGCCAAGTTGAAACCAAGCAACCCTGGTAATAATA
AGACTTTCATCATCGACTTGGTCGCCCAACTCCGAAGGAGGCTGCCTGCCCGGCGCGGAGGAAA
AAAACAAAAGCATATTGCAAAGTGTCCTTCATGTGATTCATACGAAAAGCGGACTCCCAAAGA
GTTCTTGGAAAGGTTGAAATGGCTTCTTCAGAAGATGATTCATCAACATTTGTCAtaG

IFN-beta (Human) (SEQ ID NO: 74)

ATGACCAACAAATGCCTTTTGCAAATTGCCCTGCTTTTGTGTTTTAGCACTACCGCATTGAGCAT
GTCATATAACCTCCTCGGCTTCCTTCAGAGATCATCAAACTTTCAGTGTCAGAAACTGCTTTGGC
AACTTAATGGCAGGCTCGAATATTGTCTGAAAGATCGGATGAATTTCGACATTCCAGAAGAAAT
AAAACAGCTTCAACAATTCCAGAAAGAGGACGCCGCCCTGACTATTTACGAGATGCTCCAGAA
TATCTTCGCCATTTTCCGGCAGGACAGCTCATCCACGGGGTGGAATGAGACTATTGTAGAAAAT
CTTCTGGCTAATGTGTACCATCAAATTAATCACCTCAAAACGGTGCTTGAGGAAAAACTTGAAA
AGGAAGATTTCACACGGGGCAAGTTGATGTCCTCCCTGCACCTTAAACGATACTACGGCAGGAT
TCTTCATTACTTGAAGGCTAAGGAGTATAGCCATTGCGCGTGGACAATTGTACGGGTAGAAATA
CTGCGAAACTTTTATTTCATCAACCGGCTCACTGGATACCTTAGAAATtaG

IFN-beta (Mouse) (SEQ ID NO: 75)

ATGAACAATCGGTGGATACTCCACGCCGCATTTCTCCTCTGCTTTAGCACGACGGCCCTGTCCAT
CAACTACAAACAGCTTCAGTTGCAGGAGCGGACTAACATAAGGAAGTGCCAGGAACTGCTGGA
ACAGCTTAATGGTAAAATTAATCTTACATACCGAGCTGACTTCAAAATTCCTATGGAAATGACC
GAGAAGATGCAGAAATCCTACACGGCATTCGCCATCCAGGAAATGCTCCAGAACGTATTTCTCG
TGTTCCGCAATAATTTCTCTTCTACGGGTTGGAACGAAACCATTGTTGTTAGACTGCTTGACGAA
CTGCATCAGCAAACCGTGTTCCTTAAAACCGTGCTTGAGGAGAAGCAGGAGGAGCGCCTGACTT
GGGAGATGTCTAGTACCGCACTTCACTTGAAATCCTACTACTGGCGCGTTCAGCGGTATCTGAA
GCTGATGAAGTATAACTCATACGCCTGGATGGTAGTGCGCGCAGAGATCTTCAGAAACTTTCTT
ATCATCCGGCGACTGACCCGAAACTTTCAGAATtaG

IFN-gamma (Human) (SEQ ID NO: 76)

29




WO 2022/098922 PCT/US2021/058134

ATGAAGTACACTAGCTATATATTGGCCTTCCAGCTTTGCATCGTATTGGGTAGCCTCGGATGCTA
TTGCCAAGACCCGTATGTCAAAGAAGCCGAAAATCTCAAAAAGTATTTCAATGCCGGACACTCA
GACGTCGCGGATAACGGTACACTGTTTCTTGGCATCCTGAAAAATTGGAAGGAAGAGAGTGAC
AGAAAAATAATGCAGTCACAAATAGTGTCCTTTTACTTTAAGCTGTTCAAAAATTTCAAGGATG
ACCAAAGTATCCAGAAGAGTGTTGAAACTATCAAAGAGGACATGAATGTGAAATTCTTTAACA
GTAATAAGAAGAAGCGCGATGACTTCGAGAAACTCACTAATTACAGCGTAACGGATCTTAACG
TCCAACGCAAGGCAATCCACGAGCTTATACAGGTAATGGCTGAGCTTAGTCCCGCAGCCAAGA
CAGGGAAGAGAAAAAGGTCTCAAATGCTTTTTCGGGGCCGGCGAGCTTCACAAAG

IFN-gamma (Mouse) (SEQ ID NO: 77)

ATGAACGCTACGCATTGCATCCTCGCACTCCAATTGTTCCTCATGGCTGTGTCAGGGTGTTACTG
TCACGGTACTGTCATAGAAAGCCTCGAATCCCTGAATAACTATTTTAACAGTAGCGGTATAGAT
GTAGAAGAAAAGTCTCTCTTTCTTGACATCTGGAGGAATTGGCAAAAGGATGGAGACATGAAG
ATTCTCCAATCTCAGATTATATCATTTTACTTGAGGCTTTTTGAGGTTCTGAAGGATAACCAGGC
GATCAGCAATAATATCAGCGTAATTGAATCTCACCTTATTACAACATTTTTCTCAAATTCCAAGG
CAAAGAAAGATGCTTTCATGTCTATCGCGAAATTTGAGGTGAACAATCCTCAGGTACAAAGGCA
AGCCTTTAACGAGCTGATTAGAGTTGTACATCAGTTGTTGCCCGAAAGTAGTCTTAGAAAACGC
AAACGGAGCCGATGCtaG

IFN-alpha (Mouse) (SEQ ID NO: 78)

ATGGCAAGGTTGTGCGCTTTTCTCATGGTACTGGCTGTGCTCTCCTATTGGCCTACTTGTTCTCTG
GGATGCGACTTGCCACAGACCCACAATCTGCGGAATAAGAGGGCTCTGACTCTGCTGGTGCAA
ATGAGACGGCTCTCTCCACTTAGCTGTTTGAAAGATAGAAAGGATTTCGGGTTCCCCCAGGAGA
AGGTGGATGCCCAGCAGATCAAGAAGGCACAGGCTATCCCCGTCCTTTCCGAGCTGACCCAGC
AAATTTTGAACATCTTTACAAGTAAGGATAGTTCAGCTGCATGGAATACCACACTTTTGGATTCT
TTTTGTAACGATCTGCATCAGCAGCTGAACGATCTCCAGGGATGCCTGATGCAGCAAGTCGGCG
TGCAAGAATTTCCACTCACCCAGGAGGACGCTCTGCTCGCAGTGCGAAAGTATTTTCACCGAAT
TACCGTGTACCTCCGGGAGAAAAAGCATTCACCCTGCGCTTGGGAAGTAGTCAGGGCCGAAGT
ATGGAGAGCCCTTAGTAGCTCCGCTAATGTACTGGGCCGGTTGCGGGAAGAGAAAG

CCL21 (Human) (SEQ ID NO: 79)

ATGGCGCAAAGTCTGGCTCTTTCACTCCTGATCCTGGTCTTGGCCTTCGGGATTCCGAGGACCCA
AGGAAGTGATGGTGGCGCCCAAGATTGTTGCCTTAAATACAGCCAGCGGAAAATACCCGCGAA
AGTGGTCAGGAGTTATAGAAAACAGGAGCCTTCCCTGGGTTGTAGTATCCCCGCCATACTTTTC
CTCCCGAGAAAACGGAGCCAGGCCGAACTGTGCGCTGACCCTAAGGAACTTTGGGTGCAACAA
CTTATGCAACACCTGGATAAGACACCTTCTCCTCAAAAGCCAGCTCAGGGCTGCCGAAAAGATA
GAGGCGCCTCAAAAACCGGAAAAAAGGGCAAAGGTTCTAAAGGATGTAAGCGGACTGAACGC
TCTCAAACGCCTAAAGGGCCGtaG

CCL21a (Mouse) (SEQ ID NO: 80)

ATGGCGCAAATGATGACCCTTTCCCTGCTGAGTCTTGTCCTCGCGCTCTGCATCCCGTGGACGCA
GGGGTCTGATGGGGGGGGCCAAGACTGTTGCCTGAAGTATTCACAAAAAAAGATACCGTACTC
TATTGTCAGAGGGTACAGGAAGCAAGAACCCTCCTTGGGTTGCCCTATACCAGCAATTCTTTTC
TCCCCACGCAAGCATTCCAAACCAGAACTGTGTGCGAACCCCGAGGAGGGTTGGGTACAGAAC
TTGATGCGAAGGCTTGACCAGCCCCCAGCCCCTGGCAAGCAGTCACCTGGGTGCAGAAAAAAC
AGAGGTACTTCAAAGAGCGGCAAGAAAGGCAAAGGGAGTAAAGGATGTAAAAGAACGGAGCA
GACCCAGCCTTCACGAGGCtaG

Tail-less CCL21 (Human) (SEQ ID NO: 81)

ATGGCGCAAAGTCTGGCTCTTTCACTCCTGATCCTGGTCTTGGCCTTCGGGATTCCGAGGACCCA
AGGAAGTGATGGTGGCGCCCAAGATTGTTGCCTTAAATACAGCCAGCGGAAAATACCCGCGAA
AGTGGTCAGGAGTTATAGAAAACAGGAGCCTTCCCTGGGTTGTAGTATCCCCGCCATACTTTTC
CTCCCGAGAAAACGGAGCCAGGCCGAACTGTGCGCTGACCCTAAGGAACTTTGGGTGCAACAA
CTTATGCAACACCTGGATAAGACACCTTCTCCTCAAAAGCCAGCTCAGGGCtaG

Tail-less CCL21 (Mouse) (SEQ ID NO: 82)

ATGGCGCAAATGATGACCCTTTCCCTGCTGAGTCTTGTCCTCGCGCTCTGCATCCCGTGGACGCA
GGGGTCTGATGGGGGGGGCCAAGACTGTTGCCTGAAGTATTCACAAAAAAAGATACCGTACTC
TATTGTCAGAGGGTACAGGAAGCAAGAACCCTCCTTGGGTTGCCCTATACCAGCAATTCTTTTC
TCCCCACGCAAGCATTCCAAACCAGAACTGTGTGCGAACCCCGAGGAGGGTTGGGTACAGAAC
TTGATGCGAAGGCTTGACCAGCCCCCAGCCCCTGGCAAGCAGTCACCTGGGtaG

CCL19 (Mouse) (SEQ ID NO: 83)

ATGGCACCCCGCGTCACACCCTTGCTTGCTTTTTCTCTGCTTGTCCTCTGGACCTTCCCCGCTCCT
ACCCTTGGAGGAGCCAATGATGCCGAGGATTGCTGCCTGAGTGTTACACAAAGGCCAATACCA
GGGAATATAGTGAAGGCATTCCGGTATCTGCTCAATGAAGATGGGTGCAGAGTCCCCGCAGTTG
TCTTTACAACATTGCGAGGTTACCAGCTTTGTGCTCCCCCAGACCAGCCTTGGGTAGATCGCATT
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ATTCGCCGGTTGAAGAAGAGCTCAGCAAAGAATAAGGGCAATTCCACACGGAGAAGCCCCGTC
TCCtaG

CCL19 (Mouse) (SEQ ID NO: 84)

ATGAAATCAGCAGTCCTTTTCTTGCTCGGGATTATTTTTCTGGAACAATGTGGAGTGAGGGGAA
CACTCGTAATAAGAAACGCTCGGTGCTCATGCATATCAACATCACGGGGCACTATCCACTACAA
ATCCCTGAAGGATCTGAAGCAGTTCGCCCCAAGCCCTAACTGTAACAAGACCGAAATTATCGCA
ACTCTCAAAAATGGAGATCAGACTTGTCTTGACCCAGATTCAGCAAATGTCAAGAAGCTGATGA
AAGAGTGGGAAAAGAAGATTTCACAAAAAAAAAAGCAAAAACGCGGCAAGAAACATCAAAAG
AACATGAAAAACAGGAAACCTAAGACTCCCCAGTCAAGGAGAAGATCCCGCAAGACAACCtaG

CXCL11 (Mouse) (SEQ ID NO: 85)

ATGAACAGAAAAGTTACCGCTATAGCACTTGCTGCCATAATATGGGCCACCGCAGCTCAAGGGT
TCCTGATGTTCAAGCAGGGCCGATGCCTCTGCATTGGCCCTGGAATGAAGGCCGTGAAAATGGC
CGAAATAGAAAAAGCTAGTGTCATATACCCCTCTAACGGTTGCGATAAAGTCGAGGTTATAGTC
ACAATGAAAGCTCATAAACGCCAACGCTGCCTCGACCCCCGGTCTAAGCAGGCTAGGCTCATA
ATGCAAGCAATCGAGAAGAAAAACTTTCTTAGACGGCAAAACATGtaG

CXCL10 (Mouse) (SEQ ID NO: 86)

ATGAACCCATCTGCCGCCGTTATTTTCTGTCTGATACTCCTTGGGCTGAGTGGCACACAAGGCAT
ACCCCTCGCCCGCACAGTCCGGTGTAATTGTATACATATTGACGACGGCCCTGTTAGAATGCGG
GCCATCGGTAAGCTGGAGATTATACCAGCAAGCCTTAGTTGTCCCAGGGTTGAAATCATAGCAA
CTATGAAAAAAAACGACGAACAAAGATGTTTGAATCCCGAGAGCAAGACAATCAAAAACCTTA
TGAAAGCATTTAGTCAAAAACGCTCTAAACGCGCTCCAtaG

CXCL10 (Human) (SEQ ID NO: 87)

ATGAATCAGACGGCAATCCTTATATGCTGCCTTATATTCCTTACTCTCTCAGGGATACAAGGGGT
ACCACTTTCTCGGACTGTTCGCTGCACTTGCATTTCAATATCTAACCAACCTGTAAATCCGCGGA
GCCTGGAAAAATTGGAGATTATACCTGCTTCTCAATTCTGCCCTCGGGTGGAAATCATCGCCAC
TATGAAGAAGAAGGGCGAGAAAAGGTGTCTGAATCCAGAGTCAAAGGCAATCAAAAACCTGCT
GAAAGCGGTGTCAAAGGAACGGTCCAAGAGATCACCCtaG

CXCL11-CXCL10 (Mouse) (SEQ ID NO: 88)

ATGAACAGGAAAGTAACAGCCATTGCATTGGCTGCCATCATCTGGGCCACCGCAGCACAGGGT
TTTCTGATGTTTAAGCAAGGGCGCTGTCTCTGTATAGGCCCAGGCATGAAGGCCGTGAAGATGG
CAGAGATTGAGAAGGCATCTGTGATTTATCCTTCTAACGGGTGCGATAAAGTCGAAGTTATTGT
GACAATGAAGGCACACAAACGCCAACGGTGTTTGGACCCACGATCTAAACAGGCAAGATTGAT
TATGCAAGCCATCGAGAAAAAGAACTTTCTCCGAAGGCAAAATATGATCCCTTTGGCTCGGACA
GTGCGGTGTAACTGTATTCACATCGACGATGGGCCAGTACGGATGAGAGCAATAGGAAAGCTC
GAAATCATACCCGCCTCATTGTCTTGTCCCAGGGTGGAAATAATCGCCACTATGAAAAAGAACG
ATGAACAGAGGTGTCTCAACCCAGAGAGTAAGACTATCAAGAACCTTATGAAGGCATTCAGTC
AGAAGAGGTCAAAGCGAGCACCAtG

XCL1 (Human) (SEQ ID NO: 89)

ATGAGACTTCTCATATTGGCGCTTCTCGGGATATGTTCTCTTACGGCATACATAGTTGAGGGGGT
GGGATCTGAGGTTAGCGATAAACGAACTTGTGTTAGTCTTACAACACAGAGGCTTCCAGTCTCC
AGGATAAAAACATATACGATAACTGAGGGATCTCTCAGAGCGGTCATCTTCATAACGAAGAGG
GGCCTGAAGGTCTGTGCTGACCCACAAGCGACTTGGGTAAGGGACGTTGTGCGGAGCATGGAC
AGGAAGAGCAATACTCGCAACAACATGATCCAAACCAAACCTACGGGCACCCAACAGTCAACC
AATACTGCGGTAACATTGACGGGGtaG

XCL1 (Mouse) (SEQ ID NO: 90)

ATGCGCCTCCTTCTGCTGACTTTTCTGGGTGTATGTTGCCTGACACCCTGGGTCGTAGAAGGAGT
AGGAACCGAGGTTCTGGAAGAGTCCTCATGTGTAAACTTGCAGACACAACGACTCCCCGTCCAA
AAAATCAAGACCTATATAATCTGGGAGGGGGCAATGCGGGCCGTCATTTTCGTGACTAAACGA
GGTCTCAAAATCTGCGCCGACCCCGAGGCTAAGTGGGTGAAGGCAGCCATTAAGACCGTGGAT
GGGAGAGCCAGCACCAGAAAGAACATGGCCGAAACAGTACCTACTGGCGCACAGCGGTCAACC
TCAACTGCTATAACCTTGACAGGAtaG

m_sCD40L #1 (SEQ ID NO: 91)

ATGGAGACTGACACTCTGCTTCTGTGGGTGTTGCTGCTGTGGGTGCCTGGCAGTACAGGCGATA
TGCAACGAGGTGACGAGGACCCTCAAATCGCCGCCCATGTAGTCTCTGAAGCTAATAGCAACG
CTGCATCCGTCTTGCAGTGGGCAAAGAAAGGCTACTATACTATGAAGTCCAACTTGGTAATGCT
TGAAAACGGCAAGCAGTTGACTGTCAAGAGAGAGGGACTTTATTACGTCTATACCCAAGTCAC
ATTCTGTAGCAATCGAGAACCCTCCTCACAGAGGCCTTTTATAGTGGGACTCTGGCTTAAACCA
AGTAGCGGCTCTGAGCGCATACTGTTGAAAGCCGCAAACACACACAGCTCTTCCCAACTCTGCG
AGCAGCAATCCGTGCATCTCGGTGGAGTATTTGAGCTTCAAGCCGGTGCCTCAGTGTTTGTGAA
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CGTCACTGAGGCCTCCCAGGTCATACATCGAGTTGGGTTCAGCTCCTTCGGCTTGCTCAAGCT Cta
G

m_sCD40L #2 (SEQ ID NO: 92)

ATGGAAACTGATACATTGCTGCTCTGGGTTTTGCTGCTCTGGGTGCCTGGGAGTACAGGCGACA

TGAGGAGGCAGTTCGAGGATCTCGTTAAGGATATTACCCTTAATAAGGAGGAGAAGAAAGAAA
ACTCTTTTGAGATGCAACGAGGGGACGAAGATCCTCAGATCGCTGCTCACGTGGTCTCTGAAGC
TAACAGCAACGCCGCTTCTGTCCTCCAGTGGGCCAAGAAAGGTTATTACACCATGAAATCAAAC
CTTGTAATGCTTGAAAACGGGAAACAGCTTACAGTGAAGAGGGAAGGTCTTTACTACGTCTATA
CCCAGGTAACCTTCTGCTCAAACAGAGAACCATCAAGCCAGAGGCCATTCATAGTGGGGCTCTG
GCTCAAACCTTCCAGTGGCAGCGAGAGAATCTTGTTGAAAGCTGCTAATACACATAGTAGTAGC
CAGCTTTGCGAGCAACAGTCAGTCCACCTCGGGGGGGTGTTTGAGTTGCAAGCAGGGGCCTCAG
TATTCGTGAATGTCACTGAGGCTTCCCAGGTAATTCACAGGGTAGGCTTTAGTTCATTCGGTTTG
CTGAAGCTTtaG

m_sCD40L #3 (SEQ ID NO: 93)

ATGCGAAGAATGCAGCTTCTGCTCCTTATTGCTCTGAGTCTCGCCCTTGTCACCAACTCCGGGGA
CAGAATGAAACAAATCGAGGACAAAATTGAAGAAATACTGAGTAAAATATATCACATCGAAAA
CGAAATTGCACGCATTAAGAAATTGATTGGCGAACGCACCAGTGGCGGCTCTGGTGGCACCGG
AGGTTCAGGCGGGACCGGGGGCTCTGACAAAGTCGAAGAGGAGGTTAACCTTCATGAGGACTT
TGTGTTCATCAAGAAGCTGAAACGGTGCAATAAAGGAGAAGGTTCTTTGAGCCTCCTTAATTGC
GAAGAGATGCGACGACAGTTCGAGGATCTGGTTAAGGACATTACACTTAATAAGGAAGAGAAA
AAGGAGAACTCTTTCGAAATGCAGCGCGGCGATGAAGATCCCCAGATAGCCGCCCATGTCGTCT
CTGAGGCCAACTCTAACGCAGCATCCGTCCTCCAGTGGGCTAAGAAAGGATATTATACTATGAA
AAGCAATTTGGTCATGCTCGAAAACGGTAAACAGCTCACTGTTAAGAGAGAAGGCCTCTATTAC
GTATATACTCAAGTAACTTTCTGTTCTAATAGGGAACCCTCCTCTCAAAGACCTTTTATCGTAGG
ACTCTGGTTGAAACCAAGTAGCGGTAGTGAAAGGATTCTGCTCAAAGCAGCTAATACTCACTCC
AGCAGTCAACTGTGCGAACAACAAAGCGTTCACCTCGGGGGCGTCTTTGAACTTCAGGCAGGTG
CCAGTGTTTTCGTCAACGTAACAGAAGCATCCCAGGTAATTCATCGAGTAGGGTTTTCTAGCTTT
GGTTTGCTGAAGCTGtaG

anti-CD40_FGK4.5 (SEQ ID NO: 94)

ATGGAAACTGATCGCCTGTTGCTCTGGGTACTTCTTCTGTGGGTGCCTGGGTCCACTGGTGACAC
TGTACTTACACAATCACCCGCTTTGGCCGTTTCTCCTGGTGAACGGGTCACAATTAGTTGCCGAG
CTTCCGATTCTGTATCTACTCTTATGCATTGGTATCAACAAAAACCTGGTCAGCAGCCAAAATTG
CTCATTTATCTTGCTAGTCACTTGGAGTCCGGCGTACCTGCTCGATTCAGCGGTAGTGGGTCTGG
CACAGATTTCACTTTGACCATAGATCCCGTGGAGGCCGATGACACTGCAACCTACTATTGCCAG
CAATCCTGGAACGACCCTTGGACTTTCGGCGGCGGCACCAAGCTGGAACTCAAGCGAGCAGAT
GCTGCCCCAACCGTTAGTATATTCCCACCCTCAACCGAACAACTCGCCACAGGAGGCGCTAGTG
TCGTGTGTCTTATGAACAATTTCTATCCACGAGACATTAGCGTCAAGTGGAAAATTGATGGGAC
AGAAAGGCGAGATGGAGTTTTGGATTCAGTAACAGACCAGGATTCAAAGGATTCTACCTATAG
CATGAGCTCCACCTTGAGCCTGACCAAAGCTGATTATGAATCTCATAACCTGTATACTTGTGAA
GTGGTGCATAAGACTTCTAGCTCACCAGTGGTTAAATCTTTTAACCGCAACGAATGTCGGCGCA
AGAGGGGTTCCGGAGAGGGAAGGGGTAGTCTGCTCACCTGCGGCGATGTTGAAGAAAATCCTG
GTCCCATGGACATTCGGCTCTCTTTGGTATTCCTGGTACTTTTTATAAAGGGGGTGCAATGTGAA
GTCCAGCTCGTGGAAAGCGGTGGGGGCCTGGTTCAGCCCGGTCGCAGCCTTAAACTTAGTTGCG
CAGCATCCGGATTTACATTTTCTGACTATAACATGGCCTGGGTTCGACAGGCACCCAAAAAAGG
GCTGGAGTGGGTCGCAACTATCATATACGATGGTTCCCGGACATACTATAGAGATTCAGTGAAG
GGGCGCTTTACAATAAGCAGGGACAATGCTAAGTCTACCTTGTATCTTCAGATGGACTCCCTGA
GGAGCGAAGATACAGCAACATATTATTGTGCTACAAACCGCTGGTTGCTGCTTCATTATTTCGA
CTACTGGGGTCAGGGCGTCATGGTAACTGTATCAAGCGCCGAGACCACAGCCCCTTCTGTATAT
CCATTGGCACCAGGTACTGCTCTGAAATCCAACTCAATGGTAACCCTTGGATGTCTGGTTAAGG
GTTATTTTCCCGAGCCCGTCACAGTTACTTGGAACTCTGGGGCCCTTTCTAGCGGAGTCCATACC
TTTCCCGCCGTTTTGCAGAGTGGTCTGTACACCCTTACCTCAAGCGTCACAGTTCCATCTAGCAC
ATGGAGCTCCCAGGCAGTAACTTGTAATGTGGCCCATCCAGCCTCCTCAACTAAGGTAGATAAA
AAGATCGTTCCCAGAGAATGCAATCCATGTGGATGCACCGGGTCTGAGGTCAGCAGTGTGTTCA
TTTTCCCACCCAAGACTAAAGATGTATTGACTATTACTCTTACACCCAAAGTAACCTGCGTGGTG
GTTGATATTAGTCAAAATGATCCCGAGGTACGGTTCTCTTGGTTTATCGACGACGTCGAAGTAC
ATACAGCTCAGACACACGCTCCCGAGAAACAAAGCAATTCCACTCTTAGGAGCGTGTCCGAGTT
GCCAATCGTACATAGGGATTGGCTTAATGGCAAGACCTTTAAGTGTAAGGTCAATTCAGGGGCA
TTCCCCGCACCAATAGAGAAGAGTATAAGCAAACCCGAGGGGACACCCAGAGGTCCACAGGTC
TATACAATGGCTCCCCCCAAGGAAGAGATGACCCAAAGTCAAGTCTCAATTACATGTATGGTGA
AGGGCTTTTATCCACCCGACATATACACTGAGTGGAAGATGAATGGACAGCCCCAAGAGAATT
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ATAAAAACACTCCCCCTACCATGGACACCGACGGGTCCTATTTTCTTTATAGTAAATTGAACGT
GAAAAAGGAGACCTGGCAACAAGGCAACACTTTCACCTGCTCCGTTCTTCACGAGGGCCTGCAT
AATCATCATACCGAAAAGTCTCTCAGTCATTCTCCAGGTAAGtaG

CD40L_2 (Human) (SEQ ID NO: 95)

ATGGAAACAGATACGTTGCTGTTGTGGGTACTTCTCCTTTGGGTCCCTGGCAGCACAGGGGACG
AGAATAGTTTCGAAATGCAGAAGGGCGACCAGAACCCACAGATCGCGGCTCACGTTATATCAG
AAGCAAGTAGTAAGACCACTTCCGTACTTCAGTGGGCTGAAAAAGGATATTACACCATGTCCAA
CAATCTCGTGACACTGGAGAACGGTAAACAACTTACGGTGAAACGACAGGGCCTCTATTACATC
TACGCTCAGGTGACATTCTGCTCAAATAGGGAGGCTTCTAGTCAAGCGCCCTTCATCGCCAGCC
TGTGCCTCAAATCTCCCGGCCGGTTCGAACGAATCCTGTTGCGAGCGGCCAATACCCATAGCTC
AGCTAAACCTTGCGGCCAGCAGAGTATTCATCTTGGTGGTGTGTTTGAACTTCAGCCGGGAGCA
TCTGTGTTCGTCAACGTAACGGACCCTAGCCAAGTGTCTCATGGGACAGGTTTTACATCCTTCGG
ACTCCTCAAGTTGtaG

FI3L (Human) (SEQ ID NO: 96)

ATGACAGTTCTCGCGCCAGCTTGGAGTCCCACCACATACTTGCTTTTGCTTCTGCTTCTGTCCTCT
GGCCTGAGTGGGACCCAAGATTGTTCCTTTCAACATTCCCCAATTAGTTCTGATTTTGCAGTGAA
GATTAGAGAGCTCTCAGACTATCTGCTGCAAGATTATCCTGTCACAGTCGCTTCAAACCTGCAA
GACGAAGAGCTCTGCGGTGCCTTGTGGCGGTTGGTCTTGGCTCAAAGATGGATGGAGAGACTG
AAAACCGTAGCAGGCAGCAAGATGCAGGGTCTCCTGGAAAGGGTGAACACGGAAATCCATTTT
GTGACCAAGTGCGCGTTCCAGCCCCCACCGAGTTGTCTCCGGTTTGTTCAAACGAATATATCCC
GGTTGCTCCAGGAAACCTCAGAACAACTGGTGGCTTTGAAACCCTGGATCACAAGACAAAACTT
TAGTCGGTGCCTCGAACTCCAGTGCCAACCAGATTCTTCTACACTTCCCCCCCCGTGGTCCCCGC
GCCCGTTGGAAGCAACGGCCCCAtaG

TGFb TRAP (Human) (SEQ ID NO: 97)

ATGGCCTGGAGTCCTCTGTTTCTGACTCTTATAACTCACTGTGCCGGCAGTTGGGCTATACCCCC
TCATGTACAGAAGTCTGTAAACAACGACATGATTGTAACCGACAATAATGGCGCAGTGAAATTC
CCACAACTGTGTAAGTTCTGTGATGTACGGTTTAGTACATGCGACAATCAAAAAAGCTGTATGT
CTAACTGCTCTATTACATCCATATGTGAAAAACCTCAGGAGGTGTGTGTTGCCGTTTGGCGAAA
AAATGATGAGAATATCACACTGGAGACAGTATGTCATGACCCTAAACTGCCATACCATGATTTC
ATACTGGAGGACGCCGCCAGTCCTAAGTGCATTATGAAAGAGAAAAAGAAACCCGGTGAAACA
TTCTTTATGTGCTCTTGTAGCTCTGACGAGTGTAACGACAACATTATATTCAGCGAGGAGTACA
ATACAAGCAACCCCGATATACCACCTCACGTACAAAAAAGTGTCAACAACGATATGATTGTTAC
CGACAATAACGGAGCTGTTAAGTTTCCTCAGTTGTGCAAGTTCTGCGATGTACGATTCTCTACCT
GCGACAACCAAAAGTCATGTATGTCTAACTGTTCCATAACCTCCATCTGCGAGAAGCCCCAGGA
AGTCTGCGTCGCCGTGTGGCGGAAAAACGACGAGAATATCACTCTTGAAACCGTTTGTCATGAT
CCTAAACTGCCCTATCACGACTTTATTCTGGAAGATGCTGCTTCCCCTAAGTGTATCATGAAAGA
AAAGAAGAAACCTGGGGAGACATTCTTTATGTGTTCATGCTCCTCCGATGAGTGTAACGACAAT
ATCATCTTCTCTGAGGAATACAACACTTCTAACCCTGATaG

Fresolimumab (Human) (SEQ ID NO: 98)

ATGGCCTGGTCCCCTCTTTTTCTGACCCTCATCACACACTGTGCAGGCTCATGGGCTGAGACCGT
CTTGACCCAGTCCCCAGGAACTTTGTCTCTGTCTCCTGGTGAAAGAGCTACCCTTAGTTGTCGAG
CCTCTCAGTCCCTTGGTTCTAGCTATCTCGCTTGGTACCAGCAAAAGCCAGGCCAGGCCCCACG
ACTGCTGATCTACGGAGCATCTTCACGGGCTCCCGGCATTCCCGATCGATTTTCCGGATCTGGTA
GTGGTACAGATTTCACACTGACCATATCTCGCCTGGAGCCCGAGGACTTTGCTGTTTATTATTGT
CAGCAGTACGCCGATTCTCCTATCACTTTTGGACAGGGAACCCGCCTGGAGATTAAGCGCACAG
TAGCAGCTCCATCCGTCTTTATCTTTCCACCATCAGATGAACAGCTCAAGAGTGGGACCGCAAG
TGTAGTATGCCTGCTGAACAATTTTTACCCTAGAGAGGCCAAAGTGCAGTGGAAGGTGGATAAC
GCCCTCCAGAGTGGCAATAGTCAAGAAAGTGTTACTGAGCAAGATAGTAAGGACTCTACATAC
TCTTTGAGTTCTACTTTGACCCTGTCAAAAGCAGATTATGAAAAACATAAGGTGTATGCATGTG
AAGTTACACACCAAGGGTTGTCCTCTCCAGTTACAAAATCTTTTAATAGAGGAGAGTGCCGCCG
CAAACGCGGTAGTGGAGAAGGTCGAGGCTCACTCTTGACCTGTGGCGACGTGGAAGAAAATCC
CGGTCCTATGGATTGGACTTGGAGGGTATTTTGTCTTTTGGCAGTAACACCTGGAGCTCACCCCC
AAGTACAGCTCGTCCAATCTGGTGCCGAGGTTAAAAAGCCTGGAAGTTCAGTGAAGGTCTCTTG
CAAGGCATCTGGATACACCTTTTCATCTAACGTCATATCCTGGGTACGGCAAGCCCCAGGACAG
GGACTTGAGTGGATGGGAGGGGTCATCCCCATCGTGGACATTGCTAATTACGCTCAGCGATTCA
AAGGGCGGGTTACTATAACTGCCGACGAGTCTACCTCAACTACCTACATGGAGTTGTCCTCTCT
CCGCTCCGAGGACACTGCTGTATATTACTGTGCCAGCACTCTCGGGTTGGTGTTGGATGCCATG
GACTATTGGGGACAAGGAACCCTGGTGACAGTTAGCTCCGCAAGCACTAAAGGCCCTTCTGTTT
TTCCCTTGGCACCTTGTAGTAGGTCTACCTCTGAGTCTACAGCAGCACTTGGATGCTTGGTTAAG
GACTATTTTCCCGAGCCAGTTACAGTCTCTTGGAACAGTGGTGCCCTCACAAGTGGGGTTCATA
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CCTTCCCCGCAGTCCTCCAGAGTAGTGGCCTTTACAGCCTCTCATCAGTTGTGACTGTTCCTAGT
TCATCACTCGGTACTAAGACATATACATGTAACGTAGACCACAAGCCAAGCAACACAAAAGTA
GACAAACGAGTCGAATCTAAGTATGGACCCCCTTGTCCCTCCTGTCCTGCTCCCGAGTTCCTTGG
GGGCCCTTCCGTGTTCTTGTTTCCTCCCAAGCCCAAGGATACCCTCATGATCTCACGAACCCCAG
AGGTAACATGTGTGGTTGTTGACGTAAGTCAGGAAGATCCCGAAGTGCAATTTAATTGGTACGT
GGATGGCGTCGAAGTCCATAACGCTAAAACAAAACCCCGAGAGGAACAATTCAATTCCACATA
TCGGGTGGTGAGTGTATTGACCGTTCTTCACCAAGATTGGCTGAACGGCAAGGAGTATAAGTGT
AAAGTAAGCAACAAAGGTCTGCCAAGTAGCATAGAAAAAACAATATCTAAAGCTAAGGGCCAA
CCAAGGGAACCACAAGTATATACATTGCCCCCCTCTCAGGAAGAGATGACAAAGAATCAAGTT
AGCCTGACCTGTTTGGTAAAGGGGTTCTATCCCTCAGATATAGCAGTCGAGTGGGAATCTAACG
GCCAGCCCGAGAATAATTATAAAACAACCCCCCCTGTGTTGGACTCAGACGGCAGCTTCTTTCT
CTATTCACGGCTCACTGTTGATAAGTCCCGATGGCAGGAGGGGAATGTTTTCAGCTGTAGCGTG
ATGCACGAAGCTCTCCACAACCACTATACACAGAAAAGTTTGTCTTTGTCCCTTGGAAAAtaG

TGFb neutralizing peptide (Human) (SEQ ID NO: 99)

ATGAGTACATCCTTTCCAGAGCTGGATCTGGAGAATTTTGAGTATGACGACAGTGCCGAAGCCT
GCTACCTCGGGGACATAGTCGCATTCGGGACAATCTTTTTGTCTGTATTTTACGCCCTGGTGTTT
ACATTTGGCCTGGTTGGAAATCTGTTGGTCGTACTCGCTCTCACCAATTCCCGAAAACCCAAAA
GTATAACAGACATATACCTGTTGAATCTGGCACTGAGTGACCTTTTGTTCGTCGCCACCCTTCCT
TTTTGGACACACTACCTTATCAGTCACGAGGGGCTTCATAATGCTATGTGCAAGCTCACTACTGC
CTTCTTCTTTATCGGATTCTTCGGGGGTATCTTTTTTATCACAGTTATTAGCATTGACCGATACCT
TGCCATAGTGCTCGCAGCCAACTCAATGAACAACCGCACCGTGCAGCATGGAGTGACTATTTCC
TTGGGTGTGTGGGCCGCTGCTATACTTGTCGCCAGCCCTCAATTCATGTTTACCAAAAGGAAAG
ACAATGAGTGCCTCGGAGATTACCCTGAGGTGTTGCAAGAAATGTGGCCTGTACTTCGAAATAG
CGAAGTGAATATACTCGGCTTTGCTCTTCCTCTGCTCATCATGTCATTCTGTTATTTTCGAATAAT
CCAAACATTGTTCAGCTGTAAGAACCGAAAGAAAGCCCGCGCCGTACGCCTGATTCTGCTCGTT
GTGTTCGCCTTTTTTCTGTTTTGGACTCCTTACAACATAATGATATTCCTGGAGACTCTCAAATTC
TATAACTTTTTTCCCTCCTGTGATATGAAAAGGGACCTTAGATTGGCTCTCAGTGTCACTGAAAC
AGTAGCCTTTAGCCATTGTTGTCTCAACCCTTTCATATATGCATTTGCAGGGGAAAAGTTCCGGC
GGTATCTCGGACATTTGTATCGGAAGTGCTTGGCCGTGTTGTGTGGTCATCCTGTCCATACCGGA
TTCTCTCCTGAGAGTCAACGGAGCCGCCAAGATTCAATCCTGTCCAGTTTCACTCACTATACTTC
AGAGGGGGATGGCAGCCTTCTGCTC

Kyneurinase #1 (SEQ ID NO: 100)

ATGGAGACCGACACTTTGTTGCTGTGGGTACTTTTGTTGTGGGTCCCAGGATCTACCGGGGATA
TGGAACCCTCTCCTCTTGAACTGCCAGTAGACGCCGTGCGCCGCATTGCAGCCGAGTTGAATTG
CGATCCAACAGATGAACGCGTTGCCCTGAGGCTCGACGAAGAGGATAAATTGTCACATTTCAG
GAACTGCTTTTACATTCCAAAGATGAGGGATCTTCCATCCATAGATCTTAGCCTCGTGTCCGAG
GATGACGATGCCATATATTTTCTTGGGAACAGTCTTGGGTTGCAGCCAAAAATGGTACGGACAT
ATCTCGAAGAGGAGCTGGACAAATGGGCTAAAATGGGTGCTTACGGCCACGACGTGGGAAAAC
GCCCCTGGATAGTTGGCGACGAATCTATCGTGAGTCTTATGAAAGATATAGTTGGAGCACATGA
GAAAGAAATTGCACTGATGAATGCCCTTACTATCAATCTGCATCTCCTCTTGCTTTCATTCTTTA
AGCCCACTCCTAAACGCCACAAAATACTTTTGGAAGCAAAAGCCTTTCCAAGCGACCACTACGC
TATTGAGTCACAAATACAACTCCATGGACTTGATGTGGAAAAGTCTATGCGGATGGTAAAACCA
CGCGAAGGCGAGGAGACCCTTCGAATGGAGGACATACTTGAGGTCATCGAAGAAGAAGGAGAT
AGTATAGCAGTTATCCTTTTCAGCGGGCTGCACTTCTACACAGGTCAACTCTTTAACATTCCAGC
TATTACTAAGGCAGGCCACGCTAAAGGATGCTTCGTGGGCTTTGACCTTGCACACGCAGTAGGA
AACGTAGAGCTCCGCTTGCACGATTGGGGCGTTGATTTCGCCTGCTGGTGTTCATATAAGTATCT
TAACTCAGGAGCTGGTGGGTTGGCAGGCGCATTCGTACACGAGAAACACGCTCATACCGTAAA
GCCTGCACTGGTAGGGTGGTTCGGACACGATCTCTCTACCCGCTTCAATATGGATAATAAACTC
CAGCTTATACCTGGCGCCAATGGATTCAGGATCTCAAATCCTCCTATTTTGCTCGTTTGCAGTTT
GCACGCATCTCTTGAGGTGTTCCAGCAGGCTACCATGACTGCACTCCGCCGGAAGTCAATCCTT
TTGACCGGATACTTGGAGTATATGCTGAAACATTATCACTCAAAAGATAACACTGAGAATAAGG
GCCCCATAGTAAACATTATCACTCCATCTCGGGCTGAAGAGCGCGGCTGCCAACTCACATTGAC
TTTTTCCATTCCCAAGAAGTCAGTGTTCAAAGAGTTGGAGAAACGGGGGGTTGTATGTGATAAG
CGGGAGCCAGATGGAATCCGCGTTGCCCCAGTCCCCCTCTATAATTCTTTTCACGATGTATACA
AGTTTATTAGACTGCTGACAAGTATCTTGGACTCATCTGAGCGATCTtaG

Kyneurinase #2 (SEQ ID NO: 101)

ATGGAACCCTCTCCTCTTGAACTGCCAGTAGACGCCGTGCGCCGCATTGCAGCCGAGTTGAATT
GCGATCCAACAGATGAACGCGTTGCCCTGAGGCTCGACGAAGAGGATAAATTGTCACATTTCA
GGAACTGCTTTTACATTCCAAAGATGAGGGATCTTCCATCCATAGATCTTAGCCTCGTGTCCGA
GGATGACGATGCCATATATTTTCTTGGGAACAGTCTTGGGTTGCAGCCAAAAATGGTACGGACA
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TATCTCGAAGAGGAGCTGGACAAATGGGCTAAAATGGGTGCTTACGGCCACGACGTGGGAAAA
CGCCCCTGGATAGTTGGCGACGAATCTATCGTGAGTCTTATGAAAGATATAGTTGGAGCACATG
AGAAAGAAATTGCACTGATGAATGCCCTTACTATCAATCTGCATCTCCTCTTGCTTTCATTCTTT
AAGCCCACTCCTAAACGCCACAAAATACTTTTGGAAGCAAAAGCCTTTCCAAGCGACCACTACG
CTATTGAGTCACAAATACAACTCCATGGACTTGATGTGGAAAAGTCTATGCGGATGGTAAAACC
ACGCGAAGGCGAGGAGACCCTTCGAATGGAGGACATACTTGAGGTCATCGAAGAAGAAGGAG
ATAGTATAGCAGTTATCCTTTTCAGCGGGCTGCACTTCTACACAGGTCAACTCTTTAACATTCCA
GCTATTACTAAGGCAGGCCACGCTAAAGGATGCTTCGTGGGCTTTGACCTTGCACACGCAGTAG
GAAACGTAGAGCTCCGCTTGCACGATTGGGGCGTTGATTTCGCCTGCTGGTGTTCATATAAGTA
TCTTAACTCAGGAGCTGGTGGGTTGGCAGGCGCATTCGTACACGAGAAACACGCTCATACCGTA
AAGCCTGCACTGGTAGGGTGGTTCGGACACGATCTCTCTACCCGCTTCAATATGGATAATAAAC
TCCAGCTTATACCTGGCGCCAATGGATTCAGGATCTCAAATCCTCCTATTTTGCTCGTTTGCAGT
TTGCACGCATCTCTTGAGGTGTTCCAGCAGGCTACCATGACTGCACTCCGCCGGAAGTCAATCC
TTTTGACCGGATACTTGGAGTATATGCTGAAACATTATCACTCAAAAGATAACACTGAGAATAA
GGGCCCCATAGTAAACATTATCACTCCATCTCGGGCTGAAGAGCGCGGCTGCCAACTCACATTG
ACTTTTTCCATTCCCAAGAAGTCAGTGTTCAAAGAGTTGGAGAAACGGGGGGTTGTATGTGATA
AGCGGGAGCCAGATGGAATCCGCGTTGCCCCAGTCCCCCTCTATAATTCTTTTCACGATGTATA
CAAGTTTATTAGACTGCTGACAAGTATCTTGGACTCATCTGAGCGATCTtaG

VEGF (SEQ ID NO: 102)

ATGAATTTCTTGCTGAGCTGGGTGCATTGGACACTCGCATTGTTGCTGTACTTGCACCATGCCAA
GTGGTCCCAGGCTGCACCCACTACTGAGGGCGAGCAAAAGTCTCATGAGGTGATTAAATTTATG
GACGTTTACCAACGATCATACTGTCGGCCAATCGAAACCCTCGTAGATATATTCCAGGAGTACC
CAGACGAGATCGAATACATTTTCAAGCCCTCATGTGTCCCATTGATGCGATGTGCTGGGTGCTG
TAACGACGAAGCACTTGAATGTGTCCCCACCTCCGAGAGTAACATCACAATGCAAATAATGAG
AATCAAGCCCCACCAATCCCAACATATCGGTGAAATGTCATTCCTTCAGCATTCCCGCTGCGAG
TGCCGGCCTAAGAAGGACCGCACCAAACCAGAGAACCATTGTGAACCCTGTTCTGAGAGACGG
AAGCACTTGTTCGTACAGGACCCTCAAACATGCAAGTGCAGCTGTAAGAATACCGACTCACGGT
GTAAAGCTAGGCAACTGGAGCTTAATGAAAGGACCTGCCGATGCGATAAACCCAGGAGGtaa

GM-CSF (SEQ ID NO: 103)

ATGTGGTTGCAGAATTTGCTCTTCCTGGGGATTGTGGTCTACAGCCTCTCCGCACCTACCCGCTC
TCCTATCACAGTTACAAGACCCTGGAAACATGTGGAGGCCATTAAAGAAGCATTGAATTTGTTG
GACGATATGCCCGTCACCCTGAATGAAGAAGTAGAAGTTGTTTCTAATGAGTTCAGCTTTAAAA
AATTGACCTGTGTGCAGACACGGCTTAAAATTTTTGAACAGGGACTTAGAGGAAACTTTACTAA
GCTGAAGGGGGCACTTAACATGACAGCTTCTTATTATCAGACCTATTGTCCTCCAACACCTGAA
ACCGACTGTGAAACACAGGTAACCACTTACGCCGATTTTATTGATTCTTTGAAAACATTCCTCAC
CGATATACCATTTGAGTGTAAGAAGCCAGGCCAAAAGtaG

Anti-PD1 (SEQ ID NO: 104)

ATGGAAACTGACACACTTCTTCTGTGGGTCTTGCTCCTGTGGGTCCCAGGCTCTACTGGTGACAG
TCCTGATAGGCCATGGAACCCACCTACCTTTAGTCCAGCCTTGCTCGTCGTAACCGAAGGGGAC
AACGCTACATTCACCTGCTCTTTTAGCAATACTTCTGAGAGTTTTCATGTAGTCTGGCATCGGGA
GAGTCCATCCGGACAAACAGATACTTTGGCCGCTTTTCCAGAGGATAGGTCTCAACCTGGGCAA
GACGCAAGGTTTCGAGTCACACAGCTTCCTAACGGGAGAGATTTTCACATGTCTGTAGTTCGGG
CACGCCGAAATGATTCTGGCACATATGTTTGCGGTGTGATCTCACTTGCTCCAAAGATTCAAAT
AAAGGAGAGCCTTCGCGCCGAGTTGCGGGTGACTGAGCGGGAGCCCAAGTCCTGCGACAAAAC
CCATACTTGTCCACCCTGTGGCGGCGGGTCATCCGGTGGCGGGTCTGGGGGGCAACCAAGAGA
GCCACAGGTATATACTCTTCCCCCCAGCAGAGAAGAAATGACAAAAAACCAAGTGTCCCTGAC
ATGTCTGGTTAAAGGATTTTATCCCAGTGACATTGCTGTAGAATGGGAATCCAATGGTCAACCC
GAGAATAACTACAAAACCACTCCTCCAGTATTGGACAGTGACGGTTCCTTCTTCCTCTATTCCAA
ACTTACAGTGGATAAATCCCGCTGGCAGCAAGGGAATGTATTCAGCTGTAGTGTCATGCACGAA
GCTCTTCATAACCATTATACACAGAAATCTCTTTCCCTGAGCCCAGGTAAAtaG

Adenosine Deaminase (ADA) #1 (Mouse) (SEQ ID NO: 105)

ATGGAGACTGATACACTTTTGCTCTGGGTTTTGCTCTTGTGGGTACCAGGGTCTACTGGAGATGC
ACAAACTCCTGCATTCAACAAGCCTAAGGTAGAGCTTCATGTCCATTTGGACGGAGCCATAAAA
CCTGAAACCATACTCTATTTCGGCAAGAAACGGGGTATAGCACTTCCCGCTGATACCGTGGAAG
AGTTGAGAAATATCATTGGCATGGACAAACCTCTTAGCCTGCCTGGCTTTCTTGCAAAGTTCGA
CTACTATATGCCAGTTATAGCAGGGTGTAGAGAAGCAATAAAGCGAATCGCCTATGAGTTCGTT
GAGATGAAGGCTAAAGAAGGAGTTGTTTACGTGGAAGTCCGGTACTCACCTCATCTGCTTGCTA
ATAGCAAGGTGGACCCAATGCCATGGAATCAAACTGAAGGTGATGTAACCCCTGACGATGTGG
TCGATTTGGTCAATCAAGGTCTCCAAGAAGGCGAGCAGGCTTTCGGCATTAAGGTAAGAAGTAT
ATTGTGCTGTATGCGACATCAACCTTCATGGTCCCTGGAGGTCCTCGAATTGTGCAAAAAGTAC
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AATCAAAAAACAGTGGTCGCAATGGATCTCGCTGGAGATGAGACCATAGAAGGTTCCTCTCTTT
TCCCCGGTCATGTCGAAGCATATGAAGGGGCTGTCAAAAATGGTATCCACCGCACCGTCCACGC
AGGGGAAGTAGGGTCCCCAGAAGTAGTCAGGGAAGCCGTTGACATTTTGAAAACAGAAAGAGT
CGGGCATGGCTACCATACAATAGAGGACGAAGCCTTGTACAATCGACTTTTGAAAGAAAATAT
GCACTTCGAGGTCTGTCCCTGGAGTTCATATCTCACCGGAGCATGGGACCCCAAAACAACCCAC
GCCGTCGTACGCTTCAAGAATGATAAGGCAAACTACAGTTTGAATACAGATGATCCACTGATAT
TCAAGTCAACACTTGACACTGACTACCAGATGACAAAAAAAGATATGGGTTTCACCGAAGAAG
AGTTCAAGAGATTGAACATTAACGCAGCAAAAAGCTCCTTCCTGCCAGAGGAAGAGAAAAAAG
AATTGCTTGAAAGGTTGTATCGAGAATACCAA

Adenosine Deaminase (ADA) #2 (Mouse) (SEQ ID NO: 106)

ATGGCACAAACTCCAGCTTTTAATAAGCCCAAAGTGGAACTTCATGTTCATCTGGATGGGGCAA
TTAAGCCCGAAACTATATTGTACTTTGGCAAAAAGAGGGGTATTGCCCTGCCAGCAGATACCGT
TGAGGAGCTTCGCAACATCATTGGGATGGACAAGCCCCTCTCTCTGCCAGGTTTTCTCGCTAAA
TTCGATTATTATATGCCTGTTATTGCTGGTTGCCGGGAGGCCATCAAGAGGATAGCCTACGAGT
TTGTTGAGATGAAGGCCAAAGAGGGCGTGGTGTACGTAGAGGTCAGATACAGCCCTCACCTGC
TTGCCAACAGCAAGGTGGACCCAATGCCCTGGAACCAAACCGAGGGGGATGTCACTCCCGACG
ACGTTGTAGACCTCGTAAATCAGGGCCTTCAAGAGGGCGAGCAGGCATTTGGCATAAAAGTCC
GGTCTATACTCTGCTGTATGAGGCACCAACCCTCCTGGTCTTTGGAGGTACTTGAGTTGTGTAAG
AAATACAATCAAAAGACTGTAGTCGCCATGGATCTTGCAGGCGATGAAACCATCGAGGGTAGC
TCCTTGTTCCCTGGACATGTTGAAGCCTACGAGGGGGCCGTAAAAAATGGGATACACAGGACTG
TCCACGCTGGTGAAGTCGGAAGCCCAGAGGTGGTAAGGGAGGCAGTTGACATACTCAAGACAG
AGCGGGTTGGACACGGATACCACACAATTGAGGACGAGGCCCTGTATAACCGCCTCCTCAAAG
AGAACATGCATTTTGAGGTGTGTCCTTGGTCCAGCTACCTGACTGGTGCTTGGGACCCTAAAAC
AACTCACGCCGTGGTCCGGTTCAAGAACGATAAAGCCAATTACTCTTTGAATACCGACGACCCC
CTCATATTCAAATCAACATTGGATACCGACTACCAAATGACCAAAAAGGATATGGGGTTTACTG
AAGAGGAGTTCAAGAGGCTCAACATAAATGCCGCTAAATCCTCCTTTCTCCCCGAGGAAGAAA
AAAAAGAACTCCTTGAGCGGCTGTATAGGGAGTATCAA

4-1BBL #1 (Mouse) (SEQ ID NO: 107)

ATGGAAACAGATACACTCTTGCTCTGGGTACTGCTTCTGTGGGTCCCCGGCTCTACTGGGGATG
AAGATGATGTAACTACTACAGAAGAACTCGCTCCCGCTCTTGTCCCCCCACCCAAGGGTACCTG
CGCCGGTTGGATGGCTGGCATCCCAGGACATCCAGGTCACAACGGTACCCCCGGAAGAGATGG
TCGGGATGGAACTCCCGGCGAGAAGGGCGAAAAAGGGGATGCAGGGCTTCTGGGACCTAAAG
GTGAAACAGGGGACGTTGGAATGACTGGTGCAGAAGGGCCTCGCGGCTTTCCTGGCACCCCTG
GGAGGAAAGGAGAGCCCGGAGAGCTCCAGAGAACTGAACCTCGGCCTGCACTCACTATAACTA
CTTCCCCTAATCTTGGGACCCGCGAGAACAACGCCGATCAGGTTACACCTGTAAGCCATATCGG
GTGCCCCAATACTACCCAGCAAGGGAGTCCCGTGTTCGCAAAGCTTTTGGCTAAAAACCAAGCA
TCCCTGTGTAACACTACTCTTAATTGGCATTCACAAGACGGTGCTGGTAGCTCTTATCTTTCTCA
GGGGCTGCGGTACGAAGAAGATAAGAAGGAATTGGTTGTGGATTCTCCAGGACTCTATTATGTC
TTTCTCGAATTGAAGCTCAGTCCCACCTTCACAAACACTGGACACAAAGTCCAGGGCTGGGTAA
GTCTGGTACTCCAAGCAAAGCCCCAGGTTGACGATTTCGACAATTTGGCACTCACCGTAGAGCT
TTTCCCATGCTCCATGGAAAATAAACTTGTTGATCGGTCATGGTCACAGCTCTTGCTGCTTAAGG
CAGGGCATCGCCTCTCAGTGGGTCTGAGAGCTTATTTGCATGGTGCACAAGATGCTTACAGGGA
TTGGGAATTGTCCTACCCAAACACTACAAGTTTCGGGTTGTTCCTTGTCAAACCTGATAACCCAT
GGGAGtaG

4-1BBL #2 (Mouse) (SEQ ID NO: 108)

ATGGAAACTGATACACTCCTCCTGTGGGTCCTTCTTTTGTGGGTGCCCGGATCAACCGGCGATG
GCTGGATGGCAGGCATCCCAGGACACCCAGGACACAACGGTACTCCAGGTCGAGACGGTCGGG
ATGGGACTCCTGGGGAGAAAGGCGAGAAAGGGGACGCTGGTTTGCTCGGTCCTAAGGGGGAAA
CCGGGGATGTAGGAATGACAGGGGCTGAAGGGCCTCGGGGATTTCCTGGGACACCAGGCAGGA
AGGGTGAACCAGGGGAGGCCCTCCAGCGCACCGAGCCACGGCCAGCTCTGACCATAACAACAA
GTCCAAACCTGGGCACACGCGAAAACAATGCTGACCAGGTGACTCCTGTAAGTCACATCGGAT
GCCCTAACACTACACAACAGGGCTCTCCTGTATTTGCAAAGCTTCTCGCAAAAAATCAAGCATC
ACTTTGTAATACAACCCTGAACTGGCATTCTCAGGACGGAGCAGGGTCCTCTTATTTGTCTCAA
GGGCTCCGCTACGAAGAAGATAAAAAGGAATTGGTTGTTGACAGTCCAGGTTTGTATTATGTGT
TTTTGGAACTTAAGCTGTCACCAACCTTCACTAACACCGGCCACAAGGTCCAAGGCTGGGTTAG
TCTTGTTTTGCAAGCCAAACCTCAAGTGGATGATTTTGACAATCTGGCTTTGACTGTTGAGCTTT
TTCCATGCAGTATGGAGAATAAACTGGTTGATCGGTCATGGTCACAGCTCCTTCTGCTCAAGGC
CGGACATAGGCTGAGTGTGGGACTTCGGGCCTACTTGCACGGCGCCCAGGACGCATACCGAGA
CTGGGAACTCAGCTACCCTAACACAACTTCTTTTGGGTTGTTCCTTGTCAAACCCGATAATCCTT
GGGAAtaG
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HPGE2 #1 (Mouse) (SEQ ID NO: 109)

ATGGAGACTGATACTTTGCTCCTGTGGGTTCTTCTCCTGTGGGTTCCTGGTTCCACAGGGGATAT
GCATGTCAATGGCAAGGTAGCACTCGTGACTGGGGCTGCACAGGGTATCGGGAAAGCTTTTGCC
GAGGCCCTGTTGCTGCATGGCGCCAAGGTCGCTTTGGTAGATTGGAACTTGGAGGCTGGAGTTA
AATGCAAAGCTGCACTCGACGAACAATTTGAGCCTCAAAAAACCCTCTTTGTGCAGTGTGACGT
TGCTGACCAAAAGCAACTCAGGGACACATTCAGGAAGGTCGTAGACCATTTCGGACGCCTCGA
TATACTCGTTAATAATGCCGGGGTAAACAACGAAAAGAACTGGGAACAAACATTGCAAATCAA
CCTGGTAAGTGTCATTAGCGGAACTTATCTGGGTCTTGATTATATGAGCAAGCAGAACGGGGGC
GAGGGCGGGATCATTATCAACATGTCAAGTCTTGCCGGATTGATGCCAGTTGCTCAGCAGCCTG
TTTACTGTGCCAGCAAGCACGGTATTATTGGGTTTACCCGGAGTGCCGCCATGGCCGCAAATCT
TATGAAGAGTGGGGTAAGACTGAATGTTATCTGCCCAGGTTTCGTAGATACCCCAATCCTGGAG
AGCATCGAGAAGGAGGAAAATATGGGACAATACATTGAATATAAAGATCAAATCAAGGCTATG
ATGAAGTTCTACGGGGTTCTGCATCCATCCACAATTGCCAACGGGCTCATTAATCTGATTGAGG
ACGACGCCTTGAACGGAGCTATAATGAAAATCACAGCTTCCAAAGGCATTCACTTCCAAGATTA
TGATATATCACCCTTGCTTGTCAAGGCTCCTCTGACAAGT

HPGE2 #2 (Mouse) (SEQ ID NO: 110)

ATGCATGTCAATGGCAAGGTAGCACTCGTGACTGGGGCTGCACAGGGTATCGGGAAAGCTTTTG
CCGAGGCCCTGTTGCTGCATGGCGCCAAGGTCGCTTTGGTAGATTGGAACTTGGAGGCTGGAGT
TAAATGCAAAGCTGCACTCGACGAACAATTTGAGCCTCAAAAAACCCTCTTTGTGCAGTGTGAC
GTTGCTGACCAAAAGCAACTCAGGGACACATTCAGGAAGGTCGTAGACCATTTCGGACGCCTC
GATATACTCGTTAATAATGCCGGGGTAAACAACGAAAAGAACTGGGAACAAACATTGCAAATC
AACCTGGTAAGTGTCATTAGCGGAACTTATCTGGGTCTTGATTATATGAGCAAGCAGAACGGGG
GCGAGGGCGGGATCATTATCAACATGTCAAGTCTTGCCGGATTGATGCCAGTTGCTCAGCAGCC
TGTTTACTGTGCCAGCAAGCACGGTATTATTGGGTTTACCCGGAGTGCCGCCATGGCCGCAAAT
CTTATGAAGAGTGGGGTAAGACTGAATGTTATCTGCCCAGGTTTCGTAGATACCCCAATCCTGG
AGAGCATCGAGAAGGAGGAAAATATGGGACAATACATTGAATATAAAGATCAAATCAAGGCTA
TGATGAAGTTCTACGGGGTTCTGCATCCATCCACAATTGCCAACGGGCTCATTAATCTGATTGA
GGACGACGCCTTGAACGGAGCTATAATGAAAATCACAGCTTCCAAAGGCATTCACTTCCAAGAT
TATGATATATCACCCTTGCTTGTCAAGGCTCCTCTGACAAGT

Human IL-15 Polypeptide Sequence (SEQ ID NO: 199)

MVLGTIDLCSCFSAGLPKTEANWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLE
LQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVOMFINTS

Human IL-15Ra Polypeptide Sequence (SEQ ID NO: 200)

MAPRRARGCRTLGLPALLLLLLLRPPATRGITCPPPMSVEHADIWVKSYSLY SRERYICNSGFKRKA
GTSSLTECVLNKATNVAHWTTPSLK CIRDPALVHQRPAPPSTVTTAGVTPQPESLSPSGKEPAASSPS
SNNTAATTAAIVPGSQLMPSKSPSTGTTEISSHESSHGTPSQTTAKNWELTASASHQPPGVYPQGHSD
TTVAISTSTVLLCGLSAVSLLACYLKSRQTPPLASVEMEAMEALPVTWGTSSRDEDLENCSHHL

Human IL-15Ra sushi domain Polypeptide Sequence (SEQ ID NO: 201)

ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKRKAGTSSLTECVLNKATNVAHWTTPSLKCIR

Human IL-15/IL-15Ra sushi domain Polypeptide Sequence (SEQ ID NO: 202)

MDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCK VTAMKCFLLELQ
VISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSSGGS
GGGGSGGGSGGGGSLQITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKRKAGTSSLTECVLNKAT
NVAHWTTPSLKCIR

1L-12 (IL-12p70) Polypeptide Sequence (SEQ ID NO: 203)

MCHQQLVISWFSLVFLASPLVAIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTLDQSS
EVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEA
KNYSGRFTCWWLTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSAC
PAAEESLPIEVMVDAVHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPHS
YFSLTFCVQVQGKSKREKKDRVFTDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSGGGSG
GGSGGGSGGGSRNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKD
KTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAK
LLMDPKRQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRV
MSYLNAS

Secretion Signals and Signal-Anchors
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The one or more effector molecules of the chimeric proteins provided for herein can
be secretable effector molecules having a secretion signal peptide (also referred to as a signal
peptide or signal sequence) at the chimeric protein’s N-terminus (e.g., an effector molecule’s
N-terminus for S — C — MT) that direct newly synthesized proteins destined for secretion or
membrane localization (also referred to as membrane insertion) to the proper protein
processing pathways. For chimeric proteins having the formula MT — C — S, a membrane
tethering domain generally has a signal-anchor sequence (e.g., signal-anchor sequences of a
Type II transmembrane protein) that direct newly synthesized proteins destined for
membrane localization to the proper protein processing pathways. For chimeric proteins
having the formula S — C — MT, a membrane tethering domain having a reverse signal -
anchor sequence (e.g., signal-anchor sequences of certain Type III transmembrane proteins)
can be used, generally without a separate secretion signal peptide, that direct newly
synthesized proteins destined for membrane localization to the proper protein processing
pathways.

In general, for all membrane-cleavable chimeric proteins described herein, the one or
more effector molecules are secretable effector molecules (referred to as “S” in the formula S
— C—MT or MT - C - S). In embodiments with two or more chimeric proteins, each
chimeric protein can comprise a secretion signal. In embodiments with two or more chimeric
proteins, each chimeric protein can comprise a secretion signal such that each effector
molecule is capable of secretion from an engineered cell following cleavage of the protease
cleavage site.

The secretion signal peptide operably associated with an effector molecule can be a
native secretion signal peptide (e.g., the secretion signal peptide generally endogenously
associated with the given effector molecule). The secretion signal peptide operably associated
with an effector molecule can be a non-native secretion signal peptide native secretion signal
peptide. Non-native secretion signal peptides can promote improved expression and function,
such as maintained secretion, in particular environments, such as tumor microenvironments.

Non-limiting examples of non-native secretion signal peptide are shown in Table 3.

Table 3. Exemplary Signal Secretion Peptides

Name Protein SEQUENCE | Source (Uniprot) | DNA SEQUENCE
IL-12 MCHQQLVISWFSL P29460 ATGTGTCACCAGCAGCTCGTTATA
VFLASPLVA (SEQ TCCTGGTTTAGTTTGGTGTTTCTCG
ID NO: 112) CTTCACCCCTGGTGGCA (SEQ ID
NO: 31)
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Name Protein SEQUENCE | Source (Uniprot) | DNA SEQUENCE
1L-12 (Codon MCHQQLVISWFSL - ATGTGCCATCAGCAACTCGTCATC
Optimized) VFLASPLVA (SEQ TCCTGGTTCTCCCTTGTGTTCCTCG
ID NO: 112) CTTCCCCTCTGGTCGCC (SEQ ID
NO: 32)
IL-2 (Optimized) | MQLLSCIALILALV - ATGCAACTGCTGTCATGTATCGCA

(SEQ ID NO: 113)

CTCATCCTGGCGCTGGTA (SEQ ID
NO: 33)

IL-2 (Native) MYRMQLLSCIALS P60568 ATGTATCGGATGCAACTTTTGAGC
LALVTNS (SEQ ID TGCATCGCATTGTCTCTGGCGCTG
NO: 114) GTGACAAATTCC (SEQ ID NO: 34)
Trypsinogen-2 | MNLLLILTFVAAA P07478 ATGAATCTCTTGCTCATACTTACGT
VA (SEQ ID NO: TTGTCGCTGCTGCCGTTGCG (SEQ
115) ID NO: 35)
Gaussia MGVKVLFALICIA - ATGGGCGTGAAGGTCTTGTTTGCC
Luciferase VAEA (SEQ ID NO: CTTATCTGCATAGCTGTTGCGGAG
116) GCG (SEQ ID NO: 36)
CDs5 MPMGSLQPLATLY P06127 ATGCCGATGGGGAGCCTTCAACCT
LLGMLVASCLG TTGGCAACGCTTTATCTTCTGGGG
(SEQ ID NO: 117) ATGTTGGTTGCTAGTTGCCTTGGG
(SEQ ID NO: 37)
IgKVII (mouse) | METDTLLLWVLLL ATGGAAACTGACACGTTGTTGCTG
WVPGSTGD (SEQ TGGGTATTGCTCTTGTGGGTCCCA
ID NO: 118) GGATCTACGGGCGAC (SEQID NO:
38)
IgKVII (human) | MDMRVPAQLLGL P01597 ATGGATATGAGGGTTCCCGCCCAG
LLLWLRGARC CTTTTGGGGCTGCTTTTGTTGTGGC
(SEQ ID NO: 119) TTCGAGGGGCTCGGTGT (SEQ ID
NO: 39)
VSV-G MKCLLYLAFLFIG - ATGAAGTGTCTGTTGTACCTGGCG
VNC (SEQ ID NO: TTTCTGTTCATTGGTGTAAACTGT
120) (SEQ ID NO: 40)
Prolactin MNIKGSPWKGSLL P01236 ATGAATATCAAAGGAAGTCCGTGG
LLLVSNLLLCQSV AAGGGTAGTCTCCTGCTGCTCCTC
AP (SEQ ID NO: GTATCTAACCTTCTCCTTTGTCAAT
121) CCGTGGCACCC (SEQ ID NO: 41)
Serum albumin | MKWVTFISLLFLFS P02768 ATGAAATGGGTAACATTCATATCA
preproprotein | SAYS (SEQ ID NO: CTTCTCTTTCTGTTCAGCTCTGCGT
122) ATTCT (SEQ ID NO: 42)
Azurocidin MTRLTVLALLAGL 20160 ATGACAAGGCTTACTGTTTTGGCT
preproprotein | LASSRA (SEQ ID CTCCTCGCTGGACTCTTGGCTTCCT
NO: 123) CCCGAGCA (SEQ ID NO: 43)
Osteonectin MRAWIFFLLCLAG P09486 ATGAGGGCTTGGATTTTTTTTCTGC
(BM40) RALA (SEQ ID NO: TCTGCCTTGCCGGTCGAGCCCTGG
124) CG (SEQ ID NO: 44)
CD33 MPLLLLLPLLWAG P20138 ATGCCTCTTCTGCTTTTGCTTCCTC
ALA (SEQ ID NO: TTTTGTGGGCAGGTGCCCTCGCA
125) (SEQ ID NO: 45)
1L-6 MNSFSTSAFGPVA P05231 ATGAACTCTTTCTCAACCTCTGCGT
FSLGLLLVLPAAFP TTGGTCCGGTCGCTTTCTCCCTTGG
AP (SEQ ID NO: GCTCCTGCTTGTCTTGCCAGCAGC
126) GTTTCCTGCGCCA (SEQ ID NO: 46)
1L-8 MTSKLAVALLAAF P10145 ATGACAAGTAAACTGGCGGTAGCC
LISAALC (SEQ ID TTGCTCGCGGCCTTTTTGATTTCCG
NO: 127) CAGCCCTTTGT (SEQ ID NO: 47)
CCL2 MKVSAALLCLLLI P13500 ATGAAGGTAAGTGCAGCGTTGCTT
AATFIPQGLA (SEQ TGCCTTCTCCTCATTGCAGCGACCT
ID NO: 128) TTATTCCTCAAGGGCTGGCC (SEQ

ID NO: 48)
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Name Protein SEQUENCE | Source (Uniprot) | DNA SEQUENCE
TIMP2 MGAAARTLRLAL P16035 ATGGGAGCGGCAGCTAGAACACTT
GLLLLATLLRPAD CGACTTGCCCTTGGGCTCTTGCTCC
A (SEQ ID NO: 129) TTGCAACCCTCCTTAGACCTGCCG
ACGCA (SEQ ID NO: 49)
VEGFB MSPLLRRLLLAAL P49765 ATGTCACCGTTGTTGCGGAGATTG
LQLAPAQA (SEQ CTGTTGGCCGCACTTTTGCAACTG
ID NO: 130) GCTCCTGCTCAAGCC (SEQ ID NO:
50)
Osteoprotegerin | MNNLLCCALVFLD 000300 ATGAATAACCTGCTCTGTTGTGCG
ISIKWTTQ (SEQ ID CTCGTGTTCCTGGACATTTCTATAA
NO: 131) AATGGACAACGCAA (SEQ ID NO:
51)
Serpin E1 MQMSPALTCLVLG P05121 ATGCAAATGTCTCCTGCCCTTACCT
LALVFGEGSA GTCTCGTACTTGGTCTTGCGCTCGT
(SEQ ID NO: 132) ATTTGGAGAGGGATCAGCC (SEQ
ID NO: 52)
GROalpha MARAALSAAPSNP P09341 ATGGCAAGGGCTGCACTCAGTGCT
RLLRVALLLLLLV GCCCCGTCTAATCCCAGATTGCTT
AAGRRAAG (SEQ CGAGTTGCATTGCTTCTTCTGTTGC
ID NO: 133) TGGTTGCAGCTGGTAGGAGAGCAG
CGGGT (SEQ ID NO: 53)
CXCLI2 MNAKVVVVLVLV P48061 ATGAATGCAAAAGTCGTGGTCGTG
LTALCLSDG (SEQ CTGGTTTTGGTTCTGACGGCGTTGT
ID NO: 134) GTCTTAGTGATGGG (SEQ ID NO:
54)
1L-21 (Codon MERIVICLMVIFLG Q9HBE4 ATGGAACGCATTGTGATCTGCCTG
Optimized) TLVHKSSS (SEQ ID ATGGTCATCTTCCTGGGCACCTTA
NO: 135) GTGCACAAGTCGAGCAGC (SEQID
NO: 55)
CDS8 MALPVTALLLPLA - ATGGCCTTACCAGTGACCGCCTTG
LLLHAARP (SEQ CTCCTGCCGCTGGCCTTGCTGCTCC
ID NO: 136) ACGCCGCCAGGCCG (SEQ ID NO:
139)
CDS8 (Codon MALPVTALLLPLA - ATGGCGCTCCCGGTGACAGCACTT
Optimized) LLLHAARP (SEQ CTCTTGCCTCTTGCCCTGCTGTTGC
ID NO: 137) ATGCCGCGCGCCCA (SEQ ID NO:
140)
GMCSF MLLVTSLLLCELP - ATGTTGCTCGTGACATCCCTCTTGC
HPAFLLIP (SEQ ID TTTGTGAGTTGCCTCATCCCGCATT
NO: 138) CCTGCTCATCCCA (SEQ ID NO: 141)
NKG2D PFFFCCFIAVAMGI CCCTTCTTCTTCTGTTGCTTTATCG
RFIIMVA (SEQ ID CCGTGGCCATGGGCATCCGCTTCA
NO: 192) TCATTATGGTGGCC (SEQ ID NO:

193)

Protease Cleavage Site

In certain embodiments, the chimeric proteins provided for herein (e.g., in general, for

all membrane-cleavable chimeric proteins described herein) contain a protease cleavage site

(e.g., referred to as “C” in the formula S — C — MT or MT — C — S for membrane-cleavable

chimeric proteins described herein). In general, the protease cleavage site can be any amino

acid sequence motif capable of being cleaved by a protease. Examples of protease cleavage

sites include, but are not limited to, a Type 1 transmembrane protease cleavage site, a Type 11

transmembrane protease cleavage site, a GPI anchored protease cleavage site, an ADAMS
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protease cleavage site, an ADAMO protease cleavage site, an ADAMI10 protease cleavage
site, an ADAMI2 protease cleavage site, an ADAMIS5 protease cleavage site, an ADAM17
protease cleavage site, an ADAM19 protease cleavage site, an ADAM?20 protease cleavage
site, an ADAM21 protease cleavage site, an ADAM?28 protease cleavage site, an ADAM30
protease cleavage site, an ADAM33 protease cleavage site, a BACEI protease cleavage site,
a BACE2 protease cleavage site, a SIP protease cleavage site, an MT1-MMP protease
cleavage site, an MT3-MMP protease cleavage site, an MTS-MMP protease cleavage site, a
furin protease cleavage site, a PCSK7 protease cleavage site, a matriptase protease cleavage
site, a matriptase-2 protease cleavage site, an MMP9 protease cleavage site, or an NS3
protease cleavage site.

One example of a protease cleavage site is a hepatitis C virus (HCV) nonstructural
protein 3 (NS3) protease cleavage site, including, but not limited to, a NS3/NS4A, a
NS4A/NS4B, a NS4B/NS5A, or a NSSA/NSSB cleavage site. For a description of NS3
protease and representative sequences of its cleavage sites for various strains of HCV, see,
e.g., Hepatitis C Viruses: Genomes and Molecular Biology (S.L. Tan ed., Taylor & Francis,
2006), Chapter 6, pp. 163-206; herein incorporated by reference in its entirety. For example,
the sequences of HCV NS4A/4B protease cleavage site; HCV NS5A/5B protease cleavage
site; C-terminal degron with NS4A/4B protease cleavage site; N-terminal degron with HCV
NS5A/5B protease cleavage site are provided. Representative NS3 sequences are listed in the
National Center for Biotechnology Information (NCBI) database. See, for example, NCBI
entries: Accession Nos. YP 001491553, YP_ 001469631, YP_001469632, NP 803144,

NP 671491, YP_001469634, YP_001469630, YP_ 001469633, ADA68311, ADA68307,
AFP99000, AFP98987, ADA68322, AFP99033, ADA68330, AFP99056, AFP99041,
CBF60982, CBF60817, AHH29575, A1Z00747, A1Z00744, ABI36969, ABN05226,
KF516075, KF516074, KF516056, AB826684, AB826683, JX171009, JX171008,
JX171000, EU847455, EF154714, GU085487, JX171065, JX171063; all of which sequences
(as entered by the date of filing of this application) are herein incorporated by reference.

Another example of a protease cleavage site is an ADAM17-specific protease (also
referred to as Tumor Necrosis Factor-a Converting Enzyme [TACE]) cleavage site. An
ADAMI17-specific protease cleavage site can be an endogenous sequence of a substrate
naturally cleaved by ADAM17. An ADAM17-specific protease cleavage site can be an
engineered sequence capable of being cleaved by ADAM17. An engineered ADAM17-
specific protease cleavage site can be an engineered for specific desired properties including,

but not limited to, optimal expression of the chimeric proteins, specificity for ADAMI17, rate-
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of-cleavage by ADAM17, ratio of secreted and membrane-bound chimeric protein levels, and
cleavage in different cell states. A protease cleavage site can be selected for specific cleavage
by ADAM17. For example, certain protease cleavage sites capable of being cleaved by
ADAMI17 are also capable of cleavage by additional ADAM family proteases, such as
ADAMI10. Accordingly, an ADAM17-specific protease cleavage site can be selected and/or
engineered such that cleavage by other proteases, such as ADAMI0, is reduced or eliminated.
A protease cleavage site can be selected for rate-of-cleavage by ADAM17. For example, it
can be desirable to select a protease cleavage site demonstrating a specific rate-of-cleavage
by ADAM17, such as reduced cleavage kinetics relative to an endogenous sequence of a
substrate naturally cleaved by ADAMI17. In such cases, in general, a specific rate-of-cleavage
can be selected to regulate the rate of processing of the chimeric protein, which in turn
regulates the rate of release/secretion of the payload effector molecule. Accordingly, an
ADAM17-specific protease cleavage site can be selected and/or engineered such that the
sequence demonstrates a desired rate-of-cleavage by ADAM17. A protease cleavage site can
be selected for both specific cleavage by ADAM17 and rate-of-cleavage by ADAM17.
Exemplary ADAM17-specific protease cleavage sites, including those demonstrating
particular specificity and rate-of-cleavage kinetics, are shown in Table 4A below with
reference to the site of cleavage (P5-P1: N-terminal; P1'-P5': C-terminal). Further details of
ADAMI17 and ADAMI10, including expression and protease cleavage sites, are described in
Sharma, et al. (J Immunol October 15,2017, 199 (8) 2865-2872), Pham et al. (Anticancer
Res. 2017 Oct;37(10):5507-5513), Caescu et al. (Biochem J. 2009 Oct 23; 424(1): 79-88),
and Tucher e al. (J. Proteome Res. 2014, 13, 4, 2205-2214), each herein incorporated by
reference for purposes.

Table 4A — Various ADAM17 Protease Cleavage Site Sequences

PS5 | P4 | P3| P2 | P1|PI'| P2' [ P3' | P4' | PS5 FULLSEQ [ SEQID NO
P/ R|A|E|A|V|K|G|G PRAEAVKGG 179
P/ R|A|E|A|L|K|G|G PRAEALKGG 180
P/ R|A|E|Y|S|K|G|G PRAEYSKGG 181
P  R|A|E|P|I|K|G|G PRAEPIKGG 182
P/ R|A|E|A|Y|K|G|G PRAEAYKGG 183
P/ R|A|E|S|S|K|G|G PRAESSKGG 184
P/ R|A|E|F|T|K|G|G PRAEFTKGG 185
D|/E|P|H|Y|S|Q|R|R DEPHYSQRR 187
P|P|L|G|P|I|F|N|P|G PPLGPIFNPG 188
P|L|A|[Q|A|Y|R|S]|S PLAQAYRSS 189
T|P|1|D|S|S|F|N|P|D TPIDSSFNPD 190
viT|lP|E|[P|I][F[s]L]|I VTPEPIFSLI 191
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In some embodiments, the protease cleavage site comprises a first region having the
amino acid sequence of PRAE (SEQ ID NO: 176). In some embodiments, the protease
cleavage site comprises a second region having the amino acid sequence of KGG (SEQ ID
NO: 177). In some embodiments, the first region is located N-terminal to the second region.
In some embodiments, the protease cleavage site comprises the amino acid sequence of
PRAEX1X2KGG (SEQ ID NO: 178), wherein X1 is A, Y, P, S, or F, and wherein X2is V, L,
S,LY, T, or A. In some embodiments, the protease cleavage site comprises the amino acid
sequence of PRAEX1X,KGG (SEQ ID NO: 178), wherein Xi1is A, Y, P, S, or F, and wherein
X218V, L, S, 1LY, or T. In some embodiments, the protease cleavage site comprises the
amino acid sequence of PRAEAVKGG (SEQ ID NO: 179). In some embodiments, the
protease cleavage site comprises the amino acid sequence of PRAEALKGG (SEQ ID NO:
180). In some embodiments, the protease cleavage site comprises the amino acid sequence of
PRAEYSKGG (SEQ ID NO: 181). In some embodiments, the protease cleavage site
comprises the amino acid sequence of PRAEPIKGG (SEQ ID NO: 182). In some
embodiments, the protease cleavage site comprises the amino acid sequence of
PRAEAYKGG (SEQ ID NO: 183). In some embodiments, the protease cleavage site
comprises the amino acid sequence of PRAESSKGG (SEQ ID NO: 184). In some
embodiments, the protease cleavage site comprises the amino acid sequence of
PRAEFTKGG (SEQ ID NO: 185). In some embodiments, the protease cleavage site
comprises the amino acid sequence of PRAEAAKGG (SEQ ID NO: 186).

In some embodiments, the protease cleavage site comprises the amino acid sequence
of DEPHYSQRR (SEQ ID NO: 187). In some embodiments, the protease cleavage site
comprises the amino acid sequence of PPLGPIFNPG (SEQ ID NO: 188). In some
embodiments, the protease cleavage site comprises the amino acid sequence of PLAQAYRSS
(SEQ ID NO: 189). In some embodiments, the protease cleavage site comprises the amino
acid sequence of TPIDSSFNPD (SEQ ID NO: 190). In some embodiments, the protease
cleavage site comprises the amino acid sequence of VTPEPIFSLI (SEQ ID NO: 191). The
protease cleavage sites of SEQ ID NOs: 187, 189, and 191 are cleavable by ADAM17.

In some embodiments, the protease cleavage site comprises the amino acid sequence
of ITQGLAVSTISSFF (SEQ ID NO: 198), which is a cleavage site that is native to CD16
and is cleavable by ADAM17.

The protease cleavage site can be C-terminal of the secretable effector molecule. The
protease cleavage site can be N-terminal of the secretable effector molecule. In general, for

all membrane-cleavable chimeric proteins described herein, the protease cleavage site is
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either: (1) C-terminal of the secretable effector molecule and N-terminal of the cell
membrane tethering domain (in other words, the protease cleavage site is in between the
secretable effector molecule and the cell membrane tethering domain); or (2) N-terminal of
the secretable effector molecule and C-terminal of the cell membrane tethering domain (also
between the secretable effector molecule and the cell membrane tethering domain with
domain orientation inverted). The protease cleavage site can be connected to the secretable
effector molecule by a polypeptide linker, i.e., a polypeptide sequence not generally
considered to be part of the effector molecule or protease cleavage site. The protease
cleavage site can be connected to the cell membrane tethering domain by a polypeptide
linker, i.e., a polypeptide sequence not generally considered to be part of the cell membrane
tethering domain or protease cleavage site. A polypeptide linker can be any amino acid
sequence that connects a first polypeptide sequence and a second polypeptide sequence. A
polypeptide linker can be a flexible linker (e.g., a Gly-Ser-Gly sequence). Examples of
polypeptide linkers include, but are not limited to, GSG linkers (e.g., [GS]+GG [SEQ ID NO:
182]), A(EAAAK)A (SEQ ID NO: 183), and Whitlow linkers (e.g., a “KEGS” linker such as
the amino acid sequence KESGSVSSEQLAQFRSLD (SEQ ID NO: 184), an eGK linker
such as the amino acid sequence EGKSSGSGSESKST (SEQ ID NO: 185), and linkers
described in more detail in Issued U.S. Pat. No. 5,990,275 herein incorporated by reference).
Additional exemplary polypeptide linkers include SEQ ID NO: 194, SEQ ID NO: 195, SEQ
ID NO: 196, and SEQ ID NO: 197. Other polypeptide linkers may be selected based on
desired properties (e.g., length, flexibility, amino acid composition etc.) and are known to
those skilled in the art.

In the Membrane-Cleavable system, following expression and localization of the
chimeric protein into the cell membrane, the protease cleavage site directs cleavage of the
chimeric protein such that the effector molecule is released (“secreted”) into the extracellular
space of a cell.

In general, a protease that cleaves the protease cleavage site is a protease specific for
that specific protease cleavage site. For example, in the case of a disintegrin and
metalloproteinase (“ADAM”) family protease, the protease that cleaves a specific ADAM
protease cleavage site is generally limited to the ADAM protease(s) that specifically
recognize the specific ADAM protease cleavage site motif. A protease cleavage site can be
selected and/or engineered such that cleavage by undesired proteases is reduced or

eliminated. Proteases can be membrane-bound or membrane-associated. Proteases can be
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secreted, e.g., secreted in a specific cellular environment, such as a tumor microenvironment
(“TME”).

A protease that cleaves the protease cleavage site of the chimeric protein can be
expressed in the same cell that expresses the chimeric protein. A protease that cleaves the
protease cleavage site of the chimeric protein can be endogenous to a cell expressing the
chimeric protein. In other words, a cell engineered to express the chimeric protein can
endogenously express the protease specific for the protease cleavage site present in the
chimeric protein. Endogenous expression of the protease refers to both expression under
generally homeostatic conditions (e.g., a cell generally considered to be healthy), and also to
differential expression under non-homeostatic conditions (e.g., upregulated expression in a
tumor cell). The protease cleavage site can be selected based on the known proteases
endogenously expressed by a desired cell population. In such cases, in general, the cleavage
of the protease cleavage site (and thus release/secretion of a payload) can be restricted to only
those cells of interest due to the cell-restricted protease needing to come in contact with the
protease cleavage site of chimeric protein expressed in the same cell. For example, and
without wishing to be bound by theory, ADAM17 is believed to be restricted in its
endogenous expression to NK cell and T cells. Thus, selection of an ADAM17-specific
protease cleavage site may restrict the cleavage of the protease cleavage site to NK cell and T
cells co-expressing the chimeric protein. In other examples, a protease cleavage site can be
selected for a specific tumor-associated protease known to be expressed in a particular tumor
population of interest (e.g., in a specific tumor cell engineered to express the chimeric
protein). Protease and/or expression databases can be used to select an appropriate protease
cleavage site, such as selecting a protease cleavage site cleaved by a tumor-associated
proteases through consulting Oncomine (www.oncomine.org), the European Bioinformatic
Institute (www.ebi.ac.uk) in particular (www.ebi.ac.uk/gxa), PMAP (www.proteolysis.org),
ExPASy Peptide Cutter (ca.expasy.org/tools/peptide cutter) and PMAP.Cut DB
(cutdb.burnham.org), each of which is incorporated by reference for all purposes.

A protease that cleaves the protease cleavage site of the chimeric protein can be
heterologous to a cell expressing the chimeric protein. For example, a cell engineered to
express the chimeric protein can also be engineered to express a protease not generally
expressed by the cell that is specific for the protease cleavage site present in the chimeric
protein. A cell engineered to express both the chimeric protein and the protease can be
engineered to express each from separate engineered nucleic acids or from a multicistronic

systems (multicistronic and multi-promoter systems are described in greater detail in the
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Section herein titled “Multicistronic and Multiple Promoter Systems”). Heterologous
proteases and their corresponding protease cleavage site can be selected as described above
with reference to endogenous proteases.

A protease that cleaves the protease cleavage site of the chimeric protein can be
expressed on a separate distinct cell than the cell that expresses the chimeric protein. For
example, the protease can be generally expressed in a specific cellular environment, such as a
tumor microenvironment. In such cases, in general, the cleavage of the protease cleavage site
can be restricted to only those cellular environments of interest (e.g., a tumor
microenvironment) due to the environment-restricted protease needing to come in contact
with the protease cleavage site. In embodiments having membrane-cleavable chimeric
proteins, in general, the secretion of the effector molecule can be restricted to only those
cellular environments of interest (e.g., a tumor microenvironment) due to the environment-
restricted protease needing to come in contact with the protease cleavage site. A protease that
cleaves the protease cleavage site of the chimeric protein can be endogenous to the separate
distinct cell. A protease that cleaves the protease cleavage site of the chimeric protein can be
heterologous to the separate distinct cell. For example, the separate distinct cell can be
engineered to express a protease not generally expressed by the separate distinct cell.

Proteases include, but are not limited to, a Type 1 transmembrane protease, a Type II
transmembrane protease, a GPI anchored protease, an ADAMS protease, an ADAM9
protease, an ADAMI0 protease, an ADAM12 protease, an ADAMIS protease, an ADAM17
protease, an ADAMI9 protease, an ADAM20 protease, an ADAM?21 protease, an ADAM28
protease, an ADAM30 protease, an ADAMS33 protease, a BACE]1 protease, a BACE2
protease, a SIP protease, an MT1-MMP protease, an MT3-MMP protease, an MTS-MMP
protease, a furin protease, a PCSK7 protease, a matriptase protease, a matriptase-2 protease,
and an MMP?9 protease. A protease can be an NS3 protease. A protease can be an ADAM17
protease.

Proteases can be tumor associated proteases, such as, a cathepsin, a cysteine protease,
an aspartyl protease, a serine protease, or a metalloprotease. Specific examples of tumor
associated proteases include Cathepsin B, Cathepsin L, Cathepsin S, Cathepsin D, Cathepsin
E, Cathepsin A, Cathepsin G, Thrombin, Plasmin, Urokinase, Tissue Plasminogen Activator,
Metalloproteinase 1 (MMP1), MMP2, MMP3, MMP4, MMP7, MMP8, MMP9, MMP10,
MMP11, MMP12, MMP13, MMP14, MMP15, MMP16, MMP17, MMP20, MMP21,
MMP23, MMP24, MMP25, MMP26, MMP28, ADAM, ADAMTS, CD10 (CALLA), or

prostate specific antigen. Proteases can also include, but are not limited to, proteases listed in
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Table 4B below. Exemplary cognate protease cleavage sites for certain proteases are also

listed in Table 4B.

Table 4B: Exemplary Proteases with Cognate Cleavage Sites and Inhibitors

(SEQ ID NO: 143)

(UniProIt’l:in:ssseion No.) Cognate cleavage site Protease inhibitors
HCV NS4A/4B DEMEECSQHL Simeprevir, Danoprevir,
(SEQ ID NO: 142) Asunaprevir, Ciluprevir,
EDVVPCSMG Boceprevir, Sovaprevir,
(SEQ ID NO: 143) Paritaprevir, Telaprevir,
Grazoprevir
HCV NS5A/5B DEMEECSQHL Simeprevir, Danoprevir,
(SEQ ID NO: 142) Asunaprevir, Ciluprevir,
EDVVPCSMG Boceprevir, Sovaprevir,
(SEQ ID NO: 143) Paritaprevir, Telaprevir,
Grazoprevir
HCV NS3 DEMEECSQHL Simeprevir, Danoprevir,
(SEQ ID NO: 142) Asunaprevir, Ciluprevir,
EDVVPCSMG Boceprevir, Sovaprevir,
(SEQ ID NO: 143) Paritaprevir, Telaprevir,
Grazoprevir
HCV NS2-3 DEMEECSQHL Simeprevir, Danoprevir,
(SEQ ID NO: 142) Asunaprevir, Ciluprevir,
EDVVPCSMG Boceprevir, Sovaprevir,

Paritaprevir, Telaprevir,
Grazoprevir

HIV-1 protease
(SEQ ID NO: 144)

Amprenavir, Atazanavir,
Darunavir,
Fosamprenavir,
Indinavir, Lopinavir,
Nelfinavir, Ritonavir,
Saquinavir, Tipranavir

Signal peptidase (P67812
P15367, P00804, P0803)

>

preference of eukaryotic signal
peptidase for cleavage after
residue 20 (Xaa2™) of
pre(Apro)apoA-II: Ala, Cys > Gly
> Ser, Thr > Pro > Asn, Val, Ile,
Leu, Tyr, His, Arg, Asp.

proprotein convertases
cleaving at hydrophobic
residues (e.g., Leu, Phe,
Val, or Met) (Q16549,
Q8NBP7, Q92824,
P29120, Q6UW60,
P29122, Q9QXV0)

(R/K)-X-(hydrophobic)-X|, where
X is any amino acid

proprotein convertases
cleaving at small amino
acid residues such as Ala

(K/R)-(X)n-(K/R)|, where n is 0,
2,4 or 6 and X is any amino acid
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(UniProt Accession No.) g g

or Thr (Q16549,

Q8NBP7, Q92824
P29120, QGUW60,
P29122)

proopiomelanocortin
converting enzyme (PCE)
(Q9UO077615, O776133)

Cleavage at paired basic residues
in certain prohormones, either
between them, or on the carboxyl
side

chromaffin granule
aspartic protease (CGAP)

tends to cleave dipeptide bonds
that have hydrophobic residues as
well as a beta-methylene group

prohormone thiol protease
(cathepsin L1) (PO7154,
P07711, P06797, P25975,
Q28944)

carboxypeptidases (e.g.,
carboxypeptidase E/H,
carboxypeptidase D and
carboxypeptidase Z)
(Q9M099, P15169,
Q04609, P08819, P08318,
077564, P70627,
035409, P07519,
Q8VZU3, P22792,
P15087, P16870,
Q9JHHS6, Q961Y4,
Q7L8A9)

cleaves a peptide bond at the
carboxy-terminal (C-terminal) end
of a protein or peptide

aminopeptidases (e.g.,
arginine aminopeptidase,
lysine aminopeptidase,
aminopeptidase B)

cleaves a peptide bond at the
amino-terminal (N-terminal) end
of a protein or peptide

prolyl endopeptidase
(Q12884, P48147,
P97321, Q416C6)

Hydrolysis of Pro-|-Xaa >> Ala-|-
Xaa in oligopeptides.

Release of an N-terminal
dipeptide, Xaa-Yaa-|-Zaa-, from a
polypeptide, preferentially when
Yaa is Pro, provided Zaa is neither
Pro nor hydroxyproline

aminopeptidase N
(P97449, P15144,
P15145, P15684)

Release of an N-terminal amino
acid, Xaa-|-Yaa- from a peptide,
amide or arylamide. Xaa is
preferably Ala, but may be most
amino acids including Pro (slow
action). When a terminal
hydrophobic residue is followed
by a prolyl residue, the two may
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Protease
(UniProt Accession No.)

Cognate cleavage site

Protease inhibitors

be released as an intact Xaa-Pro
dipeptide

insulin degrading enzyme
(P14735, P35559,
Q9JHR7, P22817,

Degradation of insulin, glucagon
and other polypeptides. No action
on proteins.

Q24K 02)
Cleaves multiple short
polypeptides that vary
considerably in sequence

Calpain (008529, No specific amino acid sequence is

P17655, Q07009,
Q27971, P20807, P0O7384,
035350, 014815,
P04632, QOY6Q],
015484, QOHC96,
A6NHC0, QOUMQ6)

uniquely recognized by calpains.
Amongst protein substrates,
tertiary structure elements rather
than primary amino acid
sequences appear to be responsible
for directing cleavage to a specific
substrate. Amongst peptide and
small-molecule substrates, the
most consistently reported
specificity is for small,
hydrophobic amino acids (e.g.,
leucine, valine and isoleucine) at
the P2 position, and large
hydrophobic amino acids (e.g.,
phenylalanine and tyrosine) at the
P1 position. One fluorogenic
calpain substrate is (EDANS)-Glu-
Pro-Leu-Phe=Ala-Glu-Arg-Lys-
(DABCYL),
(EDANSEPLFAERKDABCYL
(SEQ ID NO: 145)) with cleavage
occurring at the Phe=Ala bond.

caspase 1 (P29466,
P29452)

Strict requirement for an Asp
residue at position P1 and has a
preferred cleavage sequence of
Tyr-Val-Ala-Asp-|- (YVAD; SEQ
ID NO: 146).

caspase 2 (P42575,
P29594)

Strict requirement for an Asp
residue at P1, with 316-asp being
essential for proteolytic activity
and has a preferred cleavage
sequence of Val-Asp-Val-Ala-
Asp-|- (VDVAD; SEQ ID NO:
147).

caspase 3 (P42574,
P70677)

Strict requirement for an Asp
residue at positions P1 and P4. It
has a preferred cleavage sequence
of Asp-Xaa-Xaa-Asp-|- with a
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Protease
(UniProt Accession No.)

Cognate cleavage site

Protease inhibitors

hydrophobic amino-acid residue at
P2 and a hydrophilic amino-acid
residue at P3, although Val or Ala
are also accepted at this position.

caspase 4 (P70343,
P49662)

Strict requirement for Asp at the
P1 position. It has a preferred
cleavage sequence of Tyr-Val-Ala-
Asp-|- (YVAD; SEQ ID NO: 146)
but also cleaves at Asp-Glu-Val-
Asp-[{(DEVD; SEQ ID NO: 148).

caspase 5 (P51878)

Strict requirement for Asp at the
P1 position. It has a preferred
cleavage sequence of Tyr-Val-Ala-
Asp-|-(YVAD; SEQ ID NO: 146)
but also cleaves at Asp-Glu-Val-
Asp-|- -|-(DEVD, SEQ ID NO:
148).

caspase 6 (P55212)

Strict requirement for Asp at
position P1 and has a preferred
cleavage sequence of Val-Glu-His-
Asp-|-(VEHD; SEQ ID NO: 149).

caspase 7 (P97864,
P55210)

Strict requirement for an Asp
residue at position P1 and has a
preferred cleavage sequence of
Asp-Glu-Val-Asp-|- (DEVD; SEQ
ID NO: 148).

caspase 8 (Q8IRY7,
089110, Q14790)

Strict requirement for Asp at
position P1 and has a preferred
cleavage sequence of
(Leu/Asp/Val)-Glu-Thr-Asp-|-
(Gly/Ser/Ala).

caspase 9 (P55211,
Q8C3Q9, Q5IS54)

Strict requirement for an Asp
residue at position P1 and with a
marked preference for His at
position P2. It has a preferred
cleavage sequence of Leu-Gly-
His-Asp-|-Xaa (LGHD; SEQ ID
NO: 150).

caspase 10 (Q92851)

Strict requirement for Asp at
position P1 and has a preferred
cleavage sequence of Leu-Gln-
Thr-Asp-|-Gly (LQTDG; SEQ ID
NO: 151).

puromycin sensitive
aminopeptidase (P55786,
Q11011)

Release of an N-terminal amino
acid, preferentially alanine, from a
wide range of peptides, amides
and arylamides.
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Protease
(UniProt Accession No.)

Cognate cleavage site

Protease inhibitors

angiotensin converting
enzyme (ACE) (P12821,
P09470, Q9BYF1)

SEQ ID NO: 156

Release of a C-terminal dipeptide,
oligopeptide-|-Xaa-Yaa, when Xaa
is not Pro, and Yaa is neither Asp
nor Glu.

Benazepril (Lotensin),
Captopril, Enalapril
(Vasotec), Fosinopril,
Lisinopril (Prinivil,
Zestril), Moexipril,
Perindopril (Aceon),
Quinapril (Accupril),
Ramipril (Altace),
Trandolapril (Mavik),
Zofenopril

pyroglutamyl peptidase II
(QONXIJ5)

Release of the N-terminal
pyroglutamyl group from pGlu--
His-Xaa tripeptides and pGlu--
His-Xaa-Gly tetrapeptides

dipeptidyl peptidase IV
(P27487, P14740,
P28843)

Release of an N-terminal
dipeptide, Xaa-Yaa-|-Zaa-, from a
polypeptide, preferentially when
Yaa is Pro, provided Zaa is neither
Pro nor hydroxyproline

N-arginine dibasic
convertase (043847,
Q8BHG1)

Hydrolysis of polypeptides,
preferably at -Xaa-|-Arg-Lys-, and
less commonly at -Arg-|-Arg-Xaa-,
in which Xaa is not Arg or Lys

endopeptidase 24.15
(thimet oligopeptidase)
(P52888, P24155)

Preferential cleavage of bonds
with hydrophobic residues at P1,
P2 and P3' and a small residue at
P1' in substrates of 5 to 15 residues

endopeptidase 24.16
(neurolysin) (Q9BYTS,
Q91YP2)

Preferential cleavage in
neurotensin: 10-Pro-|-Tyr-11

amyloid precursor protein
secretase alpha (P05067,
P12023, Q9Y5Z0,

Endopeptidase of broad
specificity.

P56817)

amyloid precursor protein | Broad endopeptidase specificity.
secretase beta (P05067, Cleaves Glu-Val-Asn-Leu-|-Asp-
P12023, QOYSZ0, Ala-Glu-Phe (EVNLDAEF; SEQ
P56817) ID NO: 152) in the Swedish

variant of Alzheimer's amyloid
precursor protein

amyloid precursor protein
secretase gamma (P05067,
P12023, Q9Y5Z0,

intramembrane cleavage of
integral membrane proteins

P56817)
MMP 1 (P03956, Cleavage of the triple helix of SB-3CT
Q9EPL5uy) collagen at about three-quarters of | p-OH SB-3CT

the length of the molecule from
the N-terminus, at 775-Gly-|-Ile-

O-phosphate SB-3CT
RXP470.1
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Protease
(UniProt Accession No.)

Cognate cleavage site

Protease inhibitors

776 in the alpha-1(I) chain.
Cleaves synthetic substrates and
alpha-macroglobulins at bonds
where P1' is a hydrophobic
residue.

MMP 2 (P08253, P33434)

Cleavage of gelatin type I and
collagen types IV, V, VII, X.
Cleaves the collagen-like sequence
Pro-Gln-Gly-|-Ile-Ala-Gly-Gln
(PQGIAGQ; SEQ ID NO: 153).

SB-3CT

p-OH SB-3CT
O-phosphate SB-3CT
RXP470.1

MMP 3 (P08254, P28862)

Preferential cleavage where P1',
P2' and P3' are hydrophobic
residues.

SB-3CT

p-OH SB-3CT
O-phosphate SB-3CT
RXP470.1

MMP 7 (P09237,
Q10738)

Cleavage of 14-Ala-|-Leu-15 and
16-Tyr-|-Leu-17 in B chain of
insulin. No action on collagen
types L, I, IV, V. Cleaves gelatin
chain alpha-2(I) > alpha-1(I).

SB-3CT

p-OH SB-3CT
O-phosphate SB-3CT
RXP470.1

MMP 8 (P22894,
070138)

Can degrade fibrillar type I, II, and
III collagens.

Cleavage of interstitial collagens
in the triple helical domain. Unlike
EC 3.4.24.7, this enzyme cleaves
type III collagen more slowly than
type L

SB-3CT

p-OH SB-3CT
O-phosphate SB-3CT
RXP470.1

MMP 9 (P14780, P41245)

Cleavage of gelatin types I and V
and collagen types IV and V.

Cleaves KiSS1 at a Gly-|-Leu
bond.

Cleaves type IV and type V
collagen into large C-terminal
three quarter fragments and shorter
N-terminal one quarter fragments.
Degrades fibronectin but not
laminin or Pz-peptide.

SB-3CT

p-OH SB-3CT
O-phosphate SB-3CT
RXP470.1

MMP 10 (P09238,
055123)

Can degrade fibronectin, gelatins
of type I, IIL, IV, and V; weakly
collagens III, IV, and V.

SB-3CT

p-OH SB-3CT
O-phosphate SB-3CT
RXP470.1

MMP 11 (P24347,
Q02853)

A(A/Q)(N/A) L (L/Y )(T/V/M/R)R/
K)

G(G/A)E|LR

SB-3CT

p-OH SB-3CT
O-phosphate SB-3CT
RXP470.1
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Protease

(UniProt Accession No.)

Cognate cleavage site

Protease inhibitors

| denotes the cleavage site

MMP 12 (P39900,
P34960)

Hydrolysis of soluble and
insoluble elastin. Specific
cleavages are also produced at 14-
Ala-|-Leu-15 and 16-Tyr-|-Leu-17
in the B chain of insulin

Has significant elastolytic activity.
Can accept large and small amino
acids at the P1' site, but has a
preference for leucine. Aromatic
or hydrophobic residues are
preferred at the P1 site, with small
hydrophobic residues (preferably
alanine) occupying P3

SB-3CT

p-OH SB-3CT
O-phosphate SB-3CT
RXP470.1

MMP 13 (P45452,
P33435)

Cleaves triple helical collagens,
including type I, type II and type
III collagen, but has the highest
activity with soluble type II
collagen. Can also degrade
collagen type IV, type XIV and
type X

SB-3CT

p-OH SB-3CT
O-phosphate SB-3CT
RXP470.1

MMP 14 (P50281,
P53690)

Activates progelatinase A by
cleavage of the propeptide at 37-
Asn-|-Leu-38. Other bonds
hydrolyzed include 35-Gly-|-Ile-36
in the propeptide of collagenase 3,
and 341-Asn-|-Phe-342, 441-Asp-
|-Leu-442 and 354-Gln-|-Thr-355
in the aggrecan interglobular
domain.

SB-3CT

p-OH SB-3CT
O-phosphate SB-3CT
RXP470.1

urokinase plasminogen

activator (uPA) (P00749,

P06869)

Specific cleavage of Arg-|-Val
bond in plasminogen to form
plasmin.

Plasminogen activator
inhibitors (PAI)

tissue plasminogen

activator (tPA) (P00750,

P11214)

Specific cleavage of Arg-|-Val
bond in plasminogen to form
plasmin.

Plasminogen activator
inhibitors (PAI)

tissue plasminogen

Specific cleavage of Arg-|-Val

Plasminogen activator

activator (tPA) (P00750, | bond in plasminogen to form inhibitors (PAI)
P11214) plasmin.
Plasmin (P00747, Preferential cleavage: Lys-|-Xaa > | a-2-antiplasmin (AP)
P20918) Arg-|-Xaa, higher selectivity than

trypsin. Converts fibrin into

soluble products.
Thrombin (P00734, Cleaves bonds after Arg and Lys
P19221)

Converts fibrinogen to fibrin and
activates factors V, VII, VIII, XIII,
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Protease
(UniProt Accession No.)

Cognate cleavage site

Protease inhibitors

and, in complex with
thrombomodulin, protein C.

BMP-1 (procollagen C-

Cleavage of the C-terminal

peptidase) (P13497, propeptide at Ala-|-Asp in type |
P98063) and II procollagens and at Arg-|-
Asp in type IIL
ADAM (Q9P0K1, SB-3CT
QOUKQ2, Q9JLNG, p-OH SB-3CT

014672, Q13444,
P78536, Q13443,
043184, P78325,
QOUKFS5, Q9BZ11,
Q9H2U9, Q99965,
075077, QOHO13,

O-phosphate SB-3CT
RXP470.1

043506)
granzyme A (P12544, Preferential cleavage: -Arg-|-Xaa-,
P11032) -Lys-|-Xaa- >> -Phe-|-Xaa- in

small molecule substrates.

granzyme B (P10144,
P04187)

Preference for bulky and aromatic
residues at the P1 position and
acidic residues at the P3' and P4'
sites.

granzyme M (P51124,
Q03238)

Cleaves peptide substrates after
methionine, leucine, and
norleucine.

tobacco Etch virus (TEV)
protease (P04517,
POCKO09)

E-Xaa-Xaa-Y -Xaa-Q-(G/S), with
cleavage occurring between Q and
G/S. The most common sequence
is ENLYFQS (SEQ ID NO: 154)

chymotrypsin-like serine
protease (P08217,
QOUNII1, Q91X79,
P08861, P09093, P08218)

-Thermobifida fusca
Thermopin
-Pyrobaculum
aerophilum Aeropin
-Thermococcus
kodakaraensis Tk-serpin
-Alteromonas sp.
Marinostatin
-Streptomyces
misionensis SMTI
-Streptomyces sp.
chymostatin

alphavirus proteases
(P08411, P03317,
P13886, Q8TUXG,
Q86924, Q4QXJS,
Q8QLS3, P27282,
Q5XXP4)
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Protease
(UniProt Accession No.)

Cognate cleavage site

Protease inhibitors

chymotrypsin-like
cysteine proteases
(Q86TLO, Q14790,
99538, 015553)

-Thermobifida fusca
Thermopin
-Pyrobaculum
aerophilum Aeropin
-Thermococcus
kodakaraensis Tk-serpin
-Alteromonas sp.
Marinostatin
-Streptomyces
misionensis SMTI
-Streptomyces sp.
chymostatin

papain-like cysteine
proteases (P25774,
P53634, Q96K 76)

picornavirus leader
proteases (P03305,
P03311, P13899)

HIV proteases (P04585,
P03367, P04584, P03369,
P12497, P03366, P04587)

Herpesvirus proteases
(P10220, Q2HRB6,
040922, Q69527)

adenovirus proteases
(P03252, P24937,
Q83906, P68985, P09569,
P11825, P10381)

Streptomyces griseus
protease A (SGPA)
(P00776)

Streptomyces griseus
protease B (SGPB)
(P00777)

alpha-lytic protease
(P85142, P00778)

serine proteases (P48740,
P98064, QOULS2,
P05981, 060235)

cysteine proteases
(Q86TLO, Q14790,
Q8WYNO, Q96DTS,
P55211)

aspartic proteases
(Q9Y5Z0, P56817,
Q00663, Q53RT3,
POCY27)

55




WO 2022/098922 PCT/US2021/058134

Protease

(UniProt Accession No.) Cognate cleavage site Protease inhibitors

threonine proteases
(Q9UI38, Q16512,
Q9H6PS, Q8IWU2)

Mast cell (MC) chymase | Abz-HPFHL(SEQ ID NO: 155)- BAY 1142524
(CMA1) (NM 001836) Lys(Dnp)-NH2 SUN13834

Rat mast cell protease-1, - | Abz-HPFHL(SEQ ID NO: 155)- TY-51469
2,-3,-4,-5 (NM_017145, | Lys(Dnp)-NH2

>

NM_ 172044,
NM_001170466,

NM_019321,

NM 013092)

Rat vascular chymase Abz-HPFHL(SEQ ID NO: 155)-

(RVCH) (070500) Lys(Dnp)-NH2

DENYV NS3pro A strong preference for basic Anthraquinone
(NS2B/NS3) amino acid residues (Arg/Lys)at | BP13944

SEQ ID NOs: 157, 158, the P1 positions was observed, ZINC04321905
159, 160 whereas the preferences for the MB21

P2- 4 sites were in the order of Policresulen
Arg > Thr > Gln/Asn/Lys for P2, SK-12

Lys > Arg > Asn for P3, and Nle > | NSC135618
Leu > Lys > Xaa for P4. The Biliverdin
prime site substrate specificity was
for small and polar amino acids in
P1 and P3.

A protease can be any of the following human proteases (MEROPS peptidase
database number provided in parentheses; Rawlings N. D., Morton F. R., Kok, C. Y., Kong,
J. & Barrett A. J. (2008) MEROPS: the peptidase database. Nucleic Acids Res. 36 Database
issue, D320-325; herein incorporated by reference for all purposes): pepsin A (MER000885),
gastricsin (MER000894), memapsin-2 (MER005870), renin (MER000917), cathepsin D
(MER000911), cathepsin E (MER000944), memapsin-1 (MER005534), napsin A
(MERO004981), Mername-AA034 peptidase (MER014038), pepsin A4 (MER037290), pepsin
A5 (Homo sapiens) (MER037291), hCG1733572 (Homo sapiens)-type putative peptidase
(MER107386), napsin B pseudogene (MER004982), CYMP g.p. (Homo sapiens)
(MER002929), subfamily A1A unassigned peptidases (MER181559), mouse mammary
tumor virus retropepsin (MER048030), rabbit endogenous retrovirus endopeptidase
(MERO043650), S71-related human endogenous retropepsin (MER001812), RTVL-H-type
putative peptidase (MER047117), RTVL-H-type putative peptidase (MER047133), RTVL-
H-type putative peptidase (MER047160), RTVL-H-type putative peptidase (MER047206),
RTVL-H-type putative peptidase (MER047253), RTVL-H-type putative peptidase
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(MERO047260), RTVL-H-type putative peptidase (MER047291), RTVL-H-type putative
peptidase (MER047418), RTVL-H-type putative peptidase (MER047440), RTVL-H-type
putative peptidase (MER047479), RTVL-H-type putative peptidase (MER047559), RTVL-
H-type putative peptidase (MER047583), RTVL-H-type putative peptidase (MERO015446),
human endogenous retrovirus retropepsin homologue 1 (MER015479), human endogenous
retrovirus retropepsin homologue 2 (MER015481), endogenous retrovirus retropepsin
pseudogene 1 (Homo sapiens chromosome 14) (MER029977), endogenous retrovirus
retropepsin pseudogene 2 (Homo sapiens chromosome 8) (MER029665), endogenous
retrovirus retropepsin pseudogene 3 (Homo sapiens chromosome 17) (MER002660),
endogenous retrovirus retropepsin pseudogene 3 (Homo sapiens chromosome 17)
(MER030286), endogenous retrovirus retropepsin pseudogene 3 (Homo sapiens chromosome
17) (MER047144), endogenous retrovirus retropepsin pseudogene 5 (Homo sapiens
chromosome 12) (MER029664), endogenous retrovirus retropepsin pseudogene 6 (Homo
sapiens chromosome 7) (MER002094), endogenous retrovirus retropepsin pseudogene 7
(Homo sapiens chromosome 6) (MER029776), endogenous retrovirus retropepsin
pseudogene 8 (Homo sapiens chromosome Y) (MER030291), endogenous retrovirus
retropepsin pseudogene 9 (Homo sapiens chromosome 19) (MER029680), endogenous
retrovirus retropepsin pseudogene 10 (Homo sapiens chromosome 12) (MER002848),
endogenous retrovirus retropepsin pseudogene 11 (Homo sapiens chromosome 17)
(MER004378), endogenous retrovirus retropepsin pseudogene 12 (Homo sapiens
chromosome 11) (MER003344), endogenous retrovirus retropepsin pseudogene 13 (Homo
sapiens chromosome 2 and similar) (MER029779), endogenous retrovirus retropepsin
pseudogene 14 (Homo sapiens chromosome 2) (MER029778), endogenous retrovirus
retropepsin pseudogene 15 (Homo sapiens chromosome 4) (MER047158), endogenous
retrovirus retropepsin pseudogene 15 (Homo sapiens chromosome 4) (MER047332),
endogenous retrovirus retropepsin pseudogene 15 (Homo sapiens chromosome 4)
(MER003182), endogenous retrovirus retropepsin pseudogene 16 (MER047165), endogenous
retrovirus retropepsin pseudogene 16 (MER047178), endogenous retrovirus retropepsin
pseudogene 16 (MER047200), endogenous retrovirus retropepsin pseudogene 16
(MERO047315), endogenous retrovirus retropepsin pseudogene 16 (MER047405), endogenous
retrovirus retropepsin pseudogene 16 (MER030292), endogenous retrovirus retropepsin
pseudogene 17 (Homo sapiens chromosome 8) (MER005305), endogenous retrovirus
retropepsin pseudogene 18 (Homo sapiens chromosome 4) (MER030288), endogenous

retrovirus retropepsin pseudogene 19 (Homo sapiens chromosome 16) (MER001740),
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endogenous retrovirus retropepsin pseudogene 21 (Homo sapiens) (MER047222),
endogenous retrovirus retropepsin pseudogene 21 (Homo sapiens) (MER047454),
endogenous retrovirus retropepsin pseudogene 21 (Homo sapiens) (MER047477),
endogenous retrovirus retropepsin pseudogene 21 (Homo sapiens) (MER004403),
endogenous retrovirus retropepsin pseudogene 22 (Homo sapiens chromosome X)
(MERO030287), subfamily A2A non-peptidase homologues (MER047046), subfamily A2A
non-peptidase homologues (MER047052), subfamily A2A non-peptidase homologues
(MERO047076), subfamily A2A non-peptidase homologues (MER047080), subfamily A2A
non-peptidase homologues (MER047088), subfamily A2A non-peptidase homologues
(MERO047089), subfamily A2A non-peptidase homologues (MER047091), subfamily A2A
non-peptidase homologues (MER047092), subfamily A2A non-peptidase homologues
(MERO047093), subfamily A2A non-peptidase homologues (MER047094), subfamily A2A
non-peptidase homologues (MER047097), subfamily A2A non-peptidase homologues
(MER047099), subfamily A2A non-peptidase homologues MER047101), subfamily A2A
non-peptidase homologues (MER047102), subfamily A2A non-peptidase homologues
(MERO047107), subfamily A2A non-peptidase homologues (MER047108), subfamily A2A
non-peptidase homologues (MER047109), subfamily A2A non-peptidase homologues
(MERO047110), subfamily A2A non-peptidase homologues MER047111), subfamily A2A
non-peptidase homologues (MER047114), subfamily A2A non-peptidase homologues
(MERO047118), subfamily A2A non-peptidase homologues (MER047121), subfamily A2A
non-peptidase homologues (MER047122), subfamily A2A non-peptidase homologues
(MER047126), subfamily A2A non-peptidase homologues (MER047129), subfamily A2A
non-peptidase homologues (MER047130), subfamily A2A non-peptidase homologues
(MER047134), subfamily A2A non-peptidase homologues (MER047135), subfamily A2A
non-peptidase homologues (MER047137), subfamily A2A non-peptidase homologues
(MERO047140), subfamily A2A non-peptidase homologues (MER047141), subfamily A2A
non-peptidase homologues (MER047142), subfamily A2A non-peptidase homologues
(MERO047148), subfamily A2A non-peptidase homologues (MER047149), subfamily A2A
non-peptidase homologues (MER047151), subfamily A2A non-peptidase homologues
(MERO047154), subfamily A2A non-peptidase homologues (MER047155), subfamily A2A
non-peptidase homologues (MER047156), subfamily A2A non-peptidase homologues
(MERO047157), subfamily A2A non-peptidase homologues (MER047159), subfamily A2A
non-peptidase homologues (MER047161), subfamily A2A non-peptidase homologues
(MER047163), subfamily A2A non-peptidase homologues (MER047166), subfamily A2A
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non-peptidase homologues (MER047171), subfamily A2A non-peptidase homologues
(MER047173), subfamily A2A non-peptidase homologues (MER047174), subfamily A2A
non-peptidase homologues (MER047179), subfamily A2A non-peptidase homologues
(MER047183), subfamily A2A non-peptidase homologues (MER047186), subfamily A2A
non-peptidase homologues (MER047190), subfamily A2A non-peptidase homologues
(MERO047191), subfamily A2A non-peptidase homologues (MER047196), subfamily A2A
non-peptidase homologues (MER047198), subfamily A2A non-peptidase homologues
(MERO047199), subfamily A2A non-peptidase homologues (MER047201), subfamily A2A
non-peptidase homologues (MER047202), subfamily A2A non-peptidase homologues
(MERO047203), subfamily A2A non-peptidase homologues (MER047204), subfamily A2A
non-peptidase homologues (MER047205), subfamily A2A non-peptidase homologues
(MERO047207), subfamily A2A non-peptidase homologues (MER047208), subfamily A2A
non-peptidase homologues (MER047210), subfamily A2A non-peptidase homologues
(MER047211), subfamily A2A non-peptidase homologues (MER047212), subfamily A2A
non-peptidase homologues (MER047213), subfamily A2A non-peptidase homologues
(MERO047215), subfamily A2A non-peptidase homologues (MER047216), subfamily A2A
non-peptidase homologues (MER047218), subfamily A2A non-peptidase homologues
(MERO047219), subfamily A2A non-peptidase homologues (MER047221), subfamily A2A
non-peptidase homologues (MER047224), subfamily A2A non-peptidase homologues
(MERO047225), subfamily A2A non-peptidase homologues (MER047226), subfamily A2A
non-peptidase homologues (MER047227), subfamily A2A non-peptidase homologues
(MER047230), subfamily A2A non-peptidase homologues (MER047232), subfamily A2A
non-peptidase homologues (MER047233), subfamily A2A non-peptidase homologues
(MER047234), subfamily A2A non-peptidase homologues (MER047236), subfamily A2A
non-peptidase homologues (MER047238), subfamily A2A non-peptidase homologues
(MERO047239), subfamily A2A non-peptidase homologues (MER047240), subfamily A2A
non-peptidase homologues (MER047242), subfamily A2A non-peptidase homologues
(MERO047243), subfamily A2A non-peptidase homologues (MER047249), subfamily A2A
non-peptidase homologues (MER047251), subfamily A2A non-peptidase homologues
(MERO047252), subfamily A2A non-peptidase homologues (MER047254), subfamily A2A
non-peptidase homologues (MER047255), subfamily A2A non-peptidase homologues
(MERO047263), subfamily A2A non-peptidase homologues (MER047265), subfamily A2A
non-peptidase homologues (MER047266), subfamily A2A non-peptidase homologues
(MER047267), subfamily A2A non-peptidase homologues (MER047268), subfamily A2A
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non-peptidase homologues (MER047269), subfamily A2A non-peptidase homologues
(MER047272), subfamily A2A non-peptidase homologues (MER047273), subfamily A2A
non-peptidase homologues (MER047274), subfamily A2A non-peptidase homologues
(MER047275), subfamily A2A non-peptidase homologues (MER047276), subfamily A2A
non-peptidase homologues (MER047279), subfamily A2A non-peptidase homologues
(MERO047280), subfamily A2A non-peptidase homologues (MER047281), subfamily A2A
non-peptidase homologues (MER047282), subfamily A2A non-peptidase homologues
(MERO047284), subfamily A2A non-peptidase homologues (MER047285), subfamily A2A
non-peptidase homologues (MER047289), subfamily A2A non-peptidase homologues
(MER047290), subfamily A2A non-peptidase homologues (MER047294), subfamily A2A
non-peptidase homologues (MER047295), subfamily A2A non-peptidase homologues
(MER047298), subfamily A2A non-peptidase homologues (MER047300), subfamily A2A
non-peptidase homologues (MER047302), subfamily A2A non-peptidase homologues
(MER047304), subfamily A2A non-peptidase homologues (MER047305), subfamily A2A
non-peptidase homologues (MER047306), subfamily A2A non-peptidase homologues
(MERO047307), subfamily A2A non-peptidase homologues (MER047310), subfamily A2A
non-peptidase homologues (MER047311), subfamily A2A non-peptidase homologues
(MERO047314), subfamily A2A non-peptidase homologues (MER047318), subfamily A2A
non-peptidase homologues (MER047320), subfamily A2A non-peptidase homologues
(MERO047321), subfamily A2A non-peptidase homologues (MER047322), subfamily A2A
non-peptidase homologues (MER047326), subfamily A2A non-peptidase homologues
(MER047327), subfamily A2A non-peptidase homologues (MER047330), subfamily A2A
non-peptidase homologues (MER047333), subfamily A2A non-peptidase homologues
(MER047362), subfamily A2A non-peptidase homologues (MER047366), subfamily A2A
non-peptidase homologues (MER047369), subfamily A2A non-peptidase homologues
(MERO047370), subfamily A2A non-peptidase homologues (MER047371), subfamily A2A
non-peptidase homologues (MER047375), subfamily A2A non-peptidase homologues
(MERO047376), subfamily A2A non-peptidase homologues (MER047381), subfamily A2A
non-peptidase homologues (MER047383), subfamily A2A non-peptidase homologues
(MERO047384), subfamily A2A non-peptidase homologues (MER047385), subfamily A2A
non-peptidase homologues (MER047388), subfamily A2A non-peptidase homologues
(MERO047389), subfamily A2A non-peptidase homologues (MER047391), subfamily A2A
non-peptidase homologues (MER047394), subfamily A2A non-peptidase homologues
(MER047396), subfamily A2A non-peptidase homologues (MER047400), subfamily A2A
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non-peptidase homologues (MER047401), subfamily A2A non-peptidase homologues
(MER047403), subfamily A2A non-peptidase homologues (MER047406), subfamily A2A
non-peptidase homologues (MER047407), subfamily A2A non-peptidase homologues
(MER047410), subfamily A2A non-peptidase homologues (MER047411), subfamily A2A
non-peptidase homologues (MER047413), subfamily A2A non-peptidase homologues
(MERO047414), subfamily A2A non-peptidase homologues (MER047416), subfamily A2A
non-peptidase homologues (MER047417), subfamily A2A non-peptidase homologues
(MERO047420), subfamily A2A non-peptidase homologues (MER047423), subfamily A2A
non-peptidase homologues (MER047424), subfamily A2A non-peptidase homologues
(MER047428), subfamily A2A non-peptidase homologues (MER047429), subfamily A2A
non-peptidase homologues (MER047431), subfamily A2A non-peptidase homologues
(MERO047434), subfamily A2A non-peptidase homologues (MER047439), subfamily A2A
non-peptidase homologues (MER047442), subfamily A2A non-peptidase homologues
(MER047445), subfamily A2A non-peptidase homologues (MER047449), subfamily A2A
non-peptidase homologues (MER047450), subfamily A2A non-peptidase homologues
(MERO047452), subfamily A2A non-peptidase homologues (MER047455), subfamily A2A
non-peptidase homologues (MER047457), subfamily A2A non-peptidase homologues
(MERO047458), subfamily A2A non-peptidase homologues (MER047459), subfamily A2A
non-peptidase homologues (MER047463), subfamily A2A non-peptidase homologues
(MER047468), subfamily A2A non-peptidase homologues (MER047469), subfamily A2A
non-peptidase homologues (MER047470), subfamily A2A non-peptidase homologues
(MER047476), subfamily A2A non-peptidase homologues (MER047478), subfamily A2A
non-peptidase homologues (MER047483), subfamily A2A non-peptidase homologues
(MER047488), subfamily A2A non-peptidase homologues (MER047489), subfamily A2A
non-peptidase homologues (MER047490), subfamily A2A non-peptidase homologues
(MERO047493), subfamily A2A non-peptidase homologues (MER047494), subfamily A2A
non-peptidase homologues (MER047495), subfamily A2A non-peptidase homologues
(MERO047496), subfamily A2A non-peptidase homologues (MER047497), subfamily A2A
non-peptidase homologues (MER047499), subfamily A2A non-peptidase homologues
(MERO047502), subfamily A2A non-peptidase homologues (MER047504), subfamily A2A
non-peptidase homologues (MER047511), subfamily A2A non-peptidase homologues
(MERO047513), subfamily A2A non-peptidase homologues (MER047514), subfamily A2A
non-peptidase homologues (MER047515), subfamily A2A non-peptidase homologues
(MER047516), subfamily A2A non-peptidase homologues (MER047520), subfamily A2A
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non-peptidase homologues (MER047533), subfamily A2A non-peptidase homologues
(MER047537), subfamily A2A non-peptidase homologues (MER047569), subfamily A2A
non-peptidase homologues (MER047570), subfamily A2A non-peptidase homologues
(MER047584), subfamily A2A non-peptidase homologues (MER047603), subfamily A2A
non-peptidase homologues (MER047604), subfamily A2A non-peptidase homologues
(MERO047606), subfamily A2A non-peptidase homologues (MER047609), subfamily A2A
non-peptidase homologues (MER047616), subfamily A2A non-peptidase homologues
(MERO047619), subfamily A2A non-peptidase homologues (MER047648), subfamily A2A
non-peptidase homologues (MER047649), subfamily A2A non-peptidase homologues
(MER047662), subfamily A2A non-peptidase homologues (MER048004), subfamily A2A
non-peptidase homologues (MER048018), subfamily A2A non-peptidase homologues
(MERO048019), subfamily A2A non-peptidase homologues (MER048023), subfamily A2A
non-peptidase homologues (MER048037), subfamily A2A unassigned peptidases
(MER047164), subfamily A2A unassigned peptidases (MER047231), subfamily A2A
unassigned peptidases (MER047386), skin aspartic protease (MER057097), presenilin 1
(MERO005221), presenilin 2 (MER005223), impas 1 peptidase (MER019701), impas 1
peptidase (MER184722), impas 4 peptidase (MER019715), impas 2 peptidase (MER019708),
impas 5 peptidase (MER019712), impas 3 peptidase (MER019711), possible family A22
pseudogene (Homo sapiens chromosome 18) (MER029974), possible family A22
pseudogene (Homo sapiens chromosome 11) (MER023159), cathepsin V (MER004437),
cathepsin X (MER004508), cathepsin F (MER004980), cathepsin L (MER000622), cathepsin
S (MER000633), cathepsin O (MER001690), cathepsin K (MER000644), cathepsin W
(MERO003756), cathepsin H (MER000629), cathepsin B (MER000686), dipeptidyl-peptidase
I (MER001937), bleomycin hydrolase (animal) (MER002481), tubulointerstitial nephritis
antigen (MER016137), tubulointerstitial nephritis antigen-related protein (MER021799),
cathepsin L-like pseudogene 1 (Homo sapiens) (MER002789), cathepsin B-like pseudogene
(chromosome 4, Homo sapiens) (MER029469), cathepsin B-like pseudogene (chromosome 1,
Homo sapiens) (MER029457), CTSLL2 g.p. (Homo sapiens) (MER005210), CTSLL3 g.p.
(Homo sapiens) (MER005209), calpain-1 (MER000770), calpain-2 (MER000964), calpain-3
(MERO001446), calpain-9 (MER004042), calpain-8 (MER021474), calpain-15 (MER004745),
calpain-5 (MER002939), calpain-11 (MER005844), calpain-12 (MER029889), calpain-10
(MERO013510), calpain-13 (MER020139), calpain-14 (MER029744), Mername-AA253
peptidase (MER005537), calpamodulin (MER000718), hypothetical protein 940251
(MER003201), ubiquitinyl hydrolase-L1 (MER000832), ubiquitinyl hydrolase-L3
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(MERO000836), ubiquitinyl hydrolase-BAP1 (MER003989), ubiquitinyl hydrolase-UCH37
(MER005539), ubiquitin-specific peptidase 5 (MER002066), ubiquitin-specific peptidase 6
(MERO000863), ubiquitin-specific peptidase 4 (MER001795), ubiquitin-specific peptidase 8
(MERO001884), ubiquitin-specific peptidase 13 (MER002627), ubiquitin-specific peptidase 2
(MERO004834), ubiquitin-specific peptidase 11 (MER002693), ubiquitin-specific peptidase 14
(MER002667), ubiquitin-specific peptidase 7 (MER002896), ubiquitin-specific peptidase 9X
(MERO005877), ubiquitin-specific peptidase 10 (MER004439), ubiquitin-specific peptidase 1
(MERO004978), ubiquitin-specific peptidase 12 (MER005454), ubiquitin-specific peptidase 16
(MER005493), ubiquitin-specific peptidase 15 (MER005427), ubiquitin-specific peptidase 17
(MERO002900), ubiquitin-specific peptidase 19 (MER005428), ubiquitin-specific peptidase 20
(MERO005494), ubiquitin-specific peptidase 3 (MER005513), ubiquitin-specific peptidase 9Y
(MERO004314), ubiquitin-specific peptidase 18 (MER005641), ubiquitin-specific peptidase 21
(MERO006258), ubiquitin-specific peptidase 22 (MER012130), ubiquitin-specific peptidase 33
(MERO014335), ubiquitin-specific peptidase 29 (MER012093), ubiquitin-specific peptidase 25
(MERO11115), ubiquitin-specific peptidase 36 (MER014033), ubiquitin-specific peptidase 32
(MERO014290), ubiquitin-specific peptidase 26 (Homo sapiens-type) (MER014292),
ubiquitin-specific peptidase 24 (MERO005706), ubiquitin-specific peptidase 42 (MER011852),
ubiquitin-specific peptidase 46 (MER014629), ubiquitin-specific peptidase 37 (MER014633),
ubiquitin-specific peptidase 28 (MER014634), ubiquitin-specific peptidase 47 (MER014636),
ubiquitin-specific peptidase 38 (MER014637), ubiquitin-specific peptidase 44 (MER014638),
ubiquitin-specific peptidase 50 (MER030315), ubiquitin-specific peptidase 35 (MER014646),
ubiquitin-specific peptidase 30 (MER014649), Mername-AA091 peptidase (MER014743),
ubiquitin-specific peptidase 45 (MER030314), ubiquitin-specific peptidase 51 (MER014769),
ubiquitin-specific peptidase 34 (MER014780), ubiquitin-specific peptidase 48 (MER064620),
ubiquitin-specific peptidase 40 (MER015483), ubiquitin-specific peptidase 41 (MER045268),
ubiquitin-specific peptidase 31 (MER015493), Mername-AA129 peptidase (MER016485),
ubiquitin-specific peptidase 49 (MER016486), Mername-AA187 peptidase (MER052579),
USP17-like peptidase (MER030192), ubiquitin-specific peptidase 54 (MER028714),
ubiquitin-specific peptidase 53 (MER027329), ubiquitin-specific endopeptidase 39
[misleading] (MER064621), Mername-AA090 non-peptidase homologue (MER014739),
ubiquitin-specific peptidase 43 [misleading] (MER030140), ubiquitin-specific peptidase 52
[misleading] (MER030317), NEK2 pseudogene (MER014736), C19 pseudogene (Homo
sapiens: chromosome 5) (MER029972), Mername-AAO088 peptidase (MER014750),
autophagin-2 (MER013564), autophagin-1 (MER013561), autophagin-3 (MER014316),
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autophagin-4 (MER064622), Cezanne deubiquitinylating peptidase (MER029042), Cezanne-
2 peptidase (MER029044), tumor necrosis factor alpha-induced protein 3 (MER029050),
trabid peptidase (MER029052), VCIP135 deubiquitinating peptidase (MER152304), otubain-
1 (MER029056), otubain-2 (MER029061), CylD protein (MER030104), UfSP1 peptidase
(MERO042724), UfSP2 peptidase (MER060306), DUBA deubiquitinylating enzyme
(MERO086098), KIAA0459 (Homo sapiens)-like protein (MER122467), Otud] protein
(MER125457), glycosyltransferase 28 domain containing 1, isoform CRA ¢ (Homo sapiens)-
like (MER123606), hin1L g.p. (Homo sapiens) (MER139816), ataxin-3 (MER099998),
ATXN3L putative peptidase (MER115261), Josephin domain containing 1 (Homo sapiens)
(MER125334), Josephin domain containing 2 (Homo sapiens) (MER124068), YODI1
peptidase (MER116559), legumain (plant alpha form) (MER044591), legumain
(MERO001800), glycosylphosphatidylinositol:protein transamidase (MER002479), legumain
pseudogene (Homo sapiens) (MER029741), family C13 unassigned peptidases
(MER175813), caspase-1 (MER000850), caspase-3 (MER000853), caspase-7 (MER002705),
caspase-6 (MER002708), caspase-2 (MER001644), caspase-4 (MER001938), caspase-5
(MERO002240), caspase-8 (MER002849), caspase-9 (MER002707), caspase-10
(MER002579), caspase-14 (MER012083), paracaspase (MER019325), Mername-AA143
peptidase (MER021304), Mername-AA186 peptidase (MER020516), putative caspase
(Homo sapiens) (MER021463), FLIP protein (MER003026), Mername-AA 142 protein
(MERO021316), caspase-12 pseudogene (Homo sapiens) (MER019698), Mername-AA093
caspase pseudogene (MER014766), subfamily C14A non-peptidase homologues
(MER185329), subfamily C14A non-peptidase homologues (MER179956), separase (Homo
sapiens-type) (MERO011775), separase-like pseudogene (MER014797), SENP1 peptidase
(MERO011012), SENP3 peptidase (MER011019), SENP6 peptidase (MER011109), SENP2
peptidase (MER012183), SENPS5 peptidase (MER014032), SENP7 peptidase (MER014095),
SENP8 peptidase (MER016161), SENP4 peptidase (MER005557), pyroglutamyl-peptidase I
(chordate) (MERO011032), Mername-AA073 peptidase (MER029978), Sonic hedgehog
protein (MER002539), Indian hedgehog protein (MER002538), Desert hedgehog protein
(MERO012170), dipeptidyl-peptidase II1 (MER004252), Mername-AA164 protein
(MERO020410), LOC138971 g.p. (Homo sapiens) (MER020074), Atp23 peptidase
(MERO060642), prenyl peptidase 1 (MER004246), aminopeptidase N (MER000997),
aminopeptidase A (MER001012), leukotriene A4 hydrolase (MER001013), pyroglutamyl-
peptidase II (MERO012221), cytosol alanyl aminopeptidase (MER002746), cystinyl
aminopeptidase (MER002060), aminopeptidase B (MER001494), aminopeptidase PILS
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(MERO005331), arginyl aminopeptidase-like 1 (MER012271), leukocyte-derived arginine
aminopeptidase (MER002968), aminopeptidase Q (MER052595), aminopeptidase O
(MERO019730), Tata binding protein associated factor (MER026493), angiotensin-converting
enzyme peptidase unit 1 (MER004967), angiotensin-converting enzyme peptidase unit 2
(MERO001019), angiotensin-converting enzyme-2 (MER011061), Mername-AA153 protein
(MERO020514), thimet oligopeptidase (MER001737), neurolysin (MER010991),
mitochondrial intermediate peptidase (MER003665), Mername-AA154 protein
(MERO021317), leishmanolysin-2 (MER014492), leishmanolysin-3 (MER 18003 1), matrix
metallopeptidase-1 (MER001063), matrix metallopeptidase-8 (MER001084), matrix
metallopeptidase-2 (MER001080), matrix metallopeptidase-9 (MER001085), matrix
metallopeptidase-3 (MER001068), matrix metallopeptidase-10 (Homo sapiens-type)
(MERO001072), matrix metallopeptidase-11 (MERO01075), matrix metallopeptidase-7
(MERO001092), matrix metallopeptidase-12 (MER001089), matrix metallopeptidase-13
(MER001411), membrane-type matrix metallopeptidase-1 (MER001077), membrane-type
matrix metallopeptidase-2 (MER002383), membrane-type matrix metallopeptidase-3
(MERO002384), membrane-type matrix metallopeptidase-4 (MER002595), matrix
metallopeptidase-20 (MER003021), matrix metallopeptidase-19 (MER002076), matrix
metallopeptidase-23B (MER004766), membrane-type matrix metallopeptidase-5
(MER005638), membrane-type matrix metallopeptidase-6 (MER012071), matrix
metallopeptidase-21 (MER006101), matrix metallopeptidase-22 (MER014098), matrix
metallopeptidase-26 (MER012072), matrix metallopeptidase-28 (MER013587), matrix
metallopeptidase-23A (MER037217), macrophage elastase homologue (chromosome 8,
Homo sapiens) (MER030035), Mername-AA156 protein (MER021309), matrix
metallopeptidase-like 1 (MER045280), subfamily M10A non-peptidase homologues
(MER175912), subfamily M10A non-peptidase homologues (MER187997), subfamily
M10A non-peptidase homologues (MER187998), subfamily M10A non-peptidase
homologues (MER180000), meprin alpha subunit (MERO01111), meprin beta subunit
(MERO005213), procollagen C-peptidase (MER001113), mammalian tolloid-like 1 protein
(MERO005124), mammalian-type tolloid-like 2 protein (MER005866), ADAMTS9 peptidase
(MER012092), ADAMTS14 peptidase (MER016700), ADAMTS15 peptidase
(MER017029), ADAMTS16 peptidase (MER015689), ADAMTS17 peptidase
(MERO016302), ADAMTS18 peptidase (MER016090), ADAMTS19 peptidase
(MERO015663), ADAMS peptidase (MER003902), ADAM9 peptidase (MER001140),
ADAMI0 peptidase (MER002382), ADAMI12 peptidase (MER005107), ADAMI19 peptidase
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(MERO012241), ADAM1S peptidase (MER002386), ADAM17 peptidase (MER003094),
ADAM?20 peptidase (MER004725), ADAMDECI peptidase (MER000743), ADAMTS3
peptidase (MER005100), ADAMTS4 peptidase (MER005101), ADAMTS] peptidase
(MER005546), ADAM28 peptidase (Homo sapiens-type) (MER005495), ADAMTSS5
peptidase (MER005548), ADAMTSS peptidase (MER005545), ADAMTSG6 peptidase
(MERO005893), ADAMTS7 peptidase (MER005894), ADAM30 peptidase (MER006268),
ADAM21 peptidase (Homo sapiens-type) (MER004726), ADAMTS10 peptidase
(MERO014331), ADAMTS12 peptidase (MER014337), ADAMTS13 peptidase
(MERO015450), ADAM33 peptidase (MERO015143), ovastacin (MER029996), ADAMTS20
peptidase (Homo sapiens-type) (MER026906), procollagen I N-peptidase (MER004985),
ADAM?2 protein (MER003090), ADAM6 protein (MER047044), ADAM7 protein
(MERO005109), ADAM18 protein (MER012230), ADAM32 protein (MER026938), non-
peptidase homologue (Homo sapiens chromosome 4) (MER029973), family M12 non-
peptidase homologue (Homo sapiens chromosome 16) (MER047654), family M12 non-
peptidase homologue (Homo sapiens chromosome 15) (MER047250), ADAM3B protein
(Homo sapiens-type) (MER005199), ADAM11 protein (MER001146), ADAM?22 protein
(MER005102), ADAM23 protein (MER005103), ADAM29 protein (MER006267), protein
similar to ADAM21 peptidase preproprotein (Homo sapiens) (MER026944), Mername-
AA225 peptidase homologue (Homo sapiens) (MER047474), putative ADAM pseudogene
(chromosome 4, Homo sapiens) (MER029975), ADAM3A g.p. (Homo sapiens)
(MER005200), ADAMI1 g.p. (Homo sapiens) (MER003912), subfamily M12B non-peptidase
homologues (MER188210), subfamily M12B non-peptidase homologues (MER188211),
subfamily M12B non-peptidase homologues (MER188212), subfamily M 12B non-peptidase
homologues (MER188220), neprilysin (MER001050), endothelin-converting enzyme 1
(MERO001057), endothelin-converting enzyme 2 (MER004776), DINE peptidase
(MERO005197), neprilysin-2 (MER013406), Kell blood-group protein (MER001054), PHEX
peptidase (MER002062), i-AAA peptidase (MER001246), i-AAA peptidase (MER005755),
paraplegin (MER004454), Afg3-like protein 2 (MER005496), Afg3-like protein 1A
(MERO014306), pappalysin-1 (MER002217), pappalysin-2 (MER014521), farnesylated-
protein converting enzyme 1 (MER002646), metalloprotease-related protein-1
(MERO030873), aminopeptidase AMZ2 (MER011907), aminopeptidase AMZ1
(MERO058242), carboxypeptidase A1 (MER001190), carboxypeptidase A2 (MER001608),
carboxypeptidase B (MER001194), carboxypeptidase N (MER001198), carboxypeptidase E
(MER001199), carboxypeptidase M (MER001205), carboxypeptidase U (MER001193),
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carboxypeptidase A3 (MER001187), metallocarboxypeptidase D peptidase unit 1
(MER003781), metallocarboxypeptidase Z (MER003428), metallocarboxypeptidase D
peptidase unit 2 (MER004963), carboxypeptidase A4 (MER013421), carboxypeptidase A6
(MERO013456), carboxypeptidase AS (MER017121), metallocarboxypeptidase O
(MERO016044), cytosolic carboxypeptidase-like protein 5 (MER033174), cytosolic
carboxypeptidase 3 (MER033176), cytosolic carboxypeptidase 6 (MER033178), cytosolic
carboxypeptidase 1 (MER033179), cytosolic carboxypeptidase 2 (MER037713),
metallocarboxypeptidase D non-peptidase unit (MER004964), adipocyte-enhancer binding
protein 1 (MER003889), carboxypeptidase-like protein X1 (MER013404), carboxypeptidase-
like protein X2 (MER078764), cytosolic carboxypeptidase (MER026952), family M 14 non-
peptidase homologues (MER199530), insulysin (MER001214), mitochondrial processing
peptidase beta-subunit (MER004497), nardilysin (MERO003883), eupitrilysin (MER004877),
mitochondrial processing peptidase non-peptidase alpha subunit (MER001413), ubiquinol-
cytochrome c¢ reductase core protein I (MER003543), ubiquinol-cytochrome ¢ reductase core
protein II (MER003544), ubiquinol-cytochrome ¢ reductase core protein domain 2
(MERO043998), insulysin unit 2 (MER046821), nardilysin unit 2 (MER046874), insulysin
unit 3 (MER078753), mitochondrial processing peptidase subunit alpha unit 2 (MER124489)
nardilysin unit 3 (MER142856), LOC133083 g.p. (Homo sapiens) (MER021876), subfamily

>

M16B non-peptidase homologues (MER188757), leucyl aminopeptidase (animal)
(MERO003100), Mername-AA040 peptidase (MER003919), leucyl aminopeptidase-1
(Caenorhabditis-type) (MER013416), methionyl aminopeptidase 1 (MER001342), methionyl
aminopeptidase 2 (MER001728), aminopeptidase P2 (MER004498), Xaa-Pro dipeptidase
(eukaryote) (MER001248), aminopeptidase P1 (MER004321), mitochondrial intermediate
cleaving peptidase 55 kDa (MER013463), mitochondrial methionyl aminopeptidase
(MERO014055), Mername-AA020 peptidase homologue (MER010972), proliferation-
association protein 1 (MER005497), chromatin-specific transcription elongation factor 140
kDa subunit (MER026495), proliferation-associated protein 1-like (Homo sapiens
chromosome X) (MER029983), Mername-AA226 peptidase homologue (Homo sapiens)
(MERO056262), Mername-AA227 peptidase homologue (Homo sapiens) (MER047299),
subfamily M24A non-peptidase homologues (MER179893), aspartyl aminopeptidase
(MERO003373), Gly-Xaa carboxypeptidase (MER033182), carnosine dipeptidase 11
(MERO14551), carnosine dipeptidase I (MER015142), Mername-AA161 protein
(MERO021873), aminoacylase (MER001271), glutamate carboxypeptidase II (MER002104),
NAALADASE L peptidase (MER005239), glutamate carboxypeptidase III (MER005238),
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plasma glutamate carboxypeptidase (MER005244), Mername-AA103 peptidase
(MERO015091), Fxna peptidase (MER029965), transferrin receptor protein (MER002105),
transferrin receptor 2 protein (MER005152), glutaminyl cyclise (MER015095), glutamate
carboxypeptidase II (Homo sapiens)-type non-peptidase homologue (MER026971), nicalin
(MERO044627), membrane dipeptidase (MER001260), membrane-bound dipeptidase-2
(MERO013499), membrane-bound dipeptidase-3 (MER013496), dihydro-orotase
(MERO005767), dihydropyrimidinase (MER033266), dihydropyrimidinase related protein-1
(MERO030143), dihydropyrimidinase related protein-2 (MER030155), dihydropyrimidinase
related protein-3 (MER030151), dihydropyrimidinase related protein-4 (MER030149),
dihydropyrimidinase related protein-5 (MER030136), hypothetical protein like
5730457F11RIK (MER033184), 1300019j08rik protein (MER033186)), guanine
aminohydrolase (MER037714), Kael putative peptidase (MER001577), OSGEPL1-like
protein (MER013498), S2P peptidase (MER004458), subfamily M23B non-peptidase
homologues (MER199845), subfamily M23B non-peptidase homologues (MER199846),
subfamily M23B non-peptidase homologues (MER199847), subfamily M23B non-peptidase
homologues (MER137320), subfamily M23B non-peptidase homologues (MER201557),
subfamily M23B non-peptidase homologues (MER199417), subfamily M23B non-peptidase
homologues (MER199418), subfamily M23B non-peptidase homologues (MER199419),
subfamily M23B non-peptidase homologues (MER199420), subfamily M23B non-peptidase
homologues (MER175932), subfamily M23B non-peptidase homologues (MER199665),
Pohl peptidase (MER020382), Jab1/MPN domain metalloenzyme (MER022057), Mername-
AA16S5 peptidase (MER021865), Brce36 isopeptidase (MER021890), histone H2A
deubiquitinase MYSM1 (MER021887), AMSH deubiquitinating peptidase (MER030146),
putative peptidase (Homo sapiens chromosome 2) (MER029970), Mername-AA 168 protein
(MERO021886), COP9 signalosome subunit 6 (MER030137), 26S proteasome non-ATPase
regulatory subunit 7 (MER030134), eukaryotic translation initiation factor 3 subunit 5
(MER030133), IFP38 peptidase homologue (MER030132), subfamily M67A non-peptidase
homologues (MER191181), subfamily M67A unassigned peptidases (MER191144),
granzyme B (Homo sapiens-type) (MER000168), testisin (MER005212), tryptase beta
(MERO0001306), kallikrein-related peptidase 5 (MER005544), corin (MER005881), kallikrein-
related peptidase 12 (MER006038), DESC1 peptidase (MER006298), tryptase gamma 1
(MERO011036), kallikrein-related peptidase 14 (MERO11038), hyaluronan-binding peptidase
(MERO003612), transmembrane peptidase, serine 4 (MERO11104), intestinal serine peptidase
(rodent) (MERO016130), adrenal secretory serine peptidase (MER003734), tryptase delta 1
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(Homo sapiens) (MER005948), matriptase-3 (MER029902), marapsin (MER006119),
tryptase-6 (MER006118), ovochymase-1 domain 1 (MER099182), transmembrane peptidase,
serine 3 (MER005926), kallikrein-related peptidase 15 (MER000064), Mername-AA031
peptidase (MER014054), TMPRSS13 peptidase (MER014226), Mername-AA038 peptidase
(MER062848), Mername-AA204 peptidase (MER029980), cationic trypsin (Homo sapiens-
type) (MER000020), elastase-2 (MER000118), mannan-binding lectin-associated serine
peptidase-3 (MER031968), cathepsin G (MER000082), myeloblastin (MER000170),
granzyme A (MER001379), granzyme M (MER001541), chymase (Homo sapiens-type)
(MERO000123), tryptase alpha (MER000135), granzyme K (MER001936), granzyme H
(MERO000166), chymotrypsin B (MER000001), elastase-1 (MER003733), pancreatic
endopeptidase E (MER000149), pancreatic elastase II (MER000146), enteropeptidase
(MERO002068), chymotrypsin C (MER000761), prostasin (MER002460), kallikrein 1
(MERO000093), kallikrein-related peptidase 2 (MER000094), kallikrein-related peptidase 3
(MERO000115), mesotrypsin (MER000022), complement component Clr-like peptidase
(MERO016352), complement factor D (MER000130), complement component activated Clr
(MERO000238), complement component activated C1s (MER000239), complement
component C2a (MER000231), complement factor B (MER000229), mannan-binding lectin-
associated serine peptidase 1 (MER000244), complement factor I (MER000228), pancreatic
endopeptidase E form B (MER000150), pancreatic elastase IIB (MER000147), coagulation
factor XITla (MER000187), plasma kallikrein (MER000203) coagulation factor Xia
(MER000210), coagulation factor IXa (MER000216), coagulation factor Vila (MER000215),
coagulation factor Xa (MER000212), thrombin (MER000188), protein C (activated)
(MERO000222), acrosin (MER000078), hepsin (MER000156), hepatocyte growth factor
activator (MER000186), mannan-binding lectin-associated serine peptidase 2 (MER002758),
u-plasminogen activator (MER000195), t-plasminogen activator (MER000192), plasmin
(MERO000175), kallikrein-related peptidase 6 (MER002580), neurotrypsin (MER004171),
kallikrein-related peptidase 8 (MER005400), kallikrein-related peptidase 10 (MER003645),
epitheliasin (MER003736), kallikrein-related peptidase 4 (MER005266), prosemin
(MERO004214), chymopasin (MER001503), kallikrein-related peptidase 11 (MER004861),
kallikrein-related peptidase 11 (MER216142), trypsin-2 type A (MER000021), HtrA1
peptidase (Homo sapiens-type) (MER002577), HtrA2 peptidase (MER208413), HtrA2
peptidase (MER004093), HtrA3 peptidase (MER014795), HtrA4 peptidase (MERO016351),
Tysnd1 peptidase (MER050461), TMPRSS12 peptidase (MER017085), HAT-like putative
peptidase 2 (MER021884), trypsin C (MER021898), kallikrein-related peptidase 7
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(MERO002001), matriptase (MER003735), kallikrein-related peptidase 13 (MER005269),
kallikrein-related peptidase 9 (MER005270), matriptase-2 (MER005278), umbilical vein
peptidase (MER005421), LCLP peptidase (MER001900), spinesin (MER014385), marapsin-
2 (MER021929), complement factor D-like putative peptidase (MER056164), ovochymase-2
(MERO022410), HAT-like 4 peptidase (MER044589), ovochymase 1 domain 1
(MERO022412), epidermis-specific SP-like putative peptidase (MER029900), testis serine
peptidase 5 (MER029901), Mername-AA258 peptidase (MER000285), polyserase-IA unit 1
(MERO030879), polyserase-IA unit 2 (MERO030880), testis serine peptidase 2 (human-type)
(MERO033187), hypothetical acrosin-like peptidase (Homo sapiens) (MER033253), HAT-like
5 peptidase (MER028215), polyserase-3 unit 1 (MER061763), polyserase-3 unit 2
(MERO061748), peptidase similar to tryptophan/serine protease (MER056263), polyserase-2
unit 1 (MER061777), Mername-AA123 peptidase (MER021930), HAT-like 2 peptidase
(MER099184), hCG2041452-like protein (MER099172), hCG22067 (Homo sapiens)
(MER099169), brain-rescue-factor-1 (Homo sapiens) (MER098873), hCG2041108 (Homo
sapiens) (MER099173), polyserase-2 unit 2 (MER061760), polyserase-2 unit 3
(MER065694), Mername-AA201 (peptidase homologue) MER099175, secreted trypsin-like
serine peptidase homologue (MER030000), polyserase-1A unit 3 (MER029880), azurocidin
(MERO000119), haptoglobin-1 (MER000233), haptoglobin-related protein (MER000235),
macrophage-stimulating protein (MER001546), hepatocyte growth factor (MER000185),
protein Z (MER000227), TESP1 protein (MER047214), LOC 136242 protein (MER016132),
plasma kallikrein-like protein 4 (MER016346), PRSS35 protein (MER016350),
DKFZp586H2123-like protein (MER066474), apolipoprotein (MER000183), psi-KLK1
pseudogene (Homo sapiens) (MER033287), tryptase pseudogene I (MER015077), tryptase
pseudogene IT (MERO015078), tryptase pseudogene III (MER015079), subfamily STA
unassigned peptidases (MER216982), subfamily S1A unassigned peptidases (MER216148),
amidophosphoribosyltransferase precursor (MER003314), glutamine-fructose-6-phosphate
transaminase 1 (MER003322), glutamine:fructose-6-phosphate amidotransferase
(MERO012158), Mername-AA 144 protein (MER021319), asparagine synthetase
(MERO033254), family C44 non-peptidase homologues (MER159286), family C44
unassigned peptidases (MER185625) family C44 unassigned peptidases (MER185626),
secernin 1 (MER045376), secernin 2 (MER064573), secernin 3 (MER064582), acid
ceramidase precursor (MER100794), N-acylethanolamine acid amidase precursor
(MER141667), proteasome catalytic subunit 1 (MER000556), proteasome catalytic subunit 2
(MER002625), proteasome catalytic subunit 3 (MER002149), proteasome catalytic subunit 1i
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(MERO000552), proteasome catalytic subunit 2i (MER001515), proteasome catalytic subunit
31 (MERO000555), proteasome catalytic subunit 5t (MER026203), protein serine kinase c17
(MERO026497), proteasome subunit alpha 6 (MER000557), proteasome subunit alpha 2
(MERO000550), proteasome subunit alpha 4 (MER000554), proteasome subunit alpha 7
(MERO033250), proteasome subunit alpha 5 (MER000558), proteasome subunit alpha 1
(MER000549), proteasome subunit alpha 3 (MER000553), proteasome subunit XAPC7
(MER004372), proteasome subunit beta 3 (MER001710), proteasome subunit beta 2
(MERO002676), proteasome subunit beta 1 (MER000551), proteasome subunit beta 4
(MERO001711), Mername-AA230 peptidase homologue (Homo sapiens) (MER047329),
Mername-AA231 pseudogene (Homo sapiens) (MER047172), Mername-AA232 pseudogene
(Homo sapiens) (MER047316), glycosylasparaginase precursor (MER003299), isoaspartyl
dipeptidase (threonine type) (MER031622), taspase-1 (MER016969), gamma-
glutamyltransferase 5 (mammalian-type) (MER001977), gamma-glutamyltransferase 1
(mammalian-type) (MER001629), gamma-glutamyltransferase 2 (Homo sapiens)
(MERO001976), gamma-glutamyltransferase-like protein 4 (MER002721), gamma-
glutamyltransferase-like protein 3 (MER016970), similar to gamma-glutamyltransferase 1
precursor (Homo sapiens) (MER026204), similar to gamma-glutamyltransferase 1 precursor
(Homo sapiens) (MER026205), Mername-AA211 putative peptidase (MER026207), gamma-
glutamyltransferase 6 (MER159283), gamma-glutamyl transpeptidase homologue
(chromosome 2, Homo sapiens) (MER037241), polycystin-1 (MER126824), KIAA1879
protein (MER159329), polycystic kidney disease 1-like 3 (MER172554), gamma-glutamy]l
hydrolase (MER002963), guanine 5"-monophosphate synthetase (MER043387), carbamoyl-
phosphate synthase (Homo sapiens-type) (MER078640), dihydro-orotase (N-terminal unit)
(Homo sapiens-type) (MER060647), DJ-1 putative peptidase (MER003390), Mername-
AA100 putative peptidase (MER014802), Mername-AA101 non-peptidase homologue
(MERO014803), KIAA0361 protein (Homo sapiens-type) (MER042827), F1134283 protein
(Homo sapiens) (MER044553), non-peptidase homologue chromosome 21 open reading
frame 33 (Homo sapiens) (MER160094), family C56 non-peptidase homologues
(MER177016), family C56 non-peptidase homologues (MER176613), family C56 non-
peptidase homologues (MER176918), EGF-like module containing mucin-like hormone
receptor-like 2 (MER037230), CD97 antigen (human type) (MER037286), EGF-like module
containing mucin-like hormone receptor-like 3 (MER037288), EGF-like module containing
mucin-like hormone receptor-like 1 (MER037278), EGF-like module containing mucin-like
hormone receptor-like 4 (MER037294), cadherin EGF LAG seven-pass G-type receptor 2
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precursor (Homo sapiens) (MER045397), Gpr64 (Mus musculus)-type protein
(MER123205), GPR56 (Homo sapiens)-type protein (MER122057), latrophilin 2
(MER122199), latrophilin-1 (MER126380), latrophilin 3 (MER124612), protocadherin
Flamingo 2 (MER124239), ETL protein (MER126267), G protein-coupled receptor 112
(MER126114), seven transmembrane helix receptor (MER125448), Gpr114 protein
(MER159320), GPR126 vascular inducible G protein-coupled receptor (MER140015),
GPR125 (Homo sapiens)-type protein (MER159279), GPR116 (Homo sapiens)-type G-
protein coupled receptor (MER159280), GPR128 (Homo sapiens)-type G-protein coupled
receptor (MER162015), GPR133 (Homo sapiens)-type protein (MER159334), GPR110 G-
protein coupled receptor (MER159277), GPR97 protein (MER159322), KPG_006 protein
(MER161773), KPG_008 protein (MER161835), KPG_009 protein (MER159335),
unassigned homologue (MER166269), GPR113 protein (MER159352), brain-specific
angiogenesis inhibitor 2 (MER159746), PIDD auto-processing protein unit 1 (MER020001),
PIDD auto-processing protein unit 2 (MER063690), MUC1 self-cleaving mucin
(MERO074260), dystroglycan (MER054741), proprotein convertase 9 (MER022416), site-1
peptidase (MER001948), furin (MER000375), proprotein convertase 1 (MER000376),
proprotein convertase 2 (MERO000377), proprotein convertase 4 (MER028255), PACE4
proprotein convertase (MER000383), proprotein convertase 5 (MER002578), proprotein
convertase 7 (MER002984), tripeptidyl-peptidase II (MER000355), subfamily S8A non-
peptidase homologues (MER201339), subfamily S8A non-peptidase homologues
(MER191613), subfamily S8A unassigned peptidases (MER191611), subfamily S8A
unassigned peptidases (MER191612), subfamily S8A unassigned peptidases (MER191614),
tripeptidyl-peptidase I (MER003575), prolyl oligopeptidase (MER000393), dipeptidyl-
peptidase IV (eukaryote) (MER000401), acylaminoacyl-peptidase (MER000408), fibroblast
activation protein alpha subunit (MER000399), PREPL A protein (MER004227), dipeptidyl-
peptidase 8 (MER013484), dipeptidyl-peptidase 9 (MER004923), FLJ1 putative peptidase
(MERO017240), Mername-AA194 putative peptidase (MER017353), Mername-AA195
putative peptidase (MER017367), Mername-AA 196 putative peptidase (MER017368),
Mername-AA197 putative peptidase (MER017371), C140rf29 protein (MER033244),
hypothetical protein (MER033245), hypothetical esterase/lipase/thioesterase (MER047309),
protein bat5 (MER037840), hypothetical protein f1j40219 (MER033212), hypothetical
protein f1j37464 (MER033240), hypothetical protein fIj33678 (MER033241),
dipeptidylpeptidase homologue DPP6 (MER000403), dipeptidylpeptidase homologue DPP10

(MER005988), protein similar to Mus musculus chromosome 20 open reading frame 135
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(MERO037845), kynurenine formamidase (MER046020), thyroglobulin precursor
(MERO011604), acetylcholinesterase (MER033188), cholinesterase (MER033198),
carboxylesterase D1 (MER033213), liver carboxylesterase (MER033220), carboxylesterase 3
(MER033224), carboxylesterase 2 (MER033226), bile salt-dependent lipase (MER033227),
carboxylesterase-related protein (MER033231), neuroligin 3 (MER033232), neuroligin 4, X-
linked (MER033235), neuroligin 4, Y-linked (MER033236), esterase D (MER043126),
arylacetamide deacetylase (MER033237), KIAA1363-like protein (MER033242), hormone-
sensitive lipase (MER033274), neuroligin 1 (MER033280), neuroligin 2 (MER033283),
family S9 non-peptidase homologues (MER212939), family S9 non-peptidase homologues
(MER211490), subfamily S9C unassigned peptidases (MER192341), family S9 unassigned
peptidases (MER209181), family S9 unassigned peptidases (MER200434), family S9
unassigned peptidases (MER209507), family S9 unassigned peptidases (MER209142), serine
carboxypeptidase A (MER000430), vitellogenic carboxypeptidase-like protein
(MERO005492), RISC peptidase (MER010960), family S15 unassigned peptidases
(MER199442), family S15 unassigned peptidases (MER200437), family S15 unassigned
peptidases (MER212825), lysosomal Pro-Xaa carboxypeptidase (MER000446), dipeptidyl-
peptidase II (MER004952), thymus-specific serine peptidase (MER005538), epoxide
hydrolase-like putative peptidase (MER031614), Loc328574-like protein (MER033246),
abhydrolase domain-containing protein 4 (MER031616), epoxide hydrolase (MER000432),
mesoderm specific transcript protein (MER 199890), mesoderm specific transcript protein
(MERO017123), cytosolic epoxide hydrolase (MER029997), cytosolic epoxide hydrolase
(MER213866), similar to hypothetical protein FLJ22408 (MER031608), CGI-58 putative
peptidase (MER030163), Williams-Beuren syndrome critical region protein 21 epoxide
hydrolase (MER031610), epoxide hydrolase (MER031612), hypothetical protein 922408
(epoxide hydrolase) (MER031617), monoglyceride lipase (MER033247), hypothetical
protein (MER033249), valacyclovir hydrolase (MER033259), Ccgl-interacting factor b
(MER210738), glycosylasparaginase precursor (MER003299), isoaspartyl dipeptidase
(threonine type) (MER031622). taspase-1 (MER016969), gamma-glutamyltransferase 5
(mammalian-type) (MER001977), gamma-glutamyltransferase 1 (mammalian-type)
(MERO001629), gamma-glutamyltransferase 2 (Homo sapiens) (MER001976), gamma-
glutamyltransferase-like protein 4 (MER002721). gamma-glutamyltransferase-like protein 3
(MERO016970). similar to gamma-glutamyltransferase 1 precursor (Homo sapiens)
(MERO026204). similar to gamma-glutamyltransferase 1 precursor (Homo sapiens)

(MER026205). Mername-AA211 putative peptidase (MER026207). gamma-
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glutamyltransferase 6 (MER159283). gamma-glutamyl transpeptidase homologue
(chromosome 2, Homo sapiens) (MER037241). polycystin-1 (MER126824), KIAA1879
protein (MER159329). polycystic kidney disease 1-like 3 (MER172554). gamma-glutamyl
hydrolase (MER002963). guanine 5"-monophosphate synthetase (MER043387). carbamoyl-
phosphate synthase (Homo sapiens-type) (MER078640). dihydro-orotase (N-terminal unit)
(Homo sapiens-type) (MER060647). DJ-1 putative peptidase (MER003390). Mername-
AA100 putative peptidase (MER014802). Mername-AA101 non-peptidase homologue
(MERO014803). KIAA0361 protein (Homo sapiens-type) (MER042827). F1134283 protein
(Homo sapiens) (MER044553). non-peptidase homologue chromosome 21 open reading
frame 33 (Homo sapiens) (MER160094). family C56 non-peptidase homologues
(MER177016), family C56 non-peptidase homologues (MER176613). family C56 non-
peptidase homologues (MER176918). EGF-like module containing mucin-like hormone
receptor-like 2 (MER037230). CD97 antigen (human type) (MER037286). EGF-like module
containing mucin-like hormone receptor-like 3 (MER037288). EGF-like module containing
mucin-like hormone receptor-like 1 (MER037278). EGF-like module containing mucin-like
hormone receptor-like 4 (MER037294). cadherin EGF LAG seven-pass G-type receptor 2
precursor (Homo sapiens) (MER045397), Gpr64 (Mus musculus)-type protein
(MER123205). GPR56 (Homo sapiens)-type protein (MER122057). latrophilin 2
(MER122199). latrophilin-1 (MER126380). latrophilin 3 (MER124612). protocadherin
Flamingo 2 (MER124239). ETL protein (MER126267). G protein-coupled receptor 112
(MER126114). seven transmembrane helix receptor (MER125448). Gprl14 protein
(MER159320). GPR126 vascular inducible G protein-coupled receptor (MER140015).
GPR125 (Homo sapiens)-type protein (MER159279). GPR116 (Homo sapiens)-type G-
protein coupled receptor (MER159280). GPR128 (Homo sapiens)-type G-protein coupled
receptor (MER162015). GPR133 (Homo sapiens)-type protein (MER159334) GPR110 G-
protein coupled receptor (MER159277), GPR97 protein (MER159322), KPG_006 protein
(MER161773) KPG_008 protein (MER161835), KPG_009 protein (MER159335),
unassigned homologue (MER166269), GPR113 protein (MER159352), brain-specific
angiogenesis inhibitor 2 (MER159746), PIDD auto-processing protein unit 1 (MER020001),
PIDD auto-processing protein unit 2 (MER063690), MUC1 self-cleaving mucin
(MERO074260), dystroglycan (MER054741), proprotein convertase 9 (MER022416), site-1
peptidase (MER001948), furin (MERO000375), proprotein convertase 1 (MER000376),
proprotein convertase 2 (MER000377), proprotein convertase 4 (MER028255), PACE4
proprotein convertase (MERO000383), proprotein convertase 5 (MER002578), proprotein
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convertase 7 (MER002984), tripeptidyl-peptidase II (MER000355), subfamily S8 A non-
peptidase homologues (MER201339), subfamily S8A non-peptidase homologues
(MER191613), subfamily S8A unassigned peptidases (MER191611), subfamily S8A
unassigned peptidases (MER191612), subfamily S8A unassigned peptidases (MER191614),
tripeptidyl-peptidase I (MER003575), prolyl oligopeptidase (MER000393), dipeptidyl-
peptidase IV (eukaryote) (MER000401), acylaminoacyl-peptidase (MER000408), fibroblast
activation protein alpha subunit (MER000399), PREPL A protein (MER004227), dipeptidyl-
peptidase 8 (MER013484), dipeptidyl-peptidase 9 (MER004923), FLJ1 putative peptidase
(MERO017240), Mername-AA194 putative peptidase (MER017353), Mername-AA195
putative peptidase (MER017367), Mername-AA 196 putative peptidase (MER017368),
Mername-AA197 putative peptidase (MER017371), C1401f29 protein (MER033244),
hypothetical protein (MER033245), hypothetical esterase/lipase/thioesterase (MER047309),
protein bat5 (MER037840), hypothetical protein f1j40219 (MER033212), hypothetical
protein f1j37464 (MER033240), hypothetical protein f1j33678 (MER033241),
dipeptidylpeptidase homologue DPP6 (MER000403), dipeptidylpeptidase homologue DPP10
(MERO005988), protein similar to Mus musculus chromosome 20 open reading frame 135
(MERO037845), kynurenine formamidase (MER046020), thyroglobulin precursor
(MERO011604), acetylcholinesterase (MER033188), cholinesterase (MER033198),
carboxylesterase D1 (MER033213), liver carboxylesterase (MER033220), carboxylesterase 3
(MERO033224), carboxylesterase 2 (MER033226), bile salt-dependent lipase (MER033227),
carboxylesterase-related protein (MER033231), neuroligin 3 (MER033232), neuroligin 4, X-
linked (MER033235), neuroligin 4, Y-linked (MER033236), esterase D (MER043126),
arylacetamide deacetylase (MER033237), KIAA1363-like protein (MER033242), hormone-
sensitive lipase (MER033274), neuroligin 1 (MER033280), neuroligin 2 (MER033283),
family S9 non-peptidase homologues (MER212939), family S9 non-peptidase homologues
(MER211490), subfamily S9C unassigned peptidases (MER192341), family S9 unassigned
peptidases (MER209181), family S9 unassigned peptidases (MER200434), family S9
unassigned peptidases (MER209507), family S9 unassigned peptidases (MER209142), serine
carboxypeptidase A (MER000430), vitellogenic carboxypeptidase-like protein
(MERO005492), RISC peptidase (MER010960), family S15 unassigned peptidases
(MER199442), family S15 unassigned peptidases (MER200437), family S15 unassigned
peptidases (MER212825), lysosomal Pro-Xaa carboxypeptidase (MER000446), dipeptidyl-
peptidase II (MER004952), thymus-specific serine peptidase (MER005538), epoxide
hydrolase-like putative peptidase (MER031614), Loc328574-like protein (MER033246),
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abhydrolase domain-containing protein 4 (MER031616), epoxide hydrolase (MER000432),
mesoderm specific transcript protein (MER199890), mesoderm specific transcript protein
(MERO017123), cytosolic epoxide hydrolase (MER029997), cytosolic epoxide hydrolase
(MER213866), similar to hypothetical protein FLJ22408 (MER031608), CGI-58 putative
peptidase (MER030163), Williams-Beuren syndrome critical region protein 21 epoxide
hydrolase (MER031610), epoxide hydrolase (MER031612), hypothetical protein f1j22408
(epoxide hydrolase) (MER031617), monoglyceride lipase (MER033247), hypothetical
protein (MER033249), valacyclovir hydrolase (MER033259), Ccgl-interacting factor b
(MER210738).

Protease enzymatic activity can be regulated. For example, certain proteases can be
inactivated by the presence or absence of a specific agent (e.g., that binds to the protease,
such as specific small molecule inhibitors). Such proteases can be referred to as a “repressible
protease.” Exemplary inhibitors for certain proteases are listed in Table 4B. For example, an
NS3 protease can be repressed by a protease inhibitor including, but not limited to,
simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir, paritaprevir,
telaprevir, grazoprevir, glecaprevir, and voxiloprevir. In another example, protease activity
can be regulated through regulating expression of the protease itself, such as engineering a
cell to express a protease using an inducible promoter system (e.g., Tet On/Off systems) or
cell-specific promoters (promoters that can be used to express a heterologous protease are
described in more detail in the Section herein titled “Promoters”). A protease can also contain
a degron, such as any of the degrons described herein, and can be regulated using any of the
degron systems described herein.

Protease enzymatic activity can also be regulated through selection of a specific
protease cleavage site. For example, a protease cleavage site can be selected and/or
engineered such that the sequence demonstrates a desired rate-of-cleavage by a desired
protease, such as reduced cleavage kinetics relative to an endogenous sequence of a substrate
naturally cleaved by the desired protease. As another example, a protease cleavage site can be
selected and/or engineered such that the sequence demonstrates a desired rate-of-cleavage in
a cell-state specific manner. For example, various cell states (e.g., following cellular
signaling, such as immune cell activation) can influence the expression and/or localization of
certain proteases. As an illustrative example, ADAM17 protein levels and localization is
known to be influenced by signaling, such as through Protein kinase C (PKC) signaling
pathways (e.g., activation by the PKC activator Phorbol-12-myristat-13-acetat [PMA]).

Accordingly, a protease cleavage site can be selected and/or engineered such that cleavage of
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the protease cleavage site and subsequent release of an effector molecule is increased or
decreased, as desired, depending on the protease properties (e.g., expression and/or
localization) in a specific cell state. As another example, a protease cleavage site (particularly
in combination with a specific membrane tethering domain) can be selected and/or

engineered for optimal protein expression of the chimeric protein.

Cell Membrane Tethering Domain

The membrane-cleavable chimeric proteins provided for herein contain a cell-
membrane tethering domain (referred to as “MT” in the formula S — C — MT or MT - C —
S). In general, the cell-membrane tethering domain can be any amino acid sequence motif
capable of directing the chimeric protein to be localized to (e.g., inserted into), or otherwise
associated with, the cell membrane of the cell expressing the chimeric protein. The cell-
membrane tethering domain can be a transmembrane-intracellular domain. The cell-
membrane tethering domain can be a transmembrane domain. The cell-membrane tethering
domain can be an integral membrane protein domain (e.g., a transmembrane domain). The
cell-membrane tethering domain can be derived from a Type I, Type II, or Type III
transmembrane protein. The cell-membrane tethering domain can include post-translational
modification tag, or motif capable of post-translational modification to modify the chimeric
protein to include a post-translational modification tag, where the post-translational
modification tag allows association with a cell membrane. Examples of post-translational
modification tags include, but are not limited to, lipid-anchor domains (e.g., a GPI lipid-
anchor, a myristoylation tag, or palmitoylation tag). Examples of cell-membrane tethering
domains include, but are not limited to, a transmembrane-intracellular domain and/or
transmembrane domain derived from PDGFR-beta, CD8, CD28, CD3zeta-chain, CD4, 4-
1BB, 0X40, ICOS, CTLA-4, PD-1, LAG-3, 2B4, LNGFR, NKG2D, EpoR, TNFR2, B7-1, or
BTLA. The cell membrane tethering domain can be a cell surface receptor or a cell
membrane-bound portion thereof.

In some embodiments, the cell-membrane tethering domain comprises a
transmembrane domain derived from a B-71 polypeptide. In some embodiments, the
transmembrane domain comprises the sequence
LLPSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV (SEQ ID NO: 204)

In some embodiments, the cell-membrane tethering domain comprises a

transmembrane domain derived from a CD8 polypeptide. Any suitable CD8 polypeptide may
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be used. Exemplary CD8 polypeptides include, without limitation, NCBI Reference Nos.
NP_001139345 and AAA92533.1. Examples of CD8 transmembrane domains include
IYIWAPLAGTCGVLLLSLVIT (SEQ ID NO:205),
IYIWAPLAGTCGVLLLSLVITLYCNHR (SEQ ID NO:206), and
IYIWAPLAGTCGVLLLSLVITLYCNHRN (SEQ ID NO:207). In some embodiments, the
transmembrane domain comprises the sequence [YIWAPLAGTCGVLLLSLVIT (SEQ ID
NO:205). In some embodiments, the transmembrane domain comprises the sequence
IYIWAPLAGTCGVLLLSLVITLYCNHR (SEQ ID NO:206). In some embodiments, the
transmembrane domain comprises the sequence [YIWAPLAGTCGVLLLSLVITLYCNHRN
(SEQ ID NO:_207). In some embodiments, the cell-membrane tethering domain comprises a
hinge and transmembrane domain derived from CD8.In some embodiments, the CD8 hinge
comprises the sequence
TTTPAPRPPTPAPTIALQPLSLRPEACRPAAGGAVHTRGLDFACD (SEQ ID NO: 208).
In some embodiments, the CD8 hinge comprises the sequence
AAAFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDI
YIWAPLAGTCGVLLLSLVITLYCNHRN (SEQ ID NO: 209).

In general, for all membrane-cleavable chimeric proteins described herein, the cell
membrane tethering domain is either: (1) C-terminal of the protease cleavage site and N-
terminal of any intracellular domain, if present (in other words, the cell membrane tethering
domain is in between the protease cleavage site and, if present, an intracellular domain); or
(2) N-terminal of the protease cleavage site and C-terminal of any intracellular domain, if
present (also between the protease cleavage site and, if present, an intracellular domain with
domain orientation inverted). In embodiments featuring a degron associated with the chimeric
protein, the degron domain is the terminal cytoplasmic-oriented domain, specifically relative
to the cell membrane tethering (in other words, the cell membrane tethering domain is in
between the protease cleavage site and the degron). The cell membrane tethering domain can
be connected to the protease cleavage site by a polypeptide linker, i.e., a polypeptide
sequence not generally considered to be part of cell membrane tethering domain or protease
cleavage site. The cell membrane tethering domain can be connected to an intracellular
domain, if present, by a polypeptide linker, i.e., a polypeptide sequence not generally
considered to be part of the cell membrane tethering domain or the intracellular domain. The
cell membrane tethering domain can be connected to the degron, if present, by a polypeptide
linker, i.e., a polypeptide sequence not generally considered to be part of the cell membrane

tethering domain or degron. A polypeptide linker can be any amino acid sequence that
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connects a first polypeptide sequence and a second polypeptide sequence. A polypeptide
linker can be a flexible linker (e.g., a Gly-Ser-Gly sequence). Examples of polypeptide
linkers include, but are not limited to, GSG linkers (e.g., [GS]4«GG [SEQ ID NO: 182]),
A(EAAAK)A (SEQ ID NO: 183), and Whitlow linkers (e.g., a “KEGS” linker such as the
amino acid sequence KESGSVSSEQLAQFRSLD (SEQ ID NO: 184), an eGK linker such as
the amino acid sequence EGKSSGSGSESKST (SEQ ID NO: 185), and linkers described in
more detail in Issued U.S. Pat. No. 5,990,275 herein incorporated by reference). Additional
polypeptide linkers include SEQ ID NO: 194, SEQ ID NO: 195, SEQ ID NO: 196, and SEQ
ID NO: 197. Other polypeptide linkers may be selected based on desired properties (e.g.,
length, flexibility, amino acid composition etc.) and are known to those skilled in the art.

In general, the cell-membrane tethering domain is oriented such that the secreted
effector molecule and the protease cleavage site are extracellularly exposed following
insertion into, or association with, the cell membrane, such that the protease cleavage site is
capable of being cleaved by its respective protease and releasing (“secreting”) the effector

molecule into the extracellular space.

Degron Systems and Domains

In some embodiments, any of the proteins described herein can include a degron
domain including, but not limited to, a protease, a transcription factor, a promoter or
constituent of a promoter system (e.g., an ACP), and/or any of the membrane-cleavable
chimeric protein described herein. In general, the degron domain can be any amino acid
sequence motif capable of directing regulated degradation, such as regulated degradation
through a ubiquitin-mediated pathway. In the presence of an immunomodulatory drug
(IMiD), the degron domain directs ubiquitin-mediated degradation of a degron-fusion protein.

The degron domain can be a cereblon (CRBN) polypeptide substrate domain capable
of binding CRBN in response to an immunomodulatory drug (IMiD) including, but not
limited to, IKZF1, IKZF3, CKla, ZFP91, GSPT1, MEIS2, GSS E4F1, ZN276, ZN517,
ZNS582, ZN653, ZN654, ZN692, ZN787, and ZN827, or a fragment thereof that is capable of
drug-inducible binding of CRBN. The CRBN polypeptide substrate domain can be a chimeric
fusion product of native CRBN polypeptide sequences, such as a IKZF3/ZFP91/IKZF3
chimeric fusion product having the amino acid sequence of
FNVLMVHKRSHTGERPLQCEICGFTCRQKGNLLRHIKLHTGEKPFKCHLCNYACQRR
DAL (SEQ ID NO: 175). Degron domains, and in particular CRBN degron systems, are
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described in more detail in International Application Pub. No. W02019/089592A1, herein
incorporated by reference for all purposes. Other examples of degron domains include, but
are not limited to HCV NS4 degron, PEST (two copies of residues 277-307 of human IkBa;
SEQ ID NO: 161), GRR (residues 352-408 of human p105; SEQ ID NO: 162), DRR
(residues 210-295 of yeast Cdc34; SEQ ID NO: 163), SNS (tandem repeat of SP2 and NB
(SP2-NB-SP2 of influenza A or influenza B; e.g., SEQ ID NO: 164), RPB (four copies of
residues 1688-1702 of yeast RPB; SEQ ID NO: 165), SPmix (tandem repeat of SP1 and SP2
(SP2-SP1-SP2-SP1-SP2 of influenza A virus M2 protein; SEQ ID NO: 166), NS2 (three
copies of residues 79-93 of influenza A virus NS protein; SEQ ID NO: 167), ODC (residues
106-142 of ornithine decarboxylase; SEQ ID NO: 168), Nek2A, mouse ODC (residues 422—
461; SEQ ID NO: 169), mouse ODC DA (residues 422-461 of mODC including D433 A and
D434A point mutations), an APC/C degron, a COP1 E3 ligase binding degron motif, a
CRL4-Cdt2 binding PIP degron, an actinfilin-binding degron, a KEAP1 binding degron, a
KLHL2 and KLHL3 binding degron, an MDM2 binding motif, an N-degron, a
hydroxyproline modification in hypoxia signaling, a phytohormone-dependent SCF-LRR-
binding degron, an SCF ubiquitin ligase binding phosphodegron, a phytohormone-dependent
SCF-LRR-binding degron, a DSGxxS phospho-dependent degron, an Siah binding motif, an
SPOP SBC docking motif, or a PCNA binding PIP box.

Regulated degradation can be drug-inducible. Drugs capable of mediating/regulating
degradation can be small-molecule compounds. Drugs capable of mediating/regulating
degradation can include an “immunomodulatory drug” (IMiD). In general, as used herein,
IMiDs refer to a class of small-molecule immunomodulatory drugs containing an imide
group. Cereblon (CRBN) is known target of IMiDs and binding of an IMiD to CRBN or a
CRBN polypeptide substrate domain alters the substrate specificity of the CRBN E3 ubiquitin
ligase complex leading to degradation of proteins having a CRBN polypeptide substrate
domain (e.g., any of secretable effector molecules or other proteins of interest described
herein). For degron domains having a CRBN polypeptide substrate domain, examples of
imide-containing IMiDs include, but are not limited to, a thalidomide, a lenalidomide, or a
pomalidomide. The IMiD can be an FDA-approved drug.

Chimeric proteins described herein can contain a degron domain (e.g., referred to as
“D” in the formula S — C— MT — D or D — MT — C — S for membrane-cleavable chimeric
proteins described herein). In the absence of an IMiD, degron/ubiquitin-mediated degradation
of the chimeric protein does not occur. Following expression and localization of the chimeric

protein into the cell membrane, the protease cleavage site directs cleavage of the chimeric
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protein such that the effector molecule is released (“secreted”) into the extracellular space. In
the presence of an immunomodulatory drug (IMiD), the degron domain directs ubiquitin-
mediated degradation of the chimeric protein such that secretion of the effector molecule is
reduced or eliminated. In general, for membrane-cleavable chimeric proteins fused to a
degron domain, the degron domain is the terminal cytoplasmic-oriented domain, specifically
relative to the cell membrane tethering domain, e.g., the most C-terminal domain in the
formula S — C — MT — D or the most N-terminal domain in the formula D — MT — C - S. The
degron domain can be connected to the cell membrane tethering domain by a polypeptide
linker, i.e., a polypeptide sequence not generally considered to be part of the cell membrane
tethering domain or the degron domain. A polypeptide linker can be any amino acid sequence
that connects a first polypeptide sequence and a second polypeptide sequence. A polypeptide
linker can be a flexible linker (e.g., a Gly-Ser-Gly sequence). Examples of polypeptide
linkers include, but are not limited to, GSG linkers (e.g., [GS]4«GG [SEQ ID NO: 182]),
A(EAAAK)A (SEQ ID NO: 183), and Whitlow linkers (e.g., a “KEGS” linker such as the
amino acid sequence KESGSVSSEQLAQFRSLD (SEQ ID NO: 184), an eGK linker such as
the amino acid sequence EGKSSGSGSESKST (SEQ ID NO: 185), and linkers described in
more detail in Issued U.S. Pat. No. 5,990,275 herein incorporated by reference). Additional
polypeptide linkers include SEQ ID NO: 194, SEQ ID NO: 195, SEQ ID NO: 196, and SEQ
ID NO: 197. Other polypeptide linkers may be selected based on desired properties (e.g.,
length, flexibility, amino acid composition etc.) and are known to those skilled in the art. In
general, the degron is oriented in relation to the cell membrane tethering domain such that the
degron is exposed to the cytosol following localization to the cell membrane such that the
degron domain is capable of mediating degradation (e.g., exposure to the cytosol and cytosol
) and is capable of mediating ubiquitin-mediated degradation.

For degron-fusion proteins, the degron domain can be N-terminal or C-terminal of the
protein of interest, e.g., the effector molecule. The degron domain can be connected to the
protein of interest by a polypeptide linker, i.e., a polypeptide sequence not generally
considered to be part of the protein of interest or the degron domain. A polypeptide linker can
be any amino acid sequence that connects a first polypeptide sequence and a second
polypeptide sequence. A polypeptide linker can be a flexible linker (e.g., a Gly-Ser-Gly
sequence). Examples of polypeptide linkers include, but are not limited to, GSG linkers (e.g.,
[GS]sGG [SEQ ID NO: 182]), A(EAAAK):A (SEQ ID NO: 183), and Whitlow linkers (e.g.,
a “KEGS” linker such as the amino acid sequence KESGSVSSEQLAQFRSLD (SEQ ID NO:
184), an eGK linker such as the amino acid sequence EGKSSGSGSESKST (SEQ ID NO:
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185), and linkers described in more detail in Issued U.S. Pat. No. 5,990,275 herein
incorporated by reference). Additional polypeptide linkers include SEQ ID NO: 194, SEQ ID
NO: 195, SEQ ID NO: 196, and SEQ ID NO: 197. Other polypeptide linkers may be selected
based on desired properties (e.g., length, flexibility, amino acid composition etc.) and are
known to those skilled in the art. A polypeptide linker can be cleavable, e.g., any of the

protease cleavage sites described herein.

Homing Molecules

A “tumor microenvironment” is the cellular environment in which a tumor exists,
including surrounding blood vessels, immune cells, fibroblasts, bone marrow-derived
inflammatory cells, lymphocytes, signaling molecules and the extracellular matrix (ECM)
(see, e.g., Pattabiraman, D.R. & Weinberg, R A. Nature Reviews Drug Discovery 13, 497—
512 (2014); Balkwill, F.R. et al. J Cell Sci 125, 5591-5596, 2012; and Li, H. et al. J Cell
Biochem 101(4), 805-15, 2007).

In some embodiments, engineered nucleic acids are configured to produce at least one
homing molecule. For example, in membrane-cleavable chimeric proteins described herein
containing a secreted effector molecule, the secreted effector molecule can be a homing
molecule. “Homing,” refers to active navigation (migration) of a cell to a target site (e.g., a
cell, tissue (e.g., tumor), or organ). A “homing molecule” refers to a molecule that directs
cells to a target site. In some embodiments, a homing molecule functions to recognize and/or
initiate interaction of an engineered cell to a target site. Non-limiting examples of homing
molecules include CXCR1, CCR9, CXCR2, CXCR3, CXCR4, CCR2, CCR4, FPR2,
VEGFR, IL6R, CXCR1, CSCR7, and PDGFR.

In some embodiments, a homing molecule is a chemokine receptor (cell surface
molecule that binds to a chemokine). Chemokines are small cytokines or signaling proteins
secreted by cells that can induce directed chemotaxis in cells. Chemokines can be classified
into four main subfamilies: CXC, CC, CX3C and XC, all of which exert biological effects by
binding selectively to chemokine receptors located on the surface of target cells. In some
embodiments, engineered nucleic acids are configured to produce CXCR4, a chemokine
receptor which allows engineered cells to home along a chemokine gradient towards a
stromal cell-derived factor 1 (also known as SDF1, C-X-C motif chemokine 12, and CXCL12
)-expressing cell, tissue, or tumor. Non-limiting examples of chemokine receptors that may

be encoded by the engineered nucleic acids of the present disclosure include: CXC

82



10

15

20

25

30

WO 2022/098922 PCT/US2021/058134

chemokine receptors (e.g., CXCR1, CXCR2, CXCR3, CXCR4, CXCRS5, CXCRO, and
CXCR7), CC chemokine receptors (CCR1, CCR2, CCR3, CCR4, CCRS5, CCR6, CCR7,
CCRS8, CCRY, CCR10, and CCR11), CX3C chemokine receptors (e.g., CX3CR1, which
binds to CX3CL1), and XC chemokine receptors (e.g., XCR1). In some embodiments, a
chemokine receptor is a G protein-linked transmembrane receptor, or a member of the tumor
necrosis factor (TNF) receptor superfamily (including but not limited to TNFRSF 1A,
TNFRSF1B). In some embodiments, engineered nucleic acids are configured to produce
CXCL8, CXCL9, and/or CXCL10 (promote T-cell recruitment), CCL3 and/or CXCLS5,
CCL21 (Thl recruitment and polarization).

In some embodiments, engineered nucleic acids are configured to produce G-protein
coupled receptors (GPCRs) that detect N-formylated-containing oligopeptides (including but
not limited to FPR2 and FPRL1).

In some embodiments, engineered nucleic acids are configured to produce receptors
that detect interleukins (including but not limited to IL6R).

In some embodiments, engineered nucleic acids are configured to produce receptors
that detect growth factors secreted from other cells, tissues, or tumors (including but not
limited to FGFR, PDGFR, EGFR, and receptors of the VEGF family, including but not
limited to VEGF-C and VEGF-D).

In some embodiments, a homing molecule is an integrin. Integrins are transmembrane
receptors that facilitate cell-extracellular matrix (ECM) adhesion. Integrins are obligate
heterodimers having two subunits: o (alpha) and B (beta). The o subunit of an integrin may
be, without limitation: ITGA1, ITGA2, ITGA3, ITGA4, ITGAS, ITGA6, IGTA7, ITGAS,
ITGA9, IGTA10, IGTA11, ITGAD, ITGAE, ITGAL, ITGAM, ITGAV, ITGA2B, ITGAX.
The B subunit of an integrin may be, without limitation: ITGB1, ITGB2, ITGB3, ITGB4,
ITGBS, ITGB6, ITGB7, and ITGBS. Engineered nucleic acids can be configured to produce
any combination of the integrin o and B subunits.

In some embodiments, a homing molecule is a matrix metalloproteinase (MMP).
MMPs are enzymes that cleave components of the basement membrane underlying the
endothelial cell wall. Non-limiting examples of MMPs include MMP-2, MMP-9, and MMP.
In some embodiments, engineered nucleic acids are configured to produce an inhibitor of a
molecule (e.g., protein) that inhibits MMPs. For example, engineered nucleic acids can be
configured to express an inhibitor (e.g., an RNAi molecule) of membrane type 1 MMP
(MT1-MMP) or TIMP metallopeptidase inhibitor 1 (TIMP-1).
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In some embodiments, a homing molecule is a ligand that binds to selectin (e.g.,
hematopoietic cell E-/L-selectin ligand (HCELL), Dykstran et al., Stem Cells. 2016
Oct;34(10):2501-2511) on the endothelium of a target tissue, for example.

The term “homing molecule” also encompasses transcription factors that regulate the
production of molecules that improve/enhance homing of cells.

In some embodiments, a homing molecule includes an antibody, such as anti-integrin

alpha4,beta7 or anti-MAdCAM.
Engineered Nucleic Acids

Provided herein are engineered nucleic acids encoding at least one chimeric protein of
the present disclosure, such as such as the membrane-cleavable chimeric proteins having the
formula S — C — MT or MT — C — S described herein. Provided herein are engineered nucleic
acids encoding two or more chimeric proteins.

In certain embodiments described herein, the engineered nucleic acids encode an
expression cassette containing a promoter and an exogenous polynucleotide sequence
encoding a membrane-cleavable chimeric protein, oriented from N-terminal to C-terminal,
having the formula: S — C — MT or MT — C — S. S refers to a secretable effector molecule. C
refers to a protease cleavage site. MT refers to a cell membrane tethering domain. The
promoter is operably linked to the exogenous polynucleotide sequence and S — C — MT or
MT - C - Sis configured to be expressed as a single polypeptide.

In certain embodiments described herein, the engineered nucleic acids encode an
expression cassette containing a promoter and an exogenous polynucleotide sequence
encoding a membrane-cleavable chimeric protein having a protein of interest (e.g., any of the
effector molecules described herein). The promoter is operably linked to the exogenous
polynucleotide sequence and the membrane-cleavable chimeric protein is configured to be
expressed as a single polypeptide.

An “engineered nucleic acid” is a nucleic acid that does not occur in nature. It should
be understood, however, that while an engineered nucleic acid as a whole is not naturally-
occurring, it may include nucleotide sequences that occur in nature. In some embodiments, an
engineered nucleic acid comprises nucleotide sequences from different organisms (e.g., from
different species). For example, in some embodiments, an engineered nucleic acid includes a
murine nucleotide sequence, a bacterial nucleotide sequence, a human nucleotide sequence,
and/or a viral nucleotide sequence. The term “engineered nucleic acids” includes recombinant

nucleic acids and synthetic nucleic acids. A “recombinant nucleic acid” refers to a molecule
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that is constructed by joining nucleic acid molecules and, in some embodiments, can replicate
in a live cell. A “synthetic nucleic acid” refers to a molecule that is amplified or chemically,
or by other means, synthesized. Synthetic nucleic acids include those that are chemically
modified, or otherwise modified, but can base pair with naturally- occurring nucleic acid
molecules. Modifications include, but are not limited to, one or more modified
internucleotide linkages and non-natural nucleic acids. Modifications are described in further
detail in U.S. Pat. No. 6,673,611 and U.S. Application Publication 2004/0019001 and, each
of which is incorporated by reference in their entirety. Modified internucleotide linkages can
be a phosphorodithioate or phosphorothioate linkage. Non-natural nucleic acids can be a
locked nucleic acid (LNA), a peptide nucleic acid (PNA), glycol nucleic acid (GNA), a
phosphorodiamidate morpholino oligomer (PMO or “morpholino”), and threose nucleic acid
(TNA). Non-natural nucleic acids are described in further detail in International Application
WO 1998/039352, U.S. Application Pub. No. 2013/0156849, and U.S. Pat. Nos. 6,670,461,
5,539,082; 5,185,444, each herein incorporated by reference in their entirety. Recombinant
nucleic acids and synthetic nucleic acids also include those molecules that result from the
replication of either of the foregoing. Engineered nucleic acid of the present disclosure may
be encoded by a single molecule (e.g., included in the same plasmid or other vector) or by
multiple different molecules (e.g., multiple different independently-replicating molecules).
Engineered nucleic acids can be an isolated nucleic acid. Isolated nucleic acids include, but
are not limited to a cDNA polynucleotide, an RNA polynucleotide, an RNAIi oligonucleotide
(e.g., siRNAs, miRNAs, antisense oligonucleotides, sShRNAs, etc.), an mRNA
polynucleotide, a circular plasmid, a linear DNA fragment, a vector, a minicircle, a ssDNA, a
bacterial artificial chromosome (BAC), and yeast artificial chromosome (YAC), and an
oligonucleotide.

Engineered nucleic acid of the present disclosure may be produced using standard
molecular biology methods (see, e.g., Green and Sambrook, Molecular Cloning, A
Laboratory Manual, 2012, Cold Spring Harbor Press). In some embodiments, engineered
nucleic acid constructs are produced using GIBSON ASSEMBLY® Cloning (see, e.g.,
Gibson, D.G. ef al. Nature Methods, 343-345, 2009; and Gibson, D.G. ef al. Nature Methods,
901-903, 2010, each of which is incorporated by reference herein). GIBSON ASSEMBLY®
typically uses three enzymatic activities in a single-tube reaction: 5' exonuclease, the Y
extension activity of a DNA polymerase and DNA ligase activity. The 5 ' exonuclease
activity chews back the 5 ' end sequences and exposes the complementary sequence for

annealing. The polymerase activity then fills in the gaps on the annealed regions. A DNA
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ligase then seals the nick and covalently links the DNA fragments together. The overlapping
sequence of adjoining fragments is much longer than those used in Golden Gate Assembly,
and therefore results in a higher percentage of correct assemblies. In some embodiments,

engineered nucleic acid constructs are produced using IN-FUSION® cloning (Clontech).

Promoters

In general, in all embodiments described herein, the engineered nucleic acids
encoding the one or more membrane-cleavable chimeric proteins encode an expression
cassette containing a promoter. In some embodiments, an engineered nucleic acid (e.g., an
engineered nucleic acid comprising an expression cassette) comprises a promoter operably
linked to a nucleotide sequence (e.g., an exogenous polynucleotide sequence) encoding at
least 2 distinct proteins. For example, the engineered nucleic acid may comprise a promoter
operably linked to a nucleotide sequence encoding at least 3, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 8, at least 9, or at least 10 distinct proteins. In some embodiments,
an engineered nucleic acid comprises a promoter operably linked to a nucleotide sequence
encoding 1,2, 3,4, 5,6, 7,8, 9, 10, or more distinct proteins. In some embodiments, an
engineered nucleic acid (e.g., an engineered nucleic acid comprising an expression cassette)
comprises a promoter operably linked to a nucleotide sequence (e.g., an exogenous
polynucleotide sequence) encoding at least 2 membrane-cleavable chimeric proteins. For
example, the engineered nucleic acid may comprise a promoter operably linked to a
nucleotide sequence encoding at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at
least 8, at least 9, or at least 10 membrane-cleavable chimeric proteins. In some
embodiments, an engineered nucleic acid comprises a promoter operably linked to a
nucleotide sequence encoding 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more membrane-cleavable
chimeric proteins.

A “promoter” refers to a control region of a nucleic acid sequence at which initiation
and rate of transcription of the remainder of a nucleic acid sequence are controlled. A
promoter may also contain sub-regions at which regulatory proteins and molecules may bind,
such as RNA polymerase and other transcription factors. Promoters may be constitutive,
inducible, repressible, tissue-specific or any combination thereof. A promoter drives
expression or drives transcription of the nucleic acid sequence that it regulates. Herein, a

promoter is considered to be “operably linked” when it is in a correct functional location and
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orientation in relation to a nucleic acid sequence it regulates to control (“drive”)
transcriptional initiation and/or expression of that sequence.

A promoter may be one naturally associated with a gene or sequence, as may be
obtained by isolating the 5' non-coding sequences located upstream of the coding segment of
a given gene or sequence. Such a promoter can be referred to as “endogenous.” In some
embodiments, a coding nucleic acid sequence may be positioned under the control of a
recombinant or heterologous promoter, which refers to a promoter that is not normally
associated with the encoded sequence in its natural environment. Such promoters may
include promoters of other genes; promoters isolated from any other cell; and synthetic
promoters or enhancers that are not "naturally occurring" such as, for example, those that
contain different elements of different transcriptional regulatory regions and/or mutations that
alter expression through methods of genetic engineering that are known in the art. In addition
to producing nucleic acid sequences of promoters and enhancers synthetically, sequences
may be produced using recombinant cloning and/or nucleic acid amplification technology,
including polymerase chain reaction (PCR) (see, e.g., U.S. Pat. No. 4,683,202 and U.S. Pat.
No. 5,928,906).

Promoters of an engineered nucleic acid may be “inducible promoters,” which refer to
promoters that are characterized by regulating (e.g., initiating or activating) transcriptional
activity when in the presence of, influenced by or contacted by a signal. The signal may be
endogenous or a normally exogenous condition (e.g., light), compound (e.g., chemical or
non-chemical compound) or protein (e.g., cytokine) that contacts an inducible promoter in
such a way as to be active in regulating transcriptional activity from the inducible promoter.
Activation of transcription may involve directly acting on a promoter to drive transcription or
indirectly acting on a promoter by inactivation a repressor that is preventing the promoter
from driving transcription. Conversely, deactivation of transcription may involve directly
acting on a promoter to prevent transcription or indirectly acting on a promoter by activating
a repressor that then acts on the promoter.

A promoter is “responsive to” or “modulated by” a local tumor state (e.g.,
inflammation or hypoxia) or signal if in the presence of that state or signal, transcription from
the promoter is activated, deactivated, increased, or decreased. In some embodiments, the
promoter comprises a response element. A “response element” is a short sequence of DNA
within a promoter region that binds specific molecules (e.g., transcription factors) that
modulate (regulate) gene expression from the promoter. Response elements that may be used

in accordance with the present disclosure include, without limitation, a phloretin-adjustable
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control element (PEACE), a zinc-finger DNA-binding domain (DBD), an interferon-gamma-
activated sequence (GAS) (Decker, T. et al. J Interferon Cytokine Res. 1997 Mar;17(3):121-
34, incorporated herein by reference), an interferon-stimulated response element (ISRE)
(Han, K. J. et al. J Biol Chem. 2004 Apr 9;279(15):15652-61, incorporated herein by
reference), a NF-kappaB response element (Wang, V. ef al. Cell Reports. 2012; 2(4): 824-
839, incorporated herein by reference), and a STAT3 response element (Zhang, D. et al. J of
Biol Chem. 1996; 271: 9503-9509, incorporated herein by reference). Other response
elements are encompassed herein. Response elements can also contain tandem repeats (e.g.,
consecutive repeats of the same nucleotide sequence encoding the response element) to
generally increase sensitivity of the response element to its cognate binding molecule.
Tandem repeats can be labeled 2X, 3X, 4X, 5X, efc. to denote the number of repeats present.
Non-limiting examples of responsive promoters (also referred to as “inducible
promoters”) (e.g., TGF-beta responsive promoters) are listed in Table 5A, which shows the
design of the promoter and transcription factor, as well as the effect of the inducer molecule
towards the transcription factor (TF) and transgene transcription (T) is shown (B, binding; D,
dissociation; n.d., not determined) (A, activation, DA, deactivation; DR, derepression) (see
Horner, M. & Weber, W. FEBS Letters 586 (2012) 20784-2096m, and references cited
therein). Non-limiting examples of components of inducible promoters include those

presented in Table 5B.

Table SA. Examples of Responsive Promoters

el Rl e
TF T
Transcriptional activator-responsive promoters

AIR ﬁ,ﬁ%ﬁgﬁ‘g' AlcR Acetaldehyde nd. A

ART Pﬁgﬁggﬁg}' ArgR-VP16 1-Arginine B A

o | PSS | BTER | mow | 8 | &

activator | PhOMVmin | VPG Cumate D | A
Cume s | PORQCI00 [ SRR | cmae | b |
E-OFF Pﬁgﬁig' ET (E-VP16) Erythromycin D DA

NICE-OFF iﬁéﬁgﬂﬁ NT\(,Igfg)"R' 6-Hydroxy-nicotine D DA
PEACE Pgﬁg&%ﬁ{%}" Ttg%%gR' Phloretin D DA
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Promoter and Transcription Response to
System operator factor (TF) Inducer molecule inducer
PPIR (OPIR- PIT (PIP- .. .
PIP-OFF Phsp70min) VP16) Pristinamycin I D DA
PSCA (OscbR-
PhCMVmin)PSP SCA (ScbR-
QuoRex A (OpapRI- VP16) SCB1 D DA
PhCMVmin)
PROP (OROP- REDOX
Redox PhCMVmin) | (REX-VPI16) NADH D DA
PhCMV*-1
TET-OFF (OtetO7- tT/i‘,ggR' Tetracycline D DA
PhCMVmin)
PhCMV*-1
TET-ON (OtetO7- “Télgﬁ‘;‘m' Doxycycline B A
PhCMVmin)
PCTA (OrheO- CTA (RheA-
TIGR PhCMVimin) VPI6) Heat D DA
O7x(tra box)-
TraR PhCMVmin p65-TraR 3-Ox0-C8-HSL B A
P1VanO2
VAC-OFF (OVanO2- (le 6) Vanillic acid D DA
PhCMVmin)
Transcriptional repressor-responsive promoters
Cumate - PCuO (PCMV5-
repressor 0Cu0) CymR Cumate D DR
PETRONS .
E-ON (PSV40-OETRS) E-KRAB Erythromycin D DR
PNIC (PSV40- NS (HdnoR- L
NICE-ON ONICS) KRAB) 6-Hydroxy-nicotine D DR
PPIRON (PSV40- PIT3 (PIP- .. .
PIP-ON OPIR3) KRAB) Pristinamycin I D DR
PSCAONS SCS (ScbR-
Q-ON (PSV40-OschRS) KRAR) SCBI D DR
TET-ON tTS-H4 (TetR- .
repressor-based OtetO-PHPRT HDACH) Doxycycline D DR
PTetO (PhCMV- s
T-REX Otet02) TetR Tetracycline D DR
PUREXS8 mUTS L
UREX (PSV40-OhucO8) | (KRAB-HucR) Uric acid D DR
PVanON8
VAC-ON (PhCMV- (VaIYRa_nIﬁ‘é AB) Vanillic acid D DR
OVanO8)
Hybrid promoters
QuoRexPIP- OscbR8-OPIR3- - .
ON(NOT TF gate) PhCMVmin SCAPIT3 SCB1Pristinamycin I DD DADR
QuoRexE- OscbR-OETR8- E .
ON(NOT IF gatc) PhCMVmin SCAE-KRAB SCB1Erythromycin DD DADR
TET-OFFE- OtetO7-OETRS- . .
ON(NOT IF gatc) PhCMVmin tTAE-KRAB | TetracyclineErythromycin | DD DADR
TET-OFFpIP- | OCOT-OPIRS- | \qppiTsE. | TetracyclinePristinamycin
OETRS- . DDD | DADRDR
ONE-ON . KRAB IErythromycin
PhCMVmin

Table 5B. Exemplary Components of Inducible Promoters

Name

DNA SEQUENCE

minimal promoter; minP

AGAGGGTATATAATGGAAGCTCGACTTCCAG (SEQ ID NO: 1)
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Name

DNA SEQUENCE

NFkB response element
protein promoter; 5x
NFkB-RE

GGGAATTTCCGGGGACTTTCCGGGAATTTCCGGGGACTTTCCGGGA
ATTTCC (SEQ ID NO: 2)

CREB response element
protein promoter; 4x CRE

CACCAGACAGTGACGTCAGCTGCCAGATCCCATGGCCGTCATACTG
TGACGTCTTTCAGACACCCCATTGACGTCAATGGGAGAA (SEQ ID
NO: 3)

NFAT response element
protein promoter; 3x
NFAT binding sites

GGAGGAAAAACTGTTTCATACAGAAGGCGTGGAGGAAAAACTGTTT
CATACAGAAGGCGTGGAGGAAAAACTGTTTCATACAGAAGGCGT
(SEQ ID NO: 4)

SRF response element
protein promoter; 5x SRE

AGGATGTCCATATTAGGACATCTAGGATGTCCATATTAGGACATCTA
GGATGTCCATATTAGGACATCTAGGATGTCCATATTAGGACATCTAG
GATGTCCATATTAGGACATCT (SEQ ID NO: 5)

SRF response element
protein promoter 2; 5x
SRF-RE

AGTATGTCCATATTAGGACATCTACCATGTCCATATTAGGACATCTA
CTATGTCCATATTAGGACATCTTGTATGTCCATATTAGGACATCTAA
AATGTCCATATTAGGACATCT (SEQ ID NO: 6)

AP1 response element
protein promoter; 6x AP1-
RE

TGAGTCAGTGACTCAGTGAGTCAGTGACTCAGTGAGTCAGTGACTC
AG (SEQ ID NO: 7)

TCF-LEF response
element promoter; 8x

AGATCAAAGGGTTTAAGATCAAAGGGCTTAAGATCAAAGGGTATAA
GATCAAAGGGCCTAAGATCAAAGGGACTAAGATCAAAGGGTTTAA

TCF-LEF-RE GATCAAAGGGCTTAAGATCAAAGGGCCTA (SEQ ID NO: 8)

SBEx4 GTCTAGACGTCTAGACGTCTAGACGTCTAGAC (SEQ ID NO: 9)

SMAD2/3 - CAGACA x4 | CAGACACAGACACAGACACAGACA (SEQ ID NO: 10)

STATS3 binding site Ggatccggtactcgagatctgegatctaagtaagettggeattccggtactgtiggtaaagecac (SEQ ID
NO: 11)

minCMV taggcgtgtacggtgggaggcctatataagcagagcetegtttagtgaaccgtcagatcgectgga (SEQ ID
NO: 170)

YB TATA TCTAGAGGGTATATAATGGGGGCCA (SEQ ID NO: 171)

minTK Ttcgcatattaaggtgacgegtgtggectcgaacaccgagegaccctgeagegaccegettaa (SEQ ID

NO: 172)

Non-limiting examples of promoters include the cytomegalovirus (CMV) promoter,

the elongation factor 1-alpha (EF 1a) promoter, the elongation factor (EFS) promoter, the

MND promoter (a synthetic promoter that contains the U3 region of a modified MoMuLV

LTR with myeloproliferative sarcoma virus enhancer), the phosphoglycerate kinase (PGK)

promoter, the spleen focus-forming virus (SFFV) promoter, the simian virus 40 (SV40)

promoter, and the ubiquitin C (UbC) promoter (see Table 5C).

Table 5C. Exemplary Constitutive Promoters

Name

DNA SEQUENCE

MV

GTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTC
ATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCT
GACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAA
CGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCC
ACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATG
ACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTA
CTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCC
CATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATG
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Name

DNA SEQUENCE

TCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGG
TCTATATAAGCAGAGCTC (SEQ ID NO: 12)

EFla

GGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTT
GGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAAC
TGGGAAAGTGATGCCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACC
GTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAG
AACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGG
CCCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTACGTGATTCTTGATCCCGAG
CTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCG
CCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGTGCGAATCTGG
TGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTTTT
GATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAG
ATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGGCGACGGGGCCCGTGCGT
CCCAGCGCACATGTTCGGCGAGGCGGGGCCTGCGAGCGCGACCACCGAGAATCGGA
CGGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGTCCTCGCGCCGCCGTGT
ATCGCCCCGCCCCGGGCGGCAAGGCTGGCCCGGTCGGCACCAGTTGCGTGAGCGGA
AAGATGGCCGCTTCCCGGTCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGCGCT
CGGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCA
GCCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAG
TTCTCGAGCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATG
GAGTTTCCCCACACTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATG
TAATTCTCCTTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTC
AGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGA (SEQ ID NO: 13)

EFS

GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTC
CCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGC
GCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTG
GGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGT
TTGCCGCCAGAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCC
GCCGCCCTACCTGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCG
CCTGTGGTGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGA
GACCGGGCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCA
CGCTTTGCCTGACCCTGCTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGC
CGTTACAGATCCAAGCTGTGACCGGCGCCTAC (SEQ ID NO: 14)

TTTATTTAGTCTCCAGAAAAAGGGGGGAATGAAAGACCCCACCTGTAGGTTTGGCA
AGCTAGGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGATA
TCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGTTGGAACAGCAGA
ATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAA
GAACAGATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACCATCAG
ATGTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATTTGAACTAACC
AATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAATAAAAGA
GCCCA (SEQ ID NO: 15)

PGK

GGGGTTGGGGTTGCGCCTTTTCCAAGGCAGCCCTGGGTTTGCGCAGGGACGCGGCTG
CTCTGGGCGTGGTTCCGGGAAACGCAGCGGCGCCGACCCTGGGTCTCGCACATTCTT
CACGTCCGTTCGCAGCGTCACCCGGATCTTCGCCGCTACCCTTGTGGGCCCCCCGGC
GACGCTTCCTGCTCCGCCCCTAAGTCGGGAAGGTTCCTTGCGGTTCGCGGCGTGCCG
GACGTGACAAACGGAAGCCGCACGTCTCACTAGTACCCTCGCAGACGGACAGCGCC
AGGGAGCAATGGCAGCGCGCCGACCGCGATGGGCTGTGGCCAATAGCGGCTGCTCA
GCGGGGCGCGCCGAGAGCAGCGGCCGGGAAGGGGCGGTGCGGGAGGCGGGGTGTG
GGGCGGTAGTGTGGGCCCTGTTCCTGCCCGCGCGGTGTTCCGCATTCTGCAAGCCTC
CGGAGCGCACGTCGGCAGTCGGCTCCCTCGTTGACCGAATCACCGACCTCTCTCCCC
AG (SEQ ID NO: 16)

SFFV

GTAACGCCATTTTGCAAGGCATGGAAAAATACCAAACCAAGAATAGAGAAGTTCAG
ATCAAGGGCGGGTACATGAAAATAGCTAACGTTGGGCCAAACAGGATATCTGCGGT
GAGCAGTTTCGGCCCCGGCCCGGGGCCAAGAACAGATGGTCACCGCAGTTTCGGCC
CCGGCCCGAGGCCAAGAACAGATGGTCCCCAGATATGGCCCAACCCTCAGCAGTTT
CTTAAGACCCATCAGATGTTTCCAGGCTCCCCCAAGGACCTGAAATGACCCTGCGCC
TTATTTGAATTAACCAATCAGCCTGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTTCCC
GAGCTCTATAAAAGAGCTCACAACCCCTCACTCGGCGCGCCAGTCCTCCGACAGACT
GAGTCGCCCGGG (SEQ ID NO: 17)
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Name

DNA SEQUENCE

SV40

CTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAG

AAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAG

GCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATA

GTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTC
CGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTC
TGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAA
GCT (SEQ ID NO: 18)

GCGCCGGGTTTTGGCGCCTCCCGCGGGCGCCCCCCTCCTCACGGCGAGCGCTGCCAC
GTCAGACGAAGGGCGCAGGAGCGTTCCTGATCCTTCCGCCCGGACGCTCAGGACAG
CGGCCCGCTGCTCATAAGACTCGGCCTTAGAACCCCAGTATCAGCAGAAGGACATTT
TAGGACGGGACTTGGGTGACTCTAGGGCACTGGTTTTCTTTCCAGAGAGCGGAACA
GGCGAGGAAAAGTAGTCCCTTCTCGGCGATTCTGCGGAGGGATCTCCGTGGGGCGG
TGAACGCCGATGATTATATAAGGACGCGCCGGGTGTGGCACAGCTAGTTCCGTCGC
AGCCGGGATTTGGGTCGCGGTTCTTGTTTGTGGATCGCTGTGATCGTCACTTGGTGA
GTTGCGGGCTGCTGGGCTGGCCGGGGCTTTCGTGGCCGCCGGGCCGCTCGGTGGGA
CGGAAGCGTGTGGAGAGACCGCCAAGGGCTGTAGTCTGGGTCCGCGAGCAAGGTTG
CCCTGAACTGGGGGTTGGGGGGAGCGCACAAAATGGCGGCTGTTCCCGAGTCTTGA
ATGGAAGACGCTTGTAAGGCGGGCTGTGAGGTCGTTGAAACAAGGTGGGGGGCATG
GTGGGCGGCAAGAACCCAAGGTCTTGAGGCCTTCGCTAATGCGGGAAAGCTCTTAT
TCGGGTGAGATGGGCTGGGGCACCATCTGGGGACCCTGACGTGAAGTTTGTCACTG
ACTGGAGAACTCGGGTTTGTCGTCTGGTTGCGGGGGCGGCAGTTATGCGGTGCCGTT
GGGCAGTGCACCCGTACCTTTGGGAGCGCGCGCCTCGTCGTGTCGTGACGTCACCCG
TTCTGTTGGCTTATAATGCAGGGTGGGGCCACCTGCCGGTAGGTGTGCGGTAGGCTT
TTCTCCGTCGCAGGACGCAGGGTTCGGGCCTAGGGTAGGCTCTCCTGAATCGACAGG
CGCCGGACCTCTGGTGAGGGGAGGGATAAGTGAGGCGTCAGTTTCTTTGGTCGGTTT
TATGTACCTATCTTCTTAAGTAGCTGAAGCTCCGGTTTTGAACTATGCGCTCGGGGTT
GGCGAGTGTGTTTTGTGAAGTTTTTTAGGCACCTTTTGAAATGTAATCATTTGGGTCA
ATATGTAATTTTCAGTGTTAGACTAGTAAAGCTTCTGCAGGTCGACTCTAGAAAATT
GTCCGCTAAATTCTGGCCGTTTTTGGCTTTTTTGTTAGAC (SEQ ID NO: 19)

hEF1laV1

GGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTT
GGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAAC
TGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCG
TATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGA
ACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGC
CCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTACGTGATTCTTGATCCCGAGC
TTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCGC
CTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGTGCGAATCTGGT
GGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTTTTG
ATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAGA
TCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGGCGACGGGGCCCGTGCGTC
CCAGCGCACATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGAC
GGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGTCTCGCGCCGCCGTGTA
TCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACCAGTTGCGTGAGCGGAA
AGATGGCCGCTTCCCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGCGCTC
GGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCAG
CCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGT
TCTCGAGCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGG
AGTTTCCCCACACTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGT
AATTCTCCTTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCA
GACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGA (SEQ ID NO: 20)

hCAGG

ACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAG
TTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCC
CGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTC
CATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAA
GTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCC
TGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTAC
GTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCC
CCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTTTAATTATTTTGT
GCAGCGATGGGGGCGGGGGGGGGGGGGGGGCGCGCGCCAGGCGGGGCGGGGCGG

92




WO 2022/098922 PCT/US2021/058134

Name

DNA SEQUENCE

GGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTGCGGCGGCAGCCAATCAGAGCG
GCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTATAAA
AAGCGAAGCGCGCGGCGGGCGGGGAGTCGCTGCGACGCTGCCTTCGCCCCGTGCCC
CGCTCCGCCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCA
CAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAA
TGACGGCTTGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTGAGGGGCTCCGGGAGGGC
CCTTTGTGCGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTGCGTGGGGAG
CGCCGCGTGCGGCTCCGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGG
GGCTTTGTGCGCTCCGCAGTGTGCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCG
CGGTGCGGGGGGGGCTGCGAGGGGAACAAAGGCTGCGTGCGGGGTGTGTGCGTGG
GGGGGTGAGCAGGGGGTGTGGGCGCGTCGGTCGGGCTGCAACCCCCCCTGCACCCC
CCTCCCCGAGTTGCTGAGCACGGCCCGGCTTCGGGTGCGGGGCTCCGTACGGGGCGT
GGCGCGGGGCTCGCCGTGCCGGGCGGGGGGTGGCGGCAGGTGGGGGTGCCGGGCG
GGGCGGGGCCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGCGGLeCCCa
GAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAAT
CGTGCGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGTGCGGAGCCGAAATCT
GGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGGCGAAGCGGTGCGGCGCCGG
CAGGAAGGAAATGGGCGGGGAGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTC
TCCCTCTCCAGCCTCGGGGCTGTCCGCGGGGGGACGGCTGCCTTCGGGGGGGACGG
GGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTCTAGAGCCTCTGCTAAC
CATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGC
TGTCTCATCATTTTGGCAAAGAATTC (SEQ ID NO: 21)

hEF1aV2

Gggcagagegeacatcgeccacagtccccgagaagttggggegaggeotc ggcaattgaaccggtecctagagaaggtggcgcegg

gtaaactgggaaagtgatgtcgtgtactggetccgectitttcccgagggtgggggagaaccgtatataagtgeagtagtcgecgtgaacgt
tetttttcgcaacgggtttgccgccagaacacag (SEQ ID NO: 22)

hACTb

CCACTAGTTCCATGTCCTTATATGGACTCATCTTTGCCTATTGCGACACACACTCAAT
GAACACCTACTACGCGCTGCAAAGAGCCCCGCAGGCCTGAGGTGCCCCCACCTCAC
CACTCTTCCTATTTTTGTGTAAAAATCCAGCTTCTTGTCACCACCTCCAAGGAGGGG
GAGGAGGAGGAAGGCAGGTTCCTCTAGGCTGAGCCGAATGCCCCTCTGTGGTCCCA
CGCCACTGATCGCTGCATGCCCACCACCTGGGTACACACAGTCTGTGATTCCCGGAG
CAGAACGGACCCTGCCCACCCGGTCTTGTGTGCTACTCAGTGGACAGACCCAAGGC
AAGAAAGGGTGACAAGGACAGGGTCTTCCCAGGCTGGCTTTGAGTTCCTAGCACCG
CCCCGCCCCCAATCCTCTGTGGCACATGGAGTCTTGGTCCCCAGAGTCCCCCAGCGG
CCTCCAGATGGTCTGGGAGGGCAGTTCAGCTGTGGCTGCGCATAGCAGACATACAA
CGGACGGTGGGCCCAGACCCAGGCTGTGTAGACCCAGCCCCCCCGCCCCGCAGTGC
CTAGGTCACCCACTAACGCCCCAGGCCTGGTCTTGGCTGGGCGTGACTGTTACCCTC
AAAAGCAGGCAGCTCCAGGGTAAAAGGTGCCCTGCCCTGTAGAGCCCACCTTCCTT
CCCAGGGCTGCGGCTGGGTAGGTTTGTAGCCTTCATCACGGGCCACCTCCAGCCACT
GGACCGCTGGCCCCTGCCCTGTCCTGGGGAGTGTGGTCCTGCGACTTCTAAGTGGCC
GCAAGCCACCTGACTCCCCCAACACCACACTCTACCTCTCAAGCCCAGGTCTCTCCC
TAGTGACCCACCCAGCACATTTAGCTAGCTGAGCCCCACAGCCAGAGGTCCTCAGG
CCCTGCTTTCAGGGCAGTTGCTCTGAAGTCGGCAAGGGGGAGTGACTGCCTGGCCAC
TCCATGCCCTCCAAGAGCTCCTTCTGCAGGAGCGTACAGAACCCAGGGCCCTGGCAC
CCGTGCAGACCCTGGCCCACCCCACCTGGGCGCTCAGTGCCCAAGAGATGTCCACA
CCTAGGATGTCCCGCGGTGGGTGGGGGGCCCGAGAGACGGGCAGGCCGGGGGCAG
GCCTGGCCATGCGGGGCCGAACCGGGCACTGCCCAGCGTGGGGCGCGGGGGCCACG
GCGCGCGCCCCCAGCCCCCGGGCCCAGCACCCCAAGGCGGCCAACGCCAAAACTCT
CCCTCCTCCTCTTCCTCAATCTCGCTCTCGCTCTTTTTTTTITITCGCAAAAGGAGGGG
AGAGGGGGTAAAAAAATGCTGCACTGTGCGGCGAAGCCGGTGAGTGAGCGGCGCG
GGGCCAATCAGCGTGCGCCGTTCCGAAAGTTGCCTTTTATGGCTCGAGCGGCCGCGG
CGGCGCCCTATAAAACCCAGCGGCGCGACGCGCCACCACCGCCGAGACCGCGTCCG
CCCCGCGAGCACAGAGCCTCGCCTTTGCCGATCCGCCGCCCGTCCACACCCGLCCGLC
AGgtaagcecggecagecgaccggggeaggeggetcacggeecggeegeaggeggecgeggeeccticgecegtgeagageege
cgictgggccgeageggggegcgratgggeggggaaccggaccgrcgtggggggcgegggagaagecccigggectecggagat
gggggacaccccacgecagitcggaggegegaggecgegetcgggaggegegetecgggggtgecgetctecggggeggggacaac
cggeggggictiigictgagecgggcictigecaatggggatcgeagggtgggegeggeggageecccgecaggeecggigggggct
gggocgecattgegegtgegegetggtectttgggegetaactgegtgcgegetgggaattggegetaattgegegtgegegetgggact
Caaggcgetaactgegegigegtictggggcecggggtegecgrgecctgggcigggacgaaggcggectcggecggaagegetegs
gtcgecgegecteccggecgettgegegeacttectgecegagecgetggccgeccgagegtgtooccgctgcgtecgcgcgcgecg
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acccggegcetgtttgaaccgggeggaggeggggcetggegeeeggtigggagggggtiggggcctggeticetgecgegegeegeggg
gacgectcegaccagtgtttgectittatggtaataacgeggecggeccggettecttigtceccaatetgggegegegeecggegeeecetg

geggectaaggacteggegegecggaagtggecagggegggggegaccteggetcacagegegeceggetat (SEQ ID NO:
23)

helF4A1

GTTGATTTCCTTCATCCCTGGCACACGTCCAGGCAGTGTCGAATCCATCTCTGCTACA
GGGGAAAACAAATAACATTTGAGTCCAGTGGAGACCGGGAGCAGAAGTAAAGGGA
AGTGATAACCCCCAGAGCCCGGAAGCCTCTGGAGGCTGAGACCTCGCCCCCCTTGC
GTGATAGGGCCTACGGAGCCACATGACCAAGGCACTGTCGCCTCCGCACGTGTGAG
AGTGCAGGGCCCCAAGATGGCTGCCAGGCCTCGAGGCCTGACTCTTCTATGTCACTT
CCGTACCGGCGAGAAAGGCGGGCCCTCCAGCCAATGAGGCTGCGGGGCGGGCCTTC
ACCTTGATAGGCACTCGAGTTATCCAATGGTGCCTGCGGGCCGGAGCGACTAGGAA
CTAACGTCATGCCGAGTTGCTGAGCGCCGGCAGGCGGGGCCGGGGCGGCCAAACCA
ATGCGATGGCCGGGGCGGAGTCGGGCGCTCTATAAGTTGTCGATAGGCGGGCACTC
CGCCCTAGTTTCTAAGGACCATG (SEQ ID NO: 24)

hGAPD

AGTTCCCCAACTTTCCCGCCTCTCAGCCTTTGAAAGAAAGAAAGGGGAGGGGGCAG
GCCGCGTGCAGTCGCGAGCGGTGCTGGGCTCCGGCTCCAATTCCCCATCTCAGTCGC
TCCCAAAGTCCTTCTGTTTCATCCAAGCGTGTAAGGGTCCCCGTCCTTGACTCCCTAG
TGTCCTGCTGCCCACAGTCCAGTCCTGGGAACCAGCACCGATCACCTCCCATCGGGC
CAATCTCAGTCCCTTCCCCCCTACGTCGGGGCCCACACGCTCGGTGCGTGCCCAGTT
GAACCAGGCGGCTGCGGAAAAAAAAAAGCGGGGAGAAAGTAGGGCCCGGCTACTA
GCGGTTTTACGGGCGCACGTAGCTCAGGCCTCAAGACCTTGGGCTGGGACTGGCTG
AGCCTGGCGGGAGGCGGGGTCCGAGTCACCGCCTGCCGCCGCGCCCCCGGTTTCTAT
AAATTGAGCCCGCAGCCTCCCGCTTCGCTCTCTGCTCCTCCTGTTCGACAGTCAGCC
GCATCTTCTTTTGCGTCGCCAGgtgaagacgggcggagagaaacccgggaggctagggacggectgaaggegge
aggggegggegeaggecggatgtgticgegeegetgeggggtgggeccgggeggcectecgeattgeaggggegggcggaggacgt

gatgeggegeggectgggeatggaggcctggtgggegaggggaggegagecgtggetgtegeccggggccactaggegeteactgt
teteteceteegegecagCCGAGCCACATCGCTGAGACAC (SEQ ID NO: 25)

hGRP78

AGTGCGGTTACCAGCGGAAATGCCTCGGGGTCAGAAGTCGCAGGAGAGATAGACAG
CTGCTGAACCAATGGGACCAGCGGATGGGGCGGATGTTATCTACCATTGGTGAACG
TTAGAAACGAATAGCAGCCAATGAATCAGCTGGGGGGGCGGAGCAGTGACGTTTAT
TGCGGAGGGGGCCGCTTCGAATCGGCGGCGGCCAGCTTGGTGGCCTGGGCCAATGA
ACGGCCTCCAACGAGCAGGGCCTTCACCAATCGGCGGCCTCCACGACGGGGCTGGG
GGAGGGTATATAAGCCGAGTAGGCGACGGTGAGGTCGACGCCGGCCAAGACAGCA
CAGACAGATTGACCTATTGGGGTGTTTCGCGAGTGTGAGAGGGAAGCGCCGCGGCC
TGTATTTCTAGACCTGCCCTTCGCCTGGTTCGTGGCGCCTTGTGACCCCGGGCCCCTG
CCGCCTGCAAGTCGGAAATTGCGCTGTGCTCCTGTGCTACGGCCTGTGGCTGGACTG
CCTGCTGCTGCCCAACTGGCTGGCAC (SEQ ID NO: 26)

hGRP%4

TAGTTTCATCACCACCGCCACCCCCCCGCCCCCCCGCCATCTGAAAGGGTTCTAGGG
GATTTGCAACCTCTCTCGTGTGTTTCTTCTTTCCGAGAAGCGCCGCCACACGAGAAA
GCTGGCCGCGAAAGTCGTGCTGGAATCACTTCCAACGAAACCCCAGGCATAGATGG
GAAAGGGTGAAGAACACGTTGCCATGGCTACCGTTTCCCCGGTCACGGAATAAACG
CTCTCTAGGATCCGGAAGTAGTTCCGCCGCGACCTCTCTAAAAGGATGGATGTGTTC
TCTGCTTACATTCATTGGACGTTTTCCCTTAGAGGCCAAGGCCGCCCAGGCAAAGGG
GCGGTCCCACGCGTGAGGGGCCCGCGGAGCCATTTGATTGGAGAAAAGCTGCAAAC
CCTGACCAATCGGAAGGAGCCACGCTTCGGGCATCGGTCACCGCACCTGGACAGCT
CCGATTGGTGGACTTCCGCCCCCCCTCACGAATCCTCATTGGGTGCCGTGGGTGCGT
GGTGCGGCGCGATTGGTGGGTTCATGTTTCCCGTCCCCCGCCCGCGAGAAGTGGGGG
TGAAAAGCGGCCCGACCTGCTTGGGGTGTAGTGGGCGGACCGCGCGGCTGGAGGTG
TGAGGATCCGAACCCAGGGGTGGGGGGTGGAGGCGGCTCCTGCGATCGAAGGGGA
CTTGAGACTCACCGGCCGCACGTC (SEQ ID NO: 27)

hHSP70

GGGCCGCCCACTCCCCCTTCCTCTCAGGGTCCCTGTCCCCTCCAGTGAATCCCAGAA
GACTCTGGAGAGTTCTGAGCAGGGGGCGGCACTCTGGCCTCTGATTGGTCCAAGGA
AGGCTGGGGGGCAGGACGGGAGGCGAAAACCCTGGAATATTCCCGACCTGGCAGCC
TCATCGAGCTCGGTGATTGGCTCAGAAGGGAAAAGGCGGGTCTCCGTGACGACTTA
TAAAAGCCCAGGGGCAAGCGGTCCGGATAACGGCTAGCCTGAGGAGCTGCTGCGAC
AGTCCACTACCTTTTTCGAGAGTGACTCCCGTTGTCCCAAGGCTTCCCAGAGCGAAC
CTGTGCGGCTGCAGGCACCGGCGCGTCGAGTTTCCGGCGTCCGGAAGGACCGAGCT
CTTCTCGCGGATCCAGTGTTCCGTTTCCAGCCCCCAATCTCAGAGCGGAGCCGACAG
AGAGCAGGGAACCC (SEQ ID NO: 28)
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hKINb GCCCCACCCCCGTCCGCGTTACAACCGGGAGGCCCGCTGGGTCCTGCACCGTCACCC
TCCTCCCTGTGACCGCCCACCTGATACCCAAACAACTTTCTCGCCCCTCCAGTCCCCA
GCTCGCCGAGCGCTTGCGGGGAGCCACCCAGCCTCAGTTTCCCCAGCCCCGGGCGG
GGCGAGGGGCGATGACGTCATGCCGGCGCGCGGCATTGTGGGGCGGGGCGAGGCG
GGGCGCCGGGGGGAGCAACACTGAGACGCCATTTTCGGCGGCGGGAGCGGCGCAG
GCGGCCGAGCGGGACTGGCTGGGTCGGCTGGGCTGCTGGTGCGAGGAGCCGCGGGG
CTGTGCTCGGCGGCCAAGGGGACAGCGCGTGGGTGGCCGAGGATGCTGCGGGGCGG
TAGCTCCGGCGCCCCTCGCTGGTGACTGCTGCGCCGTGCCTCACACAGCCGAGGCGG
GCTCGGCGCACAGTCGCTGCTCCGCGCTCGCGCCCGGCGGCGCTCCAGGTGCTGACA
GCGCGAGAGAGCGCGGCCTCAGGAGCAACAC (SEQ ID NO: 29)

hUBIb TTCCAGAGCTTTCGAGGAAGGTTTCTTCAACTCAAATTCATCCGCCTGATAATTTTCT
TATATTTTCCTAAAGAAGGAAGAGAAGCGCATAGAGGAGAAGGGAAATAATTTTTT
AGGAGCCTTTCTTACGGCTATGAGGAATTTGGGGCTCAGTTGAAAAGCCTAAACTGC
CTCTCGGGAGGTTGGGCGCGGCGAACTACTTTCAGCGGCGCACGGAGACGGCGTCT
ACGTGAGGGGTGATAAGTGACGCAACACTCGTTGCATAAATTTGCGCTCCGCCAGC
CCGGAGCATTTAGGGGCGGTTGGCTTTGTTGGGTGAGCTTGTTTGTGTCCCTGTGGG
TGGACGTGGTTGGTGATTGGCAGGATCCTGGTATCCGCTAACAGgtactggcccacagecgtaa
agacctgeggggecgigagaggegegaatgggtgaggicaagetggaggctictiggggtigggiggeccacigaggggaggggag
ggcgaggtgacgegacacceggecttictgggagagtgggectigttgacctaaggggggegaggecagtiggcacgegeacgegee
gacagaaactaacagacattaaccaacagcgattccgtcgegtttacttgggaggaaggeggaaaagaggtagtitgtgtggettctggaa
accctaaatttggaatcccagtatgagaatggtgteecttettgtgtitcaatgggatttttacttcgegagtettgtgggtttggttttgttttcagttt
gectaacaccgtgettaggtttgaggeagattggagticggtegggggagtttgaatatccggaacagttagtggggaaagetgtggacget
tggtaagagagcgcetctggattttccgetgttgacgttgaaaccttgaatgacgaatttcgtattaagtgacttagecttgtaaaattgagggga
gecttgeggaatattaacgtatttaaggeattttgaaggaatagttgctaatittgaagaatattaggtgtaaaagcaagaaatacaatgatectg
aggtgacacgcttatgttttacttttaaactagGTCACC (SEQ ID NO: 30)

CAG gacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagticcgegtta
cataacttacggtaaatggcccgcectggcetgaccgeccaacgacccccgeccattgacgtcaataatgacgtatgtt
cccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaactgeccacttggeagta
catcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggeccgectggceattatgecca
gtacatgaccttatgggactttcctacttggceagtacatctacgtattagtcatcgctattaccatggtcgaggtgagec
ccacgttetgcettcactctececatctecceccecteccccacceccaattttgtatttatttattttttaattattttgtgecage
2atggggegcggggeeo000000000CaCICICCageCeeegCeeeoCageoCcgaggoecaggocagg
gegaggceggagaggtgcggcggeagecaatcagageggegegetecgaaagtttecttttatggegaggcgge
gocggcgocgaccctataaaaagegaagegegeggcggacg (SEQ ID NO: 173)

HLP Tgtttgctgettgeaatgtttgcecattttagggtegacacaggacgctgtggtttctgageccaggggecgactcag
atcccagcecagtggacttageccctgtttgetcctccgataactggggtgaccttggttaatattcaccageagecte
cceegttgeccctetggatecactgettaaatacggacgaggacagggccctgtetectcagettcaggeaccace
actgacctgggacagtgaat (SEQ ID NO: 174)

The promoter can be a tissue-specific promoter. In general, a tissue-specific promoter
directs transcription of a nucleic acid, (e.g., the engineered nucleic acids encoding the
chimeric proteins, such as membrane-cleavable chimeric proteins having the formula S — C —
MT or MT - C - S) such that expression is limited to a specific cell type, organelle, or tissue.
Tissue-specific promoters include, but are not limited to, albumin (liver specific, Pinkert et
al., (1987)), lymphoid specific promoters (Calame and Eaton, 1988), particular promoters of
T-cell receptors (Winoto and Baltimore, (1989)) and immunoglobulins; Banerji et al., (1983);
Queen and Baltimore, 1983), neuron specific promoters (e.g. the neurofilament promoter;

Byrne and Ruddle, 1989), pancreas specific promoters (Edlund et al., (1985)) or mammary
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gland specific promoters (milk whey promoter, U.S. Pat. No. 4,873,316 and European
Application Publication No. 264,166) as well as developmentally regulated promoters such as
the murine hox promoters (Kessel and Gruss, Science 249:374-379 (1990)) or the a-
fetoprotein promoter (Campes and Tilghman, Genes Dev. 3:537-546 (1989)), the contents of
each of which are fully incorporated by reference herein. The promoter can be constitutive in
the respective specific cell type, organelle, or tissue. Tissue-specific promoters and/or
regulatory elements can also include promoters from the liver fatty acid binding (FAB)
protein gene, specific for colon epithelial cells; the insulin gene, specific for pancreatic cells;
the transphyretin, .alpha.1- antitrypsin, plasminogen activator inhibitor type 1 (PAI-I),
apolipoprotein Al and LDL receptor genes, specific for liver cells; the myelin basic protein
(MBP) gene, specific for oligodendrocytes; the glial fibrillary acidic protein (GFAP) gene,
specific for glial cells; OPSIN, specific for targeting to the eye; and the neural-specific
enolase (NSE) promoter that is specific for nerve cells. Examples of tissue-specific promoters
include, but are not limited to, the promoter for creatine kinase, which has been used to direct
expression in muscle and cardiac tissue and immunoglobulin heavy or light chain promoters
for expression in B cells. Other tissue specific promoters include the human smooth muscle
alpha-actin promoter. Exemplary tissue-specific expression elements for the liver include but
are not limited to HMG-COA reductase promoter, sterol regulatory element 1, phosphoenol
pyruvate carboxy kinase (PEPCK) promoter, human C- reactive protein (CRP) promoter,
human glucokinase promoter, cholesterol L 7-alpha hydroylase (CYP-7) promoter, beta-
galactosidase alpha-2,6 sialylkansferase promoter, insulin-like growth factor binding protein
(IGFBP-I) promoter, aldolase B promoter, human transferrin promoter, and collagen type I
promoter. Exemplary tissue-specific expression elements for the prostate include but are not
limited to the prostatic acid phosphatase (PAP) promoter, prostatic secretory protein of 94
(PSP 94) promoter, prostate specific antigen complex promoter, and human glandular
kallikrein gene promoter (hgt-1). Exemplary tissue- specific expression elements for gastric
tissue include but are not limited to the human H+/K+-ATPase alpha subunit promoter.
Exemplary tissue-specific expression elements for the pancreas include but are not limited to
pancreatitis associated protein promoter (PAP), elastase 1 transcriptional enhancer, pancreas
specific amylase and elastase enhancer promoter, and pancreatic cholesterol esterase gene
promoter. Exemplary tissue-specific expression elements for the endometrium include, but
are not limited to, the uteroglobin promoter. Exemplary tissue-specific expression elements
for adrenal cells include, but are not limited to, cholesterol side-chain cleavage (SCC)

promoter. Exemplary tissue-specific expression elements for the general nervous system
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include, but are not limited to, gamma-gamman enolase (neuron- specific enolase, NSE)
promoter. Exemplary tissue-specific expression elements for the brain include, but are not
limited to, the neurofilament heavy chain (NF-H) promoter. Exemplary tissue-specific
expression elements for lymphocytes include, but are not limited to, the human CGL-
1/granzyme B promoter, the terminal deoxy transferase (TdT), lambda 5, VpreB, and Ick
(lymphocyte specific tyrosine protein kinase p561ck) promoter, the humans CD2 promoter
and its 3 ' transcriptional enhancer, and the human NK and T cell specific activation (NKGS)
promoter. Exemplary tissue-specific expression elements for the colon include, but are not
limited to, pp60c-src tyrosine kinase promoter, organ-specific neoantigens (OSNs) promoter,
and colon specific antigen-P promoter. Tissue-specific expression elements for breast cells
are for example, but are not limited to, the human alpha-lactalbumin promoter. Exemplary
tissue-specific expression elements for the lung include, but are not limited to, the cystic
fibrosis transmembrane conductance regulator (CFTR) gene promoter.

In some embodiments, a promoter of the present disclosure is modulated by signals
within a tumor microenvironment. A tumor microenvironment is considered to modulate a
promoter if, in the presence of the tumor microenvironment, the activity of the promoter is
increased or decreased by at least 10%, relative to activity of the promoter in the absence of
the tumor microenvironment. In some embodiments, the activity of the promoter is increased
or decreased by at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 100%, relative to activity of the promoter in the
absence of the tumor microenvironment. For example, the activity of the promoter is
increased or decreased by 10-20%, 10-30%, 10-40%, 10-50%, 10-60%, 10-70%, 10-80%, 10-
90%, 10-100%, 10-200%, 20-30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%,
20-100%, 20-200%, 50-60%, 50-70%, 50-80%, 50-90%, 50-100%, or 50-200%, relative to
activity of the promoter in the absence of the tumor microenvironment.

In some embodiments, the activity of the promoter is increased or decreased by at
least 2 fold (e.g., 2, 3, 4, 5, 10, 25, 20, 25, 50, or 100 fold), relative to activity of the promoter
in the absence of the tumor microenvironment. For example, the activity of the promoter is
increased or decreased by at least 3 fold, at least 5 fold, at least 10 fold, at least 20 fold, at
least 50 fold, or at least 100 fold, relative to activity of the promoter in the absence of the
tumor microenvironment. In some embodiments, the activity of the promoter is increased or
decreased by 2-10, 2-20, 2-30, 2-40, 2-50, 2-60, 2-70, 2-80, 2-90, or 2-100 fold, relative to

activity of the promoter in the absence of the tumor microenvironment.
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In some embodiments, a promoter of the present disclosure is activated under a
hypoxic condition. A “hypoxic condition” is a condition where the body or a region of the
body is deprived of adequate oxygen supply at the tissue level. Hypoxic conditions can cause
inflammation (e.g., the level of inflammatory cytokines increase under hypoxic conditions).
In some embodiments, the promoter that is activated under hypoxic condition is operably
linked to a nucleotide encoding a chimeric proteins that decreases the expression of activity
of inflammatory cytokines, thus reducing the inflammation caused by the hypoxic condition.
In some embodiments, the promoter that is activated under hypoxic conditions comprises a
hypoxia responsive element (HRE). A “hypoxia responsive element (HRE)” is a response
element that responds to hypoxia-inducible factor (HIF). The HRE, in some embodiments,

comprises a consensus motif NCGTG (where N is either A or G).

Activation-Conditional Control Polypeptide (ACP) Promoter Systems

In some embodiments, a synthetic promoter is a promoter system including an
activation-conditional control polypeptide- (ACP-) binding domain sequence and a promoter
sequence. Such a system is also referred to herein as an “ACP-responsive promoter.” In
general, an ACP promoter system includes a first expression cassette encoding an activation-
conditional control polypeptide (ACP) and a second expression cassette encoding an ACP-
responsive promoter operably linked to an exogenous polynucleotide sequence, such as the
exogenous polynucleotide sequence encoding the membrane-cleavable chimeric proteins
described herein or any other protein of interest (e.g., a protease). In some embodiments, the
first expression cassette and second expression cassette are each encoded by a separate
engineered nucleic acid. In other embodiments, the first expression cassette and the second
expression cassette are encoded by the same engineered nucleic acid. The ACP-responsive
promoter can be operably linked to a nucleotide sequence encoding a single protein of
interest or multiple proteins of interest.

The promoters of the ACP promoter system, e.g., either a promoter driving expression
of the ACP or the promoter sequence of the ACP-responsive promoter, can include any of the
promoter sequences described herein (see “Promoters” above). The ACP-responsive
promoter can be derived from minP, NFkB response element, CREB response element,
NFAT response element, SRF response element 1, SRF response element 2, AP1 response
element, TCF-LEF response element promoter fusion, Hypoxia responsive element, SMAD

binding element, STAT3 binding site, minCMV, YB_TATA, minTK, inducer molecule
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responsive promoters, and tandem repeats thereof. In some embodiments, the ACP-
responsive promoter includes a minimal promoter.

In some embodiments, the ACP-binding domain includes one or more zinc finger
binding sites. In some embodiments, the ACP-responsive promoter includes a minimal
promoter and the ACP-binding domain includes one or more zinc finger binding sites. The
ACP-binding domain can include 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more zinc finger binding sites.
In some embodiments, the transcription factor is a zinc-finger-containing transcription factor.
In some embodiments, the zinc-finger-containing transcription factor is a synthetic
transcription factor. In some embodiments, the ACP-binding domain includes one or more
zinc finger binding sites and the ACP has a DNA-binding zinc finger protein domain (ZF
protein domain). In some embodiments, the ACP has a DNA-binding zinc finger protein
domain (ZF protein domain) and an effector domain. In some embodiments, the ACP-binding
domain includes one or more zinc finger binding sites and the ACP has a DNA-binding zinc
finger protein domain (ZF protein domain) and an effector domain. In some embodiments,
the ZF protein domain is modular in design and is composed of zinc finger arrays (ZFA). A
zinc finger array comprises multiple zinc finger protein motifs that are linked together. Each
zinc finger motif binds to a different nucleic acid motif. This results in a ZFA with specificity
to any desired nucleic acid sequence, e.g., a ZFA with desired specificity to an ACP-binding
domain having a specific zinc finger binding site composition and/or configuration. The ZF
motifs can be directly adjacent to each other, or separated by a flexible linker sequence. In
some embodiments, a ZFA is an array, string, or chain of ZF motifs arranged in tandem. A
ZFA canhave 1,2,3,4,5,6,7,8,9,10, 11, 12,1 3, 14, or 15 zinc finger motifs. The ZFA
can have from 1-10, 1-15, 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 2-3, 2-4, 2-5, 2-6, 2-7, 2-8, 2-
9,2-10, 3-4, 3-5 3-6, 3-7, 3-8, 3-9, 3-10, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 5-6, 5-7, 5-8, 5-9, 5-10,
or 5-15 zinc finger motifs. The ZF protein domain can have 1,2, 3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15, or more ZFAs. The ZF domain can have from 1-10, 1-15, 1-2, 1-3, 1-4, 1-5, 1-6,
1-7,1-8, 1-9, 2-3, 2-4, 2-5, 2-6, 2-7, 2-8, 2-9, 2-10, 3-4, 3-5 3-6, 3-7, 3-8, 3-9, 3-10, 4-5, 4-6,
4-7,4-8, 4-9, 4-10, 5-6, 5-7, 5-8, 5-9, 5-10, or 5-15 ZFAs. In some embodiments, the ZF
protein domain comprises one to ten ZFA(s). In some embodiments, the ZF protein domain
comprises at least one ZFA. In some embodiments, the ZF protein domain comprises at least
two ZFAs. In some embodiments, the ZF protein domain comprises at least three ZFAs. In
some embodiments, the ZF protein domain comprises at least four ZFAs. In some
embodiments, the ZF protein domain comprises at least five ZFAs. In some embodiments, the

ZF protein domain comprises at least ten ZFAs.

99



10

15

20

25

30

WO 2022/098922 PCT/US2021/058134

In some embodiments, the ACP is a transcriptional modulator. In some embodiments,
the ACP is a transcriptional repressor. In some embodiments, the ACP is a transcriptional
activator. In some embodiments, the ACP is a transcription factor. In some embodiments, the
ACP comprises a DNA-binding domain and a transcriptional effector domain. In some
embodiments, the DNA-binding domain comprises a tetracycline (or derivative thereof)
repressor (TetR) domain. In some embodiments, the ACP is an antigen recognizing receptor
of the present disclosure.

The ACP can also further include an effector domain, such as a transcriptional
effector domain. For instance, a transcriptional effector domain can be the effector or
activator domain of a transcription factor. Transcription factor activation domains are also
known as transactivation domains, and act as scaffold domains for proteins such as
transcription coregulators that act to activate or repress transcription of genes. Any suitable
transcriptional effector domains can be used in the ACP including, but not limited to, a
Herpes Simplex Virus Protein 16 (VP16) activation domain; an activation domain consisting
of four tandem copies of VP16, a VP64 activation domain; a p65 activation domain of NF«B;
an Epstein-Barr virus R transactivator (Rta) activation domain; a tripartite activator
comprising the VP64, the p65, and the Rta activation domains, the tripartite activator is
known as a VPR activation domain; a histone acetyltransferase (HAT) core domain of the
human E1A-associated protein p300, known as a p300 HAT core activation domain; a
Kriippel associated box (KRAB) repression domain; a Repressor Element Silencing
Transcription Factor (REST) repression domain; a WRPW motif of the hairy-related basic
helix-loop-helix repressor proteins, the motif is known as a WRPW repression domain; a
DNA (cytosine-5)-methyltransferase 3B (DNMT3B) repression domain; and an HP1 alpha
chromoshadow repression domain, or any combination thereof.

In some embodiments, the effector domain is s transcription effector domain selected
from: a Herpes Simplex Virus Protein 16 (VP16) activation domain; an activation domain
consisting of four tandem copies of VP16, a VP64 activation domain; a p65 activation
domain of NF«kB; an Epstein-Barr virus R transactivator (Rta) activation domain; a tripartite
activator comprising the VP64, the p65, and the Rta activation domains, the tripartite
activator is known as a VPR activation domain; a histone acetyltransferase (HAT) core
domain of the human E1A-associated protein p300, known as a p300 HAT core activation
domain; a Kriippel associated box (KRAB) repression domain; a Repressor Element
Silencing Transcription Factor (REST) repression domain; a WRPW motif of the hairy-

related basic helix-loop-helix repressor proteins, the motif is known as a WRPW repression
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domain; a DNA (cytosine-5)-methyltransferase 3B (DNMT3B) repression domain; and an
HP1 alpha chromoshadow repression domain.

In some embodiments, the ACP is a small molecule (e.g., drug) inducible polypeptide.
For example, in some embodiments, the ACP may be induced by tetracycline (or derivative
thereof), and comprises a TetR domain and a VP16 effector domain. In some embodiments,
the ACP includes an estrogen receptor variant, such as ERT2, and may be regulated by
tamoxifen, or a metabolite thereof (such as 4-hydroxy-tamoxifen [4-OHT], N-
desmethyltamoxifen, tamoxifen-N-oxide, or endoxifen), through tamoxifen-controlled
nuclear localization.

In some embodiments, the ACP is a small molecule (e.g., drug) inducible polypeptide
that includes a repressible protease and one or more cognate cleavage sites of the repressible
protease. In some embodiments, a repressible protease is active (cleaves a cognate cleavage
site) in the absence of the specific agent and is inactive (does not cleave a cognate cleavage
site) in the presence of the specific agent. In some embodiments, the specific agent is a
protease inhibitor. In some embodiments, the protease inhibitor specifically inhibits a given
repressible protease of the present disclosure. The repressible protease can be any of the
proteases described herein that is capable of inactivation by the presence or absence of a
specific agent (see “Protease Cleavage Site” above for exemplary repressible proteases,
cognate cleavage sites, and protease inhibitors).

In some embodiments, the ACP has a degron domain (see “Degron Systems and
Domains” above for exemplary degron sequences). The degron domain can be in any order or
position relative to the individual domains of the ACP. For example, the degron domain can
be N-terminal of the repressible protease, C-terminal of the repressible protease, N-terminal
of the ZF protein domain, C-terminal of the ZF protein domain, N-terminal of the effector

domain, or C-terminal of the effector domain.

Multicistronic and Multiple Promoter Systems

In some embodiments, engineered nucleic acids (e.g., an engineered nucleic acid
comprising an expression cassette) are configured to produce multiple chimeric proteins. For
example, nucleic acids may be configured to produce 2-20 different chimeric proteins. In
some embodiments, nucleic acids are configured to produce 2-20, 2-19, 2-18, 2-17, 2-16, 2-
15, 2-14, 2-13, 2-12, 2-11, 2-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-3, 3-20, 3-19, 3-18, 3-17, 3-16,
3-15, 3-14, 3-13, 3-12, 3-11, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-20, 4-19, 4-18, 4-17, 4-16, 4-
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15, 4-14, 4-13, 4-12, 4-11, 4-10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-20, 5-19, 5-18, 5-17, 5-16, 5-15, 5-
14, 5-13, 5-12, 5-11, 5-10, 5-9, 5-8, 5-7, 5-6, 6-20, 6-19, 6-18, 6-17, 6-16, 6-15, 6-14, 6-13,
6-12, 6-11, 6-10, 6-9, 6-8, 6-7, 7-20, 7-19, 7-18, 7-17, 7-16, 7-15, 7-14, 7-13, 7-12, 7-11, 7-
10, 7-9, 7-8, 8-20, 8-19, 8-18, 8-17, 8-16, 8-15, 8-14, 8-13, 8-12, 8-11, 8-10, 8-9, 9-20, 9-19,
9-18,9-17, 9-16, 9-15, 9-14, 9-13, 9-12, 9-11, 9-10, 10-20, 10-19, 10-18, 10-17, 10-16, 10-
15, 10-14, 10-13, 10-12, 10-11, 11-20, 11-19, 11-18, 11-17, 11-16, 11-15, 11-14, 11-13, 11-
12, 12-20, 12-19, 12-18, 12-17, 12-16, 12-15, 12-14, 12-13, 13-20, 13-19, 13-18, 13-17, 13-
16, 13-15, 13-14, 14-20, 14-19, 14-18, 14-17, 14-16, 14-15, 15-20, 15-19, 15-18, 15-17, 15-
16, 16-20, 16-19, 16-18, 16-17, 17-20, 17-19, 17-18, 18-20, 18-19, or 19-20 chimeric
proteins. In some embodiments, nucleic acids are configured to produce 1, 2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 chimeric proteins.

In some embodiments, engineered nucleic acids can be multicistronic, i.e., more than
one separate polypeptide (e.g., multiple chimeric proteins) can be produced from a single
mRNA transcript. Engineered nucleic acids can be multicistronic through the use of various
linkers, e.g., a polynucleotide sequence encoding a first chimeric proteins can be linked to a
nucleotide sequence encoding a second chimeric protein, such as in a first gene:linker:second
gene 5’ to 37 orientation. A linker can encode a 2A ribosome skipping element, such as T2A.
Other 2A ribosome skipping elements include, but are not limited to, E2A, P2A, and F2A. 2A
ribosome skipping elements allow production of separate polypeptides encoded by the first
and second genes are produced during translation. A linker can encode a cleavable linker
polypeptide sequence, such as a Furin cleavage site or a TEV cleavage site, wherein
following expression the cleavable linker polypeptide is cleaved such that separate
polypeptides encoded by the first and second genes are produced. A cleavable linker can
include a polypeptide sequence, such as such a flexible linker (e.g., a Gly-Ser-Gly sequence),
that further promotes cleavage.

A linker can encode an Internal Ribosome Entry Site (IRES), such that separate
polypeptides encoded by the first and second genes are produced during translation. A linker
can encode a splice acceptor, such as a viral splice acceptor.

A linker can be a combination of linkers, such as a Furin-2A linker that can produce
separate polypeptides through 2A ribosome skipping followed by further cleavage of the
Furin site to allow for complete removal of 2A residues. In some embodiments, a
combination of linkers can include a Furin sequence, a flexible linker, and 2A linker.

Accordingly, in some embodiments, the linker is a Furin-Gly-Ser-Gly-2A fusion polypeptide.
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In some embodiments, a linker of the present disclosure is a Furin-Gly-Ser-Gly-T2A fusion
polypeptide.

In general, a multicistronic system can use any number or combination of linkers, to
express any number of genes or portions thereof (e.g., an engineered nucleic acid can encode
a first, a second, and a third chimeric protein, each separated by linkers such that separate
polypeptides encoded by the first, second, and third chimeric proteins are produced).

Engineered nucleic acids can use multiple promoters to express genes from multiple
ORFs, i.e., more than one separate mRNA transcript can be produced from a single
engineered nucleic acid. For example, a first promoter can be operably linked to a
polynucleotide sequence encoding a first chimeric protein, and a second promoter can be
operably linked to a polynucleotide sequence encoding a second chimeric protein. In general,
any number of promoters can be used to express any number of chimeric proteins. In some
embodiments, at least one of the ORFs expressed from the multiple promoters can be
multicistronic.

“Linkers,” as used herein can refer to polypeptides that link a first polypeptide
sequence and a second polypeptide sequence, the multicistronic linkers described above, or

the additional promoters that are operably linked to additional ORFs described above.
Engineered Cells

Provided herein are engineered cells, and methods of producing the engineered cells,
that produce membrane-cleavable chimeric proteins. In general, engineered cells of the
present disclosure may be engineered to express the chimeric proteins provided for herein,
such as the membrane-cleavable chimeric proteins having the formula S — C— MT or MT —
C — S described herein. These cells are referred to herein as “engineered cells.” These cells,
which typically contain engineered nucleic acid, do not occur in nature. In some
embodiments, the cells are engineered to include a nucleic acid comprising a promoter
operably linked to a nucleotide sequence encoding a chimeric protein, for example, a
membrane-cleavable chimeric protein. An engineered cell can comprise an engineered
nucleic acid integrated into the cell’s genome. An engineered cell can comprise an engineered
nucleic acid capable of expression without integrating into the cell’s genome, for example,
engineered with a transient expression system such as a plasmid or mRNA.

The present disclosure also encompasses additivity and synergy between a chimeric
protein(s) and the engineered cell from which they are produced. In some embodiments, cells

are engineered to produce at least two (e.g., 2, 3, 4, 5, 6,7, 8, 9, 10 or more) chimeric
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proteins, for example ate least two membrane-cleavable chimeric proteins. In other
embodiments, cells are engineered to produce at least one chimeric proteins having an
effector molecule that is not natively produced by the cells. Such an effector molecule may,
for example, complement the function of effector molecules natively produced by the cells.

In some embodiments, cells are engineered to express membrane-tethered anti-CD3
and/or anti-CD28 agonist extracellular domains.

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce multiple chimeric proteins. For example, cells may be engineered to produce 2-20
different chimeric proteins, such as 2-20 different membrane-cleavable chimeric proteins. In
some embodiments, cells engineered to produce 2-20, 2-19, 2-18, 2-17, 2-16, 2-15, 2-14, 2-
13, 2-12, 2-11, 2-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-3, 3-20, 3-19, 3-18, 3-17, 3-16, 3-15, 3-14,
3-13, 3-12, 3-11, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-20, 4-19, 4-18, 4-17, 4-16, 4-15, 4-14, 4-
13, 4-12, 4-11, 4-10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-20, 5-19, 5-18, 5-17, 5-16, 5-15, 5-14, 5-13, 5-
12, 5-11, 5-10, 5-9, 5-8, 5-7, 5-6, 6-20, 6-19, 6-18, 6-17, 6-16, 6-15, 6-14, 6-13, 6-12, 6-11,
6-10, 6-9, 6-8, 6-7, 7-20, 7-19, 7-18, 7-17, 7-16, 7-15, 7-14, 7-13, 7-12, 7-11, 7-10, 7-9, 7-8,
8-20, 8-19, 8-18, 8-17, 8-16, 8-15, 8-14, 8-13, 8-12, 8-11, 8-10, 8-9, 9-20, 9-19, 9-18, 9-17,
9-16, 9-15, 9-14, 9-13, 9-12, 9-11, 9-10, 10-20, 10-19, 10-18, 10-17, 10-16, 10-15, 10-14, 10-
13, 10-12, 10-11, 11-20, 11-19, 11-18, 11-17, 11-16, 11-15, 11-14, 11-13, 11-12, 12-20, 12-
19, 12-18, 12-17, 12-16, 12-15, 12-14, 12-13, 13-20, 13-19, 13-18, 13-17, 13-16, 13-15, 13-
14, 14-20, 14-19, 14-18, 14-17, 14-16, 14-15, 15-20, 15-19, 15-18, 15-17, 15-16, 16-20, 16-
19, 16-18, 16-17, 17-20, 17-19, 17-18, 18-20, 18-19, or 19-20 chimeric proteins. In some
embodiments, cells are engineered to produce 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20 chimeric proteins.

In some embodiments, engineered cells comprise one or more engineered nucleic
acids encoding a promoter operably linked to a nucleotide sequence encoding a chimeric
protein. In some embodiments, cells are engineered to include a plurality of engineered
nucleic acids, e.g., at least two engineered nucleic acids, each encoding a promoter operably
linked to a nucleotide sequence encoding at least one (e.g., 1, 2 or 3) chimeric protein. For
example, cells may be engineered to comprise at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 8, at least 9, or at least 10, engineered nucleic acids, each
encoding a promoter operably linked to a nucleotide sequence encoding at least one (e.g., 1, 2
or 3) chimeric protein. In some embodiments, the cells are engineered to comprise 2, 3, 4, 5,
6,7, 8,9, 10, or more engineered nucleic acids, each encoding a promoter operably linked to

a nucleotide sequence encoding at least one (e.g., 1, 2 or 3) chimeric protein. Engineered cells
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can comprise an engineered nucleic acid encoding at least one of the linkers described above,
such as polypeptides that link a first polypeptide sequence and a second polypeptide
sequence, one or more multicistronic linker described above, one or more additional
promoters operably linked to additional ORFs, or a combination thereof.

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
express a protease. In some embodiments, a cell is engineered to express a protease
heterologous to a cell. In some embodiments, a cell is engineered to express a protease
heterologous to a cell expressing a chimeric protein, such as a heterologous protease that
cleaves the protease cleavage site of a membrane-cleavable chimeric protein. In some
embodiments, engineered cells comprise one or more engineered nucleic acids encoding a
promoter operably linked to a nucleotide sequence encoding a protease, such as a
heterologous protease. Protease and protease cleavage sites are described in greater detail in
the Section herein titled “Protease Cleavage site.”

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce at least one homing molecule. “Homing,” refers to active navigation (migration) of a
cell to a target site (e.g., a cell, tissue (e.g., tumor), or organ). A “homing molecule” refers to
a molecule that directs cells to a target site. In some embodiments, a homing molecule
functions to recognize and/or initiate interaction of an engineered cell to a target site. Non-
limiting examples of homing molecules include CXCR1, CCR9, CXCR2, CXCR3, CXCR4,
CCR2, CCR4, FPR2, VEGFR, IL6R, CXCR1, CSCR7, and PDGFR.

In some embodiments, a homing molecule is a chemokine receptor (cell surface
molecule that binds to a chemokine). Non-limiting examples of chemokine receptors that
may be produced by the engineered cells of the present disclosure include: CXC chemokine
receptors (e.g., CXCR1, CXCR2, CXCR3, CXCR4, CXCRS5, CXCR6, and CXCR7), CC
chemokine receptors (CCR1, CCR2, CCR3, CCR4, CCRS5, CCR6, CCR7, CCRS8, CCRY,
CCRI10, and CCR11), CX3C chemokine receptors (e.g., CX3CR1, which binds to CX3CL1),
and XC chemokine receptors (e.g., XCR1). In some embodiments, a chemokine receptor is a
G protein-linked transmembrane receptor, or a member of the tumor necrosis factor (TNF)
receptor superfamily (including but not limited to TNFRSF1A, TNFRSF1B). In some
embodiments, cells are engineered to produce CXCL8, CXCL9, and/or CXCL10 (promote T-
cell recruitment), CCL3 and/or CXCLS5, CCL21 (Th1 recruitment and polarization). In some

embodiments, cells are engineered to produce CXCR4.
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In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce G-protein coupled receptors (GPCRs) that detect N-formylated-containing
oligopeptides (including but not limited to FPR2 and FPRL1).

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce receptors that detect interleukins (including but not limited to IL6R).

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce receptors that detect growth factors secreted from other cells, tissues, or tumors
(including but not limited to FGFR, PDGFR, EGFR, and receptors of the VEGF family,
including but not limited to VEGF-C and VEGF-D).

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce one or more integrins. Cells of the present disclosure may be engineered to produce
any combination of integrin o and B subunits. The a subunit of an integrin may be, without
limitation: ITGA1, ITGA2, ITGA3, ITGA4, ITGAS, ITGA6, IGTA7, ITGAS, ITGAO,
IGTA10, IGTA11, ITGAD, ITGAE, ITGAL, ITGAM, ITGAV, ITGA2B, ITGAX. The B
subunit of an integrin may be, without limitation: ITGB1, ITGB2, ITGB3, ITGB4, ITGBS5,
ITGB6, ITGB7, and ITGBS.

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce one or more matrix metalloproteinases (MMP). Non-limiting examples of MMPs
include MMP-2, MMP-9, and MMP. In some embodiments, cells are engineered to produce
an inhibitor of a molecule (e.g., protein) that inhibits MMPs. For example, cells may be
engineered to express an inhibitor (e.g., an RNAi molecule) of membrane type 1 MMP
(MT1-MMP) or TIMP metallopeptidase inhibitor 1 (TIMP-1).

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce a ligand that binds to selectin (e.g., hematopoietic cell E-/L-selectin ligand
(HCELL), Dykstran et al., Stem Cells. 2016 Oct;34(10):2501-2511) on the endothelium of a
target tissue, for example.

The term “homing molecule” also encompasses transcription factors that regulate the
production of molecules that improve/enhance homing of cells.

Also provided herein are engineered cells that are engineered to produce multiple
chimeric proteins, at least two of which include effector molecules that modulate different
tumor-mediated immunosuppressive mechanisms. In some embodiments, at least one (e.g., 1,
2,3, 4,5, or more) chimeric protein includes an effector molecule that stimulates at least one
immunostimulatory mechanism in the tumor microenvironment, or inhibits at least one

immunosuppressive mechanism in the tumor microenvironment. In some embodiments, at
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least one (e.g., 1, 2, 3, 4, 5, or more) chimeric protein includes an effector molecule that
inhibits at least one immunosuppressive mechanism in the tumor microenvironment, and at
least one chimeric protein (e.g., 1, 2, 3, 4, 5, or more) inhibits at least one immunosuppressive
mechanism in the tumor microenvironment. In yet other embodiments, at least two (e.g., 2, 3,
4, 5, or more) chimeric proteins includes an effector molecule that stimulate at least one
immunostimulatory mechanism in the tumor microenvironment. In still other embodiments,
atleast two (e.g., 1, 2, 3, 4, 5, or more) chimeric proteins includes an effector molecule that
inhibit at least one immunosuppressive mechanism in the tumor microenvironment.

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce at least one chimeric protein including an effector molecule that stimulates T cell
signaling, activity and/or recruitment. In some embodiments, a cell is engineered to produce
at least one chimeric protein that includes an effector molecule that stimulates antigen
presentation and/or processing. In some embodiments, a cell is engineered to produce at least
one chimeric protein that includes an effector molecule that stimulates natural killer cell-
mediated cytotoxic signaling, activity and/or recruitment. In some embodiments, a cell is
engineered to produce at least one chimeric protein that includes an effector molecule that
stimulates dendritic cell differentiation and/or maturation. In some embodiments, a cell is
engineered to produce at least one chimeric protein that includes an effector molecule that
stimulates immune cell recruitment. In some embodiments, a cell is engineered to produce at
least one chimeric protein includes an effector molecule that that stimulates M1 macrophage
signaling, activity and/or recruitment. In some embodiments, a cell is engineered to produce
at least one chimeric protein that includes an effector molecule that stimulates Th1
polarization. In some embodiments, a cell is engineered to produce at least one chimeric
protein that includes an effector molecule that stimulates stroma degradation. In some
embodiments, a cell is engineered to produce at least one chimeric protein that includes an
effector molecule that stimulates immunostimulatory metabolite production. In some
embodiments, a cell is engineered to produce at least one chimeric protein that includes an
effector molecule that stimulates Type I interferon signaling. In some embodiments, a cell is
engineered to produce at least one chimeric protein that includes an effector molecule that
inhibits negative costimulatory signaling. In some embodiments, a cell is engineered to
produce at least one chimeric protein that includes an effector molecule that inhibits pro-
apoptotic signaling (e.g., via TRAIL) of anti-tumor immune cells. In some embodiments, a
cell is engineered to produce at least one chimeric protein that includes an effector molecule

that inhibits T regulatory (Trg) cell signaling, activity and/or recruitment. In some
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embodiments, a cell is engineered to produce at least one chimeric protein that includes an
effector molecule that inhibits tumor checkpoint molecules. In some embodiments, a cell is
engineered to produce at least one chimeric protein that includes an effector molecule that
activates stimulator of interferon genes (STING) signaling. In some embodiments, a cell is
engineered to produce at least one chimeric protein that includes an effector molecule that
inhibits myeloid-derived suppressor cell signaling, activity and/or recruitment. In some
embodiments, a cell is engineered to produce at least one chimeric protein that includes an
effector molecule that degrades immunosuppressive factors/metabolites. In some
embodiments, a cell is engineered to produce at least one chimeric protein that includes an
effector molecule that inhibits vascular endothelial growth factor signaling. In some
embodiments, a cell is engineered to produce at least one chimeric protein that includes an
effector molecule that directly kills tumor cells (e.g., granzyme, perforin, oncolytic viruses,
cytolytic peptides and enzymes, anti-tumor antibodies, e.g., that trigger ADCC).

In some embodiments, at least one chimeric protein including an effector molecule
that: stimulates T cell signaling, activity and/or recruitment, stimulates antigen presentation
and/or processing, stimulates natural killer cell-mediated cytotoxic signaling, activity and/or
recruitment, stimulates dendritic cell differentiation and/or maturation, stimulates immune
cell recruitment, stimulates macrophage signaling, stimulates stroma degradation, stimulates
immunostimulatory metabolite production, or stimulates Type I interferon signaling; and at
least one chimeric protein including an effector molecule that inhibits negative costimulatory
signaling, inhibits pro-apoptotic signaling of anti-tumor immune cells, inhibits T regulatory
(Treg) cell signaling, activity and/or recruitment, inhibits tumor checkpoint molecules,
activates stimulator of interferon genes (STING) signaling, inhibits myeloid-derived
suppressor cell signaling, activity and/or recruitment, degrades immunosuppressive
factors/metabolites, inhibits vascular endothelial growth factor signaling, or directly kills
tumor cells.

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce at least one chimeric protein including an effector molecule selected from IL-12,
IFN-B, IFN-y, IL-2, IL-15, IL-7, IL-36y, IL-18, IL-1, OX40-ligand, and CD40L; and/or at
least a checkpoint inhibitor. lllustrative immune checkpoint molecules that can be targeted
for blocking or inhibition include, but are not limited to, CTLA-4, 4-1BB (CD137), 4-1BBL
(CD137L), PDL1, PDL2, PD1, B7-H3, B7-H4, BTLA, HVEM, TIM3, GAL9, LAG3, TIM3,
B7H3, B7H4, VISTA, KIR, 2B4 (belongs to the CD2 family of molecules and is expressed
on all NK, v0 T, and memory CD8+ (af3) T cells), CD160 (also referred to as BY5S), and
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CGEN-15049. Immune checkpoint inhibitors include antibodies, or antigen binding
fragments thereof, or other binding proteins, that bind to and block or inhibit the activity of
one or more of CTLA-4, PDL1, PDL2, PD1, B7-H3, B7-H4, BTLA, HVEM, TIM3, GAL9,
LAG3, TIM3, B7H3, B7H4, VISTA, KIR, 2B4, CD160, and CGEN-15049. Exemplary
checkpoint inhibitors include, but are not limited to, anti-PD-1 antibodies, anti-PD-L1
antibodies, anti-PD-L2 antibodies, anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-
TIM-3 antibodies, anti-TIGIT antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-
B7-H3 antibodies, anti-B7-H4 antibodies, anti-HVEM antibodies, anti-BTLA antibodies,
anti-GAL9 antibodies, anti-A2AR antibodies, anti-phosphatidylserine antibodies, anti-CD27
antibodies, anti-TNFa antibodies, anti-TREMI antibodies, and anti-TREM2 antibodies.
Ilustrative immune checkpoint inhibitors include pembrolizumab (anti-PD-1; MK-
3475/Keytruda® - Merck), nivolumamb (anti-PD-1; Opdivo® - BMS), pidilizumab (anti-PD-
1 antibody; CT-011 — Teva/CureTech), AMP224 (anti-PD-1; NCI), avelumab (anti-PD-L1;
Bavencio® - Pfizer), durvalumab (anti-PD-L1; MEDI4736/Imfinzi® -
Medimmune/AstraZeneca), atezolizumab (anti-PD-L1; Tecentriq® - Roche/Genentech),
BMS-936559 (anti-PD-L1 - BMS), tremelimumab (anti-CTLA-4; Medimmune/AstraZeneca),
ipilimumab (anti-CTLA-4; Yervoy ® - BMS), lirilumab (anti-KIR; BMS), monalizumab
(anti-NKG2A; Innate Pharma/AstraZeneca).

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce at least one chimeric protein including an effector molecule selected from IL-12,
IFN-B, IFN-y, IL-2, IL-15, IL-7, IL-36y, IL-18, IL-1B, OX40-ligand, and CD40L; and/or at
least one checkpoint inhibitor selected from anti-PD-1 antibodies, anti-PD-L1 antibodies,
anti-CTLA-4 antibodies, and anti-IL-35 antibodies; and/or at least one chimeric protein
including an effector molecule selected from MIP1a (CCL3), MIP1p (CCLS5), and CCL21;
and/or at least one chimeric protein including an effector molecule selected from CpG
oligodeoxynucleotides; and/or at least one chimeric protein including an effector molecule
selected from microbial peptides.

In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce IFN-P and at least one chimeric protein including an effector molecule selected from
cytokines, antibodies, chemokines, nucleotides, peptides, enzymes, and stimulators of
interferon genes (STINGs). In some embodiments, a cell is engineered to produce IFN- and
at least one cytokine or receptor/ligand (e.g., IL-12, IFN-y, 1L-2, IL-15, IL-7, IL-36y, IL-18,
IL-1pB, OX40-ligand, and/or CD40L).
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In some embodiments, a cell (e.g., an immune cell or a stem cell) is engineered to
produce at least one membrane-cleavable chimeric protein where the secretable effector
molecule (e.g., “S” in the formula S — C — MT or MT — C — S) is a cytokine, a chemokine, a
homing molecule, a growth factor, a co-activation molecule, a tumor microenvironment
modifier, a ligand, an antibody, a peptide, or an enzyme. In some embodiments, a cell is
engineered to produce at least one membrane-cleavable chimeric protein where the secretable
effector molecule is a cytokine. In some embodiments, a cell is engineered to produce at least
one membrane-cleavable chimeric protein where the secretable effector molecule is a
chemokine. In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein where the secretable effector molecule is a homing molecule. In
some embodiments, a cell is engineered to produce at least one membrane-cleavable chimeric
protein where the secretable effector molecule is a growth factor. In some embodiments, a
cell is engineered to produce at least one membrane-cleavable chimeric protein where the
secretable effector molecule is a co-activation molecule. In some embodiments, a cell is
engineered to produce at least one membrane-cleavable chimeric protein where the secretable
effector molecule is a tumor microenvironment modifier. In some embodiments, a cell is
engineered to produce at least one membrane-cleavable chimeric protein where the secretable
effector molecule is a ligand. In some embodiments, a cell is engineered to produce at least
one membrane-cleavable chimeric protein where the secretable effector molecule is an
antibody. In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein where the secretable effector molecule is a peptide. In some
embodiments, a cell is engineered to produce at least one membrane-cleavable chimeric
protein where the secretable effector molecule is an enzyme.

In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein where the secretable effector molecule (e.g., “S” in the formula S
—C—=MT or MT — C — S) is IL-1-beta, IL-2, IL-4, IL-6, IL-7, IL-10, IL-12, an IL-12p70
fusion protein, IL-15, IL17A, IL18, IL21, IL22, Type I interferons, Interferon-gamma, or
TNF-alpha. In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein where the secretable effector molecule is CCL21a, CXCLI10,
CXCL11, CXCL13, a CXCL10-CXCL11 fusion protein, CCL19, CXCL9, or XCL1. In some
embodiments, a cell is engineered to produce at least one membrane-cleavable chimeric
protein where the secretable effector molecule is anti-integrin alpha4,beta7, anti-MAdCAM,
SDF1, or MMP-2. In some embodiments, a cell is engineered to produce at least one

membrane-cleavable chimeric protein where the secretable effector molecule is 4-1BBL or
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CD40L. In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein where the secretable effector molecule is adenosine deaminase, a
TGFbeta inhibitor, an immune checkpoint inhibitor, a VEGF inhibitor, or HPGE2. In some
embodiments, a cell is engineered to produce at least one membrane-cleavable chimeric
protein where the secretable effector molecule is an anti-TGFbeta peptide, an anti-TGFbeta
antibody, a TGFb-TRAP, or combinations thereof. In some embodiments, a cell is engineered
to produce at least one membrane-cleavable chimeric protein where the secretable effector
molecule is an anti-VEGF antibody, an anti-VEGF peptide, or a combination thereof. In some
embodiments, a cell is engineered to produce at least one membrane-cleavable chimeric
protein where the secretable effector molecule is an anti-PD-1 antibody, an anti-PD-L1
antibody, an anti-PD-L2 antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an
anti-TIM-3 antibody, an anti-TIGIT antibody, an anti-VISTA antibody, an anti-KIR antibody,
an anti-B7-H3 antibody, an anti-B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA
antibody, an anti-GAL9 antibody, an anti-A2AR antibody, an anti-phosphatidylserine
antibody, an anti-CD27 antibody, an anti-TNFa antibody, an anti-TREMI antibody, or an
anti-TREM2 antibody.

In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein where the secretable effector molecule (e.g., “S” in the formula S
— C—MT or MT - C - S) comprises IL-15. In some embodiments, a cell is engineered to
produce at least one membrane-cleavable chimeric protein where the secretable effector
molecule is a fusion of IL-15 and the sushi domain of IL-15Ra. In some embodiments, a cell
is engineered to produce at least one membrane-cleavable chimeric protein where the
secretable effector consists of IL-15. In some embodiments, a cell is engineered to produce at
least one membrane-cleavable chimeric protein where the secretable effector molecule is IL-
15 and the cell is further engineered to produce one or more additional effector molecules. In
some embodiments, a cell is engineered to produce at least one membrane-cleavable chimeric
protein where the secretable effector molecule is IL-15 and the cell is further engineered to
produce one or more additional secretable effector molecules. In some embodiments, a cell is
engineered to produce at least one membrane-cleavable chimeric protein where the secretable
effector molecule is IL-15 and the cell is further engineered to produce a cytokine, a
chemokine, a homing molecule, a growth factor, a co-activation molecule, a tumor
microenvironment modifier, a ligand, an antibody, a polynucleotide, a peptide, or an enzyme.
In some embodiments, a cell is engineered to produce at least one membrane-cleavable

chimeric protein where the secretable effector molecule is IL-15 and the cell is further

111



10

15

20

25

30

WO 2022/098922 PCT/US2021/058134

engineered to produce IL-12, IFN-y, IL-2, IL-7, IL-36y, IL-18, IL-1B, OX40-ligand, or
CDA40L. In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein where the secretable effector molecule is IL-15 and the cell is
further engineered to produce IL-12. In some embodiments, a cell is engineered to produce at
least one membrane-cleavable chimeric protein where the secretable effector molecule is IL-
15 and the cell is further engineered to produce IFN-y. In some embodiments, a cell is
engineered to produce at least one membrane-cleavable chimeric protein where the secretable
effector molecule is IL-15 and the cell is further engineered to produce IL-2. In some
embodiments, a cell is engineered to produce at least one membrane-cleavable chimeric
protein where the secretable effector molecule is IL-15 and the cell is further engineered to
produce IL-7. In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein where the secretable effector molecule is IL-15 and the cell is
further engineered to produce IL-36y. In some embodiments, a cell is engineered to produce
at least one membrane-cleavable chimeric protein where the secretable effector molecule is
IL-15 and the cell is further engineered to produce IL-18. In some embodiments, a cell is
engineered to produce at least one membrane-cleavable chimeric protein where the secretable
effector molecule is IL-15 and the cell is further engineered to produce IL-1B. In some
embodiments, a cell is engineered to produce at least one membrane-cleavable chimeric
protein where the secretable effector molecule is IL-15 and the cell is further engineered to
produce OX40-ligand. In some embodiments, a cell is engineered to produce at least one
membrane-cleavable chimeric protein where the secretable effector molecule is IL-15 and the
cell is further engineered to produce CD40L.

In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein and the cell is further engineered to produce one or more
additional membrane-cleavable chimeric proteins.

In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein where the secretable effector molecule (e.g., “S” in the formula S
— C—MT or MT — C - S) is IL-15 and the cell is further engineered to produce one or more
additional membrane-cleavable chimeric proteins. In some embodiments, a cell is engineered
to produce at least one membrane-cleavable chimeric protein where the secretable effector
molecule is IL-15 and the cell is further engineered an additional membrane-cleavable
chimeric protein where the additional secretable effector molecule is produce a cytokine, a
chemokine, a homing molecule, a growth factor, a co-activation molecule, a tumor

microenvironment modifier, a ligand, an antibody, a polynucleotide, a peptide, or an enzyme.
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In some embodiments, a cell is engineered to produce at least one membrane-cleavable
chimeric protein where the secretable effector molecule is IL-15 and the cell is further
engineered an additional membrane-cleavable chimeric protein where the additional
secretable effector molecule is IL-12, IFN-y, IL-2, IL-7, IL-36y, IL-18, IL-1pB, OX40-ligand,
or CD40L. In some embodiments, a cell is engineered to produce at least one membrane-
cleavable chimeric protein where the secretable effector molecule is IL-15 and the cell is
further engineered an additional membrane-cleavable chimeric protein where the additional
secretable effector molecule is IL-12. In some embodiments, a cell is engineered to produce
at least one membrane-cleavable chimeric protein where the secretable effector molecule is
IL-15 and the cell is further engineered an additional membrane-cleavable chimeric protein
where the additional secretable effector molecule is [FN-y. In some embodiments, a cell is
engineered to produce at least one membrane-cleavable chimeric protein where the secretable
effector molecule is IL-15 and the cell is further engineered an additional membrane-
cleavable chimeric protein where the additional secretable effector molecule is IL-2. In some
embodiments, a cell is engineered to produce at least one membrane-cleavable chimeric
protein where the secretable effector molecule is IL-15 and the cell is further engineered an
additional membrane-cleavable chimeric protein where the additional secretable effector
molecule is IL-7. In some embodiments, a cell is engineered to produce at least one
membrane-cleavable chimeric protein where the secretable effector molecule is IL-15 and the
cell is further engineered an additional membrane-cleavable chimeric protein where the
additional secretable effector molecule is IL-36y. In some embodiments, a cell is engineered
to produce at least one membrane-cleavable chimeric protein where the secretable effector
molecule is IL-15 and the cell is further engineered an additional membrane-cleavable
chimeric protein where the additional secretable effector molecule is IL-18. In some
embodiments, a cell is engineered to produce at least one membrane-cleavable chimeric
protein where the secretable effector molecule is IL-15 and the cell is further engineered an
additional membrane-cleavable chimeric protein where the additional secretable effector
molecule is IL-1p. In some embodiments, a cell is engineered to produce at least one
membrane-cleavable chimeric protein where the secretable effector molecule is IL-15 and the
cell is further engineered an additional membrane-cleavable chimeric protein where the
additional secretable effector molecule is O0X40-ligand. In some embodiments, a cell is
engineered to produce at least one membrane-cleavable chimeric protein where the secretable
effector molecule is IL-15 and the cell is further engineered an additional membrane-

cleavable chimeric protein where the additional secretable effector molecule is CD40L.
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A cell can also be further engineered to express additional proteins in addition to the
chimeric proteins (e.g., the membrane-cleavable chimeric proteins having the formula S — C
— MT or MT - C — S described herein), proteins of interest, or effector molecules described
herein. A cell can be further engineered to express one or more antigen recognizing receptors.
Examples of antigens that may be targeted by one or more antigen recognizing receptors
include, but are not limited to, 5T4, ADAM9, AFP, AXL, B7-H3, B7-H4, B7-H6, BCMA,
C4.4, CA6, Cadherin 3, Cadherin 6, CCR4, CD19, CD20, CD22, CD123, CD133, CD138,
CD142, CD166, CD25, CD30, CD33, CD352, CD37, CD38, CD44, CD56, CD66e, CD70,
CD71, CD74, CD79, CD80, CEA, CEACAMS, Claudin18.2, cMet, CSPG4, CTLA, DLKI1,
DLL3, DRS, EGFR, ENPP3, EpCAM, EphA2, Ephrin A4, ETBR, FGFR2, FGFR3, FLT3,
FRalpha, FRb, GCC, GD2, GFRa4, gpA33, GPC2, GPC3, gpNBM, GPRCS, HER?2, IL-13R,
IL-13Ra, IL-13Ra2, IL-8, IL-15, IL1RAP, Integrin aV, KIT, L1ICAM, LAMP1, Lewis Y,
LeY, LIV-1, LRRC, LY6E, MCSP, Mesothelin, MUC 1, MUC 16, MUC 1C, NaPi2B, Nectin
4, NKG2D, NOTCH3, NY ESO 1, Ovarin, P-cadherin, pan-Erb2, PSCA, PSMA, PTK7,
RORI1, S Aures, SCT, SLAMF7, SLITRK6, SSTR2, STEAPI, Survivin, TDGF1, TIM1,
TROP2, and WTT.

An antigen recognizing receptor can include an antigen-binding domain, such as an
antibody, an antigen-binding fragment of an antibody, a F(ab) fragment, a F(ab') fragment, a
single chain variable fragment (scFv), or a single-domain antibody (sdAb). An antigen
recognizing receptors can include an scFv. An scFv can include a heavy chain variable
domain (VH) and a light chain variable domain (VL), which can be separated by a peptide
linker. For example, an scFv can include the structure VH-L-VL or VL-L-VH, wherein VH is
the heavy chain variable domain, L is the peptide linker, and VL is the light chain variable
domain.

An antigen recognizing receptor can be a chimeric antigen receptor (CAR). A CAR
can have one or more intracellular signaling domains, such as a CD3zeta-chain intracellular
signaling domain, a CD97 intracellular signaling domain, a CD11a-CD18 intracellular
signaling domain, a CD2 intracellular signaling domain, an ICOS intracellular signaling
domain, a CD27 intracellular signaling domain, a CD154 intracellular signaling domain, a
CD8 intracellular signaling domain, an OX40 intracellular signaling domain, a 4-1BB
intracellular signaling domain, a CD28 intracellular signaling domain, a ZAP40 intracellular
signaling domain, a CD30 intracellular signaling domain, a GITR intracellular signaling
domain, an HVEM intracellular signaling domain, a DAP10 intracellular signaling domain, a

DAPI12 intracellular signaling domain, a MyD88 intracellular signaling domain, fragments
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thereof, combinations thereof, or combinations of fragments thereof. A CAR can have a
transmembrane domain, such as a CD8 transmembrane domain, a CD28 transmembrane
domain a CD3zeta-chain transmembrane domain, a CD4 transmembrane domain, a 4-1BB
transmembrane domain, an OX40 transmembrane domain, an ICOS transmembrane domain,
a CTLA-4 transmembrane domain, a PD-1 transmembrane domain, a LAG-3 transmembrane
domain, a 2B4 transmembrane domain, a BTLA transmembrane domain, fragments thereof,
combinations thereof, or combinations of fragments thereof. A CAR can have a spacer region
between the antigen-binding domain and the transmembrane domain.

An antigen recognizing receptor can be a T cell receptor (TCR).

Engineered Cell Types

Also provided herein are engineered cells. Cells can be engineered to comprise any of
the engineered nucleic acids described herein (e.g., any of the engineered nucleic acids
encoding the membrane-cleavable chimeric proteins described herein). Cells can be
engineered to possess any of the features of any of the engineered cells described herein. In a
particular aspect, provided herein are cells engineered to produce one or more chimeric
proteins, where the one or more chimeric proteins are the membrane-cleavable chimeric
proteins having the formula S — C — MT or MT — C — S described herein. In a particular
aspect, provided herein are cells engineered to produce two or more chimeric proteins. In a
particular aspect, provided herein are cells engineered to produce two or more of the chimeric
proteins described herein, where each chimeric protein is a different protein of interest or
effector molecule. In a particular aspect, provided herein are cells engineered to produce any
of the chimeric proteins described herein and engineered to separately produce a different
effector molecule or protein of interest (e.g., a homing molecule, antigen receptor, etc.).

The engineered cells can be an immune cell, including but not limited to, a T cell, a
CD8+ T cell, a CD4+ T cell, a gamma-delta (y5) T cell, a cytotoxic T lymphocyte (CTL), a
regulatory T cell, a viral-specific T cell, a Natural Killer T (NKT) cell, a Natural Killer (NK)
cell, a B cell, a tumor-infiltrating lymphocyte (TIL), an innate lymphoid cell, a mast cell, an
eosinophil, a basophil, a neutrophil, a myeloid cell, a macrophage, a monocyte, or a dendritic
cell. The engineered cells can be a T cell. The engineered cells can be an NK cell.

The engineered cells can be a stem cell, including but not limited to, a human
embryonic stem cell (ESC), an ESC-derived cell, a pluripotent stem cell, a mesenchymal

stromal cell (MSC), an induced pluripotent stem cell (iPSC), or an iPSC-derived cell.
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The engineered cells can be tumor-derived cells. Examples of tumor cells include, but
are not limited to, a bladder tumor cell, a brain tumor cell, a breast tumor cell, a cervical
tumor cell, a colorectal tumor cell, an esophageal tumor cell, a glioma cell, a kidney tumor
cell, a liver tumor cell, a lung tumor cell, a melanoma cell, an ovarian tumor cell, a pancreatic
tumor cell, a prostate tumor cell, a skin tumor cell, a thyroid tumor cell, and a uterine tumor
cell.

A cell can be engineered to produce the chimeric proteins using methods known to
those skilled in the art. For example, cells can be transduced to engineer the tumor. In an
embodiment, the cell is transduced using a virus.

In a particular embodiment, the cell is transduced using an oncolytic virus. Examples
of oncolytic viruses include, but are not limited to, an oncolytic herpes simplex virus, an
oncolytic adenovirus, an oncolytic measles virus, an oncolytic influenza virus, an oncolytic
Indiana vesiculovirus, an oncolytic Newcastle disease virus, an oncolytic vaccinia virus, an
oncolytic poliovirus, an oncolytic myxoma virus, an oncolytic reovirus, an oncolytic mumps
virus, an oncolytic Maraba virus, an oncolytic rabies virus, an oncolytic rotavirus, an
oncolytic hepatitis virus, an oncolytic rubella virus, an oncolytic dengue virus, an oncolytic
chikungunya virus, an oncolytic respiratory syncytial virus, an oncolytic lymphocytic
choriomeningitis virus, an oncolytic morbillivirus, an oncolytic lentivirus, an oncolytic
replicating retrovirus, an oncolytic thabdovirus, an oncolytic Seneca Valley virus, an
oncolytic sindbis virus, and any variant or derivative thereof.

The virus, including any of the oncolytic viruses described herein, can be a
recombinant virus that encodes one more transgenes encoding one or more chimeric proteins,
such as any of the engineered nucleic acids described herein. The virus, including any of the
oncolytic viruses described herein, can be a recombinant virus that encodes one more
transgenes encoding one or more of the two or more chimeric proteins, such as any of the
engineered nucleic acids described herein.

Also provided herein are engineered erythrocytes. Erythrocytes can be engineered to
comprise any of the engineered nucleic acids described herein. Erythrocytes can be
engineered to possess any of the features of any of the engineered cells described herein. In a
particular aspect, provided herein are erythrocytes engineered to produce one or more of the
chimeric proteins described herein. In a particular aspect, provided herein are erythrocytes
engineered to produce two or more of the chimeric proteins described herein.

Also provided herein are engineered platelet cells. Platelet cells can be engineered to

comprise any of the engineered nucleic acids described herein. Platelet cells can be
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engineered to possess any of the features of any of the engineered cells described herein. In a
particular aspect, provided herein are platelet cells engineered to produce one or more of the
chimeric proteins described herein. In a particular aspect, provided herein are platelet cells
engineered to produce two or more of the chimeric proteins described herein.

Also provided herein are engineered bacterial cells. Bacterial cells can be engineered
to comprise any of the engineered nucleic acids described herein. Bacterial cells can be
engineered to possess any of the features of any of the engineered cells described herein. In a
particular aspect, provided herein are bacterial cells engineered to produce two or more of the
chimeric proteins described herein. Bacterial cells can be engineered to produce one or more
mammalian-derived chimeric proteins. Bacterial cells can be engineered to produce two or
more mammalian-derived chimeric proteins. Examples of bacterial cells include, but are not
limited to, Clostridium beijerinckii, Clostridium sporogenes, Clostridium novyi, Escherichia
coli, Pseudomonas aeruginosa, Listeria monocytogenes, Salmonella typhimurium, and
Salmonella choleraesuis.

An engineered cell can be a human cell. An engineered cell can be a human primary
cell. An engineered primary cell can be a tumor infiltrating primary cell. An engineered
primary cell can be a primary T cell. An engineered primary cell can be a hematopoietic stem
cell (HSC). An engineered primary cell can be a natural killer (NK) cell. An engineered
primary cell can be any somatic cell. An engineered primary cell can be a MSC. Human cells
(e.g., immune cells) can be engineered to comprise any of the engineered nucleic acids
described herein. Human cells (e.g., immune cells) can be engineered to possess any of the
features of any of the engineered cells described herein. In a particular aspect, provided
herein are human cells (e.g., immune cells) engineered to produce one or more of the
chimeric proteins described herein. In a particular aspect, provided herein are human cells
(e.g., immune cells) engineered to produce two or more of the chimeric proteins described
herein.

An engineered cell can be isolated from a subject (autologous), such as a subject
known or suspected to have cancer. Cell isolation methods are known to those skilled in the
art and include, but are not limited to, sorting techniques based on cell-surface marker
expression, such as FACS sorting, positive isolation techniques, and negative isolation,
magnetic isolation, and combinations thereof. An engineered cell can be allogenic with
reference to the subject being administered a treatment. Allogenic modified cells can be
HLA-matched to the subject being administered a treatment. An engineered cell can be a

cultured cell, such as an ex vivo cultured cell. An engineered cell can be an ex vivo cultured
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cell, such as a primary cell isolated from a subject. A cultured cell can be cultured with one or
more cytokines.

Also provided herein are methods that include culturing the engineered cells of the
present disclosure. Methods of culturing the engineered cells described herein are known.
One skilled in the art will recognize that culturing conditions will depend on the particular
engineered cell of interest. One skilled in the art will recognize that culturing conditions will
depend on the specific downstream use of the engineered cell, for example, specific culturing

conditions for subsequent administration of the engineered cell to a subject.

Methods of Engineering Cells

Also provided herein are compositions and methods for engineering cells to produce
one or more proteins of interest or effector molecules (e.g., the membrane-cleavable chimeric
proteins having the formula S — C — MT or MT — C — S described herein).

In general, cells are engineered to produce proteins of interest or effector molecules
through introduction (i.e., delivery) of polynucleotides encoding the one or more proteins of
interest or effector molecules, e.g., the chimeric proteins described herein including the
protein of interest or effector molecule, into the cell’s cytosol and/or nucleus. For example,
the polynucleotides encoding the one or more chimeric proteins can be any of the engineered
nucleic acids encoding the membrane-cleavable chimeric proteins having the formula S — C —
MT or MT — C - S described herein. Delivery methods include, but are not limited to, viral-
mediated delivery, lipid-mediated transfection, nanoparticle delivery, electroporation,
sonication, and cell membrane deformation by physical means. One skilled in the art will
appreciate the choice of delivery method can depend on the specific cell type to be

engineered.

Viral-Mediated Delivery

Viral vector-based delivery platforms can be used to engineer cells. In general, a viral
vector-based delivery platform engineers a cell through introducing (i.e., delivering) into a
host cell. For example, a viral vector-based delivery platform can engineer a cell through
introducing any of the engineered nucleic acids described herein (e.g., any of the exogenous
polynucleotide sequences encoding the chimeric proteins described herein, such as the
membrane-cleavable chimeric proteins having the formula S — C —MT or MT - C - S

described herein, and/or any of the expression cassettes described herein containing a
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promoter and an exogenous polynucleotide sequence encoding the chimeric proteins, oriented
from N-terminal to C-terminal). A viral vector-based delivery platform can be a nucleic acid,
and as such, an engineered nucleic acid can also encompass an engineered virally-derived
nucleic acid. Such engineered virally-derived nucleic acids can also be referred to as
recombinant viruses or engineered viruses.

A viral vector-based delivery platform can encode more than one engineered nucleic
acid, gene, or transgene within the same nucleic acid. For example, an engineered virally-
derived nucleic acid, e.g., a recombinant virus or an engineered virus, can encode one or
more transgenes, including, but not limited to, any of the engineered nucleic acids described
herein that encode one or more of the chimeric proteins described herein. The one or more
transgenes encoding the one or more chimeric proteins can be configured to express the one
or more chimeric proteins and/or other protein of interest. A viral vector-based delivery
platform can encode one or more genes in addition to the one or more transgenes (e.g.,
transgenes encoding the one or more chimeric proteins and/or other protein of interest), such
as viral genes needed for viral infectivity and/or viral production (e.g., capsid proteins,
envelope proteins, viral polymerases, viral transcriptases, efc.), referred to as cis-acting
elements or genes.

A viral vector-based delivery platform can comprise more than one viral vector, such
as separate viral vectors encoding the engineered nucleic acids, genes, or transgenes
described herein, and referred to as trans-acting elements or genes. For example, a helper-
dependent viral vector-based delivery platform can provide additional genes needed for viral
infectivity and/or viral production on one or more additional separate vectors in addition to
the vector encoding the one or more chimeric proteins and/or other protein of interest. One
viral vector can deliver more than one engineered nucleic acids, such as one vector that
delivers engineered nucleic acids that are configured to produce two or more chimeric
proteins and/or other protein of interest. More than one viral vector can deliver more than one
engineered nucleic acids, such as more than one vector that delivers one or more engineered
nucleic acid configured to produce one or more chimeric proteins and/or other protein of
interest. The number of viral vectors used can depend on the packaging capacity of the above
mentioned viral vector-based vaccine platforms, and one skilled in the art can select the
appropriate number of viral vectors.

In general, any of the viral vector-based systems can be used for the in vitro
production of molecules, such as the chimeric proteins, effector molecules, and/or other

protein of interest described herein, or used in vivo and ex vivo gene therapy procedures, e.g.,

119



10

15

20

25

30

WO 2022/098922 PCT/US2021/058134

for in vivo delivery of the engineered nucleic acids encoding one or more chimeric proteins
and/or other protein of interest. The selection of an appropriate viral vector-based system will
depend on a variety of factors, such as cargo/payload size, immunogenicity of the viral
system, target cell of interest, gene expression strength and timing, and other factors
appreciated by one skilled in the art.

Viral vector-based delivery platforms can be RNA-based viruses or DNA-based
viruses. Exemplary viral vector-based delivery platforms include, but are not limited to, a
herpes simplex virus, a adenovirus, a measles virus, an influenza virus, a Indiana
vesiculovirus, a Newcastle disease virus, a vaccinia virus, a poliovirus, a myxoma virus, a
reovirus, a mumps virus, a Maraba virus, a rabies virus, a rotavirus, a hepatitis virus, a rubella
virus, a dengue virus, a chikungunya virus, a respiratory syncytial virus, a lymphocytic
choriomeningitis virus, a morbillivirus, a lentivirus, a replicating retrovirus, a rhabdovirus, a
Seneca Valley virus, a sindbis virus, and any variant or derivative thereof. Other exemplary
viral vector-based delivery platforms are described in the art, such as vaccinia, fowlpox, self-
replicating alphavirus, marabavirus, adenovirus (See, e.g., Tatsis ef al., Adenoviruses,
Molecular Therapy (2004) 10, 616—629), or lentivirus, including but not limited to second,
third or hybrid second/third generation lentivirus and recombinant lentivirus of any
generation designed to target specific cell types or receptors (See, e.g., Hu et al.,
Immunization Delivered by Lentiviral Vectors for Cancer and Infectious Diseases, Immunol
Rev. (2011) 239(1): 45-61, Sakuman ef al., Lentiviral vectors: basic to translational, Biochem
J. (2012) 443(3):603-18, Cooper et al., Rescue of splicing-mediated intron loss maximizes
expression in lentiviral vectors containing the human ubiquitin C promoter, Nucl. Acids Res.
(2015) 43 (1): 682-690, Zufferey et al., Self-Inactivating Lentivirus Vector for Safe and
Efficient In vivo Gene Delivery, J. Virol. (1998) 72 (12): 9873-9880).

The sequences may be preceded with one or more sequences targeting a subcellular
compartment. Upon introduction (i.e. delivery) into a host cell, infected cells (i.e., an
engineered cell) can express the chimeric proteins and/or other protein of interest. Vaccinia
vectors and methods useful in immunization protocols are described in, e.g., U.S. Pat. No.
4,722,848. Another vector is BCG (Bacille Calmette Guerin). BCG vectors are described in
Stover et al. (Nature 351:456-460 (1991)). A wide variety of other vectors useful for the
introduction (i.e., delivery) of engineered nucleic acids, e.g., Salmonella typhi vectors, and
the like will be apparent to those skilled in the art from the description herein.

The viral vector-based delivery platforms can be a virus that targets a cell, herein

referred to as an oncolytic virus. Examples of oncolytic viruses include, but are not limited to,
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an oncolytic herpes simplex virus, an oncolytic adenovirus, an oncolytic measles virus, an
oncolytic influenza virus, an oncolytic Indiana vesiculovirus, an oncolytic Newcastle disease
virus, an oncolytic vaccinia virus, an oncolytic poliovirus, an oncolytic myxoma virus, an
oncolytic reovirus, an oncolytic mumps virus, an oncolytic Maraba virus, an oncolytic rabies
virus, an oncolytic rotavirus, an oncolytic hepatitis virus, an oncolytic rubella virus, an
oncolytic dengue virus, an oncolytic chikungunya virus, an oncolytic respiratory syncytial
virus, an oncolytic lymphocytic choriomeningitis virus, an oncolytic morbillivirus, an
oncolytic lentivirus, an oncolytic replicating retrovirus, an oncolytic rhabdovirus, an
oncolytic Seneca Valley virus, an oncolytic sindbis virus, and any variant or derivative
thereof. Any of the oncolytic viruses described herein can be a recombinant oncolytic virus
comprising one more transgenes (e.g., an engineered nucleic acid) encoding one or more
chimeric proteins and/or other protein of interest. The transgenes encoding the one or more
chimeric proteins and/or other protein of interest can be configured to express the chimeric
proteins and/or other protein of interest.

The viral vector-based delivery platform can be retrovirus-based. In general, retroviral
vectors are comprised of cis-acting long terminal repeats with packaging capacity for up to 6-
10 kb of foreign sequence. The minimum cis-acting LTRs are sufficient for replication and
packaging of the vectors, which are then used to integrate the one or more engineered nucleic
acids (e.g., transgenes encoding the one or more chimeric proteins and/or other protein of
interest) into the target cell to provide permanent transgene expression. Retroviral-based
delivery systems include, but are not limited to, those based upon murine leukemia, virus
(MuLV), gibbon ape leukemia virus (GaLV), Simian Immuno deficiency vims (SIV), human
immuno deficiency vims (HIV), and combinations thereof (see, e.g., Buchscher et al., J.
Virol. 66:2731-2739 (1992); Johann et ah, J. Virol. 66:1635-1640 (1992); Sommnerfelt ef al.,
Virol. 176:58-59 (1990); Wilson et ah, J. Virol. 63:2374-2378 (1989); Miller et al, J, Virol.
65:2220-2224 (1991);, PCT/US94/05700). Other retroviral systems include the Phoenix
retrovirus system.

The viral vector-based delivery platform can be lentivirus-based. In general, lentiviral
vectors are retroviral vectors that are able to transduce or infect non-dividing cells and
typically produce high viral titers. Lentiviral-based delivery platforms can be HIV-based,
such as ViraPower systems (ThermoFisher) or pLenti systems (Cell Biolabs). Lentiviral-
based delivery platforms can be SIV, or FIV-based. Other exemplary lentivirus-based
delivery platforms are described in more detail in U.S. Pat. Nos. 7,311,907, 7,262,049,
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7,250,299; 7,226,780; 7,220,578; 7,211,247; 7,160,721; 7,078,031; 7,070,993; 7,056,699;
6,955,919, each herein incorporated by reference for all purposes.

The viral vector-based delivery platform can be adenovirus-based. In general,
adenoviral based vectors are capable of very high transduction efficiency in many cell types,
do not require cell division, achieve high titer and levels of expression, and can be produced
in large quantities in a relatively simple system. In general, adenoviruses can be used for
transient expression of a transgene within an infected cell since adenoviruses do not typically
integrate into a host’s genome. Adenovirus-based delivery platforms are described in more
detail in Li ef al., Invest Opthalmol Vis Sci 35:2543 2549, 1994; Borras ef al., Gene Ther
6:515 524, 1999; Li and Davidson, PNAS 92:7700 7704, 1995; Sakamoto et al., H Gene Ther
5:1088 1097, 1999; WO 94/12649, WO 93/03769; WO 93/19191; WO 94/28938; WO
95/11984 and WO 95/00655, each herein incorporated by reference for all purposes. Other
exemplary adenovirus-based delivery platforms are described in more detail in U.S. Pat. Nos.
5585362; 6,083,716, 7,371,570; 7,348,178; 7,323,177; 7,319,033; 7,318,919; and 7,306,793
and International Patent Application W0O96/13597, each herein incorporated by reference for
all purposes.

The viral vector-based delivery platform can be adeno-associated virus (AAV)-based.
Adeno-associated virus (“AAV”) vectors may be used to transduce cells with engineered
nucleic acids (e.g., any of the engineered nucleic acids described herein). AAV systems can
be used for the in vitro production of proteins of interest, such as the chimeric proteins
described herein and/or effector molecules, or used in vivo and ex vivo gene therapy
procedures, e.g., for in vivo delivery of the engineered nucleic acids encoding one or more
chimeric proteins and/or other protein of interest (see, e.g., West ef al., Virology 160:38-47
(1987); U.S. Pat. Nos. 4,797,368, 5,436,146; 6,632,670; 6,642,051; 7,078,387; 7,314,912;
6,498,244; 7,906,111; US patent publications US 2003-0138772, US 2007/0036760, and US
2009/0197338; Gao, et al., J. Virol, 78(12):6381-6388 (June 2004); Gao, et al, Proc Natl
Acad Sci USA, 100(10):6081-6086 (May 13, 2003); and International Patent applications
WO 2010/138263 and WO 93/24641; Kotin, Human Gene Therapy 5:793-801 (1994);
Muzyczka, J. Clin. Invest. 94:1351 (1994), each herein incorporated by reference for all
purposes). Exemplary methods for constructing recombinant AAV vectors are described in
more detail in U.S. Pat. No, 5,173,414; Tratschin et ah, Mol. Cell. Biol. 5:3251-3260 (1985),
Tratschin, et ah, Mol. Cell, Biol. 4:2072-2081 (1984); Hermonat &amp, Muzyczka, PNAS
81:64666470 (1984); and Samuiski et ah, J. Virol. 63:03822-3828 (1989), each herein

incorporated by reference for all purposes. In general, an AAV-based vector comprises a
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capsid protein having an amino acid sequence corresponding to any one of AAV1, AAV2,
AAV3, AAV4, AAV5, AAV6, AAVT, AAVS, AAV9, AAV Rh10, AAV11 and variants
thereof. In particular examples, an AAV-based vector has a capsid protein having an amino
acid sequence corresponding to AAV2. In particular examples, an AAV-based vector has a
capsid protein having an amino acid sequence corresponding to AAVS.

AAYV vectors can be engineered to have any of the exogenous polynucleotide
sequences encoding the membrane-cleavable chimeric proteins described herein having the
formula: S— C—-MT or MT - C-S.

The viral vector-based delivery platform can be a virus-like particle (VLP) platform.
In general, VLPs are constructed by producing viral structural proteins and purifying
resulting viral particles. Then, following purification, a cargo/payload (e.g., any of the
engineered nucleic acids described herein) is encapsulated within the purified particle ex vivo.
Accordingly, production of VLPs maintains separation of the nucleic acids encoding viral
structural proteins and the nucleic acids encoding the cargo/payload. The viral structural
proteins used in VLP production can be produced in a variety of expression systems,
including mammalian, yeast, insect, bacterial, or in vivo translation expression systems. The
purified viral particles can be denatured and reformed in the presence of the desired cargo to
produce VLPs using methods known to those skilled in the art. Production of VLPs are
described in more detail in Seow ef al. (Mol Ther. 2009 May; 17(5): 767-777), herein
incorporated by reference for all purposes.

The viral vector-based delivery platform can be engineered to target (i.e., infect) a
range of cells, target a narrow subset of cells, or target a specific cell. In general, the envelope
protein chosen for the viral vector-based delivery platform will determine the viral tropism.
The virus used in the viral vector-based delivery platform can be pseudotyped to target a
specific cell of interest. The viral vector-based delivery platform can be pantropic and infect a
range of cells. For example, pantropic viral vector-based delivery platforms can include the
VSV-G envelope. The viral vector-based delivery platform can be amphotropic and infect
mammalian cells. Accordingly, one skilled in the art can select the appropriate tropism,

pseudotype, and/or envelope protein for targeting a desired cell type.

Lipid Structure Delivery Systems

Engineered nucleic acids (e.g., any of the engineered nucleic acids described herein)

can be introduced into a cell using a lipid-mediated delivery system. In general, a lipid-
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mediated delivery system uses a structure composed of an outer lipid membrane enveloping
an internal compartment. Examples of lipid-based structures include, but are not limited to, a
lipid-based nanoparticle, a liposome, a micelle, an exosome, a vesicle, an extracellular
vesicle, a cell, or a tissue. Lipid structure delivery systems can deliver a cargo/payload (e.g.,
any of the engineered nucleic acids described herein) in vitro, in vivo, or ex vivo.

A lipid-based nanoparticle can include, but is not limited to, a unilamellar liposome, a
multilamellar liposome, and a lipid preparation. As used herein, a “liposome” is a generic
term encompassing in vitro preparations of lipid vehicles formed by enclosing a desired
cargo, e.g., an engineered nucleic acid, such as any of the engineered nucleic acids described
herein, within a lipid shell or a lipid aggregate. Liposomes may be characterized as having
vesicular structures with a bilayer membrane, generally comprising a phospholipid, and an
inner medium that generally comprises an aqueous composition. Liposomes include, but are
not limited to, emulsions, foams, micelles, insoluble monolayers, liquid crystals,
phospholipid dispersions, lamellar layers and the like. Liposomes can be unilamellar
liposomes. Liposomes can be multilamellar liposomes. Liposomes can be multivesicular
liposomes. Liposomes can be positively charged, negatively charged, or neutrally charged. In
certain embodiments, the liposomes are neutral in charge. Liposomes can be formed from
standard vesicle-forming lipids, which generally include neutral and negatively charged
phospholipids and a sterol, such as cholesterol. The selection of lipids is generally guided by
consideration of a desired purpose, e.g., criteria for in vivo delivery, such as liposome size,
acid lability and stability of the liposomes in the blood stream. A variety of methods are
available for preparing liposomes, as described in, e.g., Szokan ef al., Ann. Rev. Biophys.
Bioeng. 9; 467 (1980), U.S. Pat. Nos. 4,235,871, 4,501,728, 4,501,728, 4,837,028, and
5,019,369, each herein incorporated by reference for all purposes.

A multilamellar liposome is generated spontaneously when lipids comprising
phospholipids are suspended in an excess of aqueous solution such that multiple lipid layers
are separated by an aqueous medium. Water and dissolved solutes are entrapped in closed
structures between the lipid bilayers following the lipid components undergoing self-
rearrangement. A desired cargo (e.g., a polypeptide, a nucleic acid, a small molecule drug, an
engineered nucleic acid, such as any of the engineered nucleic acids described herein, a viral
vector, a viral-based delivery system, efc.) can be encapsulated in the aqueous interior of a
liposome, attached to a liposome via a linking molecule that is associated with both the
liposome and the polypeptide/nucleic acid, interspersed within the lipid bilayer of a liposome,

entrapped in a liposome, complexed with a liposome, or otherwise associated with the
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liposome such that it can be delivered to a target entity. Lipophilic molecules or molecules
with lipophilic regions may also dissolve in or associate with the lipid bilayer.

A liposome used according to the present embodiments can be made by different
methods, as would be known to one of ordinary skill in the art. Preparations of liposomes are
described in further detail in WO 2016/201323, International Applications PCT/US85/01161
and PCT/US89/05040, and U.S. Patents 4,728,578, 4,728,575, 4,737,323, 4,533,254,
4,162,282, 4,310,505, and 4,921,706, each herein incorporated by reference for all purposes.

Liposomes can be cationic liposomes. Examples of cationic liposomes are described
in more detail in U.S. Patent No. 5,962,016; 5,030,453; 6,680,068, U.S. Application
2004/0208921, and International Patent Applications WOO03/015757A1, WO04029213A2,
and WO02/100435A1, each hereby incorporated by reference in their entirety.

Lipid-mediated gene delivery methods are described, for instance, in WO 96/18372;
WO 93/24640; Mannino & Gould-Fogerite, BioTechniques 6(7): 682-691 (1988); U.S. Pat.
No. 5,279,833 Rose U.S. Pat. No. 5,279,833; W091/06309; and Felgner ef al., Proc. Natl.
Acad. Sci. USA 84: 7413-7414 (1987), each herein incorporated by reference for all
purposes.

Exosomes are small membrane vesicles of endocytic origin that are released into the
extracellular environment following fusion of multivesicular bodies with the plasma
membrane. The size of exosomes ranges between 30 and 100 nm in diameter. Their surface
consists of a lipid bilayer from the donor cell's cell membrane, and they contain cytosol from
the cell that produced the exosome, and exhibit membrane proteins from the parental cell on
the surface. Exosomes useful for the delivery of nucleic acids are known to those skilled in
the art, e.g., the exosomes described in more detail in U.S. Pat. No. 9,889,210, herein
incorporated by reference for all purposes.

As used herein, the term “extracellular vesicle” or “EV” refers to a cell-derived
vesicle comprising a membrane that encloses an internal space. In general, extracellular
vesicles comprise all membrane-bound vesicles that have a smaller diameter than the cell
from which they are derived. Generally extracellular vesicles range in diameter from 20 nm
to 1000 nm, and can comprise various macromolecular cargo either within the internal space,
displayed on the external surface of the extracellular vesicle, and/or spanning the membrane.
The cargo can comprise nucleic acids (e.g., any of the engineered nucleic acids described
herein), proteins, carbohydrates, lipids, small molecules, and/or combinations thereof. By
way of example and without limitation, extracellular vesicles include apoptotic bodies,

fragments of cells, vesicles derived from cells by direct or indirect manipulation (e.g., by
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serial extrusion or treatment with alkaline solutions), vesiculated organelles, and vesicles
produced by living cells (e.g., by direct plasma membrane budding or fusion of the late
endosome with the plasma membrane). Extracellular vesicles can be derived from a living or
dead organism, explanted tissues or organs, and/or cultured cells.

As used herein the term “exosome” refers to a cell-derived small (between 20-300 nm
in diameter, more preferably 40-200 nm in diameter) vesicle comprising a membrane that
encloses an internal space, and which is generated from the cell by direct plasma membrane
budding or by fusion of the late endosome with the plasma membrane. The exosome
comprises lipid or fatty acid and polypeptide and optionally comprises a payload (e.g., a
therapeutic agent), a receiver (e.g., a targeting moiety), a polynucleotide (e.g., a nucleic acid,
RNA, or DNA, such as any of the engineered nucleic acids described herein), a sugar (e.g., a
simple sugar, polysaccharide, or glycan) or other molecules. The exosome can be derived
from a producer cell, and isolated from the producer cell based on its size, density,
biochemical parameters, or a combination thereof. An exosome is a species of extracellular
vesicle. Generally, exosome production/biogenesis does not result in the destruction of the
producer cell. Exosomes and preparation of exosomes are described in further detail in WO
2016/201323, which is hereby incorporated by reference in its entirety.

As used herein, the term “nanovesicle” (also referred to as a “microvesicle”) refers to
a cell-derived small (between 20-250 nm in diameter, more preferably 30-150 nm in
diameter) vesicle comprising a membrane that encloses an internal space, and which is
generated from the cell by direct or indirect manipulation such that said nanovesicle would
not be produced by said producer cell without said manipulation. In general, a nanovesicle is
a sub-species of an extracellular vesicle. Appropriate manipulations of the producer cell
include but are not limited to serial extrusion, treatment with alkaline solutions, sonication, or
combinations thereof. The production of nanovesicles may, in some instances, result in the
destruction of said producer cell. Preferably, populations of nanovesicles are substantially
free of vesicles that are derived from producer cells by way of direct budding from the
plasma membrane or fusion of the late endosome with the plasma membrane. The
nanovesicle comprises lipid or fatty acid and polypeptide, and optionally comprises a payload
(e.g., a therapeutic agent), a receiver (e.g., a targeting moiety), a polynucleotide (e.g, a
nucleic acid, RNA, or DNA, such as any of the engineered nucleic acids described herein), a
sugar (e.g., a simple sugar, polysaccharide, or glycan) or other molecules. The nanovesicle,
once it is derived from a producer cell according to said manipulation, may be isolated from

the producer cell based on its size, density, biochemical parameters, or a combination thereof.
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Lipid nanoparticles (LNPs), in general, are synthetic lipid structures that rely on the
amphiphilic nature of lipids to form membranes and vesicle like structures (Riley 2017). In
general, these vesicles deliver cargo/payloads, such as any of the engineered nucleic acids or
viral systems described herein, by absorbing into the membrane of target cells and releasing
the cargo into the cytosol. Lipids used in LNP formation can be cationic, anionic, or neutral.
The lipids can be synthetic or naturally derived, and in some instances biodegradable. Lipids
can include fats, cholesterol, phospholipids, lipid conjugates including, but not limited to,
polyethyleneglycol (PEG) conjugates (PEGylated lipids), waxes, oils, glycerides, and fat
soluble vitamins. Lipid compositions generally include defined mixtures of materials, such as
the cationic, neutral, anionic, and amphipathic lipids. In some instances, specific lipids are
included to prevent LNP aggregation, prevent lipid oxidation, or provide functional chemical
groups that facilitate attachment of additional moieties. Lipid composition can influence
overall LNP size and stability. In an example, the lipid composition comprises
dilinoleylmethyl- 4-dimethylaminobutyrate (MC3) or MC3-like molecules. MC3 and MC3-
like lipid compositions can be formulated to include one or more other lipids, such as a PEG
or PEG-conjugated lipid, a sterol, or neutral lipids. In addition, LNPs can be further
engineered or functionalized to facilitate targeting of specific cell types. Another
consideration in LNP design is the balance between targeting efficiency and cytotoxicity.

Micelles, in general, are spherical synthetic lipid structures that are formed using
single-chain lipids, where the single-chain lipid’s hydrophilic head forms an outer layer or
membrane and the single-chain lipid’s hydrophobic tails form the micelle center. Micelles
typically refer to lipid structures only containing a lipid mono-layer. Micelles are described in
more detail in Quader ef al. (Mol Ther. 2017 Jul 5; 25(7): 1501-1513), herein incorporated
by reference for all purposes.

Nucleic-acid vectors, such as expression vectors, exposed directly to serum can have
several undesirable consequences, including degradation of the nucleic acid by serum
nucleases or off-target stimulation of the immune system by the free nucleic acids. Similarly,
viral delivery systems exposed directly to serum can trigger an undesired immune response
and/or neutralization of the viral delivery system. Therefore, encapsulation of an engineered
nucleic acid and/or viral delivery system can be used to avoid degradation, while also
avoiding potential off-target affects. In certain examples, an engineered nucleic acid and/or
viral delivery system is fully encapsulated within the delivery vehicle, such as within the
aqueous interior of an LNP. Encapsulation of an engineered nucleic acid and/or viral delivery

system within an LNP can be carried out by techniques well-known to those skilled in the art,
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such as microfluidic mixing and droplet generation carried out on a microfluidic droplet
generating device. Such devices include, but are not limited to, standard T-junction devices or
flow-focusing devices. In an example, the desired lipid formulation, such as MC3 or MC3-
like containing compositions, is provided to the droplet generating device in parallel with an
engineered nucleic acid or viral delivery system and any other desired agents, such that the
delivery vector and desired agents are fully encapsulated within the interior of the MC3 or
MC3-like based LNP. In an example, the droplet generating device can control the size range
and size distribution of the LNPs produced. For example, the LNP can have a size ranging
from 1 to 1000 nanometers in diameter, e.g., 1, 10, 50, 100, 500, or 1000 nanometers.
Following droplet generation, the delivery vehicles encapsulating the cargo/payload (e.g., an
engineered nucleic acid and/or viral delivery system) can be further treated or engineered to

prepare them for administration.

Nanoparticle Delivery

Nanomaterials can be used to deliver engineered nucleic acids (e.g., any of the
engineered nucleic acids described herein). Nanomaterial vehicles, importantly, can be made
of non-immunogenic materials and generally avoid eliciting immunity to the delivery vector
itself. These materials can include, but are not limited to, lipids (as previously described),
inorganic nanomaterials, and other polymeric materials. Nanomaterial particles are described
in more detail in Riley e7 al. (Recent Advances in Nanomaterials for Gene Delivery—A

Review. Nanomaterials 2017, 7(5), 94), herein incorporated by reference for all purposes.

Genomic Editing Systems

A genomic editing systems can be used to engineer a host genome to encode an
engineered nucleic acid, such as an engineered nucleic acid encoding one or more of the
chimeric proteins (e.g., any of the membrane-cleavable chimeric proteins having the formula
S— C—MT or MT - C — S described herein). In general, a “genomic editing system” refers
to any system for integrating an exogenous gene into a host cell’s genome. Genomic editing
systems include, but are not limited to, a transposon system, a nuclease genomic editing
system, and a viral vector-based delivery platform.

A transposon system can be used to integrate an engineered nucleic acid, such as an
engineered nucleic acid encoding one or more of the chimeric proteins (e.g., any of the

membrane-cleavable chimeric proteins having the formulaS —C-MT or MT-C-S
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described herein), into a host genome. Transposons generally comprise terminal inverted
repeats (TIR) that flank a cargo/payload nucleic acid and a transposase. The transposon
system can provide the transposon in cis or in frans with the TIR-flanked cargo. A transposon
system can be a retrotransposon system or a DNA transposon system. In general, transposon
systems integrate a cargo/payload (e.g., an engineered nucleic acid) randomly into a host
genome. Examples of transposon systems include systems using a transposon of the
Tcl/mariner transposon superfamily, such as a Sleeping Beauty transposon system, described
in more detail in Hudecek et al. (Crit Rev Biochem Mol Biol. 2017 Aug;52(4):355-380), and
U.S. Patent Nos. 6,489,458, 6,613,752 and 7,985,739, each of which is herein incorporated
by reference for all purposes. Another example of a transposon system includes a PiggyBac
transposon system, described in more detail in U.S. Patent Nos. 6,218,185 and 6,962,810,
each of which is herein incorporated by reference for all purposes.

A nuclease genomic editing system can be used to engineer a host genome to encode
an engineered nucleic acid, such as an engineered nucleic acid encoding one or more of the
chimeric proteins (e.g., any of the membrane-cleavable chimeric proteins having the formula
S— C—MT or MT - C — S described herein). Without wishing to be bound by theory, in
general, the nuclease-mediated gene editing systems used to introduce an exogenous gene
take advantage of a cell’s natural DNA repair mechanisms, particularly homologous
recombination (HR) repair pathways. Briefly, following an insult to genomic DNA (typically
a double-stranded break), a cell can resolve the insult by using another DNA source that has
identical, or substantially identical, sequences at both its 5’ and 3’ ends as a template during
DNA synthesis to repair the lesion. In a natural context, HDR can use the other chromosome
present in a cell as a template. In gene editing systems, exogenous polynucleotides are
introduced into the cell to be used as a homologous recombination template (HRT or HR
template). In general, any additional exogenous sequence not originally found in the
chromosome with the lesion that is included between the 5* and 3° complimentary ends
within the HRT (e.g., a gene or a portion of a gene) can be incorporated (i.e., “integrated”)
into the given genomic locus during templated HDR. Thus, a typical HR template for a given
genomic locus has a nucleotide sequence identical to a first region of an endogenous genomic
target locus, a nucleotide sequence identical to a second region of the endogenous genomic
target locus, and a nucleotide sequence encoding a cargo/payload nucleic acid (e.g., any of
the engineered nucleic acids described herein, such as any of the engineered nucleic acids
encoding one or more chimeric proteins (e.g., any of the membrane-cleavable chimeric

proteins having the formula S — C — MT or MT — C - S described herein)).
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In some examples, a HR template can be linear. Examples of linear HR templates
include, but are not limited to, a linearized plasmid vector, a sSDNA, a synthesized DNA, and
a PCR amplified DNA. In particular examples, a HR template can be circular, such as a
plasmid. A circular template can include a supercoiled template.

The identical, or substantially identical, sequences found at the 5* and 3’ ends of the
HR template, with respect to the exogenous sequence to be introduced, are generally referred
to as arms (HR arms). HR arms can be identical to regions of the endogenous genomic target
locus (i.e., 100% identical). HR arms in some examples can be substantially identical to
regions of the endogenous genomic target locus. While substantially identical HR arms can
be used, it can be advantageous for HR arms to be identical as the efficiency of the HDR
pathway may be impacted by HR arms having less than 100% identity.

Each HR arm, i.e., the 5’ and 3’ HR arms, can be the same size or different sizes.
Each HR arm can each be greater than or equal to 50, 100, 200, 300, 400, or 500 bases in
length. Although HR arms can, in general, be of any length, practical considerations, such as
the impact of HR arm length and overall template size on overall editing efficiency, can also
be taken into account. An HR arms can be identical, or substantially identical to, regions of
an endogenous genomic target locus immediately adjacent to a cleavage site. Each HR arms
can be identical to, or substantially identical to, regions of an endogenous genomic target
locus immediately adjacent to a cleavage site. Each HR arms can be identical, or substantially
identical to, regions of an endogenous genomic target locus within a certain distance of a
cleavage site, such as 1 base-pair, less than or equal to 10 base-pairs, less than or equal to 50
base-pairs, or less than or equal to 100 base-pairs of each other.

A nuclease genomic editing system can use a variety of nucleases to cut a target
genomic locus, including, but not limited to, a Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR) family nuclease or derivative thereof, a Transcription
activator-like effector nuclease (TALEN) or derivative thereof, a zinc-finger nuclease (ZFN)
or derivative thereof, and a homing endonuclease (HE) or derivative thereof.

A CRISPR-mediated gene editing system can be used to engineer a host genome to
encode an engineered nucleic acid, such as an engineered nucleic acid encoding one or more
of the chimeric proteins (e.g., any of the degron-fusion chimeric proteins described herein or
the membrane-cleavable chimeric proteins having the formula S— C—-MT or MT-C - S
described herein). CRISPR systems are described in more detail in M. Adli (“The CRISPR
tool kit for genome editing and beyond” Nature Communications; volume 9 (2018), Article

number: 1911), herein incorporated by reference for all that it teaches. In general, a CRISPR-
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mediated gene editing system comprises a CRISPR-associated (Cas) nuclease and a RNA(s)
that directs cleavage to a particular target sequence. An exemplary CRISPR-mediated gene
editing system is the CRISPR/Cas9 systems comprised of a Cas9 nuclease and a RNA(s) that
has a CRISPR RNA (crRNA) domain and a trans-activating CRISPR (tracrRNA) domain.
The crRNA typically has two RNA domains: a guide RNA sequence (gRNA) that directs
specificity through base-pair hybridization to a target sequence (“a defined nucleotide
sequence”), e.g., a genomic sequence; and an RNA domain that hybridizes to a tracrRNA. A
tractRNA can interact with and thereby promote recruitment of a nuclease (e.g., Cas9) to a
genomic locus. The crRNA and tracrRNA polynucleotides can be separate polynucleotides.
The crRNA and tracrRNA polynucleotides can be a single polynucleotide, also referred to as
a single guide RNA (sgRNA). While the Cas9 system is illustrated here, other CRISPR
systems can be used, such as the Cpf1/Cas12 or Cas13 systems. Nucleases can include
derivatives thereof, such as Cas9 functional mutants, e.g., a Cas9 “nickase” mutant that in
general mediates cleavage of only a single strand of a defined nucleotide sequence as
opposed to a complete double-stranded break typically produced by Cas9 enzymes.

In general, the components of a CRISPR system interact with each other to form a
Ribonucleoprotein (RNP) complex to mediate sequence specific cleavage. In some CRISPR
systems, each component can be separately produced and used to form the RNP complex. In
some CRISPR systems, each component can be separately produced in vitro and contacted
(i.e., “complexed”) with each other in vitro to form the RNP complex. The in vitro produced
RNP can then be introduced (i.e., “delivered”) into a cell’s cytosol and/or nucleus, e.g., a T
cell’s cytosol and/or nucleus. The in vitro produced RNP complexes can be delivered to a cell
by a variety of means including, but not limited to, electroporation, lipid-mediated
transfection, cell membrane deformation by physical means, lipid nanoparticles (LNP), virus
like particles (VLP), and sonication. In a particular example, in vitro produced RNP
complexes can be delivered to a cell using a Nucleofactor/Nucleofection® electroporation-
based delivery system (Lonza®). Other electroporation systems include, but are not limited
to, MaxCyte electroporation systems, Miltenyi CliniMACS electroporation systems, Neon
electroporation systems, and BTX electroporation systems. CRISPR nucleases, e.g., Cas9,
can be produced in vitro (i.e., synthesized and purified) using a variety of protein production
techniques known to those skilled in the art. CRISPR system RNAs, e.g., an sgRNA, can be
produced in vitro (i.e., synthesized and purified) using a variety of RNA production
techniques known to those skilled in the art, such as in vifro transcription or chemical

synthesis.
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An in vitro produced RNP complex can be complexed at different ratios of nuclease
to gRNA. An in vitro produced RNP complex can be also be used at different amounts in a
CRISPR-mediated editing system. For example, depending on the number of cells desired to
be edited, the total RNP amount added can be adjusted, such as a reduction in the amount of
RNP complex added when editing a large number of cells in a reaction.

In some CRISPR systems, each component (e.g., Cas9 and an sgRNA) can be
separately encoded by a polynucleotide with each polynucleotide introduced into a cell
together or separately. In some CRISPR systems, each component can be encoded by a single
polynucleotide (7.e., a multi-promoter or multicistronic vector, see description of exemplary
multicistronic systems below) and introduced into a cell. Following expression of each
polynucleotide encoded CRISPR component within a cell (e.g., translation of a nuclease and
transcription of CRISPR RNAs), an RNP complex can form within the cell and can then
direct site-specific cleavage.

Some RNPs can be engineered to have moieties that promote delivery of the RNP into
the nucleus. For example, a Cas9 nuclease can have a nuclear localization signal (NLS)
domain such that if a Cas9 RNP complex is delivered into a cell’s cytosol or following
translation of Cas9 and subsequent RNP formation, the NLS can promote further trafficking
of a Cas9 RNP into the nucleus.

The engineered cells described herein can be engineered using non-viral methods,
e.g., the nuclease and/or CRISPR mediated gene editing systems described herein can be
delivered to a cell using non-viral methods. The engineered cells described herein can be
engineered using viral methods, e.g., the nuclease and/or CRISPR mediated gene editing
systems described herein can be delivered to a cell using viral methods such as adenoviral,
retroviral, lentiviral, or any of the other viral-based delivery methods described herein.

In some CRISPR systems, more than one CRISPR composition can be provided such
that each separately target the same gene or general genomic locus at more than target
nucleotide sequence. For example, two separate CRISPR compositions can be provided to
direct cleavage at two different target nucleotide sequences within a certain distance of each
other. In some CRISPR systems, more than one CRISPR composition can be provided such
that each separately target opposite strands of the same gene or general genomic locus. For
example, two separate CRISPR “nickase” compositions can be provided to direct cleavage at
the same gene or general genomic locus at opposite strands.

In general, the features of a CRISPR-mediated editing system described herein can

apply to other nuclease-based genomic editing systems. TALEN is an engineered site-specific
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nuclease, which is composed of the DNA- binding domain of TALE (transcription activator-
like effectors) and the catalytic domain of restriction endonuclease Fokl. By changing the
amino acids present in the highly variable residue region of the monomers of the DNA
binding domain, different artificial TALENSs can be created to target various nucleotides
sequences. The DNA binding domain subsequently directs the nuclease to the target
sequences and creates a double-stranded break. TALEN-based systems are described in more
detail in U.S. Ser. No. 12/965,590; U.S. Pat. No. 8,450,471; U.S. Pat. No. 8,440,431; U.S.
Pat. No. 8,440,432; U.S. Pat. No. 10,172,880; and U.S. Ser. No. 13/738,381, all of which are
incorporated by reference herein in their entirety. ZFN-based editing systems are described in
more detail in U.S. Patent Nos. 6,453,242: 6,534,261: 6,599,692; 6,503,717; 6,689,558;
7,030,215; 6,794,136; 7,067,317; 7,262,054; 7,070,934; 7,361,635 7,253,273; and U.S.
Patent Publication Nos. 2005/0064474; 2007/0218528; 2005/0267061, all incorporated herein

by reference in their entireties for all purposes.

Other Engineering Delivery Systems

Various additional means to introduce engineered nucleic acids (e.g., any of the
engineered nucleic acids described herein) into a cell or other target recipient entity, such as
any of the lipid structures described herein.

Electroporation can used to deliver polynucleotides to recipient entities.
Electroporation is a method of internalizing a cargo/payload into a target cell or entity’s
interior compartment through applying an electrical field to transiently permeabilize the outer
membrane or shell of the target cell or entity. In general, the method involves placing cells or
target entities between two electrodes in a solution containing a cargo of interest (e.g., any of
the engineered nucleic acids described herein). The lipid membrane of the cells is then
disrupted, i.e., permeabilized, by applying a transient set voltage that allows the cargo to
enter the interior of the entity, such as the cytoplasm of the cell. In the example of cells, at
least some, if not a majority, of the cells remain viable. Cells and other entities can be
electroporated in vitro, in vivo, or ex vivo. Electroporation conditions (e.g., number of cells,
concentration of cargo, recovery conditions, voltage, time, capacitance, pulse type, pulse
length, volume, cuvette length, electroporation solution composition, etc.) vary depending on
several factors including, but not limited to, the type of cell or other recipient entity, the cargo
to be delivered, the efficiency of internalization desired, and the viability desired.

Optimization of such criteria are within the scope of those skilled in the art. A variety devices
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and protocols can be used for electroporation. Examples include, but are not limited to,
Neon® Transfection System, MaxCyte® Flow Electroporation™, Lonza® Nucleofector™
systems, and Bio-Rad® electroporation systems.

Other means for introducing engineered nucleic acids (e.g., any of the engineered
nucleic acids described herein) into a cell or other target recipient entity include, but are not
limited to, sonication, gene gun, hydrodynamic injection, and cell membrane deformation by
physical means.

Compositions and methods for delivering engineered mRNAs in vivo, such as naked
plasmids or mRNA, are described in detail in Kowalski ef al. (Mol Ther. 2019 Apr 10; 27(4):
710-728) and Kaczmarek ef al. (Genome Med. 2017; 9: 60.), each herein incorporated by

reference for all purposes.

Delivery Vehicles

Also provided herein are compositions for delivering a cargo/payload (a “delivery
vehicle”).

The cargo can comprise nucleic acids (e.g., any of the engineered nucleic acids
described herein, such as any of the engineered nucleic acids described herein encoding the
chimeric proteins including the membrane-cleavable chimeric proteins having the formula S
— C—MT or MT — C — S described herein), as described above. The cargo can comprise
proteins, carbohydrates, lipids, small molecules, and/or combinations thereof. The cargo can
be any of the chimeric proteins provided for herein (e.g., any of the membrane-cleavable
chimeric proteins having the formula S — C — MT or MT — C — S described herein). The
cargo can be a combination of the chimeric proteins described herein, e.g., two or more of the
chimeric proteins described herein. The cargo can be a combination of the chimeric protein
described herein and another cargo of interest, such as another protein, carbohydrate, lipid,
small molecule, and/or combination thereof.

The delivery vehicle can comprise any composition suitable for delivering a cargo.
The delivery vehicle can comprise any composition suitable for delivering a protein (e.g., any
of the chimeric proteins described herein). The delivery vehicle can be any of the lipid
structure delivery systems described herein. For example, a delivery vehicle can be a lipid-
based structure including, but not limited to, a lipid-based nanoparticle, a liposome, a micelle,

an exosome, a vesicle, an extracellular vesicle, a cell, or a tissue. The delivery vehicle can be
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any of the nanoparticles described herein, such as nanoparticles comprising lipids (as
previously described), inorganic nanomaterials, and other polymeric materials.

The delivery vehicle can be capable of delivering the cargo to a cell, such as
delivering any of the chimeric proteins described herein to a cell. The delivery vehicle can be
capable of delivering the cargo to a cell, such as delivering any of the chimeric proteins
described herein to a cell. The delivery vehicle can be configured to target a specific cell,
such as configured with a re-directing antibody to target a specific cell. The delivery vehicle
can be capable of delivering the cargo to a cell in vivo.

The delivery vehicle can be capable of delivering the cargo to a tissue or tissue
environment (e.g., a tumor microenvironment), such as delivering any of the chimeric
proteins described herein to a tissue or tissue environment in vivo. Delivering a cargo can
include secreting the cargo, such as secreting any of the chimeric proteins described herein.
Accordingly, the delivery vehicle can be capable of secreting the cargo, such as secreting any
of the chimeric proteins described herein. The delivery vehicle can be capable of secreting
the cargo to a tissue or tissue environment (e.g., a tumor microenvironment), such as
secreting any of the chimeric proteins described herein into a tissue or tissue environment.
The delivery vehicle can be configured to target a specific tissue or tissue environment (e.g.,
a tumor microenvironment), such as configured with a re-directing antibody to target a

specific tissue or tissue environment.

Methods of Treatment

Further provided herein are methods that include delivering, or administering, to a
subject (e.g., a human subject) engineered cells as provided herein to produce in vivo at least
one protein of interest produced by the engineered cells (e.g., any of the chimeric proteins
provided for herein, such as the membrane-cleavable chimeric proteins having the formula S
— C—MT or MT — C — S described herein, or the secreted effector molecules provided for
herein following protease cleavage of the chimeric protein). Further provided herein are
methods that include delivering, or administering, to a subject (e.g., a human subject)
engineered cells as provided herein to produce in vivo at least two proteins of interest, e.g., at
least two of the chimeric proteins provided for herein, such as the membrane-cleavable
chimeric proteins having the formula S — C — MT or MT — C — S described herein, produced

by the engineered cells.
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Further provided herein are methods that include delivering, or administering, to a
subject (e.g., a human subject) any of the delivery vehicles described herein, such as any of
the delivery vehicles described herein comprising any of the proteins of interest described
herein, e.g., any of the chimeric proteins provided for herein, such as the membrane-cleavable
chimeric proteins having the formula S — C — MT or MT — C — S described herein. Further
provided herein are methods that include delivering, or administering, to a subject (e.g., a
human subject) any of the delivery vehicles described herein, such as any of the delivery
vehicles described herein comprising two or more proteins of, e.g., at least two of the
chimeric proteins provided for herein, such as the membrane-cleavable chimeric proteins
having the formula S — C — MT or MT — C — S described herein.

In some embodiments, the engineered cells or delivery vehicles are administered via
intravenous, intraperitoneal, intratracheal, subcutaneous, intratumoral, oral, anal, intranasal
(e.g., packed in a delivery particle), or arterial (e.g., internal carotid artery) routes. Thus, the
engineered cells or delivery vehicles may be administered systemically or locally (e.g., to a
TME or via intratumoral administration). An engineered cell can be isolated from a subject,
such as a subject known or suspected to have cancer. An engineered cell can be allogenic
with reference to the subject being administered a treatment. Allogenic modified cells can be
HLA-matched to the subject being administered a treatment. Delivery vehicles can be any of
the lipid structure delivery systems described herein. Delivery vehicles can be any of the
nanoparticles described herein.

Engineered cells or delivery vehicles can be administered alone or in combination
with other treatments, either simultaneously or sequentially dependent upon the condition to
be treated. For example, engineered cells or delivery vehicles can be administered in
combination with one or more IMiDs described herein. FDA-approved IMiDs can be
administered in their approved fashion. In another example, engineered cells or delivery
vehicles can be administered in combination with a checkpoint inhibitor therapy. Exemplary
checkpoint inhibitors include, but are not limited to, anti-PD-1 antibodies, anti-PD-L1
antibodies, anti-PD-L2 antibodies, anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-
TIM-3 antibodies, anti-TIGIT antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-
B7-H3 antibodies, anti-B7-H4 antibodies, anti-HVEM antibodies, anti-BTLA antibodies,
anti-GAL9 antibodies, anti-A2AR antibodies, anti-phosphatidylserine antibodies, anti-CD27
antibodies, anti-TNFa antibodies, anti-TREMI antibodies, and anti-TREM2 antibodies.
lustrative immune checkpoint inhibitors include pembrolizumab (anti-PD-1; MK-

3475/Keytruda® - Merck), nivolumamb (anti-PD-1; Opdivo® - BMS), pidilizumab (anti-PD-
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1 antibody; CT-011 — Teva/CureTech), AMP224 (anti-PD-1; NCI), avelumab (anti-PD-L1;
Bavencio® - Pfizer), durvalumab (anti-PD-L1; MEDI4736/Imfinzi® -
Medimmune/AstraZeneca), atezolizumab (anti-PD-L1; Tecentriq® - Roche/Genentech),
BMS-936559 (anti-PD-L1 - BMS), tremelimumab (anti-CTLA-4; Medimmune/AstraZeneca),
ipilimumab (anti-CTLA-4; Yervoy ® - BMS), lirilumab (anti-KIR; BMS), monalizumab
(anti-NKG2A; Innate Pharma/AstraZeneca). In other examples, engineered cells or delivery
vehicles can be administered in combination with TGFbeta inhibitors, VEGF inhibitors, or
HPGE?2. In another example, engineered cells or delivery vehicles can be administered in
combination with an anti-CD40 antibody.

Some methods comprise selecting a subject (or patient population) having a tumor (or
cancer) and treating that subject with engineered cells or delivery vehicles that modulate
tumor-mediated immunosuppressive mechanisms.

The engineered cells or delivery vehicles of the present disclosure may be used, in
some instances, to treat cancer, such as ovarian cancer. Other cancers are described herein.
For example, the engineered cells may be used to treat bladder tumors, brain tumors, breast
tumors, cervical tumors, colorectal tumors, esophageal tumors, gliomas, kidney tumors, liver
tumors, lung tumors, melanomas, ovarian tumors, pancreatic tumors, prostate tumors, skin
tumors, thyroid tumors, and/or uterine tumors. The engineered cells or delivery vehicles of
the present disclosure can be used to treat cancers with tumors located in the peritoneal space
of a subject.

The methods provided herein also include delivering a preparation of engineered cells
or delivery vehicles. A preparation, in some embodiments, is a substantially pure preparation,
containing, for example, less than 5% (e.g., less than 4%, 3%, 2%, or 1%) of cells other than
engineered cells. A preparation may comprise 1x10° cells/kg to 1x107 cells/kg cells.
Preparation of engineered cells or delivery vehicles can include pharmaceutical compositions
having one or more pharmaceutically acceptable carriers. For example, preparations of
engineered cells or delivery vehicles can include any of the engineered viruses, such as an
engineered AAV virus, or any of the engineered viral vectors, such as AAV vector, described

herein.

In vivo Expression

The methods provided herein also include delivering a composition in vivo capable of

producing the engineered cells described herein, e.g., capable of delivering any of the
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engineered nucleic acids described herein to a cell in vivo. Such compositions include any of
the viral-mediated delivery platforms, any of the lipid structure delivery systems, any of the
nanoparticle delivery systems, any of the genomic editing systems, or any of the other
engineering delivery systems described herein capable of engineering a cell in vivo.

The methods provided herein also include delivering a composition in vivo capable of
producing any of the proteins of interest described herein, e.g., any of the chimeric proteins
provided for herein, such as the membrane-cleavable chimeric proteins having the formula S
— C—MT or MT — C — S described herein. The methods provided herein also include
delivering a composition in vivo capable of producing two or more of the proteins of interest
described herein. Compositions capable of in vivo production of proteins of interest include,
but are not limited to, any of the engineered nucleic acids described herein. Compositions

capable of in vivo production proteins of interest can be a naked mRNA or a naked plasmid.

Additional Embodiments

1. An engineered nucleic acid comprising an expression cassette comprising a promoter
and an exogenous polynucleotide sequence encoding a membrane-cleavable chimeric

protein, oriented from N-terminal to C-terminal, having the formula:

S—-C-MTorMT-C-S

wherein
S comprises a secretable effector molecule,
C comprises a protease cleavage site, and
MT comprises a cell membrane tethering domain,

wherein the promoter is operably linked to the exogenous polynucleotide sequence,
and wherein S — C — MT or MT — C - S is configured to be expressed as a single
polypeptide.

2. The engineered nucleic acid of embodiment 1, wherein the promoter is a constitutive

promoter.

138



10

15

20

25

WO 2022/098922 PCT/US2021/058134

10.

11.

The engineered nucleic acid of embodiment 2, wherein the constitutive promoter is
selected from the group consisting of: CAG, HLP, CMV, EFS, SFFV, SV40, MND,
PGK, UbC, hEF1aV1, hCAGG, hEF1aV2, hACTb, helF4A1, hGAPDH, hGRP78,
hGRP94, hHSP70, hKINb, and hUBIb.

The engineered nucleic acid of any one of embodiments 1-3, wherein the promoter is

an inducible promoter.

The engineered nucleic acid of embodiment 4, wherein the inducible promoter
comprises a response element selected from the group consisting of: an NFkB
response element, a CREB response element, an NFAT response element, SRF
response element 1, SRF response element 2, an AP1 response element, a TCF-LEF
response element promoter fusion, a Hypoxia responsive element, a SMAD binding
element, a STAT3 binding site, a inducer molecule responsive element, and tandem

repeats thereof.

The engineered nucleic acid of any one of embodiments 1-5, wherein the promoter is

a synthetic promoter.

The engineered nucleic acid of embodiment 6, wherein the synthetic promoter
comprises a minimal promoter and at least one regulatory element that is heterologous

to the minimal promoter.

The engineered nucleic acid of embodiment 7, wherein the at least one regulatory
element comprises an activation-conditional control polypeptide- (ACP-) binding

domain sequence and a promoter sequence.

The engineered nucleic acid of embodiment 8, wherein the ACP-binding domain

comprises one or more zinc finger binding sites.

The engineered nucleic acid of embodiment 8 or embodiment 9, wherein the synthetic
promoter is regulatable by an activation-conditional control polypeptide (ACP) that

binds to the ACP-binding domain of the synthetic promoter.

The engineered nucleic acid of embodiment 10, wherein the ACP is a transcriptional

modulator.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The engineered nucleic acid of embodiment 10 or embodiment 11, wherein the ACP

is a transcriptional repressor.

The engineered nucleic acid of embodiment 10 or embodiment 11, wherein the ACP

is a transcriptional activator.

The engineered nucleic acid of any one of embodiments 10-13, wherein the ACP
further comprises a repressible protease and one or more cognate cleavage sites of the

repressible protease.

The engineered nucleic acid of any one of embodiments 10-14, wherein the ACP

further comprises a hormone-binding domain of estrogen receptor (ERT2 domain).

The engineered nucleic acid of any one of embodiments 10-14, wherein the ACP is a

transcription factor.

The engineered nucleic acid of embodiment 16, wherein the transcription factor is a

zinc-finger-containing transcription factor.

The engineered nucleic acid of any one of embodiments 10-17, wherein the ACP
comprises a DNA-binding zinc finger protein domain (ZF protein domain) and a

transcriptional effector domain.

The engineered nucleic acid of embodiment 18, wherein the ZF protein domain is

modular in design and is composed of zinc finger arrays (ZFA).

The engineered nucleic acid of embodiment 19, wherein the ZF protein domain

comprises one to ten ZFA.

The engineered nucleic acid of any one of embodiments 18-20, wherein the effector
domain is selected from the group consisting of: a Herpes Simplex Virus Protein 16
(VP16) activation domain; an activation domain comprising four tandem copies of
VP16, a VP64 activation domain; a p65 activation domain of NFxB; an Epstein-Barr
virus R transactivator (Rta) activation domain; a tripartite activator comprising the
VP64, the p65, and the Rta activation domains (VPR activation domain); a histone
acetyltransferase (HAT) core domain of the human E1A-associated protein p300

(p300 HAT core activation domain); a Kriippel associated box (KRAB) repression
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22.

23.

24.

25.

26.

27.

28.

29.

domain; a Repressor Element Silencing Transcription Factor (REST) repression
domain; a WRPW motif of the hairy-related basic helix-loop-helix repressor proteins,
the motif is known as a WRPW repression domain; a DNA (cytosine-5)-
methyltransferase 3B (DNMT3B) repression domain; and an HP1 alpha

chromoshadow repression domain.

The engineered nucleic acid of any one of embodiments 14-21, wherein the one or
more cognate cleavage sites of the repressible protease are localized between the ZF

protein domain and the effector domain.

The engineered nucleic acid of any one of embodiments 14-22, wherein the

repressible protease is hepatitis C virus (HCV) nonstructural protein 3 (NS3).

The engineered nucleic acid of embodiment 23, wherein the cognate cleavage site

comprises an NS3 protease cleavage site.

The engineered nucleic acid of embodiment 24, wherein the NS3 protease cleavage
site comprises a NS3/NS4A, a NS4A/NS4B, a NS4B/NS5A, or a NSSA/NS5B

junction cleavage site.

The engineered nucleic acid of any one of embodiments 23-25, wherein the NS3

protease can be repressed by a protease inhibitor.

The engineered nucleic acid of embodiment 26, wherein the protease inhibitor is
selected from the group consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir,
boceprevir, sovaprevir, paritaprevir, telaprevir, grazoprevir, glecaprevir, and

voxiloprevir.

The engineered nucleic acid of any one of embodiments 15-27, wherein the ACP is
capable of undergoing nuclear localization upon binding of the ERT2 domain to

tamoxifen or a metabolite thereof.

The engineered nucleic acid of embodiment 28, wherein the tamoxifen metabolite is
selected from the group consisting of: 4-hydroxytamoxifen, N-desmethyltamoxifen,

tamoxifen-N-oxide, and endoxifen.
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30.

31.

32.

33.

34.

The engineered nucleic acid of any one of embodiments 10-29, wherein the ACP
further comprises a degron domain, and wherein the degron domain is operably linked

to the ACP.

The engineered nucleic acid of embodiment 30, wherein the degron domain is derived
from a degron selected from the group consisting of HCV NS4 degron, PEST (two
copies of residues 277-307 of human IkBa), GRR (residues 352-408 of human p105),
DRR (residues 210-295 of yeast Cdc34), SNS (tandem repeat of SP2 and NB (SP2-
NB-SP2 of influenza A or influenza B), RPB (four copies of residues 1688-1702 of
yeast RPB), SPmix (tandem repeat of SP1 and SP2 (SP2-SP1-SP2-SP1-SP2 of
influenza A virus M2 protein), NS2 (three copies of residues 79-93 of influenza A
virus NS protein), ODC (residues 106-142 of ornithine decarboxylase), Nek2A,
mouse ODC (residues 422-461), mouse ODC DA (residues 422-461 of mODC
including D433 A and D434A point mutations), an APC/C degron, a COP1 E3 ligase
binding degron motif, a CRL4-Cdt2 binding PIP degron, an actinfilin-binding degron,
a KEAP1 binding degron, a KLHL2 and KLHL3 binding degron, an MDM?2 binding
motif, an N-degron, a hydroxyproline modification in hypoxia signaling, a
phytohormone-dependent SCF-LRR-binding degron, an SCF ubiquitin ligase binding
phosphodegron, a phytohormone-dependent SCF-LRR-binding degron, a DSGxxS
phospho-dependent degron, an Siah binding motif, an SPOP SBC docking motif, and
a PCNA binding PIP box.

The engineered nucleic acid of embodiment 30, wherein the degron domain comprises
a cereblon (CRBN) polypeptide substrate domain capable of binding CRBN in
response to an immunomodulatory drug (IMiD) thereby promoting ubiquitin

pathway-mediated degradation of the ACP.

The engineered nucleic acid of embodiment 32, wherein the CRBN polypeptide
substrate domain is selected from the group consisting of: IKZF1, IKZF3, CKla,
ZFP91, GSPT1, MEIS2, GSS E4F1, ZN276, ZN517, ZN582, ZN653, ZN654, ZN692,
ZN787, and ZN827, or a fragment thereof that is capable of drug-inducible binding of
CRBN.

The engineered nucleic acid of embodiment 32, wherein the CRBN polypeptide

substrate domain is a chimeric fusion product of native CRBN polypeptide sequences.
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35.

36.

37.

38.

39.

40.

41.

42.

43.

The engineered nucleic acid of embodiment 32, wherein the CRBN polypeptide
substrate domain is a IKZF3/ZFP91/IKZF3 chimeric fusion product having the amino
acid sequence of
FNVLMVHKRSHTGERPLQCEICGFTCRQKGNLLRHIKLHTGEKPFKCHLCNY
ACQRRDAL (SEQ ID NO: 175).

The engineered nucleic acid of any one of embodiments 32-35, wherein the IMiD is

an FDA-approved drug.

The engineered nucleic acid of any one of embodiments 32-36, wherein the IMiD is

selected from the group consisting of: thalidomide, lenalidomide, and pomalidomide.

The engineered nucleic acid of any one of embodiments 30-37, wherein the degron
domain is N-terminal of the repressible protease, C-terminal of the repressible
protease, N-terminal of the ZF protein domain, C-terminal of the ZF protein domain,

N-terminal of the effector domain, or C-terminal of the effector domain.

The engineered nucleic acid of any one of embodiments 1-38, wherein the promoter

is a tissue-specific promoter.

The engineered nucleic acid of any one of embodiments 1-39, wherein the secretable

effector molecule comprises a signal peptide or a signal-anchor sequence.

The engineered nucleic acid of embodiment 40, wherein the signal peptide comprises

a native signal peptide native to the secretable effector molecule.

The engineered nucleic acid of embodiment 40, wherein the signal peptide comprises
a non-native signal peptide or the signal-anchor sequence comprises a non-native

signal-anchor sequence non-native to the secretable effector molecule.

The engineered nucleic acid of embodiment 42, wherein the non-native signal peptide
or the non-native signal-anchor sequence is selected from the group consisting of’ IL-
12, IL-2, optimized IL-2, trypsiongen-2, Gaussia luciferase, CDS5, human IgK VII,
murine IgKVII, VSV-G, prolactin, serum albumin preprotein, azurocidin preprotein,
osteonectin, CD33, IL-6, IL-8, CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1,
GROalpha, CXCL12, IL-21, CD8, NKG2D, TNFR2, and GMCSF.
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The engineered nucleic acid of any one of embodiments 1-43, wherein the secretable
effector molecule is selected from a therapeutic class, wherein the therapeutic class is
selected from the group consisting of: a cytokine, a chemokine, a homing molecule, a
growth factor, a co-activation molecule, a tumor microenvironment modifier, a ligand,

an antibody, a peptide, and an enzyme.

The engineered nucleic acid of embodiment 44, wherein the cytokine is selected from
the group consisting of: IL-1-beta, IL-2, IL-4, IL-6, IL-7, IL-10, IL-12, an IL-12p70
fusion protein, IL-15, IL-17A, TL-18, IL-21, IL-22, Type I interferons, Interferon-
gamma, and TNF-alpha.

The engineered nucleic acid of any one of embodiments 1-43, wherein the secretable

effector molecule comprises IL-15, IL-12, or an IL-12p70 fusion protein.

The engineered nucleic acid of any one of embodiments 1-43, wherein the secretable

effector molecule comprises IL-15.

The engineered nucleic acid of claim 47, wherein the secretable effector molecule

comprises the amino acid sequence of SEQ ID NO: 199.

The engineered nucleic acid of any one of embodiments 1-43, wherein the secretable
effector molecule comprises IL-15 and IL-15Ra sushi domain or an IL15/IL-15Ra

sushi domain fusion protein.

The engineered nucleic acid of embodiment 49, wherein the secretable effector

molecule comprises the amino acid sequence of SEQ ID NO: 202.

The engineered nucleic acid of any one of embodiments 1-43, wherein the secretable

effector molecule comprises IL-12 or an IL-12p70 fusion protein.

The engineered nucleic acid of embodiment 51, wherein the secretable effector

molecule comprises the amino acid sequence of SEQ ID NO: 203.

The engineered nucleic acid of embodiment 44, wherein the chemokine is selected
from the group consisting of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-
CXCL11 fusion protein, CCL19, CXCL9, and XCL1.
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The engineered nucleic acid of embodiment 44, wherein the homing molecule is
selected from the group consisting of: anti-integrin alpha4,beta7; anti-MAdCAM,;
SDF1; and MMP-2.

The engineered nucleic acid of embodiment 44, wherein the growth factor is selected

from the group consisting of: FLT3L and GM-CSF.

The engineered nucleic acid of embodiment 44, wherein the co-activation molecule is

selected from the group consisting of: 4-1BBL and CD40L.

The engineered nucleic acid of embodiment 44, wherein the tumor microenvironment
modifier is selected from the group consisting of: adenosine deaminase, a TGFbeta

inhibitor, an immune checkpoint inhibitor, a VEGF inhibitor, and HPGE2.

The engineered nucleic acid of embodiment 57, wherein the TGFbeta inhibitor is
selected from the group consisting of: an anti-TGFbeta peptide, an anti-TGFbeta
antibody, a TGFb-TRAP, and a combination thereof.

The engineered nucleic acid of embodiment 57, wherein the immune checkpoint
inhibitor is selected from the group consisting of: an anti-PD-1 antibody, an anti-PD-
L1 antibody, an anti-PD-L2 antibody, an anti-CTLA-4 antibody, an anti-LAG-3
antibody, an anti-TIM-3 antibody, an anti-TIGIT antibody, an anti-VISTA antibody,
an anti-KIR antibody, an anti-B7-H3 antibody, an anti-B7-H4 antibody, an anti-
HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, an anti-A2AR
antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-TNFa
antibody, an anti-TREMI antibody, and an anti-TREM?2 antibody.

The engineered nucleic acid of embodiment 57, wherein the VEGF inhibitor

comprises an anti-VEGF antibody, an anti-VEGF peptide, or a combination thereof.

The engineered nucleic acid of any one of embodiments 1-60, wherein the secretable

effector molecule is a human-derived effector molecule.
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The engineered nucleic acid of any one of embodiments 1-61, wherein the protease
cleavage site is cleavable by a protease selected from the group consisting of: a Type
1 transmembrane protease, a Type II transmembrane protease, a GPI anchored
protease, an ADAMS protease, an ADAMO protease, an ADAMI10 protease, an
ADAMI2 protease, an ADAM15 protease, an ADAMI17 protease, an ADAM19
protease, an ADAM?20 protease, an ADAM21 protease, an ADAM28 protease, an
ADAM30 protease, an ADAM33 protease, a BACEI protease, a BACE2 protease, a
SIP protease, an MT1-MMP protease, an MT3-MMP protease, an MTS-MMP
protease, a furin protease, a PCSK7 protease, a matriptase protease, a matriptase-2

protease, an MMP9 protease, and an NS3 protease.

The engineered nucleic acid of any one of embodiments 1-62, wherein the protease

cleavage site is cleavable by an ADAMI17 protease.

The engineered nucleic acid of any one of embodiments 1-63, wherein the protease
cleavage site comprises a first region having the amino acid sequence of PRAE (SEQ

ID NO: 176).

The engineered nucleic acid of embodiment 64, wherein the protease cleavage site
comprises a second region having the amino acid sequence of KGG (SEQ ID NO:
177).

The engineered nucleic acid of embodiment 65, wherein the first region is located N-

terminal to the second region.

The engineered nucleic acid of any one of embodiments 1-66, wherein the protease
cleavage site comprises the amino acid sequence of PRAEX1X,KGG (SEQ ID NO:
178),

wherein X1is A, Y, P, S, or F, and

wherein X5is V,L, S, LY, T, or A.

The engineered nucleic acid of any one of embodiments 1-66, wherein the protease
cleavage site comprises the amino acid sequence of PRAEX1X,KGG (SEQ ID NO:
178),

wherein X11s A, Y, P, S, or F, and

wherein X»is V, L, S, I, Y, or T.
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The engineered nucleic acid of any one of embodiments 1-68, wherein the protease
cleavage site comprises the amino acid sequence of PRAEAVKGG (SEQ ID NO:
179).

The engineered nucleic acid of any one of embodiments 1-68, wherein the protease
cleavage site comprises the amino acid sequence of PRAEALKGG (SEQ ID NO:
180).

The engineered nucleic acid of any one of embodiments 1-68, wherein the protease
cleavage site comprises the amino acid sequence of PRAEYSKGG (SEQ ID NO:
181).

The engineered nucleic acid of any one of embodiments 1-68, wherein the protease

cleavage site comprises the amino acid sequence of PRAEPIKGG (SEQ ID NO: 182).

The engineered nucleic acid of any one of embodiments 1-68, wherein the protease
cleavage site comprises the amino acid sequence of PRAEAYKGG (SEQ ID NO:
183).

The engineered nucleic acid of any one of embodiments 1-68, wherein the protease
cleavage site comprises the amino acid sequence of PRAESSKGG (SEQ ID NO:
184).

The engineered nucleic acid of any one of embodiments 1-68, wherein the protease
cleavage site comprises the amino acid sequence of PRAEFTKGG (SEQ ID NO:
185).

The engineered nucleic acid of any one of embodiments 1-68, wherein the protease
cleavage site comprises the amino acid sequence of PRAEAAKGG (SEQ ID NO:
186).

The engineered nucleic acid of any one of embodiments 1-66, wherein the protease
cleavage site comprises the amino acid sequence of DEPHYSQRR (SEQ ID NO:
187).
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The engineered nucleic acid of any one of embodiments 1-66, wherein the protease
cleavage site comprises the amino acid sequence of PPLGPIFNPG (SEQ ID NO:
188).

The engineered nucleic acid of any one of embodiments 1-66, wherein the protease
cleavage site comprises the amino acid sequence of PLAQAYRSS (SEQ ID NO:
189).

The engineered nucleic acid of any one of embodiments 1-66, wherein the protease
cleavage site comprises the amino acid sequence of TPIDSSFNPD (SEQ ID NO:
190).

The engineered nucleic acid of any one of embodiments 1-66, wherein the protease

cleavage site comprises the amino acid sequence of VTPEPIFSLI (SEQ ID NO: 191).

The engineered nucleic acid of any one of embodiments 1-66, wherein the protease
cleavage site comprises the amino acid sequence of ITQGLAVSTISSFF (SEQ ID
NO: 198).

The engineered nucleic acid of any one of embodiments 1-82, wherein the cell
membrane tethering domain comprises a transmembrane-intracellular domain or a

transmembrane domain.

The engineered nucleic acid of embodiment 83, wherein the transmembrane-
intracellular domain and/or transmembrane domain is derived from PDGFR-beta,
CDS, CD28, CD3zeta-chain, CD4, 4-1BB, 0X40, ICOS, CTLA-4, PD-1, LAG-3,
2B4, LNGFR, NKG2D, EpoR, TNFR2, B7-1, or BTLA.

The engineered nucleic acid of any one of embodiments 1-84, wherein the cell
membrane tethering domain comprises a post-translational modification tag, or motif
capable of post-translational modification to modify the chimeric protein to include a
post-translational modification tag, where the post-translational modification tag is

capable of association with a cell membrane.

The engineered nucleic acid of embodiment 85, wherein the post-translational

modification tag comprises a lipid-anchor domain, optionally wherein the lipid-anchor
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domain is selected from the group consisting of: a GPI lipid-anchor, a myristoylation

tag, and a palmitoylation tag.

The engineered nucleic acid of any one of embodiments 1-84, wherein the cell
membrane tethering domain comprises a cell surface receptor, or a cell membrane-

bound portion thereof.

The engineered nucleic acid of any one of embodiments 1-87, wherein when
expressed in a cell, the secretable effector molecule is tethered to a cell membrane of

the cell.

The engineered nucleic acid of embodiment 88, wherein when expressed in a cell
expressing a protease capable of cleaving the protease cleavage site, the secretable

effector molecule is released from the cell membrane.

The engineered nucleic acid of embodiment 89, wherein the protease expressed on the

cell membrane is endogenous to the cell.

The engineered nucleic acid of embodiment 90, wherein the protease is selected from
the group consisting of: a Type 1 transmembrane protease, a Type II transmembrane
protease, a GPI anchored protease, an ADAMS protease, an ADAMO protease, an
ADAMIO protease, an ADAM12 protease, an ADAMIS protease, an ADAM17
protease, an ADAMI9 protease, an ADAM20 protease, an ADAM?21 protease, an
ADAM28 protease, an ADAM30 protease, an ADAM33 protease, a BACE] protease,
a BACE2 protease, a SIP protease, an MT1-MMP protease, an MT3-MMP protease,
an MT5-MMP protease, a furin protease, a PCSK7 protease, a matriptase protease, a

matriptase-2 protease, and an MMP9 protease.

The engineered nucleic acid of embodiment 91, wherein the protease is an ADAM17

protease.

The engineered nucleic acid of embodiment 89, wherein the protease expressed on the

cell membrane is heterologous to the cell.

The engineered nucleic acid of embodiment 93, wherein the protease is hepatitis C

virus (HCV) nonstructural protein 3 (NS3).
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The engineered nucleic acid of embodiment 94, wherein the protease cleavage site

comprises an NS3 protease cleavage site.

The engineered nucleic acid of embodiment 95, wherein the NS3 protease cleavage
site comprises a NS3/NS4A, a NS4A/NS4B, a NS4B/NS5A, or a NSSA/NS5B

junction cleavage site.

The engineered nucleic acid of any one of embodiments 89-96, wherein the protease

can be repressed by a protease inhibitor.

The engineered nucleic acid of embodiment 97, wherein the protease inhibitor is
selected from the group consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir,
boceprevir, sovaprevir, paritaprevir, telaprevir, grazoprevir, glecaprevir, and

voxiloprevir.

The engineered nucleic acid of any one of embodiments 89-98, wherein expression

and/or localization of the protease is capable of regulation.

The engineered nucleic acid of embodiment 99, wherein the expression and/or

localization is regulated by a cell state of the cell.

The engineered nucleic acid of any one of embodiments 1-100, wherein the
engineered nucleic acid is a single-stranded or double-stranded nucleic acid selected
from the group consisting of: a DNA, a cDNA, an RNA, an mRNA, and a naked

plasmid.

An expression vector comprising the engineered nucleic acid of any one of

embodiments 1-101.

The expression vector of embodiment 102, wherein the expression vector is a viral

vector.

The expression vector of embodiment 103, wherein the viral vector is a retroviral

vector.

A membrane-cleavable chimeric protein, oriented from N-terminal to C-terminal,

having the formula:
S—-C-MTorMT-C-S8
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wherein
S comprises a secretable effector molecule,
C comprises a protease cleavage site, and
MT comprises a cell membrane tethering domain,

wherein S — C— MT or MT — C — S is configured to be expressed as a single
polypeptide.

The chimeric protein of embodiment 105, wherein the secretable effector molecule

comprises a signal peptide or a signal-anchor sequence.

The chimeric protein of embodiment 106, wherein the signal peptide comprises a

native signal peptide native to the secretable effector molecule.

The chimeric protein of embodiment 106, wherein the signal peptide comprises a non-
native signal peptide or the signal-anchor sequence comprises a non-native signal-

anchor sequence non-native to the secretable effector molecule.

The chimeric protein of embodiment 108, wherein the non-native signal peptide or the
non-native signal-anchor sequence is selected from the group consisting of: IL-12, IL-
2, optimized IL-2, trypsiongen-2, Gaussia luciferase, CDS5, human IgKVII, murine
IgKVII, VSV-G, prolactin, serum albumin preprotein, azurocidin preprotein,
osteonectin, CD33, IL-6, IL-8, CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1,
GROalpha, CXCL12, IL-21, CD8, NKG2D, TNFR2, and GMCSF.

The chimeric protein of any one of embodiments 105-109, wherein the secretable
effector molecule is selected from a therapeutic class, wherein the therapeutic class is
selected from the group consisting of’ a cytokine, a chemokine, a homing molecule, a
growth factor, a co-activation molecule, a tumor microenvironment modifier, a ligand,

an antibody, a peptide, and an enzyme.

The chimeric protein of embodiment 110, wherein the cytokine is selected from the
group consisting of: IL-1-beta, IL-2, IL-4, IL-6, IL-7, IL-10, IL-12, an IL-12p70
fusion protein, IL-15, IL-17A, TL-18, IL-21, IL-22, Type I interferons, Interferon-
gamma, and TNF-alpha.
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The chimeric protein of any one of embodiments 105-111, wherein the secretable

effector molecule comprises IL-15, IL-12, or an IL-12p70 fusion protein.

The chimeric protein of embodiment 112, wherein the secretable effector molecule

comprises IL-15.

The chimeric protein of embodiment 113, wherein the secretable effector molecule

comprises the amino acid sequence of SEQ ID NO: 199.

The chimeric protein of embodiment 113, wherein the secretable effector molecule
comprises IL-15 and IL-15Ra sushi domain or an IL15/IL-15Ra sushi domain fusion

protein.

The chimeric protein of any one of embodiment 115, wherein the secretable effector

molecule comprises the amino acid sequence of SEQ ID NO: 202.

The chimeric protein of embodiment 112, wherein the secretable effector molecule

comprises IL-12 or an IL-12p70 fusion protein.

The chimeric protein of embodiment 117, wherein the secretable effector molecule

comprises the amino acid sequence of SEQ ID NO: 203.

The chimeric protein of embodiment 110, wherein the chemokine is selected from the
group consisting of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11
fusion protein, CCL19, CXCL9, and XCLI.

The chimeric protein of embodiment 110, wherein the homing molecule is selected
from the group consisting of: anti-integrin alpha4,beta7; anti-MAdCAM; SDFI; and
MMP-2.

The chimeric protein of embodiment 110, wherein the growth factor is selected from

the group consisting of: FLT3L and GM-CSF.

The chimeric protein of embodiment 110, wherein the co-activation molecule is

selected from the group consisting of: 4-1BBL and CD40L.
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The chimeric protein of embodiment 110, wherein the tumor microenvironment
modifier is selected from the group consisting of: adenosine deaminase, a TGFbeta

inhibitor, an immune checkpoint inhibitor, a VEGF inhibitor, and HPGE2.

The chimeric protein of embodiment 123, wherein the TGF-beta inhibitor is selected
from the group consisting of: an anti-TGFbeta peptide, an anti-TGFbeta antibody, a
TGFb-TRAP, and a combination thereof.

The chimeric protein of embodiment 123, wherein the immune checkpoint inhibitor is
selected from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody,
an anti-PD-L2 antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-
TIM-3 antibody, an anti-TIGIT antibody, an anti-VISTA antibody, an anti-KIR
antibody, an anti-B7-H3 antibody, an anti-B7-H4 antibody, an anti-HVEM antibody,
an anti-BTLA antibody, an anti-GAL9 antibody, an anti-A2AR antibody, an anti-
phosphatidylserine antibody, an anti-CD27 antibody, an anti-TNFa antibody, an anti-
TREMI antibody, and an anti-TREM2 antibody.

The chimeric protein of embodiment 123, wherein the VEGF inhibitor comprises an

anti-VEGF antibody, an anti-VEGF peptide, or a combination thereof.

The chimeric protein of any one of embodiments 105-126, wherein the secretable

effector molecule is a human-derived effector molecule.

The chimeric protein of any one of embodiments 105-127, wherein the protease
cleavage site is cleavable by a protease selected from the group consisting of: a Type
1 transmembrane protease, a Type II transmembrane protease, a GPI anchored
protease, an ADAMS protease, an ADAMO protease, an ADAMI10 protease, an
ADAMI2 protease, an ADAM15 protease, an ADAMI17 protease, an ADAM19
protease, an ADAM?20 protease, an ADAM21 protease, an ADAMZ28 protease, an
ADAM30 protease, an ADAM33 protease, a BACEI protease, a BACE2 protease, a
SIP protease, an MT1-MMP protease, an MT3-MMP protease, an MTS-MMP
protease, a furin protease, a PCSK7 protease, a matriptase protease, a matriptase-2

protease, an MMP9 protease, and an NS3 protease.

The chimeric protein of any one of embodiments 105-128, wherein the protease

cleavage site is cleavable by an ADAM17 protease.
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The chimeric protein of any one of embodiments 105-129, wherein the protease
cleavage site comprises a first region having the amino acid sequence of PRAE (SEQ

ID NO: 176).

The chimeric protein of embodiment 130, wherein the protease cleavage site
comprises a second region having the amino acid sequence of KGG (SEQ ID NO:
177).

The chimeric protein of embodiment 131, wherein the first region is located N-

terminal to the second region.

The chimeric protein of any one of embodiments 105-132, wherein the protease
cleavage site comprises the amino acid sequence of PRAEX1X,KGG (SEQ ID NO:
178),

wherein X11s A, Y, P, S, or F, and

wherein X2is V, L, S, LY, T, or A.

The chimeric protein of any one of embodiments 105-132, wherein the protease
cleavage site comprises the amino acid sequence of PRAEX1X,KGG (SEQ ID NO:
178),

wherein X1is A, Y, P, S, or F, and

wherein X»is V, L, S, I, Y, or T.

The chimeric protein of any one of embodiments 105-134, wherein the protease
cleavage site comprises the amino acid sequence of PRAEAVKGG (SEQ ID NO:
179).

The chimeric protein of any one of embodiments 105-134, wherein the protease
cleavage site comprises the amino acid sequence of PRAEALKGG (SEQ ID NO:
180).

The chimeric protein of any one of embodiments 105-134, wherein the protease
cleavage site comprises the amino acid sequence of PRAEYSKGG (SEQ ID NO:
181).

The chimeric protein of any one of embodiments 105-134, wherein the protease

cleavage site comprises the amino acid sequence of PRAEPIKGG (SEQ ID NO: 182).
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The chimeric protein of any one of embodiments 105-134, wherein the protease
cleavage site comprises the amino acid sequence of PRAEAYKGG (SEQ ID NO:
183).

The chimeric protein of any one of embodiments 105-134, wherein the protease
cleavage site comprises the amino acid sequence of PRAESSKGG (SEQ ID NO:
184).

The chimeric protein of any one of embodiments 105-134, wherein the protease
cleavage site comprises the amino acid sequence of PRAEFTKGG (SEQ ID NO:
185).

The chimeric protein of any one of embodiments 105-134, wherein the protease
cleavage site comprises the amino acid sequence of PRAEAAKGG (SEQ ID NO:
186).

The chimeric protein of any one of embodiments 105-132, wherein the protease
cleavage site comprises the amino acid sequence of DEPHYSQRR (SEQ ID NO:
187).

The chimeric protein of any one of embodiments 105-132, wherein the protease
cleavage site comprises the amino acid sequence of PPLGPIFNPG (SEQ ID NO:
188).

The chimeric protein of any one of embodiments 105-132, wherein the protease
cleavage site comprises the amino acid sequence of PLAQAYRSS (SEQ ID NO:
189).

The chimeric protein of any one of embodiments 105-132, wherein the protease
cleavage site comprises the amino acid sequence of TPIDSSFNPD (SEQ ID NO:
190).

The chimeric protein of any one of embodiments 105-132, wherein the protease

cleavage site comprises the amino acid sequence of VTPEPIFSLI (SEQ ID NO: 191).
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The chimeric protein of any one of embodiments 105-132, wherein the protease
cleavage site comprises the amino acid sequence of ITQGLAVSTISSFF (SEQ ID
NO: 198).

The chimeric protein of any one of embodiments 105-148, wherein the cell membrane
tethering domain comprises a transmembrane-intracellular domain or a

transmembrane domain.

The chimeric protein of embodiment 149, wherein the transmembrane-intracellular
domain and/or transmembrane domain is derived from PDGFR-beta, CD8, CD28,
CD3zeta-chain, CD4, 4-1BB, 0X40, ICOS, CTLA-4, PD-1, LAG-3, 2B4, LNGFR,
NKG2D, EpoR, TNFR2, B7-1, or BTLA.

The chimeric protein of any one of embodiments 105-150, wherein the cell membrane
tethering domain comprises a post-translational modification tag, or motif capable of
post-translational modification to modify the chimeric protein to include a post-
translational modification tag, where the post-translational modification tag is capable

of association with a cell membrane.

The chimeric protein of embodiment 151, wherein the post-translational modification
tag comprises a lipid-anchor domain, optionally wherein the lipid-anchor domain is
selected from the group consisting of: a GPI lipid-anchor, a myristoylation tag, and a

palmitoylation tag.

The chimeric protein of any one of embodiments 105-152, wherein the cell membrane
tethering domain comprises a cell surface receptor, or a cell membrane-bound portion

thereof.

The chimeric protein of any one of embodiments 105-153, wherein when expressed in

a cell, the secretable effector molecule is tethered to a cell membrane of the cell.

The chimeric protein of embodiment 154, wherein when expressed in a cell
expressing a protease capable of cleaving the protease cleavage site, the secretable

effector molecule is released from the cell membrane.

The chimeric protein of embodiment 155, wherein the protease expressed on the cell

membrane is endogenous to the cell.
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The chimeric protein of embodiment 156, wherein the protease is selected from the
group consisting of: a Type 1 transmembrane protease, a Type Il transmembrane
protease, a GPI anchored protease, an ADAMS protease, an ADAMO protease, an
ADAMI10 protease, an ADAM12 protease, an ADAMIS protease, an ADAM17
protease, an ADAMI9 protease, an ADAM20 protease, an ADAM?21 protease, an
ADAM?28 protease, an ADAM30 protease, an ADAM33 protease, a BACEL1 protease,
a BACE2 protease, a SIP protease, an MT 1-MMP protease, an MT3-MMP protease,
an MTS5-MMP protease, a furin protease, a PCSK7 protease, a matriptase protease, a

matriptase-2 protease, and an MMP9 protease.

The chimeric protein of embodiment 156, wherein the protease is an ADAM17

protease.

The chimeric protein of embodiment 155, wherein the protease expressed on the cell

membrane is heterologous to the cell.

The chimeric protein of embodiment 159, wherein the protease is hepatitis C virus

(HCV) nonstructural protein 3 (NS3).

The chimeric protein of embodiment 160, wherein the protease cleavage site

comprises an NS3 protease cleavage site.

The chimeric protein of embodiment 161, wherein the NS3 protease cleavage site
comprises a NS3/NS4A, a NS4A/NS4B, a NS4B/NSSA, or a NS5A/NS5B junction

cleavage site.

The chimeric protein of any one of embodiments 155-162, wherein the protease can

be repressed by a protease inhibitor.

The chimeric protein of embodiment 163, wherein the protease inhibitor is selected
from the group consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir,
boceprevir, sovaprevir, paritaprevir, telaprevir, grazoprevir, glecaprevir, and

voxiloprevir.

The chimeric protein of any one of embodiments 155-164, wherein the protease

further comprises a degron.
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172.

The chimeric protein of any one of embodiments 155-165, wherein expression and/or

localization of the protease is capable of regulation.

The chimeric protein of embodiment 166, wherein the expression and/or localization

is regulated by a cell state of the cell.

A composition comprising the engineered nucleic acid of any one of embodiments 1-
101, or the expression vector of any one of embodiments 102-104, or the membrane-
cleavable chimeric protein of any one of embodiments 105-167 and a

pharmaceutically acceptable carrier.

An isolated cell comprising the engineered nucleic acid of any one of embodiments 1-
101, or the expression vector of any one of embodiments 102-104, or the membrane-

cleavable chimeric protein of any one of embodiments 105-167.

An isolated cell comprising an engineered nucleic acid, wherein the engineered
nucleic acid comprises an expression cassette comprising a promoter and an
exogenous polynucleotide sequence encoding a membrane-cleavable chimeric

protein, oriented from N-terminal to C-terminal, having the formula:

S-C-MTorMT-C-S

wherein
S comprises a secretable effector molecule,
C comprises a protease cleavage site, and
MT comprises a cell membrane tethering domain,

wherein the promoter is operably linked to the exogenous polynucleotide sequence,
and wherein S — C — MT or MT — C - S is configured to be expressed as a single
polypeptide.

The isolated cell of embodiment 169 or embodiment 170, wherein the engineered

nucleic acid is recombinantly expressed.

The isolated cell of any one of embodiments 169-171, wherein the engineered nucleic

acid is expressed from a vector or a selected locus from the genome of the cell.
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173.

174.

175.

176.

177.

178.

An isolated cell comprising a membrane-cleavable chimeric protein, wherein the
membrane-cleavable chimeric protein, oriented from N-terminal to C-terminal, has

the formula:

S-C-MTorMT-C-S

wherein
S comprises a secretable effector molecule,
C comprises a protease cleavage site, and
MT comprises a cell membrane tethering domain,

and wherein S — C — MT or MT — C — S is configured to be expressed as a single
polypeptide.

The isolated cell of any one of embodiments 169-173, wherein the cell is selected
from the group consisting of: a T cell, a CD8+ T cell, a CD4+ T cell, a gamma-delta T
cell, a cytotoxic T lymphocyte (CTL), a regulatory T cell, a viral-specific T cell, a
Natural Killer T (NKT) cell, a Natural Killer (NK) cell, a B cell, a tumor-infiltrating
lymphocyte (TIL), an innate lymphoid cell, a mast cell, an eosinophil, a basophil, a
neutrophil, a myeloid cell, a macrophage, a monocyte, a dendritic cell, an erythrocyte,
a platelet cell, a human embryonic stem cell (ESC), an ESC-derived cell, a pluripotent
stem cell, a mesenchymal stromal cell (MSC), an induced pluripotent stem cell

(iPSC), and an iPSC-derived cell.

The isolated cell of any one of embodiments 169-173, wherein the cell is a Natural

Killer (NK) cell.
The isolated cell of any one of embodiments 169-175, wherein the cell is autologous.
The isolated cell of any one of embodiments 169-175, wherein the cell is allogeneic.

The isolated cell of any one of embodiments 169-173, wherein the cell is a tumor cell
selected from the group consisting of: a bladder tumor cell, a brain tumor cell, a breast
tumor cell, a cervical tumor cell, a colorectal tumor cell, an esophageal tumor cell, a
glioma cell, a kidney tumor cell, a liver tumor cell, a lung tumor cell, a melanoma
cell, an ovarian tumor cell, a pancreatic tumor cell, a prostate tumor cell, a skin tumor

cell, a thyroid tumor cell, and a uterine tumor cell.
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180.
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182.

183.

184.

185.

186.

187.

188.

189.

The isolated cell of embodiment 178, wherein the cell was engineered via

transduction with an oncolytic virus.

The isolated cell of any one of embodiments 169-179, wherein the cell further

comprises a protease capable of cleaving the protease cleavage site.
The isolated cell of embodiment 180, wherein the protease is an endogenous protease.

The isolated cell of embodiment 181, wherein the endogenous protease is selected
from the group consisting of: a Type 1 transmembrane protease, a Type II
transmembrane protease, a GPI anchored protease, an ADAMS protease, an ADAM9
protease, an ADAMIO0 protease, an ADAMI12 protease, an ADAMI15 protease, an
ADAM17 protease, an ADAM19 protease, an ADAM20 protease, an ADAM21
protease, an ADAM28 protease, an ADAMS30 protease, an ADAM33 protease, a
BACE] protease, a BACE2 protease, a SIP protease, an MT1-MMP protease, an
MT3-MMP protease, an MT5-MMP protease, a furin protease, a PCSK7 protease, a

matriptase protease, a matriptase-2 protease, and an MMP9 protease.

The isolated cell of embodiment 181, wherein the endogenous protease is an

ADAM17 protease.
The isolated cell of embodiment 180, wherein the protease is a heterologous protease.

The isolated cell of embodiment 184, wherein the heterologous protease is hepatitis C

virus (HCV) nonstructural protein 3 (NS3).

The isolated cell of any one of embodiments 180-185, wherein the protease is

expressed on the cell membrane of the cell.

The isolated cell of embodiment 186, wherein the protease is capable of cleaving the

protease cleavage site.

The isolated cell of embodiment 187, wherein cleavage of the protease cleavage site

releases the secretable effector molecule from the cell membrane of the cell.

The isolated cell of any one of embodiments 169-188, wherein the protease cleavage
site comprises a first region having the amino acid sequence of PRAE (SEQ ID NO:
176).
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191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

The isolated cell of embodiment 189, wherein the protease cleavage site comprises a

second region having the amino acid sequence of KGG (SEQ ID NO: 177).

The isolated cell of embodiment 190, wherein the first region is located N-terminal to

the second region.

The isolated cell of any one of embodiments 169-191, wherein the protease cleavage
site comprises the amino acid sequence of PRAEX1X,KGG (SEQ ID NO: 178),
wherein X11s A, Y, P, S, or F, and

wherein X2is V,L, S, LY, T, or A.

The isolated cell of any one of embodiments 169-191, wherein the protease cleavage
site comprises the amino acid sequence of PRAEX1XoKGG (SEQ ID NO: 178),
wherein Xi1is A, Y, P, S, or F, and

wherein X21s V, L, S, L Y, or T.

The isolated cell of any one of embodiments 169-193, wherein the protease cleavage

site comprises the amino acid sequence of PRAEAVKGG (SEQ ID NO: 179).

The isolated cell of any one of embodiments 169-193, wherein the protease cleavage

site comprises the amino acid sequence of PRAEALKGG (SEQ ID NO: 180).

The isolated cell of any one of embodiments 169-193, wherein the protease cleavage

site comprises the amino acid sequence of PRAEY SKGG (SEQ ID NO: 181).

The isolated cell of any one of embodiments 169-193, wherein the protease cleavage

site comprises the amino acid sequence of PRAEPIKGG (SEQ ID NO: 182).

The isolated cell of any one of embodiments 169-193, wherein the protease cleavage

site comprises the amino acid sequence of PRAEAYKGG (SEQ ID NO: 183).

The isolated cell of any one of embodiments 169-193, wherein the protease cleavage
site comprises the amino acid sequence of PRAESSKGG (SEQ ID NO: 184).

The isolated cell of any one of embodiments 169-193, wherein the protease cleavage

site comprises the amino acid sequence of PRAEFTKGG (SEQ ID NO: 185).
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202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212,

The isolated cell of any one of embodiments 169-193, wherein the protease cleavage
site comprises the amino acid sequence of PRAEAAKGG (SEQ ID NO: 186).

The isolated cell of any one of embodiments 169-191, wherein the protease cleavage

site comprises the amino acid sequence of DEPHYSQRR (SEQ ID NO: 187).

The isolated cell of any one of embodiments 169-191, wherein the protease cleavage

site comprises the amino acid sequence of PPLGPIFNPG (SEQ ID NO: 188).

The isolated cell of any one of embodiments 169-191, wherein the protease cleavage

site comprises the amino acid sequence of PLAQAYRSS (SEQ ID NO: 189).

The isolated cell of any one of embodiments 169-191, wherein the protease cleavage

site comprises the amino acid sequence of TPIDSSFNPD (SEQ ID NO: 190).

The isolated cell of any one of embodiments 169-191, wherein the protease cleavage
site comprises the amino acid sequence of VTPEPIFSLI (SEQ ID NO: 191).

The isolated cell of any one of embodiments 169-191, wherein the protease cleavage

site comprises the amino acid sequence of ITQGLAVSTISSFF (SEQ ID NO: 198).

The isolated cell of any one of embodiments 169-207, wherein the cell further

comprises an antigen recognizing receptor.

The isolated cell of embodiment 208, wherein the antigen recognizing receptor

comprises an antigen-binding domain.

The isolated cell of embodiment 209, wherein the antigen-binding domain comprises
an antibody, an antigen-binding fragment of an antibody, a F(ab) fragment, a F(ab')
fragment, a single chain variable fragment (scFv), or a single-domain antibody

(sdAb).

The isolated cell of embodiment 209, wherein the antigen-binding domain comprises

a single chain variable fragment (scFv).

The isolated cell of embodiment 211, wherein the scFv comprises a heavy chain

variable domain (VH) and a light chain variable domain (VL).
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214.

215.

216.

217.

218.

The isolated cell of embodiment 212, wherein the VH and VL are separated by a
peptide linker.

The isolated cell of embodiment 213, wherein the scFv comprises the structure VH-L-
VL or VL-L-VH, wherein VH is the heavy chain variable domain, L is the peptide

linker, and VL is the light chain variable domain.

The isolated cell of any one of embodiments 208-214, wherein the antigen

recognizing receptor is a chimeric antigen receptor (CAR) or T cell receptor (TCR).

The isolated cell of any one of embodiments 208-214, wherein the antigen

recognizing receptor is a CAR.

The isolated cell of embodiment 216, wherein the CAR comprises one or more
intracellular signaling domains, and the one or more intracellular signaling domains
are selected from the group consisting of: a CD3zeta-chain intracellular signaling
domain, a CD97 intracellular signaling domain, a CD11a-CD18 intracellular signaling
domain, a CD2 intracellular signaling domain, an ICOS intracellular signaling
domain, a CD27 intracellular signaling domain, a CD154 intracellular signaling
domain, a CD8 intracellular signaling domain, an OX40 intracellular signaling
domain, a 4-1BB intracellular signaling domain, a CD28 intracellular signaling
domain, a ZAP40 intracellular signaling domain, a CD30 intracellular signaling
domain, a GITR intracellular signaling domain, an HVEM intracellular signaling
domain, a DAP10 intracellular signaling domain, a DAP12 intracellular signaling

domain, and a MyD88 intracellular signaling domain.

The isolated cell of embodiment 216 or embodiment 217, wherein the CAR comprises
a transmembrane domain, and the transmembrane domain is selected from the group
consisting of: a CD8 transmembrane domain, a CD28 transmembrane domain a
CD3zeta-chain transmembrane domain, a CD4 transmembrane domain, a 4-1BB
transmembrane domain, an OX40 transmembrane domain, an ICOS transmembrane
domain, a CTLA-4 transmembrane domain, a PD-1 transmembrane domain, a LAG-3
transmembrane domain, a 2B4 transmembrane domain, and a BTLA transmembrane

domain.
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220.

221.

222,

223.

224,

225.

226.

227.

228.

229.

230.

The isolated cell of any one of embodiments 216-218, wherein the CAR comprises a

spacer region between the antigen-binding domain and the transmembrane domain.

A composition comprising the isolated cell of any one of embodiments 169-219, and a

pharmaceutically acceptable carrier.

A method of treating a subject in need thereof, the method comprising administering a
therapeutically effective dose of any of the isolated cells of any one of embodiments

169-219 or the composition of embodiment 220.
The method of embodiment 221, wherein the isolated cell is derived from the subject.

The method of embodiment 221 or embodiment 222, wherein the isolated cell is

allogeneic with reference to the subject.

A lipid-based structure comprising the engineered nucleic acid of any one of
embodiments 1-101, or the expression vector of any one of embodiments 102-104, or

the membrane-cleavable chimeric protein of any one of embodiments 105-167.

The lipid-based structure of embodiment 224, wherein the lipid-based structure

comprises a extracellular vesicle, a lipid nanoparticle, a micelle, or a liposome.

A composition comprising the lipid-based structure of embodiment 224 or

embodiment 225, and a pharmaceutically acceptable carrier.

A method of treating a subject in need thereof, the method comprising administering a
therapeutically effective dose of any of the lipid-based structures of embodiment 224

or embodiment 225, or the composition of embodiment 226.

The method of embodiment 227, wherein the administering comprises systemic

administration.

The method of embodiment 227 or embodiment 228, wherein the lipid-based structure

is capable of engineering a cell in the subject.

The method of any one of embodiments 227-229, wherein the method further

comprises administering a checkpoint inhibitor.
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232.

233.

234,

235.

236.

237.

238.

239.

240.

The method of embodiment 230, wherein the checkpoint inhibitor is selected from the
group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2
antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody,
an anti-TIGIT antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-
H3 antibody, an anti-B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA
antibody, an anti-GAL9 antibody, an anti-A2AR antibody, an anti-phosphatidylserine
antibody, an anti-CD27 antibody, an anti-TNFa antibody, an anti-TREM1 antibody,
and an anti-TREM2 antibody.

The method of any one of embodiments 227-231, wherein the method further

comprises administering an anti-CD40 antibody.

A nanoparticle comprising the engineered nucleic acid of any one of embodiments 1-

101 or the membrane-cleavable chimeric protein of any one of embodiments 105-167.

The nanoparticle of embodiment 233, wherein the nanoparticle comprises an

inorganic material.
A composition comprising the nanoparticle of embodiment 233 or embodiment 234.

A method of treating a subject in need thereof, the method comprising administering a
therapeutically effective dose of any of the nanoparticles of embodiment 233 or

embodiment 234, or the composition of embodiment 235.

The method of embodiment 236, wherein the administering comprises systemic

administration.

The method of embodiment 236 or embodiment 237, wherein the nanoparticle is

capable of engineering a cell in the subject.

The method of any one of embodiments 236-238, wherein the method further

comprises administering a checkpoint inhibitor.

A virus engineered to comprise the engineered nucleic acid of any one of

embodiments 1-101 or the expression vector of any one of embodiments 102-104.
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242,

243,

244,

245,

246.

247,

The engineered virus of embodiment 240, wherein the virus is selected from the group
consisting of’ a lentivirus, a retrovirus, an oncolytic virus, an adenovirus, an adeno-

associated virus (AAV), and a virus-like particle (VLP).

A composition comprising the engineered virus of embodiment 240 or embodiment

241, and a pharmaceutically acceptable carrier.

A method of treating a subject in need thereof, the method comprising administering a
therapeutically effective dose of the engineered virus of embodiment 240 or

embodiment 241, or the composition of embodiment 242.

The method of embodiment 243, wherein the administering comprises systemic

administration.

The method of embodiment or embodiment 244, wherein the engineered virus infects

a cell in the subject and expresses the expression cassette.

The method of any one of embodiments 243-245, wherein the method further
comprises administering a checkpoint inhibitor.
A method of inducing release of a membrane-tethered effector molecule, comprising:

a) providing a cell, wherein the cell comprises a membrane-bound protease and a
membrane-cleavable chimeric protein, oriented from N-terminal to C-terminal,

having the formula:

S-C-MTorMT-C-S

wherein
S comprises a secretable effector molecule,

C comprises a cognate protease cleavage site of the membrane-bound

protease, and
MT comprises a cell membrane tethering domain,

wherein S — C — MT or MT — C — S is configured to be expressed as a single
polypeptide; and
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248.

249,

250.

251.

252.

253.

b) culturing the cell under conditions suitable for expression of the membrane-bound
protease and the membrane-cleavable chimeric protein,
wherein upon expression, the membrane-cleavable chimeric protein is tethered to
the cell membrane of the cell, and
wherein, upon expression, the membrane-bound protease cleaves the cognate
membrane-bound protease cleavage site of the membrane-cleavable chimeric
protein, thereby releasing the secretable effector molecule from the cell

membrane.

The method of embodiment 247, wherein the secretable effector molecule comprises a

signal peptide or a signal-anchor sequence.

The method of embodiment 248, wherein the signal peptide comprises a native signal

peptide native to the secretable effector molecule.

The method of embodiment 248, wherein the signal peptide comprises a non-native
signal peptide or the signal-anchor sequence comprises a non-native signal-anchor

sequence non-native to the secretable effector molecule.

The method of embodiment 250, wherein the non-native signal peptide or the non-
native signal-anchor sequence is selected from the group consisting of: IL-12, IL-2,
optimized IL-2, trypsiongen-2, Gaussia luciferase, CDS5, human IgKVII, murine
IgKVII, VSV-G, prolactin, serum albumin preprotein, azurocidin preprotein,
osteonectin, CD33, IL-6, IL-8, CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1,

GROalpha, CXCL12, IL-21, CD8, NKG2D, TNFR2, and GMCSF.

The method of any one of embodiments 247-250, wherein the secretable effector
molecule is selected from a therapeutic class, wherein the therapeutic class is selected
from the group consisting of: a cytokine, a chemokine, a homing molecule, a growth
factor, a co-activation molecule, a tumor microenvironment modifier, a ligand, an

antibody, a polynucleotide, a peptide, and an enzyme.

The method of embodiment 252, wherein the cytokine is selected from the group
consisting of: IL-1-beta, IL-2, IL-4, IL-6, IL-7, IL-10, IL-12, an IL-12p70 fusion
protein, IL-15, IL-17A, IL-18, IL-21, IL-22, Type I interferons, Interferon-gamma.
and TNF-alpha.

>
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255.

256.
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258.
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260.

261.

262.

263.

264.

265.

The method of any one of embodiments 247-253, wherein the secretable effector

molecule comprises IL-12, an IL-12p70 fusion protein, or IL-15.

The method of embodiment 254, wherein the secretable effector molecule comprises

IL-15.

The method of embodiment 255, wherein the secretable effector molecule comprises

the amino acid sequence of SEQ ID NO: 199.

The method of embodiment 255, wherein the secretable effector molecule comprises

IL-15 and IL-15Ra sushi domain or an IL15/IL-15Ra sushi domain fusion protein.

The method of embodiment 257, wherein the secretable effector molecule comprises

the amino acid sequence of SEQ ID NO: 202.

The method of embodiment 254, wherein the secretable effector molecule comprises

IL-12 or an IL-12p70 fusion protein.

The method of embodiment 259, wherein the secretable effector molecule comprises

the amino acid sequence of SEQ ID NO: 203.

The method of embodiment 252, wherein the chemokine is selected from the group
consisting of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 fusion
protein, CCL19, CXCL9, and XCL1.

The method of embodiment 252, wherein the homing molecule is selected from the

group consisting of: anti-integrin alphad,beta7; anti-MAdCAM; SDFI; and MMP-2.

The method of embodiment 252, wherein the growth factor is selected from the group
consisting of: FLT3L and GM-CSF.

The method of embodiment 252, wherein the co-activation molecule is selected from

the group consisting of: 4-1BBL and CD40L.

The method of embodiment 252, wherein the tumor microenvironment modifier is
selected from the group consisting of: adenosine deaminase, a TGFbeta inhibitor, an

immune checkpoint inhibitor, a VEGF inhibitor, and HPGE2.
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270.

271.

272.

The method of embodiment 265, wherein the TGFbeta inhibitor is selected from the
group consisting of: an anti-TGFbeta peptide, an anti-TGFbeta antibody, a TGFb-
TRAP, and a combination thereof.

The method of embodiment 265, wherein the immune checkpoint inhibitor is selected
from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-
PD-L2 antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3
antibody, an anti-TIGIT antibody, an anti-VISTA antibody, an anti-KIR antibody, an
anti-B7-H3 antibody, an anti-B7-H4 antibody, an anti-HVEM antibody, an anti-
BTLA antibody, an anti-GAL9 antibody, an anti-A2AR antibody, an anti-
phosphatidylserine antibody, an anti-CD27 antibody, an anti-TNFa antibody, an anti-
TREMI antibody, and an anti-TREM2 antibody.

The method of embodiment 265, wherein the VEGF inhibitor comprises an anti-

VEGEF antibody, an anti-VEGF peptide, or a combination thereof.

The method of any one of embodiments 243-268, wherein the secretable effector

molecule is a human-derived effector molecule.

The method of any one of embodiments 243-269, wherein the cognate protease
cleavage site is cleavable by a protease selected from the group consisting of: a Type
1 transmembrane protease, a Type II transmembrane protease, a GPI anchored
protease, an ADAMS protease, an ADAMO protease, an ADAMI10 protease, an
ADAMI2 protease, an ADAM15 protease, an ADAMI17 protease, an ADAM19
protease, an ADAM20 protease, an ADAMZ21 protease, an ADAM?28 protease, an
ADAM3O0 protease, an ADAM33 protease, a BACEI protease, a BACE2 protease, a
SIP protease, an MT1-MMP protease, an MT3-MMP protease, an MTS-MMP
protease, a furin protease, a PCSK7 protease, a matriptase protease, a matriptase-2

protease, an MMP9 protease, and an NS3 protease.

The method of any one of embodiments 243-270, wherein the cognate protease

cleavage site is cleavable by an ADAM17 protease.

The method of any one of embodiments 243-271, wherein the protease cleavage site

comprises a first region having the amino acid sequence of PRAE (SEQ ID NO: 176).
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275.
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271.

278.

279.

280.

281.

282.

283.

284,

The method of embodiment 272, wherein the protease cleavage site comprises a

second region having the amino acid sequence of KGG (SEQ ID NO: 177).

The method of embodiment 273, wherein the first region is located N-terminal to the

second region.

The method of any one of embodiments 243-274, wherein the protease cleavage site
comprises the amino acid sequence of PRAEX1XoKGG (SEQ ID NO: 178),
wherein X11s A, Y, P, S, or F, and

wherein X2is V,L, S, LY, T, or A.

The method of any one of embodiments 243-275, wherein the protease cleavage site

comprises the amino acid sequence of PRAEAVKGG (SEQ ID NO: 179).

The method of any one of embodiments 243-275, wherein the protease cleavage site
comprises the amino acid sequence of PRAEALKGG (SEQ ID NO: 180).

The method of any one of embodiments 243-275, wherein the protease cleavage site

comprises the amino acid sequence of PRAEYSKGG (SEQ ID NO: 181).

The method of any one of embodiments 243-275, wherein the protease cleavage site

comprises the amino acid sequence of PRAEPIKGG (SEQ ID NO: 182).

The method of any one of embodiments 243-275, wherein the protease cleavage site

comprises the amino acid sequence of PRAEAYKGG (SEQ ID NO: 183).

The method of any one of embodiments 243-275, wherein the protease cleavage site

comprises the amino acid sequence of PRAESSKGG (SEQ ID NO: 184).

The method of any one of embodiments 243-275, wherein the protease cleavage site

comprises the amino acid sequence of PRAEFTKGG (SEQ ID NO: 185).

The method of any one of embodiments 243-275, wherein the protease cleavage site
comprises the amino acid sequence of PRAEAAKGG (SEQ ID NO: 186).

The method of any one of embodiments 243-274, wherein the protease cleavage site

comprises the amino acid sequence of DEPHYSQRR (SEQ ID NO: 187).
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288.

289.

290.

291.

292,

293.

The method of any one of embodiments 243-274, wherein the protease cleavage site
comprises the amino acid sequence of PPLGPIFNPG (SEQ ID NO: 188).

The method of any one of embodiments 243-274, wherein the protease cleavage site

comprises the amino acid sequence of PLAQAYRSS (SEQ ID NO: 189).

The method of any one of embodiments 243-274, wherein the protease cleavage site

comprises the amino acid sequence of TPIDSSFNPD (SEQ ID NO: 190).

The method of any one of embodiments 243-274, wherein the protease cleavage site

comprises the amino acid sequence of VIPEPIFSLI (SEQ ID NO: 191).

The method of any one of embodiments 243-274, wherein the protease cleavage site

comprises the amino acid sequence of ITQGLAVSTISSFF (SEQ ID NO: 198).

The method of any one of embodiments 243-289, wherein the cell membrane
tethering domain comprises a transmembrane-intracellular domain or a

transmembrane domain.

The method of embodiment 290, wherein the transmembrane-intracellular domain
and/or transmembrane domain is derived from PDGFR-beta, CD8, CD28, CD3zeta-
chain, CD4, 4-1BB, 0X40, ICOS, CTLA-4, PD-1, LAG-3, 2B4, LNGFR, NKG2D,
EpoR, TNFR2, B7-1, or BTLA.

The method of any one of embodiments 243-291, wherein the cell membrane
tethering domain comprises a post-translational modification tag, or motif capable of
post-translational modification to modify the chimeric protein to include a post-
translational modification tag, where the post-translational modification tag is capable

of association with a cell membrane.

The method of embodiment 292, wherein the post-translational modification tag
comprises a lipid-anchor domain, optionally wherein the lipid-anchor domain is
selected from the group consisting of: a GPI lipid-anchor, a myristoylation tag, and a

palmitoylation tag.
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299.
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302.

303.

The method of any one of embodiments 243-291, wherein the cell membrane
tethering domain comprises a cell surface receptor, or a cell membrane-bound portion

thereof.

The method of any one of embodiments 243-294 wherein the protease is endogenous

to the cell.

The method of embodiment 295, wherein the protease is selected from the group
consisting of: a Type 1 transmembrane protease, a Type II transmembrane protease, a
GPI anchored protease, an ADAMS protease, an ADAMO protease, an ADAM10
protease, an ADAMI2 protease, an ADAMI1S protease, an ADAM17 protease, an
ADAMI9 protease, an ADAM20 protease, an ADAM21 protease, an ADAM28
protease, an ADAM30 protease, an ADAM33 protease, a BACE] protease, a BACE2
protease, a SIP protease, an MT1-MMP protease, an MT3-MMP protease, an MT5-
MMP protease, a furin protease, a PCSK7 protease, a matriptase protease, a

matriptase-2 protease, and an MMP9 protease.
The method of embodiment 296, wherein the protease is an ADAM17 protease.

The method of any one of embodiments 243-294 298, wherein the protease is

heterologous to the cell.

The method of embodiment 298, wherein the protease is hepatitis C virus (HCV)

nonstructural protein 3 (NS3).

The method of embodiment 299, wherein the protease cleavage site comprises an NS3

protease cleavage site.

The method of embodiment 300, wherein the NS3 protease cleavage site comprises a

NS3/NS4A, a NS4A/NS4B, a NS4B/NSSA, or a NS5A/NS5B junction cleavage site.

The method of any one of embodiments 243-301, wherein the protease can be

repressed by a protease inhibitor.

The method of embodiment 302, wherein the protease inhibitor is selected from the
group consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir,

sovaprevir, paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir.
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304. The method of any one of embodiments 243-303, wherein the protease further

comprises a degron.

305. The method of any one of embodiments 243-303, wherein expression and/or

localization of the protease is capable of regulation.

306. The method of embodiment 305, wherein the expression and/or localization is

regulated by a cell state of the cell.

EXAMPLES

Below are examples of specific embodiments for carrying out the present invention.
The examples are offered for illustrative purposes only, and are not intended to limit the
scope of the present invention in any way. For example, the experiments described and
performed below demonstrate the general utility of engineering cells to secrete payloads (e.g.,
effector molecules) and delivering those cells to induce an immunogenic response against
tumors.

Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
amounts, temperatures, etc.), but some experimental error and deviation should, of course, be

allowed for.
Example 1 - Regulated Cytokine Secretion Using Membrane-Cleavable System

A Membrane-Cleavable system is assessed for the ability to regulate the secretion of

cytokines.

Methods

Engineering of IL-15 secreting cells:

Lentiviral vectors encoding membrane-cleavable IL-15 constructs are generated.

Lentivirus is produced using: Lenti-X 293T packaging cell line (Clontech, Cat#
632180); LX293T Complete growth medium, without antibiotics; DMEM, hi-glucose; ImM
Sodium Pyruvate; 10% FBS, heat-inactivated; Opti-Mem I Reduced Serum Media
(Gibco/Thermo Fisher; Cat# 31985); FuGene HD (Promega, Cat#E2311); Envelope,
Packaging, and Transfer Vector plasmids; VSV-G-pseudotyped envelope vector (pMD2.G);
Packaging vector that contains Gag, Pol, Rev, and Tat that can be used with 2nd and 3rd
generation transfer vectors (psMAX2). 293T(FT) cells from 90% confluent 10cm dishes are
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lifted and dispensed at 1:3 dilution late in the afternoon the day before transfection and
incubated cells as normal overnight at 37°C, 5% CO2 (cells should be 60-85% confluent the
next day at time of transfection).

A transfection reaction is prepped for each 10cm dish according to the protocol

below:

—

. Prep transfection reaction for each 10cm dish in a separate 1.7mL tube.
. Add 900uL Opti-Mem I at RT.

. Add 9ug vector backbone (containing gene of interest) per reaction.

. Add 8ug packaging vector per reaction.

. Add lug envelope vector per reaction (pMD2.G).

. Mix thoroughly by quickly vortexing for 3 seconds.

. Add 55uL. Fugene HD per reaction.

. Mix by quickly pipetting up and down 20-30 times.

O 0 N O bW

. Let sit at RT for 10 min (allowing DNA complexes to form).

10. Slowly add mixture in dropwise manner around the dish, then mix by gently
rocking back-forth and up-down for 5-10 seconds (do not swirl).

11. Place dish into virus incubator.

Viral supernatants are harvested on days 2 and 3 using a serological pipette. Cellular
debris is removed using a Millipore steriflip 0.45um filters. A Lenti-X Concentrator (Cat.
Nos. 631231 & 631232) is used according to the protocol: 1) Combine 1 volume of Lenti-X
Concentrator with 3 volumes of clarified supernatant. Mix by gentle inversion; 2) Incubate
mixture on ice or at 4°C for 30 minutes to overnight; (3) Centrifuge sample at 1,500 x g for
45 minutes at 4°C; (4) Carefully remove and discard supernatant, taking care not to disturb
the pellet; (5) Gently resuspend the pellet in 1/10 to 1/100th of the original volume using
sterile PBS + 0.1% BSA.

Primary T cells are transduced using the viral supernatants according to the protocol
below:

1. Activate T cells using Gibco (Thermo Fisher) Dynabeads Human T-Activator anti-

CD3/anti-CD28 beads.

a) Count the T cells — 1e6 cells per well in a 24 well plate
b) Wash dynabeads with OpTmizer media
¢) Vortex Dynabeads thoroughly immediately before use

d) Transfer the desired volume of Dynabeads to a tube
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below:

e) Add a 10x volume of PBS, and mix (vortex for 5 seconds, or keep on a
roller for at least 5 min)

f) Place the tube on a magnet for 1 min and discard the supernatant by
aspiration

g) Repeat washing of beads - for second wash, use OpTmizer media without
IL-2

h) Remove the tube from the magnet and resuspend the washed Dynabeads in
the needed volume of OpTmizer Media with 100U/mL IL-2 to reach 6e6
beads/mL

i) Add T cell suspension to beads so that 1 mL contains 1e6 T cells and 3e6
Dynabeads per mL

1) Plate 1 mL of mixture into each well of a 24-well plate

k) Place the 24-well plate in a 37°C incubator

1) After 20 hrs, T cells are ready to be transduced

2) T cell transduction:

a) Remove 500 ul of media by carefully pipetting from the top, ensuring not to

disturb the settled T cells and beads

b) Add the lentivirus mixture onto the cells drop by drop to each

corresponding well

¢) Mix virus and cells by pipetting up and down gently

d) Place the plate in a 37°C incubator

e) Add 500 ul of media back the next day

f) Remove the CD3 dynabeads from each well after day 3 of transduction
1)Vigorously mix the cells-dynabeads mixture by pipetting up and
down
ii)Transfer cells-dynabeads mixture into an eppendorf tube(1.5mL)
ii1) Place the eppendorf tube to a magnet holder
iv)Keep the eppendorf tube in a magnet holder and remove the media

containing cells from eppendorf tube to another eppendorf tube

Primary NK cells are transduced using the viral supernatants according to the protocol
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1. Retronectin Coating of non-TC Treated 12 well plates (Day1). For 13 mL of total
volume to coat one plate (final Retronectin concentration per well is 32ug/mL volume
corresponding to 8ug/cm?2 plate area):
a. Thaw retronectin
b. Take 0.416 mL from the original stock bottle (1ug/ul concentration).
c. Add into 15 mL falcon tube and complete the volume to 13 mL with
DPBS(1X)
d. Mix gently. Do not mix the solution vigorously. Do not vortex
e. Transfer 1 mL retronectin solution into each well
f. Incubate at 4°C overnight. (1 day before Transduction)
2. Blocking Plate with 1% BSA solution (Day 2)
a. Collect Retronectin solution from each well and store at -20°C
b. Block with 1% sterile BSA solution in PBS (1mL /well) for 5-30 min at RT
c. Aspirate the BSA solution and wash with DPBS once
3. NK transduction (Day 2)
a. Add ImL (0.5e6/mL) NK cells and add desired amount of viral titer to each
on a 12-well plate
b. Spin down the plate at 1200g, 20C, for 90 min
c. Add 1 mL MACS NK media with cytokines into the wells
d. Then transfer the plate to a 37°C incubator

Measurement of surface-bound IL-15:

Engineered cells are stained 7 days after transduction first with Polyclonal Rabbit an
anti-Human IL-15 primary antibody (LS-C487337) for 1.5 hours at room temperature, and
second with an anti-rabbit secondary antibody (labeled with Alexa Fluor 488) for 30 minutes.

Surface-bound IL-15 is assessed by flow cytometry on a Beckman Coulter Flow Cytometer.

Measurement of secreted IL-15:

Engineered cells (1076) are plated 7 days after transduction in 1mL fresh media. After
48 hours of incubation at 37 degrees, IL-15 secreted in the cell media is quantified by ELISA
(Human IL-15 Quantikine ELISA Kit cat# D1500).
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Determination of Protein Expression and Cleavage Efficiency

A Membrane-Cleavable system is designed that uses a chimeric protein having the
formula S — C — MT or MT — C — S (oriented from N-terminal to C-terminal), in which S
refers to a secretable payload (e.g., an effector molecule), C refers to a protease cleavage site,
and MT refers to a cell membrane tethering domain. FIG. 1A illustrates a schematic of the
Membrane-Cleavable system described herein in which a desired payload is expressed as a
chimeric protein in which a protease cleavage site is inserted between the payload and
membrane-tethering domain. The left panel illustrates a schematic of the Membrane-
Cleavable system using a transmembrane spanning architecture (e.g., the chimeric protein
contains a transmembrane domain). The right panel illustrates a schematic of the Membrane-
Cleavable system using a membrane-associated architecture (e.g., the chimeric protein
contains a post-translational modification tag allowing association with a cell membrane).
FIG. 1B illustrates a representative Membrane-Cleavable system for the regulated secretion
of IL-15 in which IL-15 is expressed as a chimeric protein having a cleavage site capable of
cleavage by TACE inserted between the IL-15 payload and membrane-tethering domain. The
left panel illustrates a Type I transmembrane architecture (e.g., S — C — MT) through use of
Type I transmembrane domains, such as PDGFR-beta and CD8. The right panel a Type II
transmembrane architecture (e.g., MT — C — S) through use of Type II transmembrane
domains, such as NKG2D and TNFR2.

Various protease cleavage site sequences based on a putative ADAM17 motif are
assessed for expression and cleavage properties. Specifically, candidate protease cleavage site
sequences presented in Table A with substitutions at the -1 and +1 position relative to the
cleavage site (candidates #1-5) or with substitutions throughout the sequence (candidates #6-
10) are examined. Various membrane tethering domain sequences are also assessed in the
system, including Type I transmembrane architectures (e.g., S — C — MT) through use of
Type I transmembrane domains, such as PDGFR-beta and CD8 transmembrane domain
sequences, as well as inverting the orientation of the chimeric protein, such as constructing
Type Il transmembrane architectures (e.g., MT — C — S) through use of Type II
transmembrane domains, such as NKG2D and TNFR2.
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Construct PS | P4 | P3| P2 | P1|P1'|P2|P3 | P4 |PS FULL SEQ HS)EI\?O
Pos Cntrl #1 P R | A | E AlVI|IK]|G]|G PRAEAVKGG 179
Pos Cntrl #2 P R | A | E A | L K| G| G PRAEALKGG 180
Candidate #1 P R | A | E Y S K| G| G PRAEYSKGG 181
Candidate #2 P R | A|E P I K| G| G PRAEPIKGG 182
Candidate #3 P R | A|E AlY|K |G| G PRAEAYKGG 183
Candidate #4 P R | A|E S S K| G| G PRAESSKGG 184
Candidate #5 P R | A|E F T|K| G| G PRAEFTKGG 185
Candidate #6 D E P H|Y S Q| R [ R DEPHYSQRR 187
Candidate #7 P P L G| P I F N P G PPLGPIFNPG 188
Candidate #8 P L AlQ|A]|]Y | R S S PLAQAYRSS 189
Candidate #9 T P I D S S F N P D TPIDSSFNPD 190

Candidate #10 | V | T P E P I F S L 1 VTPEPIFSLI 191

Neg Cntrl P R | A | E Al A|K G| G PRAEAAKGG 186

The secretion properties for various Membrane-Cleavable systems featuring various

combinations of protease cleavage sites and membrane tethering domains are assessed

through analysis of surface-bound payload (e.g., surface-bound IL-15 by flow-cytometry) and

secreted payload (e.g., secreted IL-15 by supernatant ELISA).

Properties assessed include:

- Total protein expression (secreted + membrane bound)

- Cleavage efficiency (ratio of secreted vs membrane bound cytokines, i.e.,

membrane release efficiency), including in various cell types of interest, such as T

cells, NK cells, and HEK 293 cells

A Membrane-Cleavable system demonstrating optimal total protein expression and

the desired cleavage efficiency is determined.

Determination of Cell Type and Cell State Secretion Properties

Various protease cleavage site sequences based on a putative ADAM17 motif are

assessed for secretion properties including protease specificity and secretion kinetics in

different cell types and cell states. Specifically, candidate protease cleavage site sequences

include those presented in Table A, as shown above. Various membrane tethering domain

sequences are also assessed in the system, including Type I transmembrane architectures

(e.g., S— C —MT) through use of Type I transmembrane domains, such as PDGFR-beta and
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CD8 transmembrane domain sequences, as well as inverting the orientation of the chimeric
protein, such as constructing Type II transmembrane architectures (e.g., MT — C — S) through
use of Type II transmembrane domains, such as NKG2D and TNFR2.

The secretion properties for various Membrane-Cleavable systems featuring various
combinations of protease cleavage sites and membrane tethering domains are assessed
through analysis of surface-bound payload (e.g., surface-bound IL-15 by flow-cytometry) and
secreted payload (e.g., secreted IL-15 by supernatant ELISA).

Properties assessed include:

- Secretion properties (e.g., specificity and kinetics), in cell types of interest, such

as NK cells and T cells

- Secretion properties (e.g., specificity and kinetics), in various cell states, in

particular cell states that may regulate protease expression and/or localization
(e.g., /- PMA or other activation states)

A Membrane-Cleavable system demonstrating the desired regulated secretion
properties is determined. Specifically, a protease cleavage site and membrane tethering
domain combination is determined demonstrating secretion kinetics for regulated secretion

(membrane release) of the payload at a desired rate in cell types and cell states of interest.

Example 2 - Regulated IL-15 Secretion with Various Linker/Cleavage
Site/Transmembrane Domain Combinations

Variations of Membrane-Cleavable systems, including three of the protease cleavage
sites shown in Table A (SEQ ID NOs: 180, 187, and 191), various polypeptide linkers,
various polypeptide linker orientations (i.e., a polypeptide linker N-terminal to the cleavage
site and/or a polypeptide linker C-terminal to the cleavage site), and two transmembrane
domains (a CD8 transmembrane domain and a B7-1 transmembrane domain) were assessed
for the ability to regulate the secretion of a secretable payload, IL-15. The Membrane-
Cleavable systems of this example include an orientation of, in the N-terminal to C-terminal
direction, S — C — MT, in which S refers to the secretable payload, C refers to a protease
cleavage site, and MT refers to a cell membrane tethering domain.

Engineering of IL-15 secreting cells:

Lentiviral vectors encoding membrane-cleavable IL-15 constructs, with varied

linkers, linker orientations, and transmembrane domains were generated. Descriptions of the

constructs are provided in Table B.
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Table B — Description of Various Membrane-Cleavable IL-15 Constructs

Cleavage Site
Construct N Term Linker C-Terminal Linker TM Domain
(SEQID NO)
SB03534 None 180 None B7-1
SB03530 None 191 None B7-1
SB03514 None 187 None B7-1
SGGGGSGGGGSGGGGSGGGGS
SB03513 None 180 B7-1
GGGSLQ (SEQ ID NO: 195)
SGGGGSGGGGSGGGGSGGGGS
SB03531 None 191 B7-1
GGGSLQ (SEQ ID NO: 195)
SGGGGSGGGGSGGGGSGGGGS
SB03516 None 187 B7-1
GGGSLQ (SEQ ID NO: 195)
TTTPAPRPPTPAPTIASQPLSLRP
SB03515 None 180 EACRPAAGGAVHTRGLDFACD B7-1
(SEQ ID NO: 196)
TTTPAPRPPTPAPTIASQPLSLRP
SB03535 None 191 EACRPAAGGAVHTRGLDFACD CD8
(SEQ ID NO: 196)
TTTPAPRPPTPAPTIASQPLSLRP
SB03537 None 187 EACRPAAGGAVHTRGLDFACD CD8
(SEQ ID NO: 196)
SGGGGSGGGGSG GGGSGGGGSGGGSLQ (SEQID
SB03536 180 CD8
(SEQ ID NO: 194) NO: 197)
SGGGGSGGGGSG GGGSGGGGSGGGSLQ (SEQID
SB03532 191 B7-1
(SEQ ID NO: 194) NO: 197)
SGGGGSGGGGSG GGGSGGGGSGGGSLQ (SEQ ID
SB03518 187 B7-1
(SEQ ID NO: 194) NO: 197)
SGGGGSGGGGSGGG
SB03517 GSGGGGSGGGSLQ 180 None B7-1
(SEQ ID NO: 195)
SGGGGSGGGGSGGG
SB03520 GSGGGGSGGGSLQ 191 None B7-1
(SEQ ID NO: 195)
SGGGGSGGGGSGGG
SB03519 GSGGGGSGGGSLQ 187 None B7-1
(SEQ ID NO: 195)
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Lentivirus was produced as described in Example 1, encoding the constructs
described in Table B. Primary NK cells were transduced with the lentiviruses by transduction
methods described in Example 1. IL-15 membrane-bound expression and secretion were
assayed as described in Example 1. A graph of the relationship of membrane-bound
expression and secretion for each construct is provided in FIG. 2. Constructs SB03514 and
SB03536 are not shown in the graph due to low expression levels. As shown in FIG. 2, the
secretion levels for each construct widely vary. SB03516, SB03515, SB03533, SB03518,
SB03517, SB03531, SB03532, and SB03520 have higher IL-15 secretion levels compared to
a no virus control (NV). Of these constructs, SB03515, SB03517, SB03532, SB03531, and
SB03518 demonstrated the highest secretion levels. As can be seen in FIG. 2, the linker type
and orientation correlate with secretion level. For example, constructs including a single gly-
ser linker (SEQ ID NO: 195) C-terminal to the cleavage site (see data points with a square
shape), and constructs including a gly-ser linker (SEQ ID NO: 195) N-terminal to the
cleavage site and a second gly-ser linker (SEQ ID NO: 197) C-terminal to the cleavage site
(see data points with a diamond shape) had the highest secretion levels. Furthermore, use of a
single gly-ser linker (SEQ ID NO: 195) N-terminal to the cleavage site (without a second gly-
ser linker C-terminal to the cleavage site) correlated with an intermediate secretion level.
Thus, the variation in linkers and linker orientation as shown in Table B provide the

opportunity to select for a desired ratio of cell bound to secreted IL-15.

Example 3 - Regulated IL-12 Secretion

Variations of Membrane-Cleavable systems, including three of the protease cleavage
sites shown in Table A (SEQ ID NOs: 180, 187, and 191) were assessed for the ability to
regulate the secretion of a secretable payload, IL-12, by NK cells and T cells. The
Membrane-Cleavable systems of this example included an orientation of, in the N-terminal to
C-terminal direction, S — C — MT, in which S refers to the secretable payload, C refers to a
protease cleavage site, and MT refers to a cell membrane tethering domain.

Engineering of IL-12 secreting cells:
Lentiviral vectors encoding membrane-cleavable IL-12 constructs were generated.

Descriptions of the constructs are provided in Table C.
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Table C — Description of Various Membrane-Cleavable IL-12 Constructs

Construct N Term Linker Cleavage Site C-Terminal Linker TM Domain
None VTPEPIFSLI | SGGGGSGGGGSGGGG B7-1
SB04182 (SEQID NO: | SGGGGSGGGSLQ (SEQ
191) ID NO: 195)
VTPEPIFSLI | GGGSGGGGSGGGSLQ B7-1
SGGGGSGGGGSG(SEQ ID
SB04183 (SEQ ID NO: (SEQ ID NO: 197)
NO: 194)
191)
SBO4184 SGGGGSGGGGSG(SEQ ID (SEQID NO: | GGGSGGGGSGGGSLQ B7-1
NO: 194) 187) (SEQ ID NO: 197)
ITQGLAVSTI | GGGSGGGGSGGGSLQ B7-1
SB04185 SOGGGSGGGGSGEEQID | SSFF (SEQID (SEQ ID NO: 197)
NO: 194) NO: 198) '

Lentivirus was produced as described in Example 1, encoding the constructs
described in Table C. Constructs SB04183, SB04183, and SB04183 include cleavage sites
described in Example 1. Construct SB04184 includes an ADAM17 cleavage site that is
native to CD16. Primary NK cells were expanded and then transduced with the lentiviruses
by transduction methods described in Example 1. IL-12 membrane-bound expression and
secretion were assayed as described in Example 1. As shown FIG. 3A, a high level of
membrane-bound IL-12 expression (at least 90% of cells positive) was achieved in NK cells
with constructs SB04812, SB04184, and SB04185. Additionally, primary T cells were
transduced with the lentiviruses by transduction methods described in Example 1. As shown
in FIG. 3B, low to moderate membrane-bound IL-12 expression (about 20% to about 15%
positive cells) was achieved in T cells with all constructs. As shown in FIG. 3C, a high level
of IL-12 secretion (at least 50,000pg/ml) was achieved in NK cells at 3 days post transduction
and 4 days post-transduction for constructs SB04182 and SB04184. For construct SB04185,
greater than 50,000pg/ml of secreted IL-12 was measured at 4 days post-transduction.
Additionally, a measurable amount of IL-12 was secreted from T cells with constructs

SB04182 and SB04184.

Example 4 - Regulated IL-15 Secretion

Variations of Membrane-Cleavable systems, including the protease cleavage sites of
SEQ ID NO: 191, were assessed for the ability to regulate secretion of a secretable IL.-15

payload. The Membrane-Cleavable systems of this example included an orientation of, in the
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N-terminal to C-terminal direction, S — C — MT, in which S refers to the secretable payload,

C refers to a protease cleavage site, and MT refers to a cell membrane tethering domain.
Dual expression constructs were generated, which included a first promoter operably

linked to the Membrane-Cleavable system, and a second promoter operably linked to a

chimeric antigen receptor. Descriptions of the constructs are provided in Table D.

Table D — Description of Various Membrane-Cleavable IL-15 Constructs

Construct Promoter | Secretable Effector (S) Cleavage Site (C) TM Domain (MT)
CAR/NFAT 5X NFAT
1IL-15 VTPEPIFSLI (SEQ ID NO: 191) B7-1
crlL15 minADEp
CAR/NFAT cr
5X NFAT
sushi IL15 IL-15/IL-15Rsushi VTPEPIFSLI (SEQ ID NO: 191) B7-1
minADEp
CAR/SV40
L1 SV40 IL-15 VTPEPIFSLI (SEQ ID NO: 191) B7-1
cl

Lentivirus was produced as described in Example 1, encoding the constructs
described in Table D. Primary, donor derived NK cells (expanded with IL-15/IL-21-
expressing feeder cells) were transduced with each virus (or untransduced as a control). Next,
18 days after transduction, the NK cells were activated by co-culture with target cells that
express the target antigen of the CAR (two different target cell lines were used, “target cell 17
and “target cell 2”). 24 hours after activation, IL-15 membrane-bound expression and
secretion were assayed as described in Example 1. As shown FIG. 4A, membrane-bound IL-
15 expression was detectable 24 hours after activation. Next, secretion levels were assayed as
described in Example 1 at 24 hours, 48 hours, and 72 hours post-activation. As shown in
FIG. 4B, all constructs achieved an increase in secreted IL-15 following the 24 hour time-
point. Additionally, of the three constructs, the IL-15/IL-15Rsuhi construct achieved the

highest levels of secretion.

Other Sequences
HIV-1 protease (SEQ ID NO: 144):
PQVTLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVR
QYDOQILIEICGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNF

Angiotensin converting enzyme (ACE) (SEQ ID NO: 156):
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MGAASGRRGPGLLLPLPLLLLLPPQPALALDPGLQPGNFSADEAGAQLFAQSYNSSA
EQVLFQSVAASWAHDTNITAENARRQEEAALLSQEFAEAWGQKAKELYEPIWQNFT
DPQLRRIIGAVRTLGSANLPLAKRQQYNALLSNMSRIYSTAKVCLPNKTATCWSLDP
DLTNILASSRSYAMLLFAWEGWHNAAGIPLKPLYEDFTALSNEAYKQDGFTDTGAY
WRSWYNSPTFEDDLEHLYQQLEPLYLNLHAFVRRALHRRYGDRYINLRGPIPAHLLG
DMWAQSWENIYDMYV VPFPDKPNLDVTSTMLQQGWNATHMFRVAEEFFTSLELSPM
PPEFWEGSMLEKPADGREVVCHASAWDFYNRKDFRIKQCTRVTMDQLSTVHHEMG
HIQYYLQYKDLPVSLRRGANPGFHEAIGDVLALSVSTPEHLHKIGLLDRVTNDTESDI
NYLLKMALEKIAFLPFGYLVDQWRWGVFSGRTPPSRYNFDWWYLRTKYQGICPPVT
RNETHFDAGAKFHVPNVTPYIRYFVSFVLQFQFHEALCKEAGYEGPLHQCDIYRSTK
AGAKLRKVLQAGSSRPWQEVLKDMVGLDALDAQPLLKYFQPVTQWLQEQNQQNG
EVLGWPEYQWHPPLPDNYPEGIDLVTDEAEASKFVEEYDRTSQVVWNEYAEANWN
YNTNITTETSKILLQKNMQIANHTLK Y GTQARKFDVNQLQNTTIKRIIKK VQDLERAA
LPAQELEEYNKILLDMETTYSVATVCHPNGSCLQLEPDLTNVMATSRKYEDLLWAW
EGWRDKAGRAILQFYPKYVELINQAARLNGYVDAGDSWRSMYETPSLEQDLERLFQ
ELQPLYLNLHAY VRRALHRHY GAQHINLEGPIPAHLLGNMW AQTWSNIYDLV VPFP
SAPSMDTTEAMLKQGWTPRRMFKEADDFFTSLGLLPVPPEFWNKSMLEKPTDGREV
VCHASAWDFYNGKDFRIKQCTTVNLEDLVVAHHEMGHIQYFMQYKDLPVALREGA
NPGFHEAIGDVLALSVSTPKHLHSLNLLSSEGGSDEHDINFLMKMALDKIAFIPFSYL
VDQWRWRVFDGSITKENYNQEWWSLRLK YQGLCPPVPRTQGDFDPGAKFHIPSSVP
YIRYFVSFIIQFQFHEALCQAAGHTGPLHKCDIYQSKEAGQRLATAMKLGFSRPWPE
AMQLITGQPNMSASAMLSYFKPLLDWLRTENELHGEKLGWPQYNWTPNSARSEGP
LPDSGRVSFLGLDLDAQQARVGQWLLLFLGIALLVATLGLSQRLFSIRHRSLHRHSH
GPQFGSEVELRHS

DENV NS3pro (NS2B/NS3) >sp|P33478|1475-2093 (SEQ ID NO: 157):
SGVLWDTPSPPEVERAVLDDGIYRIMQRGLLGRSQVGVGVFQDGVFHTMWHVTRG

AVLMYQGKRLEPSWASVKKDLISYGGGWRFQGSWNTGEEVQVIAVEPGKNPKNVQ
TAPGTFKTPEGEVGAIALDFKPGTSGSPIVNREGKIVGLYGNGVVTTSGTYVSAIAQA
KASQEGPLPEIEDEVFRKRNLTIMDLHPGSGKTRRYLPAIVREAIRRNVRTLILAPTRV
VASEMAEALKGMPIRYQTTAVKSEHTGKEIVDLMCHATFTMRLLSPVRVPNYNMII

MDEAHFTDPASIARRGYISTRVGMGEAAAIFMTATPPGSVEAFPQSNAVIQDEERDIP
ERSWNSGYEWITDFPGKTVWFVPSIKSGNDIANCLRKNGKRVIQLSRKTFDTEYQKT
KNNDWDY VVTTDISEMGANFRADRVIDPRRCLKPVILKDGPERVILAGPMPVTVAS
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AAQRRGRIGRNQNKEGDQYVYMGQPLNNDEDHAHWTEAKMLLDNINTPEGIIPALF
EPEREKSAAIDGEYRLRGEARKTFVELMRRGDLPVWLSYKVASEGFQYSDRRWCFD
GERNNQVLEENMDVEMWTKEGERKKLRPRWLDARTYSDPLALREFKEFAAGRR

DENV NS3pro (NS2B/NS3) >sp|P14340|1476-2093 (SEQ ID NO: 158):
AGVLWDVPSPPPVGKAELEDGAYRIKQKGILGYSQIGAGVYKEGTFHTMWHVTRG

AVLMHKGKRIEPSWADVKKDLISY GGGWKLEGEWKEGEEVQVLALEPGKNPRAVQ
TKPGLFKTNAGTIGAVSLDFSPGTSGSPIIDKKGKVVGLYGNGVVTRSGAYVSAIAQT
EKSIEDNPEIEDDIFRKRKLTIMDLHPGAGKTKRYLPAIVREAIKRGLRTLILAPTRVV
AAEMEEALRGLPIRYQTPAIRAEHTGREIVDLMCHATFTMRLLSPVRVPNYNLIIMDE
AHFTDPASIAARGYISTRVEMGEAAGIFMTATPPGSRDPFPQSNAPIMDEEREIPER SW
SSGHEW VIDFKGKTVWFVPSIKAGNDIAACLRKNGKKVIQLSRKTFDSEYVKTRTN
DWDFVVTTDISEMGANFKAERVIDPRRCMKPVILTDGEERVILAGPMPVTHSSAAQR
RGRIGRNPKNENDQYIYMGEPLENDEDCAHWKEAKMLLDNINTPEGIIPSMFEPERE
KVDAIDGEYRLRGEARKTFVDLMRRGDLPVWLAYRVAAEGINYADRRWCFDGIKN
NQILEENVEVEIWTKEGERKKLKPRWLDAKIYSDPLALKEFKEFAAGRK

DENV NS3pro (NS2B/NS3) >sp|Q99D35[1474-2092 (SEQ ID NO: 159):
SGVLWDVPSPPETQKAELEEGVYRIKQQGIFGKTQVGVGVQKEGVFHTMWHVTRG

AVLTHNGKRLEPNWASVKKDLISYGGGWRLSAQWQKGEEVQVIAVEPGKNPKNFQ
TMPGIFQTTTGEIGAIALDFKPGTSGSPIINREGKVVGLYGNGVVTKNGGY VSGIAQT
NAEPDGPTPELEEEMFKKRNLTIMDLHPGSGKTRKYLPAIVREAIKRRLRTLILAPTR

VVAAEMEEALKGLPIRYQTTATKSEHTGREIVDLMCHATFTMRLLSPVRVPNYNLII

MDEAHFTDPASIAARGYISTRVGMGEAAAIFMTATPPGTADAFPQSNAPIQDEERDIP
ERSWNSGNEWITDFVGKTVWFVPSIKAGNDIANCLRKNGKKVIQLSRKTFDTEYQK

TKLNDWDFVVTTDISEMGANFKADRVIDPRRCLKPVILTDGPERVILAGPMPVTVAS
AAQRRGRVGRNPQKENDQYIFMGQPLNKDEDHAHW TEAKMLLDNINTPEGIIPALF

EPEREKSAAIDGEYRLKGESRKTFVELMRRGDLPVWLAHKVASEGIKYTDRKWCFD
GERNNQILEENMDVEIWTKEGEKKKILRPRWLDARTY SDPLALKEFKDFAAGRK

DENV NS3pro (NS2B/NS3) >sp|Q5UCB8|1475-2092 (SEQ ID NO: 160):
SGALWDVPSPAATQKAALSEGVYRIMQRGLFGKTQVGVGIHIEGVFHTMWHVTRGS

VICHETGRLEPSWADVRNDMISY GGGWRLGDKWDKEEDVQVLAIEPGKNPKHVQT
KPGLFKTLTGEIGAVTLDFKPGTSGSPIINRKGKVIGLYGNGVVTKSGDYVSAITQAE
RIGEPDYEVDEDIFRKKRLTIMDLHPGAGKTKRILPSIVREALKRRLRTLILAPTRVVA
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AEMEEALRGLPIRYQTPAVKSEHTGREIVDLMCHATFTTRLLSSTRVPNYNLIVMDE

AHFTDPSSVAARGYISTRVEMGEAAAIFMTATPPGTTDPFPQSNSPIEDIEREIPERSW

NTGFDWITDYQGKTVWFVPSIKAGNDIANCLRKSGKKVIQLSRKTFDTEYPKTKLTD
WDFVVTTDISEMGANFRAGRVIDPRRCLKPVILPDGPERVILAGPIPVTPASAAQRRG
RIGRNPAQEDDQY VFSGDPLKNDEDHAHWTEAKMLLDNIYTPEGIIPTLFGPEREKT

QAIDGEFRLRGEQRKTFVELMRRGDLPVWLSYKVASAGISYKDREWCFTGERNNQI
LEENMEVEIWTREGEKKKLRPKWLDARVYADPMALKDFKEFASGRK

PEST (two copies of residues 277-307 of human IxkBa; SEQ ID NO: 161):
LQMLPESEDEESYDTESEFTEFTEDELPYDDGSLQMLPESEDEESYDTESEFTEFTEDE

LPYDD

GRR (residues 352-408 of human p105; SEQ ID NO: 162):
EIKDKEEVQRKRQKLMPNFSDSFGGGSGAGAGGGGMFGSGGGGGGTGSTGPGY SFP

H

DRR (residues 210-295 of yeast Cdc34; SEQ ID NO: 163):
IDDENGSVILQDDDYDDGNNHIPFEDDDVYNYNDNDDDDERIEFEDDDDDDDDSID

NDSVMDRKQPHKAEDESEDVEDVERVSKKD

SNS (tandem repeat of SP2 and NB (SP2-NB-SP2 of influenza A or influenza B; e.g., SEQ
ID NO: 164):
PESMREEYRKEGSKRIKCPDCEPFCNKRGSPESMREEYRKE

RPB (four copies of residues 1688-1702 of yeast RPB; SEQ ID NO: 165):
RSYSPTSPNYSPTSPSGSYSPTSPNYSPTSPSGGSRSYSPTSPNYSPTSPSGSYSPTSPNY

SPTSPSG

SPmix (tandem repeat of SP1 and SP2 (SP2-SP1-SP2-SP1-SP2 of influenza A virus M2
protein; SEQ ID NO: 166):
PESMREEYRKEGSSLLTEVETPGSPESMREEYRKEGSSLLTEVETPGSPESMREEYRK

E

NS2 (three copies of residues 79-93 of influenza A virus NS protein; SEQ ID NO: 167):
LIEEVRHRLKTTENSGSLIEEVRHRLKTTENSGSLIEEVRHRLKTTENSGS

ODC (residues 106-142 of ornithine decarboxylase; SEQ ID NO: 168):
FPPEVEEQDDGTLPMSCAQESGMDRHPAACASARINV
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mouse ODC (residues 422—-461; SEQ ID NO: 169):
SHGFPPEVEEQAAGTLPMSCAQESGMDRHPAACASARINV

SB03513 (SEQ ID NO: 210)

AATMDWTWILFLVAAATRVHSNW VNVISDLKKIEDLIQSMHIDATLYTESDVHPSC
KVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEK
NIKEFLQSFVHIVQMFINTSDEPHY SQRRLLPSWAITLISVNGIFVICCLTYCFAPRCRE
RRRNERLRRESVRPV

SB03514 (SEQ ID NO: 211)
AATMDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSC
KVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEK
NIKEFLQSFVHIVQMFINTSVTPEPIFSLILLPSWAITLISVNGIFVICCLTYCFAPRCRER
RRNERLRRESVRPV

SB03515 (SEQ ID NO: 212)
AATMDWTWILFLVAAATRVHSNW VNVISDLKKIEDLIQSMHIDATLYTESDVHPSC
KVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEK
NIKEFLQSFVHIVQMFINTSDEPHY SQRRSGGGGSGGGGSGGGGSGGGGSGGGSLQL
LPSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV

SB03516 (SEQ ID NO: 213)
AATMDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSC
KVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEK
NIKEFLQSFVHIVQMFINTSVTPEPIFSLISGGGGSGGGGSGGGGSGGGGSGGGSLQLL
PSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV

SB03517 (SEQ ID NO: 214)
AATMDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSC
KVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEK
NIKEFLQSFVHIVOQMFINTSSGGGGSGGGGSGDEPHY SQRRGGGSGGGGSGGGSLQL
LPSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV
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SB03518 (SEQ ID NO: 215)
AATMDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSC
KVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEK
NIKEFLQSFVHIVQMFINTSSGGGGSGGGGSGVTPEPIFSLIGGGSGGGGSGGGSLQLL
PSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV

SB03519 (SEQ ID NO: 216)
AATMDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSC
KVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEK
NIKEFLQSFVHIVQMFINTSSGGGGSGGGGSGGGGSGGGGSGGGSLQDEPHY SQRRL
LPSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV

SB03520 (SEQ ID NO: 217)
AATMDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLY TESDVHPSC
KVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEK
NIKEFLQSFVHIVQMFINTSSGGGGSGGGGSGGGGSGGGGSGGGSLQVTPEPIFSLILL
PSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV

5X NFAT minADEp promoter (SEQ ID NO: 218)
GGGACTTTCCACTGGGGACTTTCCACTGGGGACTTTCCACTGGGGACTTTCCACT
GGGGACTTTCCACTCCTGCAGGagetGGCGCGCCAGACGCTAGCGGGGGGCTATAA
AAGGGGGTGGGGGCGTTCGTCCTCACTCT

Interpretations

All references, patents and patent applications disclosed herein are incorporated by
reference with respect to the subject matter for which each is cited, which in some cases may
encompass the entirety of the document.

The indefinite articles “a” and “an,” as used herein in the specification and in the
claims, unless clearly indicated to the contrary, should be understood to mean “at least one.”

It should also be understood that, unless clearly indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or acts

of the method is not necessarily limited to the order in which the steps or acts of the method

are recited.
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In the claims, as well as in the specification above, all transitional phrases such as

EEINA3

“comprising,” “including,

2« 2 2

carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of” and “consisting essentially of”
shall be closed or semi-closed transitional phrases, respectively, as set forth in the United

States Patent Office Manual of Patent Examining Procedures, Section 2111.03
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CLAIMS
What is claimed is:
1. A membrane-cleavable chimeric protein, oriented from N-terminal to C-terminal, having
the formula:
S—-C-MTorMT-C-S
wherein

S comprises a secretable effector molecule,
C comprises a protease cleavage site, and
MT comprises a cell membrane tethering domain,

wherein S — C — MT or MT — C — S is configured to be expressed as a single
polypeptide.

2. The membrane-cleavable chimeric protein of claim 1, wherein the secretable effector
molecule comprises a signal peptide or a signal-anchor sequence, optionally wherein the
signal peptide comprises a native signal peptide native to the secretable effector
molecule or the signal peptide comprises a non-native signal peptide or the signal-anchor
sequence comprises a non-native signal-anchor sequence non-native to the secretable
effector molecule, optionally wherein the non-native signal peptide or the non-native
signal-anchor sequence is selected from the group consisting of’ IL-12, IL-2, optimized
IL-2, trypsiongen-2, Gaussia luciferase, CD5, human IgK VII, murine IgK VII, VSV-G,
prolactin, serum albumin preprotein, azurocidin preprotein, osteonectin, CD33, IL-6, IL-
8, CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1, GROalpha, CXCL12, IL-21,
CD8, NKG2D, TNFR2, and GMCSF.

3. The membrane-cleavable chimeric protein of claim 1 or claim 2, wherein the secretable
effector molecule is selected from a therapeutic class, wherein the therapeutic class is
selected from the group consisting of: a cytokine, a chemokine, a homing molecule, a
growth factor, a co-activation molecule, a tumor microenvironment modifier, a ligand, an
antibody, a peptide, and an enzyme, optionally wherein the cytokine is selected from the
group consisting of’ IL-1-beta, IL-2, IL-4, IL-6, IL-7, IL-10, IL-12, an IL.-12p70 fusion
protein, IL-15, IL-17A, IL-18, IL-21, IL-22, Type I interferons, Interferon-gamma, and
TNF-alpha, optionally wherein the chemokine is selected from the group consisting of:
CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 fusion protein, CCL19,
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CXCL9, and XCL1, optionally wherein the homing molecule is selected from the group
consisting of: anti-integrin alpha4,beta7; anti-MAdCAM; SDF1; and MMP-2, optionally
wherein the growth factor is selected from the group consisting of: FLT3L and GM-CSF,
optionally wherein the co-activation molecule is selected from the group consisting of’ 4-
1BBL and CD40L, optionally wherein the tumor microenvironment modifier is selected
from the group consisting of: adenosine deaminase, a TGFbeta inhibitor, an immune
checkpoint inhibitor, a VEGF inhibitor, and HPGE2, optionally wherein the TGFbeta
inhibitor is selected from the group consisting of: an anti-TGFbeta peptide, an anti-
TGFbeta antibody, a TGFb-TRAP, and a combination thereof, optionally wherein the
immune checkpoint inhibitor is selected from the group consisting of: an anti-PD-1
antibody, an anti-PD-L1 antibody, an anti-PD-L2 antibody, an anti-CTLA-4 antibody, an
anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT antibody, an anti-VISTA
antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-B7-H4 antibody, an
anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, an anti-A2AR
antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-TNFa
antibody, an anti-TREMI antibody, and an anti-TREM2 antibody, or optionally wherein
the VEGF inhibitor comprises an anti-VEGF antibody, an anti-VEGF peptide, or a

combination thereof.

The membrane-cleavable chimeric protein of any one of claims 1-3, wherein the

secretable effector molecule comprises IL-15, IL-12, or an IL-12p70 fusion protein.

The membrane-cleavable chimeric protein of any one of claims 1-4, wherein the protease
cleavage site is cleavable by a protease selected from the group consisting of: a Type 1
transmembrane protease, a Type Il transmembrane protease, a GPI anchored protease, an
ADAMS protease, an ADAMO protease, an ADAMI10 protease, an ADAM12 protease,
an ADAMIS protease, an ADAM17 protease, an ADAM19 protease, an ADAM20
protease, an ADAM21 protease, an ADAMZ28 protease, an ADAM3O0 protease, an
ADAM33 protease, a BACE]1 protease, a BACE2 protease, a SIP protease, an MT1-
MMP protease, an MT3-MMP protease, an MTS5-MMP protease, a furin protease, a
PCSKY7 protease, a matriptase protease, a matriptase-2 protease, an MMP9 protease, and

an NS3 protease.
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The membrane-cleavable chimeric protein of any one of claims 1-5, wherein the protease
cleavage site is cleavable by an ADAM17 protease, optionally wherein the protease
cleavage site comprises a first region having the amino acid sequence of PRAE (SEQ ID
NO: 176) and/or a second region having the amino acid sequence of KGG (SEQ ID NO:

177), optionally wherein the first region is located N-terminal to the second region.

The membrane-cleavable chimeric protein of any one of claims 1-6, wherein the protease
cleavage site comprises the amino acid sequence of PRAEX;X,KGG (SEQ ID NO: 178),
wherein X118 A, Y, P, S, or F, and

wherein X»2is V, L, S, I, Y, or T.

The membrane-cleavable chimeric protein of any one of claims 1-7, wherein:

a. the protease cleavage site comprises the amino acid sequence of PRAEALKGG
(SEQ ID NO: 180); or

b. the protease cleavage site comprises the amino acid sequence of PRAEALKGG
(SEQ ID NO: 180); or

c. the protease cleavage site comprises the amino acid sequence of PRAEYSKGG
(SEQ ID NO: 181); or

d. the protease cleavage site comprises the amino acid sequence of PRAEPIKGG
(SEQ ID NO: 182); or

e. the protease cleavage site comprises the amino acid sequence of PRAEAYKGG
(SEQ ID NO: 183); or

f. the protease cleavage site comprises the amino acid sequence of PRAESSKGG
(SEQ ID NO: 184); or

g. the protease cleavage site comprises the amino acid sequence of PRAEFTKGG
(SEQ ID NO: 185); or

h. the protease cleavage site comprises the amino acid sequence of DEPHYSQRR
(SEQ ID NO: 187); or

i. the protease cleavage site comprises the amino acid sequence of PPLGPIFNPG
(SEQ ID NO: 188); or

j. the protease cleavage site comprises the amino acid sequence of PLAQAYRSS
(SEQ ID NO: 189); or

k. the protease cleavage site comprises the amino acid sequence of TPIDSSFNPD

(SEQ ID NO: 190); or
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1. the protease cleavage site comprises the amino acid sequence of VTPEPIFSLI
(SEQ ID NO: 191); or

m. the protease cleavage site comprises the amino acid sequence of
ITQGLAVSTISSFF (SEQ ID NO: 193).

The membrane-cleavable chimeric protein of any one of claims 1-8, wherein the cell
membrane tethering domain comprises a transmembrane-intracellular domain or a
transmembrane domain, optionally wherein the transmembrane-intracellular domain
and/or transmembrane domain is derived from PDGFR-beta, CD8, CD28, CD3zeta-
chain, CD4, 4-1BB, 0X40, ICOS, CTLA-4, PD-1, LAG-3, 2B4, LNGFR, NKG2D,
EpoR, TNFR2, B7-1, or BTLA, optionally wherein the cell membrane tethering domain

comprises a cell surface receptor, or a cell membrane-bound portion thereof.

The membrane-cleavable chimeric protein of any one of claims 1-9, wherein the cell
membrane tethering domain comprises a post-translational modification tag, or motif
capable of post-translational modification to modify the chimeric protein to include a
post-translational modification tag, where the post-translational modification tag is
capable of association with a cell membrane, optionally wherein the post-translational
modification tag comprises a lipid-anchor domain, optionally wherein the lipid-anchor
domain is selected from the group consisting of: a GPI lipid-anchor, a myristoylation tag,

and a palmitoylation tag.
The membrane-cleavable chimeric protein of any one of claims 1-10, wherein:

a. when expressed in a cell, the secretable effector molecule is tethered to a cell

membrane of the cell; and/or

b. when expressed in a cell expressing a protease capable of cleaving the protease
cleavage site, the secretable effector molecule is released from the cell

membrane.; and/or

c. wherein the protease expressed on the cell membrane is endogenous to the cell;

and/or

d. the protease is selected from the group consisting of: a Type 1 transmembrane
protease, a Type II transmembrane protease, a GPI anchored protease, an

ADAMS protease, an ADAMSO protease, an ADAMI10 protease, an ADAM12
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protease, an ADAMIS protease, an ADAM17 protease, an ADAMI9 protease, an
ADAM?20 protease, an ADAMZ21 protease, an ADAM28 protease, an ADAM30
protease, an ADAM33 protease, a BACEI protease, a BACE2 protease, a SIP
protease, an MT1-MMP protease, an MT3-MMP protease, an MT5-MMP
protease, a furin protease, a PCSK7 protease, a matriptase protease, a matriptase-

2 protease, and an MMP9 protease

An engineered nucleic acid comprising an expression cassette comprising a promoter and
an exogenous polynucleotide sequence encoding the membrane-cleavable chimeric
protein of any one of claims 1-11, optionally wherein the promoter is selected from the
group consisting of a constitutive promoter, an inducible promoter, a tissue-specific

promoter, and a synthetic promoter.
An expression vector comprising the engineered nucleic acid of claim 12.

An isolated cell comprising the membrane-cleavable chimeric protein of any one of
claims 1-11, the engineered nucleic acid of claim 12, or the expression vector of claim

13.

The isolated cell of claim 14, wherein the cell is selected from the group consisting of’ a
T cell, a CD8+ T cell, a CD4+ T cell, a gamma-delta T cell, a cytotoxic T lymphocyte
(CTL), a regulatory T cell, a viral-specific T cell, a Natural Killer T (NKT) cell, a
Natural Killer (NK) cell, a B cell, a tumor-infiltrating lymphocyte (TIL), an innate
lymphoid cell, a mast cell, an eosinophil, a basophil, a neutrophil, a myeloid cell, a
macrophage, a monocyte, a dendritic cell, an erythrocyte, a platelet cell, a human
embryonic stem cell (ESC), an ESC-derived cell, a pluripotent stem cell, a mesenchymal

stromal cell (MSC), an induced pluripotent stem cell (iPSC), and an iPSC-derived cell.

The isolated cell of claim 14 or claim 15, wherein the cell further comprises a protease
capable of cleaving the protease cleavage site, optionally wherein the protease is an
endogenous protease, and/or optionally wherein the endogenous protease is selected
from the group consisting of: a Type 1 transmembrane protease, a Type II
transmembrane protease, a GPI anchored protease, an ADAMS protease, an ADAM9
protease, an ADAMI0 protease, an ADAM12 protease, an ADAMIS protease, an
ADAMI17 protease, an ADAM19 protease, an ADAM20 protease, an ADAM21
protease, an ADAM28 protease, an ADAMB3O0 protease, an ADAM33 protease, a BACEI
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protease, a BACE2 protease, a SIP protease, an MT1-MMP protease, an MT3-MMP
protease, an MT5-MMP protease, a furin protease, a PCSK7 protease, a matriptase

protease, a matriptase-2 protease, and an MMP9 protease.

The isolated cell of any one of claims 14-16, wherein the cell further comprises an
antigen recognizing receptor, optionally wherein the antigen recognizing receptor is a
CAR.

A composition comprising the membrane-cleavable chimeric protein of any one of
claims 1-11, the engineered nucleic acid of claim 12, the expression vector of claim 13,
or the isolated cell of any one of claims 14-17 and a pharmaceutically acceptable carrier,

pharmaceutically acceptable excipient, or a combination thereof.

A method of treating a subject in need thereof, the method comprising administering a
therapeutically effective dose of any of the isolated cells of any one of claims 14-17 or

the composition of claim 18.

A method of inducing release of a membrane-tethered effector molecule, comprising:
a) providing a cell of any one of claims 14-17; and

b) culturing the cell under conditions suitable for expression of the membrane-bound
protease and the membrane-cleavable chimeric protein,
wherein upon expression, the membrane-cleavable chimeric protein is tethered to the
cell membrane of the cell, and
wherein, upon expression, the membrane-bound protease cleaves the cognate
membrane-bound protease cleavage site of the membrane-cleavable chimeric protein,

thereby releasing the secretable effector molecule from the cell membrane.
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