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RNA-BASED SYNTHETIC CIRCUIT FOR PRODUCING ENGINEERED
IMMUNE CELLS FOR AN EXTRACORPOREAL CELL THERAPY

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This PCT application claims the priority benefit of U.S. Provisional Application
No. 63/515,247, filed July 24, 2023, which is herein incorporated by reference in its entirety.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY
VIA EFS-WEB

[0002] The content of the sequence listing is submitted electronically (Name:
4597 029PCO1_SequenceListing_ST26.xml; Size: 4,240 bytes; and Date of Creation: July 23,

2024) and is filed with the application is herein incorporated by reference in its entirety.

BACKGROUND OF THE DISCLOSURE

[0003] Cell therapy, e.g, chimeric antigen receptor (CAR)-T cell therapy, is a
revolutionary new pillar in cancer treatment. Although treatment with CAR-T cells has produced
remarkable clinical responses with certain subsets of B cell leukemia or lymphoma, many
challenges limit the therapeutic efficacy of CAR-T cells in solid tumors and hematological
malignancies. Barriers to effective CAR-T cell therapy include severe life-threatening toxicities,
modest anti-tumor activity, antigen escape, restricted trafficking, and limited tumor infiltration. In
addition, the host and tumor microenvironment interactions with CAR-T cells critically alter CAR-
T cell function. Furthermore, a complex workforce is required to develop and implement these
treatments. In order to overcome these significant challenges, innovative strategies and approaches
to engineer more powerful CAR-T cells with improved anti-tumor activity and decreased toxicity
are necessary. See Sterner et al., Blood Cancer Journal. 11: 69 (April 6, 2021). Therefore, there is
a need to develop new cell constructs to improve clinical efficacy in both hematological
malignancy and solid tumors and strategies to overcome limitations of cell therapy in both

hematological malignancy and solid tumors.

BRIEF SUMMARY OF THE DISCLOSURE

[0004] Provided herein is a method of producing engineered immune cells for an
extracorporeal cell therapy in a subject in need thereof comprising contacting immune cells

obtained by the subject with a synthetic circuit in a closed in-line system connected to the subject,
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wherein the synthetic circuit is capable of expressing a payload selectively in the immune cells. In
some aspects, the immue cells used in the method are not exposed outside of the in-line system
during the entire period of the therapy. In some aspects, the immune cells in the method, as a result
of the contacting, expresses a payload on the immune cells. In some aspects, the immune cells in
the method are directly administered back into the subject from the in-line system.
[0005] Also provided herein is a method of extracorporeally treating a disease or condition
in a subject in need thereof, comprising administering immune cells to the subject, wherein the
immune cells express a payload encoded by a synthetic circuit in a closed in-line system connected
to the subject, and wherein the synthetic circuit is capable of expressing the payload selectively in
the immune cells.
[0006] In some aspects, the disclosure provides a method of extracorporeally treating a
disease or condition in a subject in need thereof, comprising contacting immune cells obtained by
the subject with a synthetic circuit in a closed in-line system connected to the subject and
administering the immune cells expressing a payload encoded by the synthetic circuit to the subject
and wherein the synthetic circuit is capable of expressing the payload selectively in the immune
cells.,
[0007] In some aspects, the subject doesn’t go through lymphdepletion prior to the
treatment. In some aspects, the therapy is in less than 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,
12,11,10,9,8,7,6, 5,4, 3, or 2 hours.
[0008] In some aspects, the synthetic circuit comprises a nucleotide sequence encoding a
payload (payload sequence), wherein the payload sequence comprises a sensor that recognizes a
maker, and wherein recognizing the marker with the sensor reduces expression of the payload.
[0009] In some aspects, the disclosure provides immune cells expressing a payload
encoded by a synthetic circuit for a method of extracorporeal cell therapy, wherein the synthetic
circuit is capable of expressing the payload selectively in the immune cells. In some aspects, the
payload is expressed on the surface of the immune cells. In some aspects, the immune cells
comprise T cells, NK cells, B cells, or any combination thereof. In some aspects, the immune cells
comprise CD8+ T cells, CD4+ T cells, or any combination thereof.
[0010] In some aspects, the disclosure provides an in-line system comprising immune cells
expressing a payload encoded by a synthetic circuit for a method of extracorporeal cell therapy. In
some aspects, the in-line system is fully closed. In some aspects, the in-line system is connected to
a subject in need of the therapy. In some aspects, the immune cells in the in-line system are obtained

by the subject. In some aspects, the in-line system further comprises cells other than immune cells.
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[0011] In some aspects, the payload useful for the disclosure comprises a chimeric antigen
receptor (CAR), a T cell receptor (TCR), or a TCR mimic. In some aspects, the CAR targets CD19,
TRAC, TCRB, BCMA, CLL-1, CS1, CD38, CD19, TSHR, CD123, CD22, CD30, CD70, CD171,
CD33, EGFRVIIL, GD2, GD3, Tn Ag, PSMA, ROR1, ROR2, GPC1, GPC2, FLT3, FAP, TAG72,
CD44v6, CEA, EPCAM, B7H3, KIT, IL- 13Ra2, mesothelin, IL-11Ra, PSCA, PRSS21, VEGFR2,
LewisY, CD24, PDGFR-beta, SSEA-4, CD20, folate receptor alpha, ERBB2 (Her2/neu), MUCI1,
MUCI16, EGFR, NCAM, prostase, PAP, ELF2M, Ephrin B2, IGF-I receptor, CAIX, LMP2,
gplOO, ber-abl, tyrosinase, EphA2, fucosyl GM1, sLe, GM3, TGSS5, HMWMAA, o-acetyl-GD2,
folate receptor beta, TEM1/CD248, TEM7R, CLDN6, GPRC5D, CXORF61, CD97, CD179a,
ALK, Polysialic acid, PLAC1, GloboH, NY-BR-1, UPK2, HAVCR1, ADRB3, PANX3, GPR20,
LY6K, ORS1E2, TARP, WTI, NY-ESO-1, LAGE-la, MAGE-Al, legumain, HPV E6,E7, MAGE
Al, ETV6-AML, sperm protein 17, XAGE]1, Tie 2, MAD-CT-1, MAD-CT- 2, Fos-related antigen
1, p53, p53 mutant, prostein, surviving, telomerase, PCTA- 1/Galectin 8, MelanA/MARTI, Ras
mutant, hTERT, sarcoma translocation breakpoints, ML-IAP, ERG (TMPRSS2 ETS fusion gene),
NA17, PAX3, androgen receptor, cyclin B, MYCN, RhoC, TRP-2, CYP1B1, BORIS, SARTS3,
PAXS, OY-TES1, LCK, AKAP-4, SSX2, RAGE-1, human telomerase reverse transcriptase, RUI,
RU2, intestinal carboxyl esterase, mut hsp70-2, CD79a, CD79b, CD72, LAIR1, FCAR, LILRA2,
CD300LF, CLECI2A, BST2, EMR2, LY75, GPC3, FCRLS, IGLL1, CD2, CD3¢, CD4, CD5,
CD7, the extracellular portion of the APRIL protein, or any combinations thereof. In some aspects,
the TCR targets AFP, CD19, TRAC, TCRB, BCMA, CLL-1, CS1, CD38, CD19, TSHR, CD123,
CD22, CD30, CD171, CD33, EGFRvVIIL, GD2, GD3, Tn Ag, PSMA, ROR1, ROR2, GPC1, GPC2,
FLT3, FAP, TAG72, CD44v6, CEA, EPCAM, B7H3, KIT, IL- 13Ra2, mesothelin, IL-1 IRa,
PSCA, PRSS21, VEGFR2, LewisY, CD24, PDGFR-beta, SSEA-4, CD20, folate receptor alpha,
ERBB2 (Her2/neu), MUC1, MUC16, EGFR, NCAM, prostase, PAP, ELF2M, Ephrin B2, IGF-I
receptor, CAIX, LMP2, gplOQO, bcr-abl, tyrosinase, EphA2, fucosyl GM1, sLe, GM3, TGSS,
HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CD248, TEM7R, CLDN6, GPRC5D,
CXORF61, CD97, CD179a, ALK, Polysialic acid, PLAC1, GloboH, NY-BR-1, UPK2, HAVCRI,
ADRB3, PANX3, GPR20, LY6K, OR51E2, TARP, WTI, NY-ESO-1, LAGE-la, MAGE-AI,
legumain, HPV E6,E7, MAGE Al, ETV6-AML, sperm protein 17, XAGE1, Tie 2, MAD-CT-1,
MAD-CT- 2, Fos-related antigen 1, p53, p53 mutant, prostein, surviving, telomerase, PCTA-
1/Galectin 8, MelanA/MART]I, Ras mutant, h\TERT, sarcoma translocation breakpoints, ML-IAP,
ERG (TMPRSS2 ETS fusion gene), NA17, PAX3, androgen receptor, cyclin Bl, MYCN, RhoC,
TRP-2, CYP1B1, BORIS, SART3, PAX5, OY-TES1, LCK, AKAP-4, SSX2, RAGE-1, human

telomerase reverse transcriptase, RU1, RU2, intestinal carboxyl esterase, mut hsp70-2, CD79a,
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CD79%, CD72, LAIR1, FCAR, LILRA2, CD300LF, CLEC12A, BST2, EMR2, LY75, GPC3,
FCRLS, IGLL1, CD2, CD3g, CD4, CD5, CD7, the extracellular portion of the APRIL protein, or
any combinations thereof.
[0012] In some aspects, the synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and optionally, (b) a second
nucleotide sequence encoding a regulator (regulator sequence), wherein the payload sequence
comprises a sensor that is capable of specifically recognizing the regulator (type P sensor), wherein
the regulator sequence comprises a sensor that is capable of specifically recognizing a marker (type
R sensor), and wherein the regulator and the marker recognized by the type R sensor (type R
marker) are not the same.
[0013] In some aspects, the synthetic circuit useful for the disclosure comprises a
nucleotide sequence encoding the payload (payload sequence), wherein the payload sequence
comprises a sensor that is capable of specifically recognizing a marker (type P sensor), wherein
the marker is not endogenously present in the immune cells or the marker is present endogenously
only in the immune cells.
[0014] In some aspects, the payload sequence useful for the disclosure comprises a
plurality of the type P sensor. In some aspects, the plurality of the type P sensor comprises two
type P sensors, three type P sensors, four type P sensors, five type P sensors, six type P sensors,
seven type P sensors, or eight or more type P sensors. In some aspects, each of the type P sensors
is the same. In some aspects, one or more of the type P sensors are different.
[0015] In some aspects, the payload sequence useful for the disclosure comprises a spacer
sequence (type P spacer). In some aspects, the payload sequence comprises a plurality of type P
spacer. In some aspects, each of the type P spacers is the same. In some aspects, one or more ofo
the type P spacers are different. In some aspects, (a) at least one type P spacer is positioned
upstream of the type P sensor, (b) at least one type P spacer is positioned downstream of the type
P sensor, or (¢) both (a) and (b). In some aspects, the synthetic circuit described herein (e.g.,
described above) comprises at least two type P sensors, wherein at least one type P spacer is
positioned between the at least two type P sensors.
[0016] In some aspects, the synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence), wherein the payload sequence comprises a first sensor
that is capable of specifically recognizing the regulator (first type P sensor) and a second sensor
that is capable of specifically recognizing a marker (second type P sensor), wherein the regulator

sequence comprises a sensor that is capable of specifically recognizing a marker (type R sensor),
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and wherein the regulator, the marker recognized by the second type P sensor (second type P
marker), and/or the marker recognized by the type R sensor (type R marker) are not the same.
[0017] In some aspects, the payload sequence useful for the disclosure comprises a
plurality of the first type P sensor. In some aspects, the plurality of the first type P sensor comprises
two first type P sensors, three first type P sensors, four first type P sensors, five first type P sensors,
six first type P sensors, seven first type P sensors, eight first type P sensors, nine first type P sensors,
ten first type P sensors, eleven first type P sensors, or twelve first type P sensors. In some aspects,
each of the first type P sensors is the same. In some aspects, one or more of the first type P sensors
are different.
[0018] In some aspects, the payload sequence useful for the disclosure comprises a
plurality of the second type P sensor. In some aspects, the plurality of the second type P sensor
comprises two second type P sensors, three second type P sensors, four second type P sensors, five
second type P sensors, six second type P sensors, seven second type P sensors, eight second type
P sensors, nine second type P sensors, ten second type P sensors, eleven second type P sensors, or
twelve second type P sensors. In some aspects, each of the second type P sensors is the same. In
some aspects, one or more of the second type P sensors are different.
[0019] In some aspects, a payload sequence provided herein (e.g., described above)
comprises a plurality of type P spacer. In some aspects, each of the type P spacers is the same. In
some aspects, one or more of the type P spacers are different. In some aspects, (a) at least one type
P spacer is positioned between the first type P sensor and the second type P sensor; (b) at least one
type P spacer is positioned upstream of both the first type P sensor and the second type P sensor;
(c) atleast one type P spacer is positioned downstream of both the first type P sensor and the second
type P sensor; or (d) any combination of (a) to (¢).
[0020] Where a synthetic circuit useful for the disclosure comprises a plurality of first type
P sensors, in some aspects, two or more of the first type P sensors are separated by a type P spacer.
In some aspects, each of the first type P sensors are separated by a type P spacer.
[0021] Where a synthetic circuit useful for the disclosure comprises a plurality of second
type P sensors, in some aspects, two or more of the second type P sensors are separated by a type
P spacer. In some aspects, each of the second type P sensors are separated by a type P spacer.
[0022] In some aspects, the type P spacer useful for the disclosure is between about 1 to
about 50 nucleotides in length. In some aspects, the type P spacer is at least about 10 nucleotides
in length. In some aspects, the type P spacer is about 10 nucleotides in length, about 20 nucleotides

in length, or about 50 nucleotides in length. In some aspects, the type P spacer comprises, consists
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essentially of, or consists of the sequence tttccttteccectteectt (SEQ ID NO: 2) or geggccgcetaaa
(SEQ ID NO: 3) or fragments thereof.
[0023] For any of the synthetic circuits provided herein (e.g., such as those described
above) that is useful for the disclosure, in some aspects, the regulator sequence comprises a
plurality of the type R sensor. In some aspects, the plurality of the type R sensor comprises two
type R sensors, three type R sensors, four type R sensors, five type R sensors, six type R sensors,
seven type R sensors, or eight or more type R sensors. In some aspects, each of the type R sensors
is the same. In some aspects, one or more of the type R sensors are different.
[0024] In some aspects, the regulator sequence useful for the disclosure comprises a spacer
sequence (type R spacer). In some aspects, the regulator sequence comprises a plurality of type R
spacer. In some aspects, each of the type R spacers is the same. In some aspects, one or more of
the type R spacers are different.
[0025] Where a synthetic circuit useful for the disclosure comprises a plurality of the type
R sensor, in some aspects, two or more of the type R sensors are separated by a type R spacer. In
some aspects, each of the type R sensors are separated by a type R spacer. In some aspects, at least
one type R spacer is upstream of at least one type R sensor.
[0026] In some aspects, the type R spacer useful for the disclosure is between about 1 to
about 50 nucleotides in length. In some aspects, the type R spacer is at least about 10 nucleotides
in length. In some aspects, the type R spacer is about 10 nucleotides in length, about 20 nucleotides
in length, or about 50 nucleotides in length. In some aspects, the type R spacer comprises, consists
essentially of, or consists of the sequence tttcctttcceccttecectttttectttectttectttcecccttecctt (SEQ 1D
NO: 1) or a fragment thereof. In some aspects, the type R spacer comprises, consists essentially of,
or consists of the sequence tttccttteccectteectt (SEQ ID NO: 2). In some aspects, the type R spacer
comprises, consists essentially of, or consists of the sequence gcggecgetaaa (SEQ ID NO: 3).
[0027] For any of the synthetic circuits provided herein (e.g., described above) that is
useful for the disclosure, in some aspects, the first marker, the second marker, or the first and
second markers comprise a microRNA, a protein, a metabolite, or combinations thereof.
[0028] In some aspects, the marker is a regulator, wherein the regulator comprises a RNA-
binding protein, siRNA, shRNA, pre-miRNA, ribozyme, or combinations thereof. In some aspects,
the RNA-binding protein comprises a ribonuclease. In some aspects, the ribonuclease comprises a
Cas protein. In some aspects, the Cas protein comprises a Cas6 protein.
[0029] For any of the synthetic circuits provided herein (e.g., described above) that is
useful for the disclosure, in some aspects, the payload sequence, the regulator sequence, or both

the payload and regulator sequences comprise a linear RNA or a circular RNA. In some aspects,
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the payload sequence is a self-replicating RNA and the regulator sequence is a non-replicating
RNA. In some aspects, the payload sequence is a self-replicating RNA and the regulator sequence
is a circular RNA. In some aspects, the payload sequence is a self-replicating RNA and the
regulator sequence is a linear non-replicating RNA. In some aspects, the payload sequence is a
circular RNA and the regulator sequence is a circular RNA. In some aspects, the payload sequence
is a circular RNA and the regulator sequence is a linear non-replicating RNA.
[0030] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a self-replicating RNA
and comprises a sensor that is capable of specifically recognizing the regulator (type P sensor);
wherein the regulator sequence is a circular RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor); and wherein the regulator and the marker
recognized by the type R sensor (type R marker) are not the same.
[0031] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a self-replicating RNA
and comprises a first sensor that is capable of specifically recognizing the regulator (first type P
sensor) and a second sensor that is capable of specifically recognizing a marker (second type P
sensor), wherein the regulator sequence is a circular RNA and comprises a sensor that is capable
of specifically recognizing a marker (type R sensor); and wherein the regulator, the marker
recognized by the second type P sensor (type P marker), and the marker recognized by the type R
sensor (type R marker) are not the same.
[0032] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a self-replicating RNA
comprises a sensor that is capable of specifically recognizing the regulator (type P sensor); wherein
the regulator sequence is a non-replicating linear RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor); and wherein the regulator and the marker
recognized by the type R sensor (type R marker) are not the same.
[0033] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a self-replicating RNA
and comprises a first sensor that is capable of specifically recognizing the regulator (first type P

sensor) and a second sensor that is capable of specifically recognizing a marker (second type P



WO 2025/024559 PCT/US2024/039355
-8-

sensor); wherein the regulator sequence is a non-replicating linear RNA and comprises a sensor
that is capable of specifically recognizing a marker (type R sensor); and wherein the regulator, the
marker recognized by the second type P sensor (type P marker), and the marker recognized by the
type R sensor (type R marker) are not the same.
[0034] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a self-replicating RNA
and comprises a first sensor that is capable of specifically recognizing the regulator (first type P
sensor) and a second sensor that is capable of specifically recognizing a marker (second type P
sensor); wherein the regulator sequence is a circular RNA and comprises a sensor that is capable
of specifically recognizing a marker (type R sensor); and wherein the regulator, the marker
recognized by the second type P sensor (type P marker), and the marker recognized by the type R
sensor (type R marker) are not the same.
[0035] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a self-replicating RNA
comprises a sensor that is capable of specifically recognizing the regulator (type P sensor); wherein
the regulator sequence is a non-replicating linear RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor); and wherein the regulator and the marker
recognized by the type R sensor (type R marker) are not the same.
[0036] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a self-replicating RNA
and comprises a first sensor that is capable of specifically recognizing the regulator (first type P
sensor) and a second sensor that is capable of specifically recognizing a marker (second type P
sensor); wherein the regulator sequence is a non-replicating linear RNA and comprises a sensor
that is capable of specifically recognizing a marker (type R sensor); and wherein the regulator, the
marker recognized by the second type P sensor (type P marker), and the marker recognized by the
type R sensor (type R marker) are not the same.
[0037] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a circular RNA and
comprises a sensor that is capable of specifically recognizing the regulator (type P sensor); wherein

the regulator sequence is a circular RNA and comprises a sensor that is capable of specifically
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recognizing a marker (type R sensor); and wherein the regulator and the marker recognized by the
type R sensor (type R marker) are not the same.
[0038] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a circular RNA and
comprises a first sensor that is capable of specifically recognizing the regulator (first type P sensor)
and a second sensor that is capable of specifically recognizing a marker (second type P sensor);
wherein the regulator sequence is a circular RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor); and wherein the regulator, the marker
recognized by the second type P sensor (type P marker), and the marker recognized by the type R
sensor (type R marker) are not the same.
[0039] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a circular RNA and
comprises a sensor that is capable of specifically recognizing the regulator (type P sensor); wherein
the regulator sequence is a non-replicating linear RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor); and wherein the regulator and the marker
recognized by the type R sensor (type R marker) are not the same.
[0040] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence); wherein the payload sequence is a circular RNA and
comprises a first sensor that is capable of specifically recognizing the regulator (first type P sensor)
and a second sensor that is capable of specifically recognizing a marker (second type P sensor);
wherein the regulator sequence is a non-replicating linear RNA and comprises a sensor that is
capable of specifically recognizing a marker (type R sensor); and wherein the regulator, the marker
recognized by the second type P sensor (type P marker), and the marker recognized by the type R
sensor (type R marker) are not the same.
[0041] For any of the synthetic circuits provided herein (e.g., described above), in some
aspects, (a) the payload sequence comprises a plurality of the first type P sensor, (b) the payload
sequence comprises a plurality of the second type P sensor, (¢) the regulator sequence comprises a
plurality of the type R sensor, or (d) any combination of (a) to (c).
[0042] In some aspects, (a) the payload sequence comprises a spacer sequence (type P
spacer), (b) the regulator sequence comprises a spacer sequence (type R spacer), or (¢) both (a) and

(b). In some aspects, (a) the type P spacer is positioned between the first type P sensor and the
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second type P sensor; (b) the type P spacer is positioned upstream of both the first type P sensor
and the second type P sensor; (c) the type P spacer is positioned downstream of both the first type
P sensor and the second type P sensor; or (d) any combination of (a) to (c).
[0043] In some aspects, the payload sequence comprises the plurality of the first type P
sensor, wherein two or more of the first type sensors are separated by a type P spacer. In some
aspects, the payload sequence comprises the plurality of the second type P sensor, wherein two or
more of the second type sensors are separated by a type P spacer. In some aspects, the regulator
sequence comprises the plurality of the type R sensor, wherein two or more of the type R sensors
are separated by a type R spacer.
[0044] In some aspects, the type P spacer, type R spacer, or both are between about 1 to
about 50 nucleotides in length. In some aspects, the type P spacer, type R spacer, or both comprise,
consist essentially of, or consist of the sequence tttcctttcceccttecctttttectttectttectttcceecttecctt
(SEQ ID NO: 1) or a fragment thereof. In some aspects, the type P spacer, type R spacer, or both
comprise, consist essentially of, or consist of the sequence tttcctttcecectteectt (SEQ ID NO: 2). In
some aspects, the type P spacer, type R spacer, or both comprise, consist essentially of, or consist
of the sequence gcggecgetaaa (SEQ ID NO: 3) or a fragment thereof. In some aspects, the type P
spacer, type R spacer, or both comprise, consist essentially of, or consist of the sequence
geggecgcetaaa (SEQ ID NO: 3).
[0045] In some aspects, the type P marker, type R marker, or both comprise a microRNA,
a protein, a metabolite, or combinations thereof. In some aspects, the regulator comprises a RNA-
binding protein, siRNA, shRNA, pre-miRNA, ribozyme, or combinations thereof.
[0046] In some aspects, the regulatory is a RNA-binding protein, wherein the RNA-
binding protein comprises a ribonuclease. In some aspects, the ribonuclease comprises a Cas
protein. In some aspects, the Cas protein comprises a Cas6 protein.
[0047] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence), wherein, when the payload sequence and the regulator
sequence are present in an immune cell, the payload is expressed in the immune cell for a first
expression and the regulator is expressed in the immune cell for a second expression, and wherein
the first expression is greater than the second expression.
[0048] In some aspects, (a) the payload sequence comprises a first sensor that is capable of
specifically recognizing the regulator (first type P sensor) and a second sensor that is capable of
specifically recognizing a marker (second type P sensor), (b) the regulator sequence comprises a

sensor that is capable of specifically recognizing a marker (type R sensor); and wherein the
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regulator, the marker recognized by the second type P sensor (type P marker), and the marker
recognized by the type R sensor (type R marker) are not the same.
[0049] In some aspects, the recognition of the type P marker by the second type P sensor
inhibits the expression of the payload. In some aspects, the recognition of the type R marker by the
type R sensor inhibits the expression of the regulator.
[0050] In some aspects, (a) the immune cell does not express sufficient levels of the type
P marker to turn on the second type P sensor, and (b) the immune cell expresses sufficient levels
of the type R marker to turn on the type R sensor. In some aspects, (a) the non-immune cell
expresses sufficient levels of the type P marker to turn on the second type P sensor, (b) the non-
immune cell does not express sufficient levels of the type R marker to turn on the type R sensor,
or (¢) both (a) and (b).
[0051] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence), wherein, when the payload sequence and the regulator
sequence are present in a non-immune cell, the payload is expressed in the non-immune cell for a
first expression and the regulator is expressed in the non-immune cell for a second expression, and
wherein the second expression is greater than the first expression.
[0052] In some aspects, (a) the payload sequence comprises a first sensor that is capable of
specifically recognizing the regulator (first type P sensor) and a second sensor that is capable of
specifically recognizing a marker (second type P sensor), and (b) the regulator sequence comprises
a sensor that is capable of specifically recognizing a marker (type R sensor), and wherein the
regulator, the marker recognized by the second type P sensor (type P marker), and the marker
recognized by the type R sensor (type R marker) are not the same.
[0053] In some aspects, the binding of the type P marker to the second type P sensor
inhibits the expression of the payload. In some aspects, the non-immune cell comprises (a)
sufficient levels of the type P marker to turn on the second type P sensor, (b) levels of the type R
marker insufficient to turn on the type R sensor, or (¢) both (a) and (b). In some aspects, the binding
of the type R marker to the type R sensor inhibits the expression of the regulator. In some aspects,
the immune cell comprises: (a) levels of the type P marker insufficient to turn on the second type
P sensor, and and (b) sufficient levels of the type R marker to turn on the type R sensor.
[0054] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence), wherein, when the synthetic circuit is contacted with a

population of cells comprising an immune cell and a non-immune cell, the expression of the
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payload in the immune cell is higher than the corresponding expression in the non-immune cell. In
some aspects, wherein the expression of the payload in the immune cell is higher than the
corresponding expression in the non-immune cell by at least about 1-fold, at least about 2-fold, at
least about 3-fold, at least about 4-fold, at least about 5-fold, at least about 6-fold, at least about 7-
fold, at least about 8-fold, at least about 9-fold, at least about 10-fold, at least about 15-fold, at least
about 20-fold, at least about 25-fold, at least about 30-fold, at least about 35-fold, at least about
40-fold, at least about 45-fold, or at least about 50-fold, as compared to the corresponding
expression in the non-immune cell.
[0055] In some aspects, (a) the payload sequence comprises a first sensor that is capable of
specifically recognizing the regulator (first type P sensor) and a second sensor that is capable of
specifically recognizing a marker (second type P sensor), and (b) the regulator sequence comprises
a sensor that is capable of specifically recognizing a marker (type R sensor), and wherein the
regulator, the marker recognized by the second type P sensor (type P marker), and the marker
recognized by the type R sensor (type R marker) are not the same.
[0056] In some aspects, the binding of the type P marker to the second type P sensor
inhibits the expression of the payload. In some aspects, the non-immune cell comprises (a)
sufficient levels of the type P marker to turn on the second type P sensor, (b) levels of the type R
marker insufficient to turn on the type R sensor , or (¢) both (a) and (b). In some aspects, the binding
of the type R marker to the type R sensor inhibits the expression of the regulator. In some aspects,
the immune cell comprises: (a) levels of the type P marker insufficient to turn on the second type
P sensor, and and (b) sufficient levels of the type R marker to turn on the type R sensor.
[0057] In some aspects, a synthetic circuit useful for the disclosure comprises: (a) a first
nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide sequence
encoding a regulator (regulator sequence), wherein, when the synthetic circuit is contacted with a
population of cells comprising an immune cell and a non-immune cell, the expression of the
payload in the immune cell is higher than the corresponding expression in the non-immune cell. In
some aspects, the expression of the payload in the immune cell is higher than the corresponding
expression in the non-immune cell by at least about 1-fold, at least about 2-fold, at least about 3-
fold, at least about 4-fold, at least about 5-fold, at least about 6-fold, at least about 7-fold, at least
about 8-fold, at least about 9-fold, at least about 10-fold, at least about 15-fold, at least about 20-
fold, at least about 25-fold, at least about 30-fold, at least about 35-fold, at least about 40-fold, at
least about 45-fold, or at least about 50-fold, as compared to the corresponding expression in the

non-immune cell.
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[0058] In some aspects, (a) the payload sequence comprises a first sensor that is capable of
specifically recognizing the regulator (first type P sensor) and a second sensor that is capable of
specifically recognizing a marker (second type P sensor), and (b) the regulator sequence comprises
a sensor that is capable of specifically recognizing a marker (type R sensor); and wherein the
regulator, the marker recognized by the second type P sensor (type P marker), and the marker
recognized by the type R sensor (type R marker) are not the same.
[0059] In some aspects, the binding of the type P marker to the second type P sensor
inhibits the expression of the payload. In some aspects, the binding of the type R marker to the
type R sensor inhibits the expression of the regulator. In some aspects, (a) the immune cell does
not comprise sufficient level of the type P marker to turn on the second type P sensor, and (b) the
immune cell expresses sufficient levels of the type R marker to turn on the type R sensor. In some
aspects, (a) the non-immune cell expresses sufficient levels of the type P marker to turn on the
second type P sensor , (b) the non-immune cell does not express sufficient levels of the type R
marker to turn on the type R sensor, or (¢) both (a) and (b).
[0060] For at least the above-described synthetic circuits, in some aspects, the payload
sequence is a self-replicating RNA. In some aspects, the regulator sequence is a non-replicating
linear RNA. In some aspects, the payload sequence is a circular RNA. In some aspects, the
regulator sequence is a circular RNA. In some aspects, the payload sequence is a self-replicating
RNA and the regulator sequence is a circular RNA. In some aspects, the payload sequence is a
self-replicating RNA and the regulator sequence is a non-replicating linear RNA. In some aspects,
the payload sequence is a circular RNA and the regulator sequence is a circular RNA. In some
aspects, the payload sequence is a circular RNA and the regulator sequence is a non-replicating
linear RNA.
[0061] In some aspects, the above-described synthetic circuits comprise a payload
sequence and a regulator sequences, wherein: (a) the payload sequence comprises a plurality of the
first type P sensor, (b) the payload sequence comprises a plurality of the second type P sensor, (¢)
the regulator sequence comprises a plurality of the type R sensor, or (d) any combination of (a) to
(0.
[0062] In some aspects, (a) the payload sequence comprises a spacer sequence (type P
spacer), (b) the payload sequence comprises a spacer sequence (type R spacer), or (c) both (a) and
(b). In some aspects, the type P spacer is positioned between the first type P sensor and the second
type P sensor. In some aspects, the type P spacer is positioned between the payload coding
sequence and (a) the first type P sensor, (b) the second type P sensor, or (c) both (a) and (b). In

some aspects, the type R spacer is positioned between the regulator coding sequence and the type
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R sensor. In some aspects, the payload sequence comprises the plurality of the first type P sensor,
wherein two or more of the first type sensors are separated by a type P spacer. In some aspects, the
payload sequence comprises the plurality of the second type P sensor, wherein two or more of the
second type sensors are separated by a type P spacer. In some aspects, the regulator sequence
comprises the plurality of the type R sensor, wherein two or more of the type R sensors are
separated by a type R spacer.
[0063] In some aspects, the type P spacer, type R spacer, or both are between about 1 to
about 50 nucleotides in length. In some aspects, the type P spacer, type R spacer, or both comprise,
consist essentially of, or consist of the sequence tttcctttcceecttecctttttectttectttectttceeecttecctt
(SEQ ID NO: 1) or a fragment thereof. In some aspects, the type P spacer, type R spacer, or both
comprise, consist essentially of, or consist of the sequence tttcctttceccctteectt (SEQ ID NO: 2). In
some aspects, the type P spacer, type R spacer, or both comprise, consist essentially of, or consist
of the sequence gcggccgcetaaa (SEQ ID NO: 3) or a fragment thereof.
[0064] In some aspects, the type P marker, type R marker, or both comprise a microRNA.
In some aspects, the regulator comprises a RNA-binding protein, siRNA, aptamer, or combinations
thereof. In some aspects, the RNA-binding protein comprises a ribonuclease. In some aspects, the
ribonuclease comprises a Cas protein. In some aspects, the Cas protein comprises a Cas6 protein.
[0065] For any of the synthetic circuits provided in the present disclosure (e.g., described
above), in some aspects, the payload comprises a therapeutic protein, reporter protein,
immunomodulatory protein, chimeric antigen receptor, or combinations thereof. In some aspects,
the payload sequence comprises one or more elements that enhance the translation of the encoded
protein as compared to the regulator sequence. In some aspects, the one or more elements comprise
an aptamer for a translational initiation factor (e.g., e[F4G).
[0066] In some aspects, a synthetic circuit provided herein (e.g., described above) further
comprises: (1) an Internal Ribosome Entry Site (IRES), (2) a UTR, (3) a sequence encoding a
signal peptide, (4) a translation initiation sequence, (5) a polyA sequence, (6) a sequence encoding
a RNA binding protein, (7) a sequence encoding a 2A ribosome skip peptide, or (8) any
combination of (1) to (7).
[0067] For any of the synthetic circuits provided herein (e.g., described above), in some
aspects, the synthetic circuit does not comprise any sequences derived from a non-human genome.
[0068] Some aspects of the present disclosure relates to a vector comprising a synthetic
circuit provided herein.
[0069] Also provided herein are nanoparticles comprising (1) any of the synthetic circuits

of the present disclosure (e.g., described above) and (ii) one or more types of lipids and/or lipid
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like materials. In some aspects, the one or more types of lipid comprise an ionizable lipid, cationic
lipid, lipidoid, non-cationic helper lipid, phospholipid, sterol or other structural lipids, or
combinations thereof.
[0070] In some aspects, the ionizable lipid comprises ((4-
hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate) (ALC-0315), heptadecan-9-yl
8-((2-hydroxyethyl)(6-ox0-6-(undecyloxy)hexyl)amino) octanoate (SM-102), heptadecan-9-yl 8-
((2-hydroxyethyl)(8-(nonyloxy)-8-oxooctyl)amino)octanoate (Lipid 5), di((£)-non-2-en-1-yl) 9-
((4-(dimethylamino)butanoyl)oxy)heptadecanedioate ~ (L319),  3-(didodecylamino)-N1,N1,4
tridodecyl-1-piperazineethanamine (KL10), NI-[2 (didodecylamino)ethyl]-N1,N4,N4-tridodecyl
1,4-piperazinediethanamine ~ (KL22),  14,25-ditridecyl-15,18,21,24-tetraaza-octatriacontane
(KL25),  1,2-dilinoleyloxy-N,N-dimethylaminopropane  (DLin-DMA),  2,2-dilinoleyl-4-
dimethylaminomethyl-[1,3]-dioxolane (DLin-K-DMA), heptatriaconta-6,9,28,3 1-tetraen-19-yl-4-
(dimethylamino)butanoate (DLin-MC3-DMA), 2,2-dilinoleyl-4-(2 dimethylaminoethyl)-[1,3]-
dioxolane (DLin-KC2-DMA), 1,2-dioleyloxy-N,N-dimethylaminopropane (DODMA), 2-({8-
[(3B)-cholest-5-en-3-yloxy]octyl } oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-dien-1-
yloxy]propan-1-amine (Octyl-CLinDMA), (2R)-2-({8-[(3B)-cholest-5-en-3-yloxy]octyl}oxy)-
N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-dien-1-yloxy |propan-1-amine (Octyl-CLinDMA (2R)),
and (2S)-2-({8-[(3B)-cholest-5-en-3-yloxyJoctyl } oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-
dien-1-yloxy]propan-1-amine (Octyl-CLinDMA (2S)) or combinations thereof.
[0071] In some aspects, the cationic lipid comprises 1,2-dioleoyl-3 -trimethylammonium-
propane (DOTAP), lipofectamine, N-[1-(2,3- dioleoyloxy)propyl]-N,N,N-trimethylammonium
chloride (DOTMA), 1-[2- (oleoyloxy)ethyl]-2-oleyl-3-(2-hydroxyethyl)imidazolinium chloride
(DOTEVI), 2.3- dioleyloxy-N-[2(sperminecarboxamido)ethyl]-N,N-dimethyl-l-propanaminium
trifluoroacetate (DOSPA), N,N-distearyl-N,N-dimethylammonium bromide (DDAB), N-(1 ,2-
dimyristyloxyprop-3 -yl)-N,N-dimethyl-N-hydroxy ethyl ammonium bromide (DMRIE), N-(1,2-
dioleoyloxyprop-3-yl1)-N,N-dimethyl-N-hydroxy ethyl ammonium bromide (DORIE), N,/N-
dioleyl-N,N-dimethylammonium chloride (DODAC), 1,2-dilauroyl-sn-glycero-3-
ethylphosphocholine (DLePC), 1,2-distearoyl-3- trimethylammonium-propane (DSTAP), ,2-
dipalmitoyl-3 -trimethylammonium-propane (DPTAP), 1,2-dilinoleoyl-3 -trimethylammonium-
propane (DLTAP), 1,2-dimyristoyl-3- trimethylammonium-propane (DMTAP), 1,2-distearoyl -sn-
glycero-3- ethylphosphocholine (DSePC), 1,2-dipalmitoyl-sn-glycero-3-ethylphosphocholine
(DPePC), 1,2-dimyristoyl -sn-glycero-3-ethylphosphocholine (DMePC), 1,2-dioleoyl-sn- glycero-
3-ethylphosphocholine (DOePC), 1,2-di-(9Z-tetradecenoyl)-sn-glycero-3- ethylphosphocholine
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(14: 1 EPC), l-palmitoyl-2-oleoyl-sn-glycero-3-ethylphosphocholine (16:0-18: 1 EPC), or any
combination thereof.

[0072] In some aspects, the lipidoid comprises 1,1'-((2-(4-(2-((2-(bis(2-hydroxydodecyl)
amino)ethyl) (2- hydroxydodecyl)amino)ethyl) piperazin-1-yl)ethyl)azanediyl) bis(dodecan-2-ol)
(C12-200),  3,6-bis(4-(bis(2-hydroxydodecyl)amino)butyl)piperazine2,5-dione  (cKK-E12),
tetrakis(8-methylnonyl) 3,3',3".3"- (((methylazanediyl) bis(propane-3,1 diyl))bis
(azanetriyl))tetrapropionate ~ (3060i10), GO-C14, 5A2-SC8,  3,6-bis(4-(bis((9Z,127)-2-
hydroxyoctadeca9,12-dien-1-yl)amino)butyl)piperazine-2,5-dione (OF-02), (((3,6-
dioxopiperazine-2,5-diyl)bis (butane-4,1-diyl))bis(azanetriyl))tetrakis(ethane2, 1-diyl)
(92,9'2,9"7.,9"7,127,12'7,12"7,12"Z)-tetrakis (octadeca-9,12-dienoate) (OF-Deg-Lin), (((3,6-
dioxopiperazine-2,5-diyl)bis(butane-4,1-diyl)) bis(azanetriyl))tetrakis (butane-4,1-diyl)
(92,9'72.,9"7.,9"7,127,12'7Z,12"7,12"7)-tetrakis ~ (octadeca-9,12-dienoate)  (OF-C4-Deg-Lin),
N1,N3,N5-tris(3-(didodecylamino)propyl)benzenel,3,5-tricarboxamide (TT3), Hexa(octan-3-yl)
9,9',9" 9" 9" 9" ((((benzene-1,3,5-tricarbonyl)ris(azanediyl)) tris (propane-3,1-
diyl))tris(azanetriyl))hexanonanoate (FTT5), PL-1, 98N12-5, ethyl 5,5-di((Z)-heptadec-8-en-1-
y1)-1-(3-(pyrrolidin-1-yl)propyl)-2,5-dihydro-1H-imidazole-2-carboxylate (A2-1s05-2DC18
(A2)), A12-1s05-2DC18 (A12), or any combination thereof. In some aspects, the lipidoid is TT3.
[0073] In some aspects, the phospholipid comprises 1,2-dilinoleoyl-sn-glycero-3
phosphocholine (DLPC), 1,2-dimyristoyl-sn-glycerol-phosphocholine (DMPC), 1,2-dioleoyl-sn
glycerol-3-phosphocholine (DOPC), 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), 1,2-diundecanoyl-sn-glycero-phosphocholine
(DUPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1,2-di-O-octadecenyl-sn-
glycero-3-phosphocholine (18:0 Diether PC), 1-oleoyl-2-cholesterylhemisuccinoyl-sn-glycero-3-
phosphocholine (OChemsPC), 1-hexadecyl-sn-glycero-3-phosphocholine (C16 Lyso PC), 1,2-
dilinolenoyl-sn-glycero-3-phosphocholine, 1,2-diarachidonoyl-sn-glycero-3-phosphocholine, 1,2-
didocosahexaenoyl-sn-glycero-3-phosphocholine, 1,2-dioleoyl-sn-glycero-3-phosphoethanola
mine (DOPE), 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (ME 16.0 PE), 1,2-distearoyl-
sn-glycero-3-phosphoethanolamine, 1,2-dilinoleoyl-sn-glycero-3-phosphoethanolamine, 1,2-
dilinolenoyl-sn-glycero-3-phosphoethanolamine, 1,2-diarachidonoyl-sn-glycero-3-
phosphoethanolamine, 1,2-didocosahexaenoyl-sn-glycero-3-phosphoethanolamine, 1,2-dioleoyl-
sn-glycero-3-phospho-rac-(1-glycerol) sodium salt (DOPG), sphingomyelin, and any
combinations thereof.

[0074] In some aspects, the phospholipid is selected from the group consisting of 1-
myristoyl-2-palmitoyl-sn-glycero-3-phosphocholine  (14:0-16:0 PC, MPPC), 1-myristoyl-2
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stearoyl-sn-glycero-3-phosphocholine (14:0-18:0 PC, MSPC), 1-palmitoyl 2-acetyl-sn-glycero-3-
phosphocholine (16:0-02:0 PC), 1-palmitoyl-2-myristoyl-sn-glycero-3-phosphocholine (16:0-14:0
PC, PMPC), 1-palmitoyl-2-stearoyl-sn-glycero-3-phosphocholine (16:0-18:0 PC, PSPC), 1-
palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (16:0-18: 1 PC, POPC), 1-palmitoyl-2-linoleoyl-
sn-glycero-3-phosphocholine (16:0-18:2 PC, PLPC), 1-palmitoyl-2-arachidonoyl-sn-glycero-3-
phosphocholine (16:0-20:4 PC), 1-palmitoyl-2-docosahexaenoyl-sn-glycero-3-phosphocholine
(14:0-22:6 PC), 1-stearoyl-2-myristoyl-sn-glycero-3-phosphocholine (18:0-14:0 PC, SMPC), 1-
stearoyl-2-palmitoyl-sn-glycero-3-phosphocholine (18:0-16:0 PC, SPPC), 1-stearoyl-2-oleoyl-sn-
glycero-3-phosphocholine  (18:0-18: 1 PC, SOPC), 1-stearoyl-2-linoleoyl-sn-glycero-3-
phosphocholine (18:0-18:2 PC), 1-stearoyl-2-arachidonoyl-sn-glycero-3-phosphocholine (18:0-
20:4 PC), 1-stearoyl-2-docosahexaenoyl-sn-glycero-3-phosphocholine (18:0-22:6 PC), 1-oleoyl-
2-myristoyl-sn-glycero-3-phosphocholine (18: 1-14:0 PC, OMPC), 1-oleoyl-2-palmitoyl-sn-
glycero-3-phosphocholine  (18: 1-16:0 PC, OPPC), 1-oleoyl-2-stearoyl-sn-glycero-3-
phosphocholine (18: 1-18:0 PC, OSPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine
(16:0- 18: 1 PE, POPE), 1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphoethanolamine (16:0-18:2
PE), 1-palmitoyl-2-arachidonoyl-sn-glycero-3-phosphoethanolamine (16:0-20:4 PE), 1-palmitoyl-
2-docosahexaenoyl-sn-glycero-3-phosphoethanolamine (16:0-22:6 PE), 1-stearoyl-2-oleoyl-sn-
glycero-3-phosphoethanolamine  (18:0-18: 1  PE),  1-stearoyl-2-linoleoyl-sn-glycero-3-
phosphoethanolamine (18:0-18:2 PE), 1-stearoyl-2-arachidonoyl-sn-glycero-3-
phosphoethanolamine (18:0-20:4 PE), 1-stearoyl-2-docosahexaenoyl-sn-glycero-3-
phosphoethanolamine (18:0-22:6 PE), 1-oleoyl-2-cholesterylhemisuccinoyl-sn-glycero-3-
phosphocholine (OChemsPC), and any combination thereof.

[0075] In some aspects, the sterol comprises a cholesterol, fecosterol, sitosterol, ergosterol,
campesterol, stigmasterol, brassicasterol, tomatidine, tomatine, ursolic acid, alpha- tocopherol, and

combinations thereof.

[0076] In some aspects, the one or more types of lipids and/or lipid like materials are
pegylated.
[0077] In some aspects, any of the nanoparticles provided herein (e.g., described above),

further comprises a targeting ligand.

[0078] For any of the nanoparticles provided herein (e.g., described above), in some
aspects, the one or more types of lipids and/or lipid like materials comprise a molar ratio of about
10-50% ionizable lipid (e.g., cationic lipid). In some aspects, the one or more types of lipids and/or
lipid like materials comprise a molar ratio of about 10-40% phospholipid. In some aspects, the one

or more types of lipids and/or lipid like materials comprise a molar ratio of about 20-50% sterol
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(e.g., cholesterol). In some aspects, the one or more types of lipids and/or lipid like materials
comprise a molar ratio of about 0-10% pegylated lipid.
[0079] Also provided herein is a pharmaceutical composition useful for the disclosure
comprising any of the synthetic circuits, vectors, or nanoparticles described herein, and a
pharmaceutically acceptable carrier. In some aspects, the pharmaceutical composition is
formulated for intratumoral, intrathecal, intramuscular, intravenous, subcutaneous, inhalation,
intradermal, intralymphatic, intraocular, intraperitoneal, intrapleural, intraspinal, intravascular,

nasal, percutaneous, sublingual, submucosal, transdermal, or transmucosal administration.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0080] FIG. 1 is a schematic of exemplary synthetic circuits described herein. As shown,
the regulator sequence and/or the payload sequence can be linear or circular.

[0081] FIG. 2 is a schematic showing target site arrays consisting of target sites (TS) that
all bind to the same siRNA. Each of the sequences comprises a coding region (encoding mVenus-
PEST) and a 3'-UTR. As shown, the sequences include no target site ("No TS"), a single target site
("1X TS"), two target sites ("2X TS"), three target sites ("3X TS"), or four target sites ("4X TS").
As also shown, some of the sequences additionally comprise one or more spacer sequences ranging
in length from 10 nucleotides to 50 nucleotides.

[0082] FIG. 3 shows the effect of the number of adjacent target sites (TS) immediately
following the stop codon of an mVenus-PEST reporter on payload expression. Specifically, the
figure provides a graph depicting mVenus median fluorescence in arbitrary units (a.u.) for
constructs containing either 1X siRNA TS, 2X siRNA TS, 3X siRNA TS, 4X siRNA TS, no TS,
or no reporter following administration of siRNA (0, 1, 10, or 100 nM). Data represent the median
collected via flow cytometry from three technical replicates (n = 3) at 20 hours post electroporation
of reporter and siRNA.

[0083] FIG. 4 shows the effect of spacer sequences on payload expression. Specifically,
the figure provides a graph depicting mVenus median fluorescence (a.u.) for reporter constructs
containing two siRNA target sites that are either immediately adjacent (2X siRNA?2), separated by
a 20 nucleotide (nt) spacer sequence (2X siRNA?2 - 20nt), or separated by a 50nt spacer sequence
(2X siRNA2 - 50nt), as well as a control reporter construct with no target sites (No TS), and a
control condition not transfected with mVenus reporter (No Reporter), following administration of

siRNA (0, 1, 10, or 100 nM). Data represent the median fluorescence intensity from three technical
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replicates (n = 3) as determined by flow cytometry at 20 hours post electroporation of reporter and
siRNA.
[0084] FIG. 5 shows the effect on payload expression of increasing target site copy number
when a 20nt spacer sequence is included between target sites. Specifically, the figure provides a
graph depicting mVenus median fluorescence (a.u.) for constructs containing two, three, or four
siRNA target sites (TS) with a 20 nucleotide (nt) spacer sequence in between neighboring TS (2X
siRNA2 - 20 nt, 3X siRNA2 - 20 nt, 4X siRNA2 - 20 nt, respectively), no TS, or no reporter
following administration of siRNA (0, 1, 10, or 100 nM). Data represent the median collected via
flow cytometry from three technical replicates (n = 3) at 20 hours post electroporation of reporter
and siRNA.
[0085] FIGs. 6A-6B show the assessment of detargeting payload expression for linear
(FIG. 6A) and circular (FIG. 6B) RNA. FIG. 6A is a graph depicting mVenus-PEST fluorescence
(a.u.) for linear modRNA circuits containing an mVenus-PEST reporter and zero to four miR-b
target sites in the 3' UTR (No miR TS, 1X TS, 2X TS, or 4X TS) in hepatocytes (Huh-7) vs. a
control (HEK293T) cell line. Background autofluorescence levels for each cell line are also plotted.
Data points represent the average of the geometric mean fluorescence intensity collected from three
technical replicates (n = 3) at 20 hours post electroporation. FIG. 6B is a graph depicting median
fluorescence intensity (a.u.) for circRNA constructs containing 1-4 miR-a target sites immediately
following the stop codon of an mVenus-PEST reporter (No TS, 1X TS, 2X TS, or 4X TS) in the
HEK293T cell line versus the HeLa cell lines. Data represent the average of the geometric mean
fluorescence intensity collected from three technical replicates (n = 3) at 4 and 24 hours post
electroporation.
[0086] FIG. 7A is a schematic showing the position of regulator target sites in an
exemplary circRNA expressing mVenus-PEST containing a containing CVB3 IRES, mVenus-
PEST, and a regulator (Cas6e) target site in one of five positions. FIG. 7B is a bar graph depicting
the effect of the presence or absence of the Cas6e regulator on percent of normalized (no) TS
expression in the circRNA construct shown in FIG. 7A compared to electroporation only and a
circRNA containing no Cas6e target site knockdown.
[0087] FIG. 8A is a schematic showing Nx base pair spacers between the stop codon and
array of 3' UTR target sites. FIGs. 8B-C are graphs depicting mVenus fluorescence (a.u.) for
constructs containing either 1X or 2X siRNA Target Sites (TS), and either 0, 7, or 12 nt spacer
following administration of siRNA (0, 1, 10, 100nM). Data represent the geometric mean
fluorescence intensity collected via flow cytometry from three technical replicates (n = 3) at 6 and

24hr hours post electroporation of reporter and siRNA.
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[0088] FIG. 9 is a schematic showing target site arrays for multiple input classifiers.
[0089] FIG. 10 is a graph depicting the effect of co-electroporation of siRNA(s) that have

or do not have target sites in the target site array on mVenus median fluorescence (a.u.) in
HEK293T cells electroporated with an mVenus-PEST reporter containing a target site array
immediately following the stop codon and either, no siRNA, siRNA 1, siRNA 2, or both (3X
siRNA1 - 20nt, 3X siRNA2 - 20nt, 3X siRNA2 - siRNAI Interleaved, 3X siRNA1 - siRNA2
Interleaved, 3X siRNA2 3X siRNA1 Adjacent, 3X siRNA1 3X siRNA2 Adjacent, no Target Sites,
No Reporter).

[0090] FIG. 11 is a schematic showing Nx miR and regulator target sites placed in either
the 5' or 3' UTRs in locations A, B, and C.

[0091] FIG. 12 is a bar graph depicting expression (fold change vs. No miR target
sequence (TS)) of circRNA in HEK293T, Huh-7, and HeLa cells electroporated with circRNA 4-
and 24 hours post-transfection. Circular RNAs contained either 4x miR-b TS or 4x miR-a TS.
[0092] FIGs. 13A-13C show downregulation of circRNA by the regulator Cas6e. FIG.
13A is a schematic showing linear and circular regulator RNA downregulating target circRNA
containing a Casb6e target site (TS) and encoding the fluorescent protein mVenus-PEST. FIG. 13B
is a bar graph showing that in BHK-21 cells transfected with target RNA containing the Cas6e TS,
circRNA and mRNA regulators mVenus expression is reduced to background levels. FIG. 13C is
a bar graph showing that Cas6e has no effect on mCherry expression of RNA (mRNA and
circRNA) that does not contain its target site.

[0093] FIGs. 14A-B are bar graphs that show the effects of a regulator on linear non-
replicating (non-rep) payload mRNA strands bearing a target sequence for the RNA regulator
(FIG. 14A) and replicon RNA bearing the RNA regulator's target sequence (FIG. 14B) mRNA.
FIG. 14A shows the effect on payload expression (a.u.) for the unmodified RNA (unmodRNA)
payload or the modified RNA (modRNA) payload for mRNAs transfected into BHK-21 cells with
or without co-transfection of modRNA expressing the RNA regulator. FIG. 14B shows the effect
of cells with or without co-transfection of modRNA expressing the RNA regulator on mVenus
positive cells (%) for replicon RNA bearing the RNA regulator's target sequence which was
transfected at two different doses (20ng or 40ng) into BHK-21 cells.

[0094] FIG. 15 is a bar graph depicting expression (fold change vs. No miR target
sequence (TS)) of RNA encoding EGFP-PEST driven by the CVB3 IRES in HEK293T and Huh-
7 cells electroporated with circular RNA. Circular RNAs contained either no miR TS, 4x miR-b
Target Sites, or 4x miR-a Target Sites immediately following the Stop Codon. A No Report Control
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was also used. The EP Only group (No Reporter Control) was normalized to average of CVB3
without miR TS.
[0095] FIG. 16 is a bar graph depicting the ratio of the normalized expression levels of
mVenus-PEST expression for HEK293T (non-cancer) cells compared to HeLa (cancer) cells post-
electroporation with various human miRNA target sites, corresponding to miRNAs that have
higher activity in HEK293T than HeLa cells. The geometric mean of mVenus-PEST expression in
each cell type was normalized to that of a modRNA with no miRNA sensors, following subtraction
of background fluorescence levels. Flow cytometry data was collected for both cell types (n = 3)
approximately 24 hours post-electroporation.
[0096] FIG. 17A shows the average geometric mean (GMean) of mVenus fluorescence
(a.u.) for non-replicating modRNA transfected via electroporation into HEK293T cells or into the
human liver cell line Huh-7, and FIG. 17B shows expression of mVenus fluorescence for replicon
RNA transfected via electroporation into HEK293T cells or into the human liver cell line Huh-7.
A non-replicating modRNA expressing the near-infrared fluorescent reporter protein miRFP720
was co-transfected with each replicon RNA to serve as a transfection marker. Data represents the
average geometric mean of three technical replicates (n = 3) of flow cytometry data collected
approximately 24 hours post-electroporation. The expression output (FIG. 17A) and percentages
of miRFP720-positive cells that were also positive for mVenus-PEST (FIG. 17B)
were calculated.
[0097] FIG. 18 is a bar graph depicting average radiance (p/s/cm2/sr) of firefly luciferase
from spleen, lung, kidney, lymph nodes (LN), and liver from mice injected with lipid nanoparticles
bearing reporter modRNA encoding firefly luciferase with (grey bars) and without (white bars) the
addition of a sensor for the liver-specific microRNA miR-b, or with a vehicle control (black bars).
Mice were sacrificed after 6 hours.
[0098] FIG. 19 is a bar graph depicting average radiance (p/s/cm2/sr) of firefly luciferase
from liver and spleen from mice injected with lipid nanoparticles bearing reporter modRNA
encoding firefly luciferase with (grey bars) and without (white bars) the addition of a sensor for a
spleen-associated miRNA, miR-h, or with a vehicle control. Mice were sacrificed after 6 hours.
[0099] FIG. 20 is a bar graph depicting expression of a green fluorescent reporter (Green
Object Mean Intensity, GCU) for Huh7 (black bars) and HEK293T (grey bars) cells transfected
with with an RNA circuit consisting of (1) a replicon payload strand expressing a green fluorescent
reporter and comprising a first type P sensor responsive to a regulator protein, Cas6e, and (2) a
linear non-replicating regulator strand expressing the regulator protein Cas6e and comprising a

type R sensor responsive to miR-b. Control Huh7 and HEK293T cells were transfected in parallel
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with an otherwise identical RNA circuit that lacked a type R sensor. Expression of the green
fluorescent payload was measured via quantitative imaging 6 hours post-transfection.

[0100] FIG. 21 is a bar graph depicting the effect of a type R sensor on expression of an
mVenus reporter protein (Payload Reporter) from a replicon payload RNA sequence. A linear non-
replicating regulator sequence was constructed that expresses the Cas6e regulator protein linked to
an mCherry reporter via a 2A self-cleaving peptide, such that the Cas6e regulator protein and the
mCherry reporter (Regulator Reporter) are co-expressed from the same RNA sequence. Another
version of the regulator sequence was constructed that also comprises a type R sensor recognizing
miR-i. A549 lung cancer cells, which express high levels of miR-i, were transfected with the
payload sequence alone, or were co-transfected with the payload sequence and one of the two
versions of the regulator sequence (with or without the type R sensor). At the bottom of the graph,
a "+" following "Regulator" indicates that the payload sequence was co-transfected with one of the
two versions of the regulator sequence. A "+" following "Type R Sensor" at the bottom of the
graph indicates that the payload sequence was co-transfected with the version of the regulator
comprising the type R sensor recognizing miR-i. The mean fluorescence intensities (MFI, a.u.) of
the mCherry Regulator Reporter and mVenus Payload Reporter in A549 lung cancer cells were

measured by flow cytometry.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0101] The present disclosure is generally directed to a method of producing engineered
immune cells for an extracorporeal cell therapy in a subject in need thereof comprising contacting
immune cells obtained by the subject with a synthetic circuit in a closed in-line system connected
to the subject, wherein the synthetic circuit is capable of expressing a payload selectively in the
immune cells. Also provided herein is a method of extracorporeally treating a disease or condition
in a subject in need thereof, comprising administering immune cells to the subject, wherein the
immune cells express a payload encoded by a synthetic circuit in a closed in-line system connected
to the subject, and wherein the synthetic circuit is capable of expressing the payload selectively in
the immune cells. In some aspects, the disclosure also includes a method of extracorporeally
treating a disease or condition in a subject in need thereof, comprising contacting immune cells
obtained by the subject with a synthetic circuit in a closed in-line system connected to the subject
and administering the immune cells expressing a payload encoded by the synthetic circuit to the

subject and wherein the synthetic circuit is capable of expressing the payload selectively in the
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immune cells. The disclosure also comprises immune cells used in the method as well as in-line
system comprising the cells.

[0102] The synthetic circuits useful for the present disclosusre are programmable synthetic
circuits that can be used to selectively regulate the expression of a gene in an immune cell. As
further described herein, the synthetic circuits useful for the present disclosure comprise a first
nucleotide sequence encoding a payload (payload sequence) and a second nucleotide sequence
encoding a regulator (regulator sequence), wherein both the payload sequence and the regulator
sequence comprise one or more "sensors," i.e., target sites capable of recognizing and interacting
with other molecules. For example, in some aspects, the payload sequence comprises a sensor that
is capable of recognizing a regulator (e.g., the regulator encoded by the regulator sequence) (also
referred to herein as a "first type P sensor"), and the regulator sequence comprises a sensor that
is capable of recognizing a marker (e.g., a miRNA expressed in an immune cell) (also referred to
herein as a "type R sensor"). In some aspects, the payload sequence can further comprise an
additional type P sensor, which is capable of recognizing a marker (e.g., a miRNA expressed in a
host cell) (also referred to herein as a “second type P sensor”). As further described herein, the
type P and type R sensors can be activated through recognition of their cognate regulator or marker,
and thereby regulate the activity of the payload and regulator sequences (e.g., inhibiting the
expression of the encoded protein). Not to be bound by any one theory, through the use of such
sensors, which can be specifically programmed based on the markers present in immune and/or
non-immune cells, the synthetic circuits described herein allow for highly specific gene regulation
and rapid decision making. Additional aspects of the present disclosure are provided throughout

the present application.

Definitions

[0103] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In case of conflict, the present application, including the definitions, will control. Unless
otherwise required by context, singular terms shall include pluralities and plural terms shall include
the singular.

[0104] Throughout this disclosure, the term "a" or "an" entity refers to one or more of that
entity; for example, "a polynucleotide," is understood to represent one or more polynucleotides.

As such, the terms "a" (or "an"), "one or more," and "at least one" can be used interchangeably

herein.
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[0105] Furthermore, "and/or" where used herein is to be taken as specific disclosure of
each of the two specified features or components with or without the other. Thus, the term "and/or"
as used in a phrase such as "A and/or B" herein is intended to include "A and B," "A or B," "A"
(alone), and "B" (alone). Likewise, the term "and/or" as used in a phrase such as "A, B, and/or C"
is intended to encompass each of the following aspects: A, B, and C; A, B, or C; A or C; A or B;
B or C; A and C; A and B; B and C; A (alone); B (alone); and C (alone).

[0106] It is understood that wherever aspects are described herein with the language
"comprising," otherwise analogous aspects described in terms of "consisting of" and/or
"consisting essentially of" are also provided. As used herein, "comprising" is synonymous with

"including," "

containing," or "characterized by," and is inclusive or open-ended and does not
exclude additional, unrecited elements or method steps. As used herein, "consisting of" excludes
any element, step, or ingredient not specified in the claim element. As used herein, "consisting
essentially of" does not exclude materials or steps that do not materially affect the basic and novel
characteristics of the claim.

[0107] The term "about" is used herein to mean approximately, roughly, around, or in the
regions of. When the term "about" is used in conjunction with a numerical range, it modifies that
range by extending the boundaries above and below the numerical values set forth. In general, the
term "about" is used herein to modify a numerical value above and below the stated value by a
variance of 10 percent, up or down (higher or lower), unless indicated otherwise. Unless otherwise
indicated, all numbers expressing quantities of ingredients, reaction conditions, and so forth used
in the specification, including claims, are to be understood as being modified in all instances by
the term "about." Accordingly, unless otherwise indicated to the contrary, the numerical parameters
are approximations and can vary depending upon the desired properties sought to be obtained. At
the very least, and not as an attempt to limit the application of the doctrine of equivalents to the
scope of the claims, each numerical parameter should be construed in light of the number of
significant digits and ordinary rounding approaches.

[0108] The term "at least" prior to a number or series of numbers is understood to include
the number adjacent to the term "at least," and all subsequent numbers or integers that could
logically be included, as clear from context. For example, the number of nucleotides in a nucleic
acid molecule must be an integer. For example, "at least 18 nucleotides of a 21-nucleotide nucleic
acid molecule" means that 18, 19, 20, or 21 nucleotides have the indicated property. When at least
is present before a series of numbers or a range, it is understood that "at least" can modify each of
the numbers in the series or range. "At least" is also not limited to integers (e.g., "at least 5%"

includes 5.0%, 5.1%, 5.18% without consideration of the number of significant figures).
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[0109] "Nucleic acid," "nucleic acid molecule,

nucleotide sequence," "nucleic acid

sequence,” "polynucleotide," and grammatical variants thereof are used interchangeably and refer
to the phosphate ester polymeric form of ribonucleosides (adenosine, guanosine, uridine or
cytidine; "RNA molecules") or deoxyribonucleosides (deoxyadenosine, deoxyguanosine,
deoxythymidine, or deoxycytidine; "DNA molecules"), or any phosphoester analogs thereof, such
as phosphorothioates and thioesters, in either single stranded form, or a double-stranded helix.
Single stranded nucleic acid sequences refer to single-stranded DNA (ssDNA) or single-stranded
RNA (ssRNA). Double stranded DNA-DNA, DNA-RNA and RNA-RNA helices are possible. The
term nucleic acid molecule, and in particular DNA or RNA molecule, refers only to the primary
and secondary structure of the molecule, and does not limit it to any particular tertiary forms. Thus,
this term includes double-stranded DNA found, inter alia, in linear or circular DNA molecules
(e.g., restriction fragments), plasmids, supercoiled DNA and chromosomes. In discussing the
structure of particular double-stranded DNA molecules, sequences can be described herein
according to the normal convention of giving only the sequence in the 5' to 3' direction along the
non-transcribed strand of DNA (i.e., the strand having a sequence homologous to the mRNA). A
"recombinant DNA molecule" is a DNA molecule that has undergone a molecular biological
manipulation. DNA includes, but is not limited to, cDNA, genomic DNA, plasmid DNA, synthetic
DNA, and semi-synthetic DNA. A "nucleic acid composition" of the disclosure comprises one or
more nucleic acids as described herein. As described herein, a polynucleotide of the present
disclosure comprises DNA, RNA, or both. In some aspects, the term "polynucleotide" includes
polydeoxyribonucleotides (containing 2-deoxy-D-ribose), polyribonucleotides (containing D-
ribose), including tRNA, rRNA, shRNA, siRNA, miRNA and mRNA, whether spliced or
unspliced, any other type of polynucleotide which is an N- or C-glycoside of a purine or pyrimidine
base, and other polymers containing normucleotidic backbones, for example, polyamide (e.g.,
peptide nucleic acids "PNAs") and polymorpholino polymers, and other synthetic sequence-
specific nucleic acid polymers providing that the polymers contain nucleobases in a configuration
which allows for base pairing and base stacking, such as is found in DNA and RNA.

[0110] As used herein, the term "polypeptide" encompasses both peptides and proteins,
unless indicated otherwise.

[0111] The term "coding region" refers to a DNA or RNA region (the transcribed region)
which "encodes" a particular protein, e.g., such as a payload and/or regulator.

[0112] The term "RNA" is used herein to mean a molecule which comprises at least one
ribonucleotide residue. "Ribonucleotide” relates to a nucleotide with a hydroxyl group at the 2'-

position of a B-D-ribofuranosyl group. The term comprises double-stranded RNA, single-stranded
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RNA, isolated RNA such as partially or completely purified RNA, essentially pure RNA, synthetic
RNA, recombinantly generated RNA such as modified RNA which differs from naturally
occurring RNA by addition, deletion, substitution and/or alteration of one or more nucleotides. The
term "mRNA" means "messenger-RNA" and relates to a "transcript" which is generated by using
a DNA template and encodes a peptide or protein. Typically, a mRNA comprises a 5'-UTR, a
protein coding region and a 3'-UTR. mRNA only possesses limited half-life in cells and in vitro.
In the context of the present disclosure, mRNA can be generated by in vifro transcription from a
DNA template. The in vitro transcription methodology is known to the skilled person. For example,
there is a variety of in vitro transcription kits commercially available. As further described herein,
in some aspects, a RNA is a linear RNA. In some aspects, a RNA is a circular RNA. In some
aspects, a RNA is a self-replicating RNA. In some aspects, a RNA is a non-replicating RNA.
[0113] As used herein, the term "genetic circuit" refers to a controllable gene expression
system. As described herein, a genetic circuit useful for the present disclosure comprises a
synthetic genetic circuit ("synthetic circuit"). As used herein, the term "synthetic circuit" refers
to an engineered, non-natural genetic circuit. As is apparent from the present disclosure, synthetic
circuits described herein have been specifically programmed to selectively express a payload in a
cell of interest (i.e., immune cell).

[0114] As used herein, the term "self-replicating RNA" refers to a RNA (e.g., mRNA)
that is capable of directing its own amplification or replication within a cell (also referred to herein
as "repRNA"). To direct its own amplification, the RNA molecule should encode the enzyme(s)
necessary to catalyze RNA amplification (e.g., alphavirus nonstructural proteins nsP1, nsP2, nsP3,
nsP4) and also contain cis RNA sequences required for replication which are recognized and
utilized by the encoded enzymes(s). An alphavirus RNA vector replicon should contain the
following ordered elements: 5' viral or cellular sequences required for nonstructural protein-
mediated amplification (may also be referred to as 5'CSE, or 5' cis replication sequence, or 5’ viral
sequences required in cis for replication, or 5' sequence which is capable of initiating transcription
of an alphavirus), sequences which, when expressed, code for biologically active alphavirus
nonstructural proteins (e.g., nsP1, nsP2, nsP3, nsP4), and 3’ viral or cellular sequences required for
nonstructural protein-mediated amplification (may also be referred as 3'CSE, or 3’ viral sequences
required in cis for replication, or an alphavirus RNA polymerase recognition sequence). The
alphavirus RNA vector replicon may contain a means to express one or more heterologous
sequence(s), such as for example, an IRES or a viral (e.g., alphaviral) subgenomic promoter (e.g.,
junction region promoter) which may, in certain aspects, be modified in order to increase or reduce

viral transcription of the subgenomic fragment, or to decrease homology with defective helper or
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structural protein expression cassettes, and one or more heterologous sequence(s) to be expressed.
A replicon can also contain additional sequences, for example, one or more heterologous
sequence(s) encoding one or more polypeptides (e.g., a protein-encoding gene or a 3' proximal
gene) and/or a polyadenylate tract. The replicon should not contain sequences encoding all of the
alphavirus structural proteins (capsid, E1, E2). Non-limiting examples of heterologous sequences
that can be expressed by replicon vectors are described, for example in U.S. Pat. No. 6,015,686,
incorporated by reference in its entirety herein, and include, for example, antigens, lymphokines,
cytokines, etc.
[0115] As used herein, the term "circular RNA" refers to a RNA (e.g., mRNA) that forms
a circular structure through covalent bonds. In the context of the present disclosure, circular RNA
can be generated by methodology known to the skilled person (e.g., Wesselhoeft, R. A. etal., 2018,
Nature communications, 2018, 9(1), 1-10, herein incorporated by reference in its entirety). As is
apparent from the present disclosure, any of the payload sequence and/or regulator sequence can
be in the form of a circular RNA. Accordingly, in some aspects, a synthetic circuit provided herein
comprises a payload sequence that is a circular RNA. In some aspects, a synthetic circuit provided
herein comprises a regulator sequence that is a circular RNA. In some aspects, a synthetic circuit
provided herein comprises a payload sequence and a regulator sequence, wherein the payload
sequence is a circular RNA and the regulator sequence is a circular RNA. Unless indicated
otherwise, a circular RNA is not self-replicating.
[0116] As used herein, the term "payload sequence" refers to a nucleotide sequence
encoding a payload. As used herein, the term "payload" refers to any protein that can be encoded
by the payload sequence. In some aspects, a payload comprises a therapeutic protein. As described
herein, unless indicated otherwise, a payload does not comprise a regulator. Non-limiting examples
of payloads are provided elsewhere in the present disclosure.
[0117] As used herein, the term "regulator sequence" refers to a nucleotide sequence
encoding a regulator. As used herein, the term "regulator" comprises any agent that is capable of
regulating the expression of the payload encoded by the payload sequence. Non-limiting examples
of such regulators are provided elsewhere in the present disclosure. And, as described herein, a
regulator useful for the present disclosure is capable of being specifically recognized by a type P
sensor on the payload sequence. As also described herein, in some aspects, when the regulator is
specifically recognized by a type P sensor, the expression of the payload (encoded by the payload
sequence) is reduced or inhibited.
[0118] As used herein, the term "sensor" refers to any moiety that is capable of recognizing

a marker and/or regulator described herein. As used herein, "recognizing' a marker (or regulator)
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can comprise the physical interaction between the marker (or the regulator) and the sensor (e.g.,
the marker binds to a specific marker recognition site within the sensor).
[0119] As used herein, the term "type P sensor" refers to a sensor that is present on the
payload sequence. Accordingly, a payload sequence useful for the present disclosure comprises a
coding region encoding a payload ("payload coding region") and a type P sensor. In some aspects,
a payload sequence can comprise multiple type P sensors. As further described herein, in some
aspects, a payload sequence can comprise: (a) payload coding region, (b) a first type P sensor that
is capable of recognizing a regulator, and (c) a second type P sensor that is capable of recognizing
a marker ("type P marker"). Unless indicated otherwise, the recognition of the type P marker by
the second type P sensor activates the second type P sensor, such that the expression of the encoded
payload is reduced or inhibited.
[0120] As used herein, the term "type R sensor" refers to a sensor that is present on the
regulator sequence. In some aspects, a regulator sequence that can be used in constructing a
synthetic circuit described herein comprises: (a) a coding region encoding a regulator ("regulator
coding region") and a type R sensor, wherein the type R sensor is capable of recognizing a marker
("type R marker"). Unless indicated otherwise, the recognition of the type R marker by the type
R sensor activates the type R sensor, such that the expression of the encoded regulator is reduced
or inhibited.
[0121] The term "sufficient level" when used to describe a marker (e.g., type P marker
and/or type R marker) refers to the amount of the marker required to be recognized by a sensor
(e.g., type P sensor and/or type R sensor) and mediate downregulation of the sequence that
comprises the sensor. As is apparent from the present disclosure, downregulation of the sequence
can result in reduced or inhibition of the expression of any protein encoded by the sequence (e.g.,
payload and/or regulator). Accordingly, in some aspects, a cell can express the marker and yet the
sensor specific to the marker can remain inactive, where the cell does not express sufficient level
of the marker.
[0122] The term "sequence identity" is used herein to mean a relationship between two or
more amino acid (polypeptide or protein) sequences or two or more nucleic acid (polynucleotide)
sequences, as determined by comparing the sequences. In certain aspects, sequence identity is
calculated based on the full length of two given SEQ ID NO or on part thereof. Part thereof can
mean at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% of both SEQ ID NO, or
any other specified percentage. The term "identity" can also mean the degree of sequence
relatedness between amino acid or nucleic acid sequences, as the case can be, as determined by the

match between strings of such sequences.
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[0123] In some aspects, methods to determine identity are designed to give the largest
match between the sequences tested. Methods to determine identity and similarity are codified in
publicly available computer programs.

[0124] As used herein, the terms "effective amount” or "therapeutically effective
amount" of, e.g., a synthetic circuit disclosed herein, refers to a quantity sufficient to, when
administered to the subject, including a human, effect beneficial or desired results, including
clinical results, and, as such, an "effective amount" or synonym thereto depends on the context in

which it is being applied.

Extracorporeal Cell Therapy

[0125] Some aspects of the present disclosure includes a method of producing engineered
immune cells for an extracorporeal cell therapy in a subject in need thereof comprising contacting
immune cells obtained by the subject with a synthetic circuit in a closed in-line system connected
to the subject. In some aspects, the synthetic circuit is capable of expressing a payload selectively
in the immune cells, e.g., T cells, but is not capabe of expressing the payload in non-immune cells.
[0126] In some aspects, the immue cells from the beginning till the end of the therapy are
not exposed outside of the in-line system. In some aspects, the immune cells are flown out of the
subject via an in-line system, transfected with a synthetic circuit to express the payload, and then
reinfused into the subject. In some aspects, the immune cells, as a result of the contacting, expresses
a payload on the immune cells. In some aspects, the immune cells are directly administered back
into the subject from the in-line system.

[0127] In some aspects, a method of the present disclosure comprises (1) connecting a
closed in-line system to a subject in need thereof, (2) drawing immune cells from the subject in the
in-line system, (3) contacting the immune cells with a synthetic circuit, and (4) reintroducing the
immune cells to the subject.

[0128] The disclosure also provides a method of extracorporeally treating a disease or
condition in a subject in need thereof, comprising administering immune cells to the subject,
wherein the immune cells express a payload encoded by a synthetic circuit in a closed in-line
system connected to the subject, and wherein the synthetic circuit is capable of expressing the
payload selectively in the immune cells. In some aspects, the disclosure includes a method of
extracorporeally treating a disease or condition in a subject in need thereof, comprising contacting
immune cells obtained by the subject with a synthetic circuit in a closed in-line system connected

to the subject and administering the immune cells expressing a payload encoded by the synthetic
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circuit to the subject and wherein the synthetic circuit is capable of expressing the payload
selectively in the immune cells.

[0129] One advantage of the present disclosure includes, but is not limited to, the fact that
the subject receiving the therapy doesn’t need to go through lymphdepletion prior to the treatment.
Another advantage of the present disclosure is that the immune cells are less tired or exhausted
from the quick process of programmed expression of a payload. In some aspects, the therapy is
performed in less than 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10,9, 8, 7, 6, 5, 4, 3,
or 2 hours.

[0130] In some aspects, the method utilizes a closed-in-line system connected to a subject
that is described in US20210244871A1, published August 12, 2021 or W02022072885A1,

published April 7, 2022, which are incorporated herein in their entireties.

Cells, e.g., Immune Cells

[0131] Some aspects of the present disclosure are directed to cells expressing a payload,
e.g., chimeric antigen receptor, by a synthetic circuit in an in-line system conncted to a subject.
[0132] In some aspects, the cells are immune cells. In some aspects, the cells comprise
pluripotent or multipotent cells. In certain aspects, the pluripotent cells comprise embryonic stem
cells (ESCs). In some aspects, the cells are hematopoietic stem cells.

[0133] In some aspects, the starting cells, e.g., immune cells, are isolated from a human
subject. In some aspects, the starting cells are isolated from a human subject for allogeneic cell
therapy. In some aspects, the cells are T cells. In some aspects, the cells are NK cells. In some
aspects, the cells are Tregs. In some aspects, the cells, e.g., T cells and/or NK cells, are isolated
from a human subject. In some aspects, the cells, e.g., T cells and/or NK cells, are engineered to
comprise a chimeric antigen receptor (CAR) encoded by a synthetic circuit. In some aspects, the
cells, e.g., T cells and/or NK cells, are engineered to comprise an engineered T cell receptor (TCR)
encoded by a synthetic circuit.

[0134] In some aspects, the cell comprises a construct expressing an antigen receptor
and/or another additional polypeptide. In some aspects, the antigen receptor comprises an antibody,
an engineered antibody such as scFv, a CAR, an engineered TCR, a TCR mimic (e.g., an antibody-
T cell receptor (abTCR) or a chimeric antibody-T cell receptor (caTCR)), or a chimeric signaling
receptor (CSR). By way of example, a TCR can comprise an engineered TCR in which the antigen-
binding domain of a TCR (e.g., an alpha/beta TCR or a gamma/delta TCR) has been replaced by
that of an antibody (with or without the antibody’s constant domains); the engineered TCR then

becomes specific for the antibody’s antigen while retaining the TCR’s signaling functions. A
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chimeric signaling receptor can comprise (1) an extracellular binding domain (e.g.,
natural/modified receptor extracellular domain, natural/modified ligand extracellular domain,
scFv, nanobody, Fab, DARPIn, and affibody), (2) a transmembrane domain, and (3) an intracellular
signaling domain (e.g., a domain that activates transcription factors, or recruits and/or activates
JAK/STAT, kinases, phosphatases, and ubiquitin, SH3; SH2; and PDZ). See, e.g., EP340793B1,
WO 2017/070608, WO 2018/200582, WO 2018/200583, WO 2018/200585, and Xu et al., Cell
Discovery (2018) 4:62.

[0135] In some aspects, the antigen receptor targets an antigen of interest (e.g., a tumor
antigen or an antigen of a pathogen). The antigens can include, without limitation, AFP (alpha-
fetoprotein), avB6 or another integrin, BCMA, B7-H3, B7-H6, Braf, CA9 (carbonic anhydrase 9),
CCL-1 (C-C motif chemokine ligand 1), CD5, CD19, CD20, CD21, CD22, CD23, CD24, CD30,
CD33, CD38, CD40, CD44, CD44v6, CD44v7/8, CD45, CD47, CD56, CD66e, CD70, CD74,
CD79a, CD79, CD98, CD123, CD138, CD171, CD352, CEA (carcinoembryonic antigen),
Claudin 18.2, Claudin 6, c-MET, DLL3 (delta-like protein 3), DLL4, ENPP3 (ectonucleotide
pyrophosphatase/phosphodiesterase family member 3), EpCAM, EPG-2 (epithelial glycoprotein
2), EPG-40, ephrinB2, EPHa2 (ephrine receptor A2), ERBB dimers, estrogen receptor, ETBR
(endothelin B receptor), FAP-a (fibroblast activation protein o), fetal AchR (fetal acetylcholine
receptor), FBP (a folate binding protein), FCRLS, FR-a (folate receptor alpha), GCC (guanyl
cyclase C), GD2, GD3, GPC2 (glypican-2), GPC3, gpl00 (glycoprotein 100), GPNMB
(glycoprotein NMB), GPRC5D (G Protein Coupled Receptor 5D), HER2, HER3, HER4, hepatitis
B surface antigen, HLA-A1 (human leukocyte antigen Al), HLA-A2 (human leukocyte antigen
A2), HMW-MAA (human high molecular weight-melanoma-associated antigen), IGFIR (insulin-
like growth factor 1 receptor), Ig kappa, Ig lambda, IL-22Ra (IL-22 receptor alpha), IL-13Ra2 (IL-
13 receptor alpha 2), KDR (kinase insert domain receptor), LI cell adhesion molecule (LI -CAM),
Liv-1, LRRC8A (leucine rich repeat containing 8 Family member A), Lewis Y, melanoma-
associated antigen (MAGE)-Al, MAGE-A3, MAGE-A6, MART-1 (melan A), murine
cytomegalovirus (MCMYV), MCSP (melanoma-associated chondroitin sulfate proteoglycan),
mesothelin, mucin 1 (MUC1), MUC16, MHC/peptide complexes (e.g., HLA-A complexed with
peptides derived from AFP, KRAS, NY-ESO, MAGE-A, and WT1), NCAM (neural cell adhesion
molecule), Nectin-4, NKG2D (natural killer group 2 member D) ligands, NY-ESO, oncofetal
antigen, PD-1, PD-L1, PRAME (preferentially expressed antigen of melanoma), progesterone
receptor, PSA (prostate specific antigen), PSCA (prostate stem cell antigen ), PSMA (prostate
specific membrane antigen), ROR1, ROR2, SIRPa (signal-regulatory protein alpha), SLIT,
SLITRK6 (NTRK-like protein 6), STEAPI1 (six transmembrane epithelial antigen of the prostate
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1), survivin, TAG72 (tumor-associated glycoprotein 72), TPBG (trophoblast glycoprotein), Trop-
2, VEGFRI1 (vascular endothelial growth factor receptor 1), VEGFR2, and antigens from HIV,
HBV, HCV, HPV, and other pathogens.
[0136] In certain aspects, the antigen receptor targets hTERT. In some aspects, the antigen
receptor targets KRAS. In some aspects, the antigen receptor targets Braf. In some aspects, the
antigen receptor targets TGFBRIL In some aspects, the antigen receptor targets MAGE A10/A4.
In some aspects, the antigen receptor targets AFP. In some aspects, the antigen receptor targets
PRAME. In some aspects, the antigen receptor targets MAGE A1l. In some aspects, the antigen
receptor targets WT-1. In some aspects, the antigen receptor targets NY-ESO. In some aspects, the
antigen receptor targets CD19.
[0137] In some aspects, the antigen receptor targets BCMA. In some aspects, the antigen
receptor targets CD147. In some aspects, the antigen receptor targets CD19. In some aspects, the
antigen receptor targets CD19 and CD22. In some aspects, the antigen receptor targets CD19 and
CD28. In some aspects, the antigen receptor targets CD20. In some aspects, the antigen receptor
targets CD20 and CD19. In some aspects, the antigen receptor targets CD22. In some aspects, the
antigen receptor targets CD30. In some aspects, the antigen receptor targets CEA. In some aspects,
the antigen receptor targets DLL3. In some aspects, the antigen receptor targets EGFRVIIL In some
aspects, the antigen receptor targets GD2. In some aspects, the antigen receptor targets HER2. In
some aspects, the antigen receptor targets IL-1RAP. In some aspects, the antigen receptor targets
mesothelin. In some aspects, the antigen receptor targets methothelin. In some aspects, the antigen
receptor targets NKG2D. In some aspects, the antigen receptor targets PSMA. In some aspects, the
antigen receptor targets TnMUC1.

Synthetic Circuits

[0138] Provided herein is a method of producing cells for an extracorporeal therapy
utilizing a synthetic circuit comprising a plurality of nucleotide sequences (e.g., a first nucleotide
sequence and a second nucleotide sequence), wherein one or more of the plurality of nucleotide
sequences comprises a sensor, which is capable of regulating the activity and/or expression of one
or more of the plurality of nucleotide sequences. Accordingly, in some aspects, the present
disclosure relates to a method of using a polynucleotide (e.g., isolated polynucleotide) comprising:
(a) a nucleotide sequence and (b) at least one sensor, wherein the at least one sensor regulates the
activity and/or expression of the nucleotide sequence. For example, in some aspects, the nucleotide
sequence encodes a payload (payload sequence), and the at least one sensor (type P sensor) is

capable of recognizing a marker (e.g., type P marker), wherein when the sensor recognizes the
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marker, the sensor is activated and thereby regulates the expression of the encoded protein (e.g.,
payload). In some aspects, the nucleotide sequence comprises a regulator (regulator sequence), and
the at least one sensor (type R sensor) is capable of recognizing a marker (e.g., type R marker),
wherein when the sensor recognizes the marker, the sensor is activated and thereby, regulates the
expression of the regulator. As used herein, regulating the "expression of the regulator" can
comprise: (i) regulating the amount of regulator expressed in the cell, (ii) regulating the activity of
the regulator, or (iii) both (i) and (ii). Similarly, regulating the "expression of the payload" can
comprise: (i) regulating the amount of payload expressed in the cell, (ii) regulating the activity of
the payload, or (iii) both (i) and (ii).
[0139] In some aspects, provided herein is a method of utilizing a synthetic circuit for an
extracorporeal therapy, wherein the synthetic circuit comprises: (a) a first nucleotide sequence
encoding a payload (payload sequence) and optionally, (b) a second nucleotide sequence encoding
a regulator (regulator sequence); wherein the payload sequence comprises a sensor (type P sensor)
that is capable of recognizing the regulator; and wherein the regulator sequence comprises a sensor
(type R sensor) that is capable of recognizing a marker expressed in a cell. In some aspects, the
recognition of the marker by the type R sensor reduces or inhibits the expression of the regulator.
Inhibiting expression of the regulator thereby prevents activation of the type P sensor; expression
of the encoded payload is thereby permitted.
[0140] In some aspescts, a synthetic circuit useful for the present disclosure includes a
nucleotide sequence encoding a payload (payload sequence). The payload sequence may comprise
a sensor that is capable of recognizing a marker (e.g., a microRNA). In some embodiments, when
the sensor recognizes the marker, payload expression is prevented or reduced relative to other cells
that do not include the marker. Non-limiting examples of such synthetic circuits are described in
US Patent No. 10,000,757 B2, issued June 19, 2018 or PCT Publication No. WO2007000668A2,
published December 21, 2007, incorporated herein by reference in their entireties. In some aspects,
a synthetic circuit useful for the present disclosure comprises the payload sequence, but does not
comprise the regulator sequence. In some aspects, a synthetic circuit comprises a nucleotide
sequence encoding a payload (payload sequence) that comprises a sensor that is capable of
recognizing a marker (type P sensor). In some aspects, a type P sensor comprises at least one type
P sensor, wherein the marker (e.g., miRNA) is not expressed endogenously only in target, e.g.,
immune, cells or the marker is present endogenously only in the target cells, e.g., immune cells.
[0141] In some aspects, a synthetic circuit useful for the present disclosure includes a
synthetic RNA circuit comprising a first nucleotide sequence comprising at least one sensor that is

capable of recognizing a first marker (e.g., first microRNA) that is/are specifically expressed in a
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first cell type (e.g., immune cell); and a second nucleotide sequence comprising at least one sensor
recognized by at least one second marker (e.g., microRNA) that is/are not expressed in the first
cell type (e.g., immune cell) or is expressed at a low level relative to a second cell type. Exemplary
synthetic circuits are described, without limitation, in PCT Publication No. W0O2016040395A1,
published March 17, 2016, which is incorporated herein by reference in its entirety.

Payload Sequence

[0142] Asis apparent from the present disclosure, in some aspects, a synthetic circuit useful
for the present disclosure comprises a nucleotide sequence encoding a payload (payload sequence).
In some aspects, the payload sequence can encode any suitable proteins known in the art. Non-
limiting examples of suitable payloads include a chimeric antigen receptor (CAR), a T cell receptor
(TCR), a TCR mimic, or combinations thereof.

[0143] In some aspects, the payload sequence is linear (e.g., linear RNA). In some aspects,
the payload sequence is circular (e.g., circular RNA). In some aspects, the payload sequence is
self-replicating (e.g., self-replicating RNA). In some aspects, the payload sequence is non-

replicating (e.g., non-replicating RNA).

Type P Sensors

[0144] In some aspects, the payload sequence useful for the present disclosure comprises
a sensor that is capable of recognizing a regulator (e.g., encoded by the regulator sequence). In
some aspects, the payload sequence comprises a sensor that is capable of recognizing a marker. In
some aspects, the payload sequence comprises a first sensor that is capable of recognizing the
regulator (first type P sensor) and a second sensor that is capable of recognizing a marker (second
type P sensor).

[0145] Accordingly, in some aspects, provided herein is a synthetic circuit comprising: (a)
a first nucleotide sequence encoding a payload (payload sequence) and (b) a second nucleotide
sequence encoding a regulator (regulator sequence), wherein the payload sequence comprises a
first sensor that is capable of recognizing the regulator (first type P sensor) and a second sensor
that is capable of recognizing a marker (second type P sensor). In some aspects, the first type P
sensor and the second type P sensor are different (i.e., does not recognize the same ligand).

In some aspects, a synthetic circuit provided herein comprises a plurality of sensors. For instance,
in some aspects, a payload sequence provided herein comprises a plurality of type P sensors. In
some aspects, each of the plurality of sensors on the payload sequence is the same. In some aspects,

one or more of the plurality of sensors on the payload sequence are different. Where the payload
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sequence comprises a first type P sensor (e.g., recognizing a regulator) and a second type P sensor
(e.g., recognizing a marker), in some aspects, the payload sequence comprises a plurality of first
type P sensors. For example in some aspects, the payload sequence comprises about two first type
P sensors, about three first type P sensors, about four first type P sensors, about five first type P
sensors, about six first type P sensors, about seven first type P sensors, about eight first type P
sensors, about nine first type sensors, about 10 first type P sensors, about 11 first type P sensors,
about 12 first type P sensors, about 13 first type P sensors, about 14 first type P sensors, about 15
first type P sensors, about 16 first type P sensors, about 17 first type P sensors, about 18 first type
P sensors, about 19 first type P sensors, or about 20 or more first type P sensors. In some aspects,
the payload sequence comprises at least two first type P sensors. In some aspects, the payload
sequence comprises at least three first type P sensors. In some aspects, the payload sequence
comprises at least four first type P sensors. In some aspects, the payload sequence comprises at
least five first type P sensors. In some aspects, the payload sequence comprises at least six first
type P sensors. In some aspects, the payload sequence comprises at least seven first type P sensors.
In some aspects, the payload sequence comprises at least eight first type P sensors. In some aspects,
the payload sequence comprises at least nine first type P sensors. In some aspects, the payload
sequence comprises at least 10 first type P sensors. In some aspects, the payload sequence
comprises at least 11 first type P sensors. In some aspects, the payload sequence comprises at least
13 first type P sensors. In some aspects, the payload sequence comprises at least 13 first type P
sensors. In some aspects, the payload sequence comprises at least 14 first type P sensors. In some
aspects, the payload sequence comprises at least 15 first type P sensors. In some aspects, the
payload sequence comprises at least 16 first type P sensors. In some aspects, the payload sequence
comprises at least 17 first type P sensors. In some aspects, the payload sequence comprises at least
18 first type P sensors. In some aspects, the payload sequence comprises at least 19 first type P
sensors. In some aspects, the payload sequence comprises at least 20 first type P sensors.

[0146] In some aspects, each of the first type P sensors is the same. For instance, in some
aspects, a synthetic circuit described herein comprises a payload sequence and a regulator
sequence, wherein the payload sequence comprises a plurality of the first type P sensor, and
wherein each of the plurality of the first type P sensor specifically recognizes the same regulator
(e.g., each of the first type P sensor comprises the same binding site for the regulator). In some
aspects, one or more of the first type P sensors are different. For instance, in some aspects, one or
more of the first type P sensors recognize a different regulator. In some aspects, one or more of the

first type P sensors recognize a different binding site on the same regulator.
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[0147] In some aspects, where the payload sequence comprises a first type P sensor (e.g.,
recognizing a regulator) and a second type P sensor (e.g., recognizing a marker), the payload
sequence comprises a plurality of second type P sensors. For example, in some aspects, the payload
sequence comprises about two second type P sensors, about three second type P sensors, about
four second type P sensors, about five second type P sensors, about six second type P sensors,
about seven second type P sensors, about eight second type P sensors, about nine second type P
sensors, about 10 second type P sensors, about 11 second type P sensors, about 12 second type P
sensors, about 13 second type P sensors, about 14 second type P sensors, about 15 second type P
sensors, about 16 second type P sensors, about 17 second type P sensors, about 18 second type P
sensors, about 19 second type P sensors, or about 20 or more second type P sensors. In some
aspects, the payload sequence comprises at least two second type P sensors. In some aspects, the
payload sequence comprises at least three second type P sensors. In some aspects, the payload
sequence comprises at least four second type P sensors. In some aspects, the payload sequence
comprises at least five second type P sensors. In some aspects, the payload sequence comprises at
least six second type P sensors. In some aspects, the payload sequence comprises at least seven
second type P sensors. In some aspects, the payload sequence comprises at least eight second type
P sensors. In some aspects, the payload sequence comprises at least nine second type P sensors. In
some aspects, the payload sequence comprises at least 10 second type P sensors. In some aspects,
the payload sequence comprises at least 12 second type P sensors. In some aspects, the payload
sequence comprises at least 13 second type P sensors. In some aspects, the payload sequence
comprises at least 14 second type P sensors. In some aspects, the payload sequence comprises at
least 15 second type P sensors. In some aspects, the payload sequence comprises at least 16 second
type P sensors. In some aspects, the payload sequence comprises at least 17 second type P sensors.
In some aspects, the payload sequence comprises at least 18 second type P sensors. In some aspects,
the payload sequence comprises at least 19 second type P sensors. In some aspects, the payload
sequence comprises at least 20 second type P sensors.

[0148] In some aspects, each of the second type P sensors is the same. For instance, in
some aspects, a synthetic circuit comprises a payload sequence and a regulator sequence, wherein
the payload sequence comprises a plurality of the second type P sensors, and wherein each of the
plurality of the second type P sensors specifically recognizes the same marker. In some aspects,
one or more of the second type P sensors are different. In some aspects, one or more of the second
type P sensors specifically recognizes a different marker. In some aspects, one or more of the

second type P sensors recognize a different binding site on the same marker.
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[0149] In some aspects, where a payload sequence comprises a first type P sensor (e.g.,
recognizing a regulator) and a second type P sensor (e.g., recognizing a marker), the payload
sequence comprises a plurality of first type P sensors and a plurality of second type P sensors. In
some aspects, the payload sequence comprises: (a) about two first type P sensors, about three first
type P sensors, about four first type P sensors, about five first type P sensors, about six first type P
sensors, about seven first type P sensors, about eight first type P sensors, about nine first type
sensors, about 10 first type P sensors, about 11 first type P sensors, about 12 first type P sensors,
about 13 first type P sensors, about 14 first type P sensors, about 15 first type P sensors, about 16
first type P sensors, about 17 first type P sensors, about 18 first type P sensors, about 19 first type
P sensors, or about 20 or more first type P sensors, or about 20 or more first type P sensors; (b)
about two second type P sensors, about three second type P sensors, about four second type P
sensors, about five second type P sensors, about six second type P sensors, about seven second
type P sensors, about eight second type P sensors, about nine second type P sensors, about 10
second type P sensors, about 11 second type P sensors, about 12 second type P sensors, about 13
second type P sensors, about 14 second type P sensors, about 15 second type P sensors, about 16
second type P sensors, about 17 second type P sensors, about 18 second type P sensors, about 19
second type P sensors, or about 20 or more second type P sensors; or (¢) both (a) and (b). As further
described herein, in some aspects, each of the first type P sensors is the same. In some aspects, one
or more of the first type P sensors are different. In some aspects, each of the second type P sensors

is the same. In some aspects, one or more of the first type P sensors are different.

Type P Spacers
[0150] In some aspects, a payload sequence useful for the present disclosure further
comprises a spacer sequence ("type P spacer"). In some aspects, the payload sequence comprises
a plurality of type P spacers. For instance, in some aspects, the payload sequence comprises about
two type P spacers, about three type P spacers, about four type P spacers, about five type P spacers,
about six type P spacers, about seven type P spacers, about eight type P spacers, about nine type P
spacers, or about 10 or more type P spacers. In some aspects, the payload sequence comprises at
least two type P spacers. In some aspects, the payload sequence comprises at least three type P
spacers. In some aspects, the payload sequence comprises at least four type P spacers. In some
aspects, the payload sequence comprises at least five type P spacers. In some aspects, the payload
sequence comprises at least six type P spacers. In some aspects, the payload sequence comprises
at least seven type P spacers. In some aspects, the payload sequence comprises at least eight type

P spacers. In some aspects, the payload sequence comprises at least nine type P spacers. In some
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aspects, the payload sequence comprises at least 10 type P spacers. In some aspects, each of the
type P spacers are the same. In some aspects, one or more of the type P spacers are different.
[0151] Accordingly, in some aspects, a synthetic circuit provided herein comprises a
payload sequence, wherein the payload sequence comprises a type P sensor (e.g., specifically
recognizing a regulator and/or marker) and a type P spacer. In some aspects, the type P spacer is
upstream of the type P sensor (e.g., the type P spacer is positioned closer to the 5'-end of the payload
sequence as compared to the type P sensor). In some aspects, the type P spacer is downstream of
the type P sensor (e.g., the type P spacer is positioned closer to the 3'-end of the payload sequence
as compared to the type P sensor). In some aspects, the type P sensor is downstream of the coding
region of the payload sequence, and the type P spacer is positioned between the coding region of
the payload sequence and the type P sensor (e.g., after the stop codon of the coding region and
before the beginning of the type P sensor). As used herein, the term "coding region of the payload
sequence" refers to the portion of the payload sequence that specifically encodes for the payload.
[0152] Where a payload sequence comprises a plurality of type P sensors, in some aspects,
the type P spacer is upstream of one or more of the plurality of type P sensors. In some aspects, the
type P spacer is downstream of one or more of the plurality of type P sensor. In some aspects, the
type P spacer is positioned in between at least two of the type P sensors. In some aspects, each of
the plurality of type P sensors are separated by a type P spacer. For instance, in some aspects, a
synthetic circuit provided herein comprises a payload sequence, wherein the payload sequence
comprises a first type P sensor (e.g., specifically recognizes a regulator), a second type P sensor
(e.g., specifically recognizes a marker), and a type P spacer, wherein the type P spacer is is
positioned in between the first type P sensor and the second type P sensor. As described herein, in
some aspects, the payload sequence comprises a plurality of first type P sensors, wherein each of
the plurality of first type P sensors are separated by a type P spacer. In some aspects, the payload
sequence comprises a plurality of second type P sensors, wherein each of the plurality of second
type P sensors are separated by a type P spacer. In some aspects, a payload sequence comprises a
plurality of first type P sensors and a plurality of second type P sensors, wherein: (a) each of the
plurality of first type P sensors are separated by a type P spacer, (b) each of the plurality of second
type P sensors are separated by a type P spacer, and (c) both (a) and (b).
[0153] Where the payload sequence comprises a plurality of type P spacers, in some
aspects, each of the type P spacers are the same. In some aspects, one or more of the type P spacers
are different. Not to be bound by any one theory, in some aspects, type P spacers useful for the
present disclosure are of suitable lengths such that the spacers aid in the binding of the type P

sensors to their ligand (e.g., regulator and/or markers). In some aspects, the type P spacer is
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between about 1 to about 100 nucleotides in length. In some aspects, the type P spacer is about 1
nucleotide in length, about 5 nucleotides in length, about 10 nucleotides in length, about 15
nucleotides in length, about 20 nucleotides in length, about 25 nucleotides in length, about 30
nucleotides in length, about 35 nucleotides in length, about 40 nucleotides in length, about 45
nucleotides in length, about 50 nucleotides in length, about 55 nucleotides in length, about 60
nucleotides in length, about 65 nucleotides in length, about 70 nucleotides in length, about 75
nucleotides in length, about 80 nucleotides in length, about 85 nucleotides in length, about 90
nucleotides in length, about 95 nucleotides in length, or about 100 nucleotides in length. In some
aspects, the type P spacer is between about 1 to about 50 nucleotides length. In some aspects, the
type P spacer is about 5 nucleotides in length. In some aspects, the type P spacer is about 10
nucleotides in length. In some aspects, the type P spacer is about 15 nucleotides in length. In some
aspects, the type P spacer is about 20 nucleotides in length. In some aspects, the type P spacer is
about 25 nucleotides in length, In some aspects, the type P spacer is about 30 nucleotides in length,
In some aspects, the type P spacer is about 35 nucleotides in length. In some aspects, the type P
spacer is about 40 nucleotides in length. In some aspects, the type P spacer is about 45 nucleotides
in length. In some aspects, the type P spacer is about 50 nucleotides in length.

[0154] Unless indicated otherwise, type P spacers useful for the present disclosure are not
limited to any specific nucleotide sequences, as long as the type P spacers are of sufficient length
to carry out their intended function (e.g., aid in the binding of the type P sensors to their ligands).
Accordingly, in some aspects, a type P spacer useful for the present disclosure comprises a
randomly generated nucleotide sequence. In some aspects, where a plurality of type P spacers are
used in separating a plurality of type P sensors, one or more of the plurality of type P spacers have
a difference sequence, such that the plurality of type P spacers do not include randomly generated
nucleotide sequences that repeat. In some aspects, a type P spacer useful for the present disclosure
comprises, consists essentially of, or consists of the sequence
tttectttcececttecctttttectttectttectttececectteectt (SEQ ID NO: 1) or a fragment thereof. In some
aspects, the type P spacer comprises the sequence set forth in SEQ ID NO: 1. In some aspects, the
type P spacer consists essentially of the sequence set forth in SEQ ID NO: 1. In some aspects, the
type P spacer consists of the sequence set forth in SEQ ID NO: 1. In some aspects, a type P spacer
useful for the present disclosure comprises, consists essentially of, or consists of the sequence
ttteetttececctteectt (SEQ ID NO: 2) or a fragment thereof. In some aspects, the type P spacer
comprises the sequence set forth in SEQ ID NO: 2. In some aspects, the type P spacer consists
essentially of the sequence set forth in SEQ ID NO: 2. In some aspects, the type P spacer consists
of the sequence set forth in SEQ ID NO: 2. In some aspects, a type P spacer useful for the present
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disclosure comprises, consists essentially of, or consists of the sequence gcggecgetaaa (SEQ ID
NO: 3) or a fragment thereof. In some aspects, the type P spacer comprises the sequence set forth
in SEQ ID NO: 3. In some aspects, the type P spacer consists essentially of the sequence set forth
in SEQ ID NO: 3. In some aspects, the type P spacer consists of the sequence set forth in SEQ ID
NO: 3. In some aspects, the type P spacer is the same as the type R spacer (further described
elsewhere in the present disclosure). In some aspects, the type P spacer is different than the type R
spacer.

Table 1. Exemplary Type P Spacers

SEQID NO: 1 | tttcctttcecccctteectttttectttectttectttceccctteectt

SEQ ID NO: 2 | tttcctttccecctteectt

SEQ ID NO: 3 | gcggcecgctaaa

Regulator Sequence

[0155] As described herein, in some aspects, a synthetic circuit comprises a nucleotide
sequence which comprises or encodes a regulator ("regulator sequence"). Accordingly, in some
aspects, a synthetic circuit of the present disclosure comprises a payload sequence (e.g., any of the
payload sequences described above) and a regulator sequence. Non-limiting examples of regulators
that can be used with the present disclosure are provided elsewhere in the present disclosure.
[0156] In some aspects, the regulator sequence is linear (e.g., linear RNA). In some aspects,
the regulator sequence is circular (e.g., circular RNA). In some aspects, the regulator sequence is

non-replicating (e.g., non-replicating RNA).

Type R Sensors
[0157] In some aspects, the regulator sequence comprises a sensor that is capable of
specifically recognizing a marker. Accordingly, some aspects of the present disclosure relate to a
synthetic circuit comprising a payload sequence and a regulator sequence, wherein the payload
sequence comprises a sensor (type P sensor), and wherein the regulator sequence comprises a
sensor ("type R sensor"). In some aspects, present disclosure provides a synthetic circuit
comprising a payload sequence and a regulator sequence, wherein the payload sequence comprises
a first type P sensor (e.g., specifically recognizes a regulator) and a second type P sensor (e.g.,
specifically recognizes a marker), and wherein the regulator sequence comprises a type R sensor

(e.g., specifically recognizes a marker). Where a synthetic circuit described herein comprises both
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a type P sensor and a type R sensor, in some aspects, the type P sensor and the type R sensor are
not the same (e.g., do not specifically recognize the same ligand).

[0158] In some aspects, a regulator sequence useful for the present disclosure comprises a
plurality of sensors. For example, in some aspects, a regulator sequence comprises about two type
R sensors, about three type R sensors, about four type R sensors, about five type R sensors, about
six type R sensors, about seven type R sensors, about eight type R sensors, about nine type R
sensors, or about 10 or more type R sensors. In some aspects, the regulator sequence comprises at
least two type R sensors. In some aspects, the regulator sequence comprises at least three type R
sensors. In some aspects, the regulator sequence comprises at least four type R sensors. In some
aspects, the regulator sequence comprises at least five type R sensors. In some aspects, the regulator
sequence comprises at least six type R sensors. In some aspects, the regulator sequence comprises
at least seven type R sensors. In some aspects, the regulator sequence comprises at least eight type
R sensors. In some aspects, the regulator sequence comprises at least nine type R sensors. In some
aspects, the regulator sequence comprises at least 10 type R sensors.

[0159] In some aspects, each of the plurality of sensors on the regulator sequence is the
same. For instance, in some aspects, a synthetic circuit described herein comprises a payload
sequence and a regulator sequence, wherein the regulator sequence comprises a plurality of type R
sensors, and wherein each of the plurality of type R sensors recognize the same marker (e.g., each
of the type R sensors comprise the same binding site for the marker). In some aspects, one or more
of the plurality of sensors on the regulator sequence are different. For instance, in some aspects,
one or more of the plurality of type R sensors recognize different markers. In some aspects, one or

more of the plurality of type R sensors recognize a different binding site for the same marker.

Type R Spacers

[0160] In some aspects, a regulator sequence provided herein further comprises a spacer
sequence ("type R spacer"). Accordingly, in some aspects, a synthetic circuit provided herein
comprises a payload sequence and a regulator sequence, wherein the payload sequence comprises
a type P sensor (e.g., first type P sensor and/or second type P sensor) and a type P spacer, and
wherein the regulator sequence comprises a type R sensor and a type R spacer. In some aspects,
the type R spacer and the type P spacer are not the same. In some aspects, the type R spacer and
the type P spacer are the same.

[0161] In some aspects, a regulator sequence comprises a plurality of type R spacers. In
some aspects, the regulator sequence comprises about two type R spacers, about three type R

spacers, about four type R spacers, about five type R spacers, about six type R spacers, about seven
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type R spacers, about eight type R spacers, about nine type R spacers, or about 10 or more type R
spacers. In some aspects, the regulator sequence comprises at least two type R spacers. In some
aspects, the regulator sequence comprises at least three type R spacers. In some aspects, the
regulator sequence comprises at least four type R spacers. In some aspects, the regulator sequence
comprises at least five type R spacers. In some aspects, the regulator sequence comprises at least
six type R spacers. In some aspects, the regulator sequence comprises at least seven type R spacers.
In some aspects, the regulator sequence comprises at least eight type R spacers. In some aspects,
the regulator sequence comprises at least nine type R spacers. In some aspects, the regulator
sequence comprises at least 10 type R spacers. In some aspects, each of the type R spacers are the
same. In some aspects, one or more of the type R spacers are different.
[0162] In some aspects, the type R spacer is positioned upstream of the type R sensor
within the regulator sequence. In some aspects, the type R spacer is positioned downstream of the
type R sensor. In some aspects, where the regulator sequence encodes the regulator, the type R
spacer is positioned between the coding region of the regulator sequence and the type R sensor
(e.g., after the stop codon of the coding region and before the beginning of the type R sensor). As
used herein, the term "coding region of the regulator sequence" refers to the portion of the
regulator sequence that specifically encodes for the regulator.
[0163] Where the regulator sequence comprises a plurality of type R sensors, in some
aspects, the type R spacer is upstream of one or more of the plurality of type R sensors. In some
aspects, the type R spacer is downstream of one or more of the plurality of type R sensors. In some
aspects, the type R spacer is positioned in between at least two of the plurality of type R sensors.
In some aspects, each of the plurality of type R sensors are separated by a type R spacer.
[0164] Where the regulator sequence comprises a plurality of type R spacers, in some
aspects, each of the type R spacers are the same. In some aspects, one or more of the type R spacers
are different. In some aspects, a type R spacer can be of any suitable lengths such that the type R
spacer aids in the binding of the type R sensor to its ligand (e.g., marker). In some aspects, the type
R spacer is between about 1 to about 100 nucleotides in length. In some aspects, the type R spacer
is about 1 nucleotide in length, about 5 nucleotides in length, about 10 nucleotides in length, about
15 nucleotides in length, about 20 nucleotides in length, about 25 nucleotides in length, about 30
nucleotides in length, about 35 nucleotides in length, about 40 nucleotides in length, about 45
nucleotides in length, about 50 nucleotides in length, about 55 nucleotides in length, about 60
nucleotides in length, about 65 nucleotides in length, about 70 nucleotides in length, about 75
nucleotides in length, about 80 nucleotides in length, about 85 nucleotides in length, about 90

nucleotides in length, about 95 nucleotides in length, or about 100 nucleotides in length. In some
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aspects, the type R spacer is between about 1 to about 50 nucleotides in length. In some aspects,
the type R spacer is about 5 nucleotides in length. In some aspects, the type R spacer is about 10
nucleotides in length. In some aspects, the type R spacer is about 15 nucleotides in length. In some
aspects, the type R spacer is about 20 nucleotides in length. In some aspects, the type R spacer is
about 25 nucleotides in length. In some aspects, the type R spacer is about 30 nucleotides in length.
In some aspects, the type R spacer is about 35 nucleotides in length. In some aspects, the type R
spacer is about 40 nucleotides in length. In some aspects, the type R spacer is about 45 nucleotides
in length. In some aspects, the type R spacer is about 50 nucleotides in length.

[0165] Unless indicated otherwise, type R spacers useful for the present disclosure are not
limited to any specific nucleotide sequences, as long as the type R spacers are of sufficient length
to carry out their intended function (e.g., aid in the binding of the type R sensors to their ligands).
Accordingly, in some aspects, a type R spacer useful for the present disclosure comprises a
randomly generated nucleotide sequence. In some aspects, where a plurality of type R spacers are
used in separating a plurality of type R sensors, one or more of the plurality of type R spacers have
a difference sequence, such that the plurality of type R spacers do not include randomly generated
nucleotide sequences that repeat. In some aspects, a type R spacer useful for the present disclosure
comprises, consists essentially of, or consists of the sequence
tttectttccecctteectttttectttectttectttceccctteectt (SEQ ID NO: 1) or a fragment thereof. In some
aspects, the type R spacer comprises the sequence set forth in SEQ ID NO: 1. In some aspects, the
type R spacer consists essentially of the sequence set forth in SEQ ID NO: 1. In some aspects, the
type R spacer consists of the sequence set forth in SEQ ID NO: 1. In some aspects, a type R spacer
useful for the present disclosure comprises, consists essentially of, or consists of the sequence
tttectttccecctteectt (SEQ ID NO: 2) or a fragment thereof. In some aspects, the type R spacer
comprises the sequence set forth in SEQ ID NO: 2. In some aspects, the type R spacer consists
essentially of the sequence set forth in SEQ ID NO: 2. In some aspects, the type R spacer consists
of the sequence set forth in SEQ ID NO: 2. In some aspects, a type R spacer useful for the present
disclosure comprises, consists essentially of, or consists of the sequence gcggecgetaaa (SEQ ID
NO: 3) or a fragment thereof. In some aspects, the type R spacer comprises the sequence set forth
in SEQ ID NO: 3. In some aspects, the type R spacer consists essentially of the sequence set forth
in SEQ ID NO: 3. In some aspects, the type R spacer consists of the sequence set forth in SEQ ID
NO: 3. In some aspects, the type R spacer is the same as the type P spacer. In some aspects, the

type R spacer is different than the type P spacer.
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Table 2. Exemplary Type R Spacers

SEQID NO: 1 | tttcctttcceectteectttttectttectttectttceecctteectt

SEQID NO: 2 | tttecttteceectteectt

SEQID NO: 3 | gcggecgcetaaa

Markers

[0166] As is apparent from the present disclosure, synthetic circuits described herein can
be programmed to selectively regulate the expression of a particular gene (or a protein encoded
thereof) in an immune cell. Not to be bound by any one theory, in some aspects, because the
payload sequence and/or the regulator sequence comprise a sensor (e.g., type P sensor or type R
sensor) that has been programmed to recognize a specific marker, the sensor is "turned on" (i.e.,
in an active form) only in cells that comprise sufficient level of the marker to be recognized by the
sensor. Where a cell does not comprise sufficient level of the marker, the sensor is "turned off"
(i.e., in an inactive form) as the sensor does not specifically recognize the marker. The below table
summarizes the possible scenarios with regard to marker level and payload expression. The status
of regulator expression is also listed in the table. Unless indicated otherwise, a marker useful for

the present disclosure does not comprise a regulator as described herein.

Table 3.
. All Type P Any Type R Regulator Payload
Scenario Markers are A . .
Low Marker is High Expression Expression
1 False False ON OFF
2 False True OFF OFF
3 True False ON OFF
4 True True OFF ON
[0167] To help illustrate, in some aspects, a synthetic circuit provided herein comprises a

payload sequence, wherein the payload sequence comprises a type P sensor that is capable of
specifically recognizing a marker expressed in a non-immune cell, and wherein the recognition of

the marker by the type P sensor reduces or inhibits the expression of the encoded payload in the
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non-immune cell. For such a synthetic circuit, when introduced into the non-immune cell (i.e.,
expresses sufficient level of the marker to be recognized by the type P sensor), the type P sensor
becomes active (i.e., bound to the marker) and thereby, inhibits or reduces the expression of the
encoded payload in the non-immune cell. However, when introduced into an immune cell (i.e.,
does not express sufficient level of the marker to be recognized by the type P sensor), the type P
sensor remains inactive (i.e., not bound to a ligand) and therefore, the payload is expressed in the
immune cell. As is apparent from the present disclosure, payload can be selectively expressed
when both of the following are true: (1) NONE of the second type P sensors are activated, and (2)
one or more of the type R sensors is/are activated. When either or both of the following two
conditions are not met, payload expression can be inhibited:
(1) ALL of the type P markers are low.
(2) at least one of the type R markers is high.
[0168] As used herein, "expression of the payload" (or grammatical equivalent thereof)
refers to any of the following: (a) amount of the payload expressed in the cell, (b) how quickly the
payload is expressed in the cell, (¢) duration of the payload expression, or (d) any combination of
(a) to (¢). Not to be bound by any one theory, in some aspects, a synthetic circuit provided herein
allows for the selective expression of a payload in an immune cell by modulating the expression
of the payload and regulator sequences. For instance, as is apparent from the present disclosure,
when introduced into an immune cell (7.e., does not express sufficient level of a type P marker to
be recognized by the type P sensor and expresses sufficient level of a type R marker to be
recognized by at least one type R sensor), the expression of the payload in the immune cell is
increased as compared to the expression of the regulator in the immune cell. In some aspects, the
expression of the payload in the immune cell is increased by at least about 10%, at least about 20%,
at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%,
at least about 80%, at least about 90%, or at least about 100%, as compared to the expression of
the regulator in the immune cell. In some aspects, the expression of the payload in the immune cell
is increased by at least about 1.5-fold, at least about 2-fold, at least about 3-fold, at least about 4-
fold, at least about 5-fold, at least about 6-fold, at least about 7-fold, at least about 8-fold, at least
about 9-fold, at least about 10-fold, at least about 12.5-fold, at least about 15-fold, at least about
20-fold, at least about 25-fold, at least about 30-fold, at least about 35-fold, at least about 40-fold,
at least about 45-fold, or at least about 50-fold, as compared to the expression of the regulator. In
some aspects, the expression of the regulator in the immune cell is decreased in the immune cell
as compared to the expression of the payload. In some aspects, the expression of the regulator in

the immune cell is decreased by at least about 5%, at least about 10%, at least about 20%, at least
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about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least
about 80%, at least about 90%, or about 100%, as compared to the expression of the payload in the
immune cell.

[0169] Unless indicated otherwise, a marker comprises any molecule that is expressed in a
cell and can be specifically recognized by a sensor provided herein (e.g., type P sensor and/or type
R sensor). As described herein, in some aspects, a marker is selectively expressed (or expressed to
a sufficient level) in certain cells but not in other cells. For instance, in some aspects, a marker is
expressed to a sufficient level to be recognized by a sensor (e.g., type P sensor or type R sensor)
in a first cell but not in a second cell. For such aspects, when a synthetic circuit described herein is
introduced into the first cell, the sensor (e.g., type P sensor and/or type R sensor) specifically
recognizes the marker and becomes active. When such a synthetic circuit is introduced into the
second cell, the sensor (e.g., type P sensor and/or type R sensor) remains inactive (i.e., not bound
to a marker).

[0170] Non-limiting examples of markers that can be used with the present disclosure
include a microRNA (miRNA), a protein, a metabolite, or combinations thereof. In some aspects,
the marker comprises a miRNA. In some aspects, a marker comprises a protein. In some aspects,
a marker comprises a metabolite.

[0171] As further explained elsewhere in the present disclosure, a synthetic circuit
provided herein can comprise a plurality of sensors. For instance, in some aspects, a synthetic
circuit comprises a payload sequence, wherein the payload sequence comprises a plurality of
sensors (e.g., plurality of first type P sensor and/or plurality of second type P sensor). In some
aspects, a synthetic circuit comprises a regulator sequence, wherein the regulator sequence
comprises a plurality of sensors. In some aspects, a synthetic circuit comprises a payload sequence
and a regulator sequence, wherein the payload sequence comprises a plurality of sensors, and
wherein the regulator sequence comprises a plurality of sensors. Where a synthetic circuit
comprises a plurality of sensors, in some aspects, each of the plurality of sensors can specifically
recognize the same marker. For example, in some aspects, the payload sequence of a synthetic
circuit provided herein comprises a plurality of sensors, wherein each of the plurality of sensors
recognizes the same miRNA. Where a synthetic circuit comprises a plurality of sensors, in some
aspects, one or more of the plurality of sensors specifically recognizes different markers. For
example, in some aspects, a synthetic circuit comprises a payload sequence and a regulator
sequence, wherein the payload sequence and the regulator sequence each comprise a sensor,

wherein the sensor of the payload sequence specifically recognizes a first marker (e.g., miRNA)



WO 2025/024559 PCT/US2024/039355
-47 -

and wherein the sensor of the regulator sequence specifically recognizes a second marker (e.g.,
metabolite or a different miRNA).

[0172] In some aspects, the payload is a chimeric antigen receptor (CAR). In some aspects,
the CAR targets CD19, TRAC, TCRB, BCMA, CLL-1, CS1, CD38, CD19, TSHR, CD123, CD22,
CD30, CD70, CD171, CD33, EGFRvVIIL, GD2, GD3, Tn Ag, PSMA, ROR1, ROR2, GPC1, GPC2,
FLT3, FAP, TAG72, CD44v6, CEA, EPCAM, B7H3, KIT, IL- 13Ra2, mesothelin, IL-1 IRa,
PSCA, PRSS21, VEGFR2, LewisY, CD24, PDGFR-beta, SSEA-4, CD20, folate receptor alpha,
ERBB2 (Her2/neu), MUC1, MUC16, EGFR, NCAM, prostase, PAP, ELF2M, Ephrin B2, IGF-I
receptor, CAIX, LMP2, gplOO, bcr-abl, tyrosinase, EphA2, fucosyl GM1, sLe, GM3, TGSS,
HMWMAA, o-acetyl-GD2, folate receptor beta, TEM1/CD248, TEM7R, CLDN6, GPRC5D,
CXORF61, CD97, CD179a, ALK, Polysialic acid, PLAC1, GloboH, NY-BR-1, UPK2, HAVCRI,
ADRB3, PANX3, GPR20, LY6K, OR51E2, TARP, WTI, NY-ESO-1, LAGE-la, MAGE-AI,
legumain, HPV E6,E7, MAGE Al, ETV6-AML, sperm protein 17, XAGEI, Tie 2, MAD-CT-1,
MAD-CT- 2, Fos-related antigen 1, p53, pS3 mutant, prostein, surviving, telomerase, PCTA-
1/Galectin 8, MelanA/MART]I, Ras mutant, h\TERT, sarcoma translocation breakpoints, ML-IAP,
ERG (TMPRSS2 ETS fusion gene), NA17, PAX3, androgen receptor, cyclin Bl, MYCN, RhoC,
TRP-2, CYP1B1, BORIS, SART3, PAX5, OY-TES1, LCK, AKAP-4, SSX2, RAGE-1, human
telomerase reverse transcriptase, RU1, RU2, intestinal carboxyl esterase, mut hsp70-2, CD79a,
CD79, CD72, LAIR1, FCAR, LILRA2, CD300LF, CLEC12A, BST2, EMR2, LY75, GPC3,
FCRLS, IGLL1, CD2, CD3g, CD4, CD5, CD7, the extracellular portion of the APRIL protein, or
any combinations thereof.

[0173] In some aspects, the payload comprises a TCR. In some aspects, the TCR targets
AFP, CD19, TRAC, TCRB, BCMA, CLL-1, CS1, CD38, CD19, TSHR, CD123, CD22, CD30,
CD171, CD33, EGFRVIIL, GD2, GD3, Tn Ag, PSMA, ROR1, ROR2, GPC1, GPC2, FLT3, FAP,
TAG72, CD44v6, CEA, EPCAM, B7H3, KIT, IL- 13Ra2, mesothelin, IL-1 [Ra, PSCA, PRSS21,
VEGFR2, LewisY, CD24, PDGFR-beta, SSEA-4, CD20, folate receptor alpha, ERBB2
(Her2/neu), MUC1, MUC16, EGFR, NCAM, prostase, PAP, ELF2M, Ephrin B2, IGF-I receptor,
CAIX, LMP2, gplOO, ber-abl, tyrosinase, EphA2, fucosyl GM1, sLe, GM3, TGS5, HMWMAA,
o-acetyl-GD2, folate receptor beta, TEM1/CD248, TEM7R, CLDN6, GPRCS5D, CXORF61,
CD97, CD179a, ALK, Polysialic acid, PLAC1, GloboH, NY-BR-1, UPK2, HAVCR1, ADRB3,
PANX3, GPR20, LY6K, OR51E2, TARP, WTI, NY-ESO-1, LAGE-la, MAGE-Al, legumain,
HPV E6,E7, MAGE Al, ETV6-AML, sperm protein 17, XAGEI, Tie 2, MAD-CT-1, MAD-CT-
2, Fos-related antigen 1, p53, p53 mutant, prostein, surviving, telomerase, PCTA- 1/Galectin 8,
MelanA/MARTI, Ras mutant, hTERT, sarcoma translocation breakpoints, ML-IAP, ERG
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(TMPRSS2 ETS fusion gene), NA17, PAX3, androgen receptor, cyclin Bl, MYCN, RhoC, TRP-
2, CYPIBI, BORIS, SART3, PAXS, OY-TES1, LCK, AKAP-4, SSX2, RAGE-1, human
telomerase reverse transcriptase, RU1, RU2, intestinal carboxyl esterase, mut hsp70-2, CD79a,
CD79%, CD72, LAIR1, FCAR, LILRA2, CD300LF, CLECI12A, BST2, EMR2, LY75, GPC3,
FCRLS5, IGLL1, CD2, CD3¢g, CD4, CDS, CD7, the extracellular portion of the APRIL protein, or

any combinations thereof.

Regulators

[0174] As described herein, in some aspects, synthetic circuits described herein comprise
a payload sequence, wherein the payload sequence comprises a sensor that is capable of
specifically recognizing a regulator. Unless indicated otherwise, the specific recognition of the
regulator by a type P sensor (e.g., first type P sensor) reduces or inhibits the expression of the
payload encoded by the payload sequence. Accordingly, where a payload sequence comprises both
a sensor that is capable of specifically recognizing a regulator (e.g., first type P sensor) and a sensor
that is capable of specifically recognizing a marker (e.g., second type P sensor), the expression of
the encoded payload can be regulated by at least two different manners. Not to be bound by any
one theory, in some aspects, such a dual approach to regulation allows for greater selectivity in the
expression of the payload.

[0175] In some aspects, when a synthetic circuit described herein is introduced into a non-
immune cell (i.e., does not express sufficient level of a type R marker to be recognized by the type
R sensor) such that the expression of the regulator is increased, the regulators are capable of being
specifically recognized by a type P sensor (e.g., first type P sensor), resulting in the activation of
the type P sensor. As further described herein, activation of the type P sensor reduces or inhibits
the expression of the payload encoded by the payload sequence. Accordingly, in some aspects,
when a synthetic circuit provided herein is contacted with a population of cells comprising both
immune cells and non-immune cells, the expression of the payload in the non-immune cell (i.e.,
has increased expression of the regulator) is decreased by at least about 5%, at least about 10%, at
least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at
least about 70%, at least about 80%, at least about 90%, or about 100%, as compared to the immune
cell (i.e., has reduced expression of the regulator). In some aspects, when a synthetic circuit
provided herein is contacted with a population of cells comprising both immune cells and non-
immune cells, the expression of the payload in the immune cell (i.e., has reduced expression of the
regulator) is increased by at least about 10%, at least about 20%, at least about 30%, at least about

40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about



WO 2025/024559 PCT/US2024/039355
- 49 .

90%, or at least about 100%, as compared to the corresponding expression in the non-immune cell.
In some aspects, as compared to the non-immune cell, the expression of the payload in the immune
cell is increased by at least about 1.5-fold, at least about 2-fold, at least about 3-fold, at least about
4-fold, at least about 5-fold, at least about 6-fold, at least about 7-fold, at least about 8-fold, at least
about 9-fold, at least about 10-fold, at least about 12.5-fold, at least about 15-fold, at least about
20-fold, at least about 25-fold, at least about 30-fold, at least about 35-fold, at least about 40-fold,
at least about 45-fold, or at least about 50-fold.

[0176] Regulators that can be used with the synthetic circuits described herein comprise
any suitable regulators in the art. Non-limiting examples of such regulators include a RNA-binding
protein, siRNA, shRNA, pri-miRNAs, ribozymes, or combinations thereof. In some aspects, the
regulator is a siRNA. In some aspects, the regulator is a shRNA. In some aspects, the regulator is
a pri-miRNA. In some aspects, the regulator is a ribozyme. In some aspects, the regulator is a
RNA-binding protein. In some aspects, the RNA-binding protein comprises a ribonuclease. In
some aspects, the ribonuclease comprises a Cas protein. In some aspects, the Cas protein comprises

a Cas6 protein.

Modalities

[0177] As further described herein, synthetic circuits of the present disclosure comprise
certain properties (e.g., structural and/or functional) that make them particularly useful for
selectively regulating the expression of a gene (or a protein encoded thereof) in a cell of interest
(e.g., immune cell). For example, in some aspects, a synthetic circuit provided herein comprise a
payload sequence and a regulator sequence, which have been programmed such that when both are
present in an immune cell, the payload (encoded by the payload sequence) is robustly expressed
while expression of the regulator (encoded by the regulator sequence) is robustly reduced or
inhibited. As described earlier in the present disclosure, in some aspects, a synthetic circuit
described herein comprises a sensor (e.g., type P sensor and/or type R sensor), which can be
programmed to allow for the selective expression of the payload or regulator in specific cells of
interest. In some aspects, in addition to such sensors, a synthetic circuit provided herein comprises
a payload sequence and a regulator sequence, wherein the payload sequence and/or the regulator
sequence are of a particular modality which is conducive in promoting the selective expression of
the payload and/or regulator.

[0178] Unless indicated otherwise, a payload sequence comprises one or more of the
following RNA modalities: linear RNA, circular RNA, self-replicating RNA, and non-replicating

RNA. Unless indicated otherwise, a regulator sequence comprises one or more of the following
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RNA modalities: linear RNA, circular RNA, and non-replicating RNA. For example, in some
aspects, a synthetic circuit provided herein comprises a payload sequence, wherein the payload
sequence is a self-replicating RNA. In some aspects, a synthetic circuit provided herein comprises
a regulator sequence, wherein the regulator sequence is a non-replicating RNA. Accordingly, in
some aspects, a synthetic circuit provided herein comprises a payload sequence and a regulator
sequence, wherein the payload sequence is a self-replicating RNA and the regulator sequence is a
non-replicating RNA. In some aspects, a synthetic circuit provided herein comprises a payload
sequence and a regulator sequence, wherein the payload sequence is a self-replicating RNA and
the regulator sequence is a circular RNA (i.e., not self-replicating).
[0179] Using self-replicating RNA to express payload sequence while using non-
replicating RNA to express the regulator sequence improves performance of the RNA circuit.
[0180] Without wishing to be bound by a certain theory, expressing the payload sequence
from repRNAs, under marker conditions that enable the payload sequence "ON state", improves
performance of the circuit given repRNAs will replicate and robustly express high levels of
payload protein for along duration. This may be due to the self-replicating nature of self-replicating
RNA.
[0181] Without wishing to be bound by a certain theory, expressing the regulator sequence
from linear RNA instead of repRNAs improves performance of the circuit given:
[0182] (1) non-replicating linear RNA can rapidly express sufficient levels of regulator
protein to effectively inhibit payload protein expression (from repRNAs), whereas the expression
from repRNA is slower (e.g., requires replication) and may allow the payload repRNA to initiate
replication, thereby causing "leaky expression" of payload in non-immune cells; and
[0183] (2) once repRNA starts to replicate, it is more difficult to knock-down (e.g., with
miRNAs); therefore, compared to when expressing regulator protein from linear RNA, there may
be "leaky expression" of regulator protein in immune cells, and this may significantly reduce
expression from payload repRNA.
[0184] Thus, the combination of repRNA payload sequence with linear RNA regulator
sequence allows for very strong expression of payload in immune cells, while minimizing
expression of transgenes (payload) in non-immune cells. Similar to the situation with using linear
RNA to regulate a repRNA payload, utilizing a linear RNA regulator strand to regulate a circular
RNA payload may also achieve an advantageous outcome, in that circular RNA is more durable

than linear RNA.
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[0185] As is apparent from the present disclosure, a synthetic circuit useful for the present
disclosure can comprise various combinations of RNA modalities, so long as the payload can be
selectively expressed in the cell of interest (i.e., immune cell).
[0186] For example, in some aspects, a synthetic circuit provided herein comprises: (a) a
first sequence encoding a payload (payload sequence) and (b) a second sequence encoding a
regulator (regulator sequence), wherein the payload sequence is a self-replicating RNA and
comprises a sensor that is capable of specifically recognizing the regulator (type P sensor); and
wherein the regulator sequence is a non-replicating RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor). In some aspects, a synthetic circuit provided
herein comprises: (a) a first sequence encoding a payload (payload sequence) and (b) a second
sequence encoding a regulator (regulator sequence); wherein the payload sequence is a self-
replicating RNA and comprises (i) a first sensor that is capable of specifically recognizing the
regulator (first type P sensor) and (ii) a second sensor that is capable of specifically recognizing a
marker (second type P sensor); and wherein the regulator sequence is a non-replicating RNA and
comprises a sensor that is capable of specifically recognizing a marker (type R sensor).
[0187] In some aspects, a synthetic circuit provided herein comprises: (a) a first sequence
encoding a payload (payload sequence) and (b) a second sequence encoding a regulator (regulator
sequence); wherein the payload sequence is a self-replicating RNA and comprises a sensor that is
capable of specifically recognizing the regulator (type P sensor); and wherein the regulator
sequence is a circular RNA and comprises a sensor that is capable of specifically recognizing a
marker (type R sensor). In some aspects, a synthetic circuit provided herein comprises: (a) a first
sequence encoding a payload (payload sequence) and (b) a second sequence encoding a regulator
(regulator sequence); wherein the payload sequence is a self-replicating RNA and comprises (i) a
first sensor that is capable of specifically recognizing the regulator (first type P sensor) and (ii) a
second sensor that is capable of specifically recognizing a marker (second type P sensor); and
wherein the regulator sequence is a circular RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor).
[0188] In some aspects, a synthetic circuit provided herein comprises: (a) a first sequence
encoding a payload (payload sequence) and (b) a second sequence encoding a regulator (regulator
sequence); wherein the payload sequence is a circular RNA and comprises a sensor that is capable
of specifically recognizing the regulator (type P sensor); and wherein the regulator sequence is a
circular RNA and comprises a sensor that is capable of specifically recognizing a marker (type R
sensor). In some aspects, a synthetic circuit provided herein comprises: (a) a first sequence

encoding a payload (payload sequence) and (b) a second sequence encoding a regulator (regulator
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sequence); wherein the payload sequence is a circular RNA and comprises (i) a first sensor that is
capable of specifically recognizing the regulator (first type P sensor) and (ii) a second sensor that
is capable of specifically recognizing a marker (second type P sensor); and wherein the regulator
sequence is a circular RNA and comprises a sensor that is capable of specifically recognizing a
marker (type R sensor).

In some aspects, a synthetic circuit provided herein comprises: (a) a first sequence encoding a
payload (payload sequence) and (b) a second sequence encoding a regulator (regulator sequence);
wherein the payload sequence is a circular RNA and comprises a sensor that is capable of
specifically recognizing the regulator (type P sensor); and wherein the regulator sequence is a non-
replicating RNA and comprises a sensor that is capable of specifically recognizing a marker (type
R sensor). In some aspects, a synthetic circuit provided herein comprises: (a) a first sequence
encoding a payload (payload sequence) and (b) a second sequence encoding a regulator (regulator
sequence); wherein the payload sequence is a non-replicating RNA and comprises (i) a first sensor
that is capable of specifically recognizing the regulator (first type P sensor) and (ii) a second sensor
that is capable of specifically recognizing a marker (second type P sensor); and wherein the
regulator sequence is a non-replicating RNA and comprises a sensor that is capable of specifically

recognizing a marker (type R sensor).

Additional Components

[0189] In some aspects, a synthetic circuit described herein comprises one or more
additional components that aid in the function of the synthetic circuit. For instance, in some
aspects, a synthetic circuit described herein comprises a payload sequence, wherein the payload
sequence comprises a type P sensor and one or more additional components described herein. In
some aspects, a synthetic circuit described herein comprises a regulator sequence, wherein the
regulator sequence comprises a type R sensor and one or more additional components described
herein. In some aspects, a synthetic circuit described herein comprise a payload sequence and a
regulator sequence, wherein each of the payload sequence and the regulator sequence comprises
one or more additional components described herein.

[0190] In some aspects, a payload sequence useful for the present disclosure comprises one
or more additional components, wherein the one or more additional components enhance the
expression of the encoded payload. In some aspects, the regulator sequence does not comprise one
or more additional components that enhance the expression of the encoded regulator. Therefore, in
some aspects, when such a synthetic circuit is introduced into an immune cell, the expression of

the payload is increased as compared to the expression of the regulator. In some aspects, compared
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to the expression of the regulator, the expression of the payload is increased by at least about 10%,
at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%,
at least about 70%, at least about 80%, at least about 90%, or at least about 100%. In some aspects,
the expression of the payload is increased by at least about 1.5-fold, at least about 2-fold, at least
about 3-fold, at least about 4-fold, at least about 5-fold, at least about 6-fold, at least about 7-fold,
at least about 8-fold, at least about 9-fold, at least about 10-fold, at least about 12.5-fold, at least
about 15-fold, at least about 20-fold, at least about 25-fold, at least about 30-fold, at least about
35-fold, at least about 40-fold, at least about 45-fold, or at least about 50-fold.

[0191] In some aspects, a payload sequence useful for the present disclosure comprises one
or more additional components that increases the stability of the payload sequence. In some
aspects, the regulator sequence does not comprise one or more additional components that increase
the stability of the payload sequence. In some aspects, increased stability results in increased
expression of the encoded protein. In some aspects, when such a synthetic circuit is introduced into
an immune cell, the expression of the payload is increased by at least about 10%, at least about
20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, or at least about 100%. In some aspects, the expression
of the payload is increased by at least about 1.5-fold, at least about 2-fold, at least about 3-fold, at
least about 4-fold, at least about 5-fold, at least about 6-fold, at least about 7-fold, at least about 8-
fold, at least about 9-fold, at least about 10-fold, at least about 12.5-fold, at least about 15-fold, at
least about 20-fold, at least about 25-fold, at least about 30-fold, at least about 35-fold, at least
about 40-fold, at least about 45-fold, or at least about 50-fold.

[0192] In some aspects, the one or more additional components that can be included in a
synthetic circuit provided herein comprises an aptamer for a translational initiation factor. For
instance, in some aspects, a synthetic circuit provided herein comprises a payload sequence,
wherein the payload sequence is a circular RNA and comprises an aptamer for a translational
initiation factor. The inclusion of such additional component, particularly where the payload
sequence is a circular RNA, can aid in the expression of the encoded payload when the synthetic
circuit is introduced into an immune cell. See, e.g., Prats et al., Int J Mol Sci 21(22): 8591 (Nov.
2020). Non-limiting examples of additional components that are useful for the present disclosure
include: (1) an internal ribosome entry cite (IRES), (2) an untranslated region (UTR), (3) a
sequence encoding a signal peptide, (4) a translation initiation sequence, (5) a polyA sequence, (6)
a sequence encoding a RNA binding protein, (7) a sequence encoding a 2A ribosome skip peptide,
(8) a 5'-cap, (9) a translation enhancer element, or (10) any combination of (1) to (10). Additional

disclosure related to such additional components are provided below.
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Terminal Architecture Modifications: Untranslated Regions (UTRs)

[0193] In some aspects, a synthetic circuit described herein comprises a UTR. For example,
in some aspects, a synthetic circuit described herein comprises a payload sequence, wherein the
payload sequence comprises a UTR. In some aspects, the UTR is a 5'-UTR. In some aspects, the
UTR is a 3'-UTR. In some aspects, the UTR comprises both a 5'-UTR and a 3'-UTR.

[0194] Untranslated regions (UTRs) of a gene are transcribed but not translated. The 5'-
UTR starts at the transcription start site and continues to the start codon but does not include the
start codon; whereas, the 3'-UTR starts immediately following the stop codon and continues until
the transcriptional termination signal. There is growing body of evidence about the regulatory roles
played by the UTRs in terms of stability of the nucleic acid molecule and translation. Accordingly,
where a payload sequence described herein comprises a UTR, the stability of the payload sequence
is increased, e.g., as compared to a sequence without the UTR. As described herein, in some

aspects, increased stability results in increased expression of the encoded protein.

5'-UTR and Translation Initiation

[0195] Natural 5'-UTRs bear features which play roles in translation initiation. They harbor
signatures like Kozak sequences which are commonly known to be involved in the process by
which the ribosome initiates translation of many genes. Kozak sequences have the consensus
CCR(A/G)CCAUGG, where R is a purine (adenine or guanine) three bases upstream of the start
codon (AUGQG), which is followed by another 'G'. 5'-UTR also have been known to form secondary
structures which are involved in elongation factor binding.

[0196] 5’-UTR secondary structures involved in elongation factor binding can interact with
other RNA binding molecules in the 5'-UTR or 3'-UTR to regulate gene expression. For example,
the elongation factor EIF4A2 binding to a secondarily structured element in the 5'-UTR is
necessary for microRNA mediated repression (Meijer H A et al., Science, 2013, 340, 82-85, herein
incorporated by reference in its entirety). The different secondary structures in the 5'-UTR can be
incorporated into the flanking region to either stabilize or selectively destalized mRNAs in specific
tissues or cells.

[0197] By engineering the features typically found in abundantly expressed genes of
specific target organs, one can enhance the stability and protein production of a nucleic acid
sequence (e.g., payload sequence of a synthetic circuit provided herein). For example, introduction
of 5'-UTR of liver-expressed mRNA, such as albumin, serum amyloid A, Apolipoprotein A/B/E,
transferrin, alpha fetoprotein, erythropoietin, or Factor VIII, could be used to enhance expression

of a nucleic acid molecule, such as a mRNA, in hepatic cell lines or liver. Likewise, use of 5'-UTR
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from other tissue-specific mRNA to improve expression in that tissue is possible—for muscle
(MyoD, Myosin, Myoglobin, Myogenin, Herculin), for endothelial cells (Tie-1, CD36), for
myeloid cells (C/EBP, AMLI1, G-CSF, GM-CSF, CD11b, MSR, Fr-1, i-NOS), for leukocytes
(CD45, CD18), for adipose tissue (CD36, GLUT4, ACRP30, adiponectin) and for lung epithelial
cells (SP-A/B/C/D).

[0198] Other non-UTR sequences can also be incorporated into the UTRs (e.g., 5-UTR
and/or 3'-UTR). For example, introns or portions of introns sequences can be incorporated into the
flanking regions of a nucleic acid sequence (e.g., payload sequence of a synthetic circuit provided
herein).

[0199] In some aspects, one or more nucleotides within a UTR (e.g., 5'-UTR and/or 3'-
UTR) can be mutated, replaced and/or removed. For example, one or more nucleotides upstream
of the start codon can be replaced with another nucleotide. The nucleotide or nucleotides to be
replaced canbe 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
30, 35, 40, 45, 50, 55, 60 or more than 60 nucleotides upstream of the start codon. As another

example, one or more nucleotides upstream of the start codon can be removed from the UTR.

3' UTR and the AU Rich Elements

[0200] 3'-UTRs are known to have stretches of adenosines and uridines embedded in them.
These AU rich signatures are particularly prevalent in genes with high rates of turnover. Based on
their sequence features and functional properties, the AU rich elements (AREs) can be separated
into three classes (Chen et al, 1995): Class I AREs contain several dispersed copies of an AUUUA
motif within U-rich regions. C-Myc and MyoD contain class I AREs. Class II AREs possess two
or more overlapping UUAUUUA(U/A)(U/A) nonamers. Molecules containing this type of AREs
include GM-CSF and TNF-a. Class III ARES are less well defined. These U rich regions do not
contain an AUUUA motif. ¢c-Jun and Myogenin are two well-studied examples of this class. Most
proteins binding to the AREs are known to destabilize the messenger, whereas members of the
ELAYV family, most notably HuR, have been documented to increase the stability of mRNA. HuR
binds to AREs of all the three classes. Engineering the HuR specific binding sites into the 3'-UTR
of nucleic acid molecules can lead to HuR binding and thus, stabilization of the message in vivo.

[0201] In some aspects, introduction, removal, or modification of 3'-UTR AU rich
elements (AREs) can be used to modulate the stability of a nucleic acid sequence. When
engineering specific nucleic acid sequences (e.g., payload sequence and/or regulator sequence
described herein), one or more copies of an ARE can be introduced to make the nucleic acid

sequence less stable and thereby curtail translation and decrease production of the resultant protein.
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Likewise, AREs can be identified and removed or mutated to increase the intracellular stability

and thus increase translation and production of the resultant protein.

Translation Enhancer Elements (TEEs)

[0202] In some aspects, a synthetic circuit provided herein comprises a translational
enhancer element (TEE). As used herein, the term "translational enhancer element" refers to cis-
acting sequences that increase the expression of a protein encoded by a nucleotide sequence. Non-
limiting examples of TEEs that can be used with the present disclosure are known in the art, see,
e.g., US20130177581A, which is incorporated herein by reference in its entirety. In some aspects,
a synthetic circuit provided herein comprises a payload sequence and a regulator sequence, wherein
the payload sequence comprises a TEE. When such a synthetic circuit is introduced into an immune
cell, the expression of the payload is increased, e.g., as compared to a corresponding synthetic
circuit where the payload sequence does not comprise the TEE.

[0203] In some aspects, the TEE is positioned between the transcription promoter and the
start codon of a sequence (e.g., payload sequence). In some aspects, a TEE useful for the present
disclosure has at least about 50%, at least about 55%, at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at
least about 95%, or at least about 99% sequence identity with any of the TEEs provided in U.S.
Publication Number US 20140147454, US20090226470, US20070048776, US20130177581,
US20110124100, WO1999024595, W02012009644, W02009075886, W(02007025008, U.S.
Pat. No. 6,310,197, U.S. Pat. No. 6,849,405, U.S. Pat. No. 7,456,273, U.S. Pat. No. 7,183,395,
each of which is herein incorporated by reference in its entirety.

[0204] In some aspects, a synthetic circuit provided herein comprises multiple TEEs. For
example, in some aspects, a synthetic circuit provided herein comprises a payload sequence,
wherein the payload sequence comprises at least 1, at least 2, at least 3, at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least
15, at least 16, at least 17, at least 18 at least 19, at least 20, at least 21, at least 22, at least 23, at
least 24, at least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, or more
than 60 TEE sequences. In some aspects, the TEE sequences in the 5'UTR of the RNA (e.g.,
modified RNA) are the same or different TEE sequences. In some aspects, the TEE sequences are
in a pattern such as ABABAB or AABBAABBAABB or ABCABCABC or variants thereof
repeated once, twice, or more than three times. In these patterns, each letter, A, B, or C represent

a different TEE sequence at the nucleotide level.
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RNA Binding Proteins (RBPs)

[0205] In some aspects, a synthetic circuit provided herein comprises a sequence encoding
a RNA binding protein. RNA binding proteins (RBPs) can regulate numerous aspects of co- and
post-transcription gene expression such as, but not limited to, RNA splicing, localization,
translation, turnover, polyadenylation, capping, modification, export and localization. RNA-
binding domains (RBDs), such as, but not limited to, RNA recognition motif (RR) and hnRNP K-
homology (KH) domains, typically regulate the sequence association between RBPs and their RNA
targets (Ray et al,, Nature 2013. 499:172-177; herein incorporated by reference in its entirety). In
some aspects, the canonical RBDs bind short RNA sequences. In some aspects, the canonical
RBDs recognize RNA structure.

[0206] Non limiting examples of RNA binding proteins and related nucleic acid and
protein sequences are described in US 2014/0147454, which is herein incorporated by reference in

its entirety.

5" Capping

[0207] In some aspects, a synthetic circuit described herein comprises a 5'-cap structure.
For example, in some aspects, a synthetic circuit described herein comprises a payload sequence,
wherein the payload sequence comprises a 5'-cap structure. The 5' cap structure of a mRNA is
involved in nuclear export, increasing mRNA stability and binds the mRNA Cap Binding Protein
(CBP), which is responsible for mRNA stability in the cell and translation competency through the
association of CBP with poly(A) binding protein to form the mature cyclic mRNA species. The
cap further assists the removal of 5’ proximal introns removal during mRNA splicing.

[0208] Modifications to the RNA of the present disclosure can generate a non-hydrolyzable
cap structure preventing decapping and thus increasing mRNA half-life. Because cap structure
hydrolysis requires cleavage of 5'-ppp-5' phosphorodiester linkages, modified nucleotides can be
used during the capping reaction. For example, a Vaccinia Capping Enzyme from New England
Biolabs (Ipswich, Mass.) can be used with o-thio-guanosine nucleotides according to the
manufacturer's instructions to create a phosphorothioate linkage in the 5'-ppp-5' cap. Additional
modified guanosine nucleotides can be used such as a-methyl-phosphonate and seleno-phosphate
nucleotides.

[0209] Additional modifications include, but are not limited to, 2’'-O-methylation of the
ribose sugars of 5'-terminal and/or 5'-anteterminal nucleotides of the mRNA (as mentioned above)
on the 2'-hydroxyl group of the sugar ring. Multiple distinct 5'-cap structures can be used to

generate the 5'-cap of a nucleic acid molecule, such as an mRNA molecule.
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[0210] Cap analogs, which herein are also referred to as synthetic cap analogs, chemical
caps, chemical cap analogs, or structural or functional cap analogs, differ from natural (i.e.
endogenous, wild-type or physiological) 5'-caps in their chemical structure, while retaining cap
function. Cap analogs can be chemically (i.e. non-enzymatically) or enzymatically synthesized
and/linked to a nucleic acid molecule.

[0211] For example, the Anti-Reverse Cap Analog (ARCA) cap contains two guanines
linked by a 5'-5'-triphosphate group, wherein one guanine contains an N7 methyl group as well as
a 3'-O-methyl group (i.e., N7,3'-O-dimethyl-guanosine-5'-triphosphate-5'-guanosine (m7G-3'
mppp-G; which can equivalently be designated 3' O-Me-m7G(5")ppp(5')G). The 3'-O atom of the
other, unmodified, guanine becomes linked to the 5'-terminal nucleotide of the capped nucleic acid
molecule (e.g,, an mRNA or mmRNA). The N7- and 3'-O-methylated guanine provides the

terminal moiety of the capped nucleic acid molecule (e.g., mMRNA or mmRNA).

[0212] Another exemplary cap is mCAP, which is similar to ARCA but has a 2'-f-methyl
group on guanosine (i.e., N7,2'-O-dimethyl-guanosine-5'-triphosphate-5'-guanosine, m7Gm-ppp-
G).

[0213] In some aspects, the cap is a dinucleotide cap analog. In some aspects, the

dinucleotide cap analog is modified at different phosphate positions with a boranophosphate group
or a phosphoroselenoate group such as the dinucleotide cap analogs described in U.S. Pat. No.
8,519,110, the contents of which are herein incorporated by reference in its entirety.

[0214] In some aspects, the cap is a cap analog is a N7-(4-chlorophenoxyethyl) substituted
dicucleotide form of a cap analog known in the art and/or described herein. Non-limiting examples
of a N7-(4-chlorophenoxyethyl) substituted dinucleotide form of a cap analog include a N7-(4-
chlorophenoxyethyl)-G(5")ppp(5)G and a N7-(4-chlorophenoxyethyl)-m3'-OG(5")ppp(5')G cap
analog (See e.g., the various cap analogs and the methods of synthesizing cap analogs described in
Kore et al. Bioorganic & Medicinal Chemistry 2013 21:4570-4574; the contents of which are
herein incorporated by reference in its entirety). In some aspects, a cap analog of the present
disclosure is a 4-chloro/bromophenoxyethyl analog.

[0215] While cap analogs allow for the concomitant capping of a nucleic acid molecule in
an in vitro transcription reaction, up to about 20% of transcripts remain uncapped. This, as well as
the structural differences of a cap analog from an endogenous 5'-cap structures of nucleic acids
produced by the endogenous, cellular transcription machinery, can lead to reduced translational

competency and reduced cellular stability.
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[0216] In some aspects, providing an RNA with a 5'-cap or 5'-cap analog is achieved by in
vitro transcription of a DNA template in the presence of said 5'-cap or 5'-cap analog, wherein said
S’-cap is co-transcriptionally incorporated into the generated RNA strand,
[0217] In some aspects, RNA can be generated, for example, by in vitro transcription, and
the 5'-cap can be attached to the RNA post-transcriptionally using capping enzymes, for example,
capping enzymes of vaccinia virus. In some aspects, the nucleotide sequence encoding IL-12 is
capped post-transcriptionally, using enzymes, in order to generate more authentic 5'-cap structures.
As used herein, the phrase "more authentic" refers to a feature that closely mirrors or mimics, either
structurally or functionally, an endogenous or wild type feature. That is, a "more authentic" feature
is better representative of an endogenous, wild-type, natural or physiological cellular function
and/or structure as compared to synthetic features or analogs, etc., of the prior art, or which
outperforms the corresponding endogenous, wild-type, natural or physiological feature in one or
more respects. Non-limiting examples of more authentic 5' cap structures of the present disclosure
are those which, among other things, have enhanced binding of cap binding proteins, increased
half-life, reduced susceptibility to 5’ endonucleases and/or reduced 5’ decapping, as compared to
synthetic 5’ cap structures known in the art (or to a wild-type, natural or physiological 5' cap
structure). For example, recombinant Vaccinia Virus Capping Enzyme and recombinant 2'-O-
methyltransferase enzyme can create a canonical 5'-5'-triphosphate linkage between the 5'-terminal
nucleotide of an mRNA and a guanine cap nucleotide wherein the cap guanine contains an N7
methylation and the 5'-terminal nucleotide of the mRNA contains a 2'-O-methyl. This cap results
in a higher translational-competency and cellular stability and a reduced activation of cellular pro-
inflammatory cytokines, as compared, e.g., to other 5’ cap analog structures known in the art. Cap
structures include 7mG(5")ppp(5)N,pN2p, 7TmG(5")ppp(5INImpNp, 7mG(5")-ppp(5)NImpN2 mp
and m(7)Gpppm(3)(6,6,2")Apm(2")Apm(2")Cpm(2)(3,2")Up.
[0218] In some aspects, 5’ terminal caps include endogenous caps or cap analogs. In some
aspects, a 5' terminal cap comprises a guanine analog. Useful guanine analogs include inosine, N1-
methyl-guanosine, 2' fluoro-guanosine, 7-deaza-guanosine, 8-oxo-guanosine, 2-amino-guanosine,
LNA-guanosine, and 2-azido-guanosine.
[0219] In some aspects, the 5' cap comprises a 5' to 5' triphosphate linkage. In some aspects,
the 5' cap comprises a 5' to 5' triphosphate linkage including thiophosphate modification. In some
aspects, the 5' cap comprises a 2'-O or 3'-O-ribose-methylated nucleotide. In some aspects, the 5'
cap comprises a modified guanosine nucleotide or modified adenosine nucleotide. In some aspects,
the 5' cap comprises 7- methylguanylate. Exemplary cap structures include m7G(5")ppp(5)G,
m7,2"O-mG(5)ppSp(5)G, m7G(5)ppp(5')2'O-mG, and m7,3" O-mG(5")ppp(5')2' O-mA.
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[0220] In some aspects, a synthetic circuit described herein comprises a modified 5' cap.
For instance, in some aspects, the payload sequence of a synthetic circuit comprises a modified 5'-
cap. A modification on the 5' cap can increase the stability of mRNA, increase the half-life of the
mRNA, and could increase the mRNA translational efficiency. In some aspects, the modified 5’
cap comprises one or more of the following modifications: modification at the 2’ and/or 3’ position
of a capped guanosine triphosphate (GTP), a replacement of the sugar ring oxygen (that produced
the carbocyclic ring) with a methylene moiety (CH2), a modification at the triphosphate bridge
moiety of the cap structure, or a modification at the nucleobase (G) moiety.

[0221] The 5' cap structure that can be modified includes, but is not limited to, the caps
described in U.S. Application No. 2014/0147454 and WO2018/160540 which is incorporated

herein by reference in its entirety.

IRES Sequences
[0222] In some aspects, a synthetic circuit provided herein comprises an internal ribosome
entry site (IRES). For example, in some aspects, a synthetic circuit provided herein comprises a
payload sequence, wherein the payload sequence comprises an IRES. First identified as a feature
Picorna virus RNA, IRES plays an important role in initiating protein synthesis in absence of the
5" cap structure. An IRES can act as the sole ribosome binding site, or can serve as one of multiple
ribosome binding sites of an mRNA. Nucleic acids or mRNA containing more than one functional
ribosome binding site can encode several peptides or polypeptides that are translated independently
by the ribosomes ("multicistronic nucleic acid molecules"). When nucleic acids or mRNA are
provided with an IRES, further optionally provided is a second translatable region. Examples of
IRES sequences that can be used according to the disclosure include without limitation, those from
picornaviruses (e.g., FMDYV), pest viruses (CFFV), polio viruses (PV), encephalomyocarditis
viruses (ECMYV), foot-and-mouth disease viruses (FMDV), hepatitis C viruses (HCV), classical
swine fever viruses (CSFV), murine leukemia virus (MLV), simian immune deficiency viruses

(SIV) or cricket paralysis viruses (CrPV).

Poly-A Tails
[0223] In some aspects, a synthetic circuit provided herein comprises a poly-A tail. In some
aspects, a synthetic circuit provided herein comprises a payload sequence, wherein the payload
sequence comprises a poly-A tail.
[0224] In some aspects, the length of the poly-A tail is greater than about 30 nucleotides in

length. In some aspects, the poly-A tail is greater than about 35 nucleotides in length. In some
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aspects, the length is at least about 40 nucleotides. In some aspects, the length is at least about 45
nucleotides. In some aspects, the length is at least about 55 nucleotides. In some aspects, the length
is at least about 60 nucleotides. In some aspects, the length is at least 70 nucleotides. In some
aspects, the length is at least about 80 nucleotides. In some aspects, the length is at least about 90
nucleotides. In some aspects, the length is at least about 100 nucleotides. In some aspects, the
length is at least about 120 nucleotides. In some aspects, the length is at least about 140 nucleotides.
In some aspects, the length is at least about 160 nucleotides. In some aspects, the length is at least
about 180 nucleotides. In some aspects, the length is at least about 200 nucleotides. In some
aspects, the length is at least about 250 nucleotides. In some aspects, the length is at least about
300 nucleotides. In some aspects, the length is at least about 350 nucleotides. In some aspects, the
length is at least about 400 nucleotides. In some aspects, the length is at least about 450 nucleotides.
In some aspects, the length is at least about 500 nucleotides. In some aspects, the length is at least
about 600 nucleotides. In some aspects, the length is at least about 700 nucleotides. In some
aspects, the length is at least about 800 nucleotides. In some aspects, the length is at least about
900 nucleotides. In some aspects, the length is at least about 1000 nucleotides. In some aspects,
the length is at least about 1100 nucleotides. In some aspects, the length is at least about 1200
nucleotides. In some aspects, the length is at least about 1300 nucleotides. In some aspects, the
length is at least about 1400 nucleotides. In some aspects, the length is at least about 1500
nucleotides. In some aspects, the length is at least about 1600 nucleotides. In some aspects, the
length is at least about 1700 nucleotides. In some aspects, the length is at least about 1800
nucleotides. In some aspects, the length is at least about 1900 nucleotides. In some aspects, the
length is at least about 2000 nucleotides. In some aspects, the length is at least about 2500
nucleotides. In some aspects, the length is at least about 3000 nucleotides.

[0225] In some aspects, the poly-A tail comprises a polyA-G quartet. The G-quartet is a
cyclic hydrogen bonded array of four guanine nucleotides that can be formed by G-rich sequences
in both DNA and RNA. In some aspects, the G-quartet is incorporated at the end of the poly-A tail.
The resultant nucleic acid or mRNA can be assayed for stability, protein production and other
parameters including half-life at various time points. It has been discovered that the polyA-G
quartet results in protein production equivalent to at least 75% of that seen using a poly-A tail of

120 nucleotides alone.

Modified Nucleosides
[0226] In some aspects, a synthetic circuit provided herein comprises one or more modified

nucleosides. In some aspects, a synthetic circuit provided herein comprises a payload sequence,
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wherein the payload sequence comprises one or more modified nucleosides. In some aspects, the
one or more modified nucleosides comprises 6-aza-cytidine, 2-thio-cytidine, o-thio-cytidine,
pseudo-iso-cytidine, S-aminoallyl-uridine, 5-iodo-uridine, N1-methyl-pseudouridine, 5,6-
dihydrouridine, a-thio-uridine, 4-thio-uridine, 6-aza-uridine, 5-hydroxy-uridine, deoxy-thymidine,
pseudo-uridine, inosine, a-thio-guanosine, 8-oxo-guanosine, O6-methyl-guanosine, 7-deaza-
guanosine, N1-methyl adenosine, 2-amino-6-chloro-purine, N6-methyl-2-amino-purine, 6-chloro-
purine, N6-methyl-adenosine, a-thio-adenosine, 8-azido-adenosine, 7-deaza-adenosine, pyrrolo-
cytidine, 5-methyl-cytidine, N4-acetyl-cytidine, 5-methyl-uridine, 5-iodo-cytidine, and
combinations thereof.

[0227] In some aspects, a synthetic circuit provided herein comprises one or more uridines
which have been replaced by a modified nucleoside. In some aspects, the modified nucleoside
replacing uridine is pseudouridine (y), N1-methyl-pseudouridine (mly) or S-methyl-uridine

(m5U).

Nanoparticle and Delivery System

[0228] In some aspects, the present disclosure relates to the delivery of a synthetic circuit
(e.g., described herein) to cells. In some aspects, the delivery can occur in vivo (e.g., by
administering a synthetic circuit described herein to a subject) or ex vivo (e.g., by culturing a
synthetic circuit described herein with the cells in vitro). In some aspects, delivery of a synthetic
circuit described herein can be performed using any suitable delivery system known in the art. In
certain aspects, the delivery system is a vector. Accordingly, in some aspects, the present disclosure
provides a vector comprising any of the synthetic circuits described herein. Suitable vectors that
can be used are known in the art. See, e.g., Sung et al., Biomater Res 23(8) (2019) which is
incorporated herein by reference in its entirety.

[0229] In some aspects, a synthetic circuit is delivered using a nanoparticle (e.g., lipid
nanoparticle or lipid like nanoparticle). Accordingly, in some aspects, the present disclosure relates
to a synthetic circuit (e.g., described herein) encapsulated within a nanoparticle, a composition
comprising such a nanoparticle, and the use of such a nanoparticle to treat a disease or disorder in
a subject in need thereof. More specifically, in some aspects, provided herein is a nanoparticle
comprising (i) any of the synthetic circuits described herein and (ii) one or more types of

nanoparticle components.
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Nanoparticle (NP)
[0230] A "nanoparticle" (NP), as used herein, refers to a particle, such as a vesicle, having
characteristic dimensions measured in nanometers (nm). Nanoparticles can be used in methods by
which pharmaceutical therapies are delivered to targeted locations. Non-limiting examples of NPs
include lipid nanoparticles (LNPs), lipid-like nanoparticles (LLNs), polymeric nanoparticles

(PNPs), and inorganic nanoparticles.

Lipid Nanoparticle (LNP)

[0231] A "lipid nanoparticle" (LNP), as used herein, refers to a nanoparticle composed of
lipids. Lipid nanoparticles can be used in methods by which pharmaceutical therapies are delivered
to targeted locations. Non-limiting examples of LNPs include cationic lipid nanoparticles,
ionizable lipid nanoparticles, liposomes, bolaamphihiles, solid lipid nanoparticles (SLN),
nanostructured lipid carriers (NLC), and monolayer membrane structures (e.g., archaeosomes and
micelles).

[0232] As used herein a "cationic lipid nanoparticle" refers to a nanoparticle comprising
a cationic lipid. As used herein an "ionizable lipid nanoparticle" refers to a nanoparticle
comprising an ionizable lipid. In aspects of the disclosure, LNPs comprise one or more of the
following lipids: a "non-cationic helper lipid," a "phospholipid," a "sterol other structural

lipid," and a "PEG/pegylated lipid."

[0233] Exemplary LNPs comprise one or more of the following components:
[0234] (i) an ionizable/cationic lipid,

[0235] (i1) phospholipid or a non-cationic helper lipid,;

[0236] (iii) a sterol or other structural lipid,

[0237] (iv) a PEG/PEGylated lipid and

[0238] (v) a targeted delivery molecule (lipid composition/targeting ligand).

Lipid Like Nanoparticle (LLN)
[0239] A "lipid like nanoparticle" (LLN), as used herein, refers to a nanoparticle
comprising a lipid, and a lipid-like material or a lipidoid, as described herein. In aspects of the
disclosure, LLNs comprise one or more of the following lipids: a "non-cationic helper lipid," a
"phospholipid," a "sterol other structural lipid", and a "PEG/PEGylated lipid." Lipid like
nanoparticles can be used in methods by which pharmaceutical therapies are delivered to targeted
locations.

[0240] Exemplary LLNs comprise one or more of the following components:
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[0241] (1) an ionizable/cationic lipid-like material or lipidoid,
[0242] (ii) phospholipid or a non-cationic helper lipid,
[0243] (ii1) a sterol or other structural lipid,;
[0244] (iv) a PEG/PEGylated lipid; and
[0245] (v) a targeted delivery molecule (lipid composition/targeting ligand).
ITonizable lipid
[0246] Non-limiting examples of ionizable lipids include: Non-limiting examples of

ionizable lipids include: ((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate)
(ALC-0315), heptadecan-9-yl 8-((2-hydroxyethyl)(6-oxo-6-(undecyloxy)hexyl)amino) octanoate
(SM-102), heptadecan-9-y1 8-((2-hydroxyethyl)(8-(nonyloxy)-8-oxooctyl)amino)octanoate (Lipid
5), di((Z)-non-2-en-1-yl) 9-((4-(dimethylamino)butanoyl)oxy)heptadecanedioate (L319), 3-

(didodecylamino)-N1,N1,4 tridodecyl-1-piperazineethanamine (KL10), NI-[2
(didodecylamino)ethyl]-N1,N4,N4-tridodecyl  1,4-piperazinediethanamine (KL22), 14,25-
ditridecyl-15,18,21,24-tetraaza-octatriacontane (KL25), 1,2-dilinoleyloxy-N,N-

dimethylaminopropane (DLin-DMA), 2,2-dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane
(DLin-K-DMA), heptatriaconta-6,9,28 3 1-tetraen-19-yl-4-(dimethylamino)butanoate ~ (DLin-
MC3-DMA), 2,2-dilinoleyl-4-(2 dimethylaminoethyl)-[1,3]-dioxolane (DLin-KC2-DMA), 1,2-
dioleyloxy-N,N-dimethylaminopropane (DODMA), 2-({8-[(3B)-cholest-5-en-3-
yloxyJoctyl }oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-dien-1-yloxy]propan-1-amine
(Octyl-CLinDMA), (2R)-2-({8-[(3pB)-cholest-5-en-3-yloxy]octyl } oxy)-N,N-dimethyl-3-
[(9Z,12Z)-octadeca-9,12-dien-1-yloxy |propan-1-amine (Octyl-CLinDMA (2R)), and (25)-2-({8-
[(3B)-cholest-5-en-3-yloxy]octyl } oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-dien-1-
yloxy]propan-1-amine (Octyl-CLinDMA (25)), or any combination thereof.

Cationic lipid
[0247] Non-limiting examples of a cationic lipid include: 1,2-dioleoyl-3 -
trimethylammonium-propane (DOTAP), lipofectamine, N-[I-(2,3- dioleoyloxy)propyl]-N,N,N-
trimethylammonium chloride (DOTMA), 1-[2- (oleoyloxy)ethyl]-2-oleyl-3-(2-
hydroxyethyl)imidazolinium chloride (DOTEVI), 2,3- dioleyloxy-N-
[2(sperminecarboxamido)ethyl]-N,N-dimethyl-1-propanaminium trifluoroacetate (DOSPA), N,N-
distearyl-N,N-dimethylammonium bromide (DDAB), N-(I ,2-dimyristyloxyprop-3 -yl)-N,N-
dimethyl-N-hydroxy ethyl ammonium bromide (DMRIE), N-(I,2-dioleoyloxyprop-3-yl)-N,N-
dimethyl-N-hydroxy ethyl ammonium bromide (DORIE), N, N-dioleyl-N,N-dimethylammonium
chloride (DODAC), 1,2-dilauroyl-sn-glycero-3-ethylphosphocholine (DLePC), 1,2-distearoyl-3-

trimethylammonium-propane  (DSTAP), 1,2-dipalmitoyl-3  -trimethylammonium-propane
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(DPTAP), 1,2-dilinoleoyl-3  -trimethylammonium-propane (DLTAP), 1,2-dimyristoyl-3-
trimethylammonium-propane (DMTAP), 1,2-distearoyl -sn-glycero-3- ethylphosphocholine
(DSePC), 1,2-dipalmitoyl-sn-glycero-3-ethylphosphocholine (DPePC), 1,2-dimyristoyl -sn-
glycero-3-ethylphosphocholine (DMePC), 1,2-dioleoyl-sn-  glycero-3-ethylphosphocholine
(DOePC), 1,2-di-(9Z-tetradecenoyl)-sn-glycero-3- ethylphosphocholine (14: 1 EPC), I-palmitoyl-
2-oleoyl-sn-glycero-3-ethylphosphocholine (16:0-18: 1 EPC), or any combination thereof.
[0248] In some aspects of the disclosure, LNPs primarily comprise cationic lipids along
with other lipid ingredients. These typically include other lipid molecules belonging but not limited
to the phophatidylcholine (PC) class (e.g., 1,s-Distearoyl-sn-glycero-3-phophocholine (DSPC),
and 1,2-Dioleoyl-sn-glycero-3-phophoethanolamine (DOPE), sterols (e.g., cholesterol) and
Polyethylene  glycol (PEG)-lipid conjugates (e.g., 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N-[folate(polyethylene glycol)-2000 (DSPE-PEG2000), and Cl14-
PEG2000.
DOTAP
[0249] In aspects of the disclosure, the catonic lipid is DOTAP. DOTAP can be used for
the highly efficient transfection of DNA including yeast artificial chromosomes (YACs) into
eukaryotic cells for transient or stable gene expression, and is also suitable for the efficient transfer
of other negatively charged molecules, such as RNA, oligonucleotides, nucleotides,
ribonucleoprotein (RNP) complexes, and proteins into research samples of mammalian cells.
Lipofectamine
[0250] In aspects of the disclosure, the catonic lipid is lipofectamine. Lipofectamine, as
used herein, is a common transfection reagent, produced and sold by Invitrogen, used in molecular
and cellular biology. It is used to increase the transfection efficiency of RNA (including mRNA
and siRNA) or plasmid DNA into in vitro cell cultures by lipofection. Lipofectamine contains lipid
subunits that can form liposomes or lipid nanoparticles in an aqueous environment, which entrap
the transfection payload, e.g., modRNA. The RNA-containing liposomes (positively charged on
their surface) can fuse with the negatively charged plasma membrane of living cells, due to the
neutral co-lipid mediating fusion of the liposome with the cell membrane, allowing nucleic acid
cargo molecules to cross into the cytoplasm for replication or expression.
Lipid-like material or lipidoid
[0251] Unless indicated otherwise, "lipid-like material" and "lipidoid" can be used
interchangeably. Non-limiting examples of lipid-like materials and/or lipidoids include: 1,1'-((2-
(4-(2-((2-(bis(2-hydroxydodecyl) amino)ethyl) (2- hydroxydodecyl)amino)ethyl) piperazin-1-
yl)ethyl)azanediyl) bis(dodecan-2-ol) (C12-200), 3,6-bis(4-(bis(2-
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hydroxydodecyl)amino)butyl)piperazine2,5-dione (cKK-E12), tetrakis(8-methylnonyl) 3,3',3",3"-
(((methylazanediyl) bis(propane-3,1 diyl))bis (azanetriyl))tetrapropionate (3060i10), GO-C14,
5A2-SC8, 3,6-bis(4-(bis((9Z,12Z)-2-hydroxyoctadeca9,12-dien-1-yl)amino)butyl)piperazine-2,5-
dione (OF-02), (((3,6-dioxopiperazine-2,5-diyl)bis (butane-4,1-
diyl))bis(azanetriyl))tetrakis(ethane2,1-diyl) (92.,9'72.9"7.,9"7.,127,12'7,12"7,,12"7)-tetrakis
(octadeca-9,12-dienoate) (OF-Deg-Lin), (((3,6-dioxopiperazine-2,5-diyl)bis(butane-4,1-diyl))
bis(azanetriyl))tetrakis (butane-4,1-diyl) (972,9'7.,9"7.,9"7.,127.,12'7,12"7,,12"7)-tetrakis
(octadeca-9,12-dienoate) (OF-C4-Deg-Lin), N1,N3,N5-tris(3-
(didodecylamino)propyl)benzenel,3,5-tricarboxamide (TT3), Hexa(octan-3-yl) 9,9',9" 9" 9" 9""-
((((benzene-1,3,5-tricarbonyl)ris(azanediyl)) tris (propane-3,1-
diyl))tris(azanetriyl))hexanonanoate (FTT5), PL-1 [disclosed in Nature Communications, 12-7264
(2021), which is is hereby incorporated by reference], 98N12-5 [disclosed in Molecular Therapy
vol. 17 no. 5 May 2009, which is hereby incorporated by reference], ethyl 5,5-di((Z)-heptadec-8-
en-1-yl)-1-(3-(pyrrolidin-1-yl)propyl)-2,5-dihydro-1H-imidazole-2-carboxylate (A2-Iso5-2DC18
(A2)) and A12-Iso5—2DC18 (A12), or any combination thereof.
[0252] TT3, as used herein, is capable of forming nanoparticles for delivery of various
biologic active agents into the cells. In addition, the present disclosure also demonstrates that an
unloaded TT3-LLN can induce immunogenic cell death (ICD) in cancer cells in vivo and in vitro.
Immunogenic cell death, as described herein, refers to a form of cell death that can induce an
effective immune response through activation of dendritic cells (DCs) and consequent activation
of specific T cell response. In some aspects of the disclosure, the cells that undergo immunogenic
cell death are tumor cells. Immunogenic tumor cell death can trigger an effective anti-tumor
immune response.
[0253] In some aspects, the lipidoid is TT3.
Phospholipid, or other non-cationic helper lipid
[0254] Unless indicated otherwise, "phospholipid" and "other non-cationic helper lipid"
can be used interchangeably and non-limiting examples include: 1,2-dilinoleoyl-sn-glycero-3
phosphocholine (DLPC), 1,2-dimyristoyl-sn-glycerol-phosphocholine (DMPC), 1,2-dioleoyl-sn
glycerol-3-phosphocholine (DOPC), 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), 1,2-diundecanoyl-sn-glycero-phosphocholine
(DUPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1,2-di-O-octadecenyl-sn-
glycero-3-phosphocholine (18:0 Diether PC), 1-oleoyl-2-cholesterylhemisuccinoyl-sn-glycero-3-
phosphocholine (OChemsPC), 1-hexadecyl-sn-glycero-3-phosphocholine (C16 Lyso PC), 1,2-
dilinolenoyl-sn-glycero-3-phosphocholine, 1,2-diarachidonoyl-sn-glycero-3-phosphocholine, 1,2-
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didocosahexaenoyl-sn-glycero-3-phosphocholine, 1,2-dioleoyl-sn-glycero-3-phosphoethanola
mine (DOPE), 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (ME 16.0 PE), 1,2-distearoyl-
sn-glycero-3-phosphoethanolamine,  1,2-dilinoleoyl-sn-glycero-3-phosphoethanolamine, 1,2-
dilinolenoyl-sn-glycero-3-phosphoethanolamine, 1,2-diarachidonoyl-sn-glycero-3-
phosphoethanolamine, 1,2-didocosahexaenoyl-sn-glycero-3-phosphoethanolamine, 1,2-dioleoyl-
sn-glycero-3-phospho-rac-(1-glycerol) sodium salt (DOPG), sphingomyelin, and any

combinations thereof.

[0255] In some embodiments, the phospholipid is selected from the group consisting of 1-
myristoyl-2-palmitoyl-sn-glycero-3-phosphocholine  (14:0-16:0 PC, MPPC), 1-myristoyl-2
stearoyl-sn-glycero-3-phosphocholine (14:0-18:0 PC, MSPC), 1-palmitoyl 2-acetyl-sn-glycero-3-
phosphocholine (16:0-02:0 PC), 1-palmitoyl-2-myristoyl-sn-glycero-3-phosphocholine (16:0-14:0
PC, PMPC), 1-palmitoyl-2-stearoyl-sn-glycero-3-phosphocholine (16:0-18:0 PC, PSPC), 1-
palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (16:0-18: 1 PC, POPC), 1-palmitoyl-2-linoleoyl-
sn-glycero-3-phosphocholine (16:0-18:2 PC, PLPC), 1-palmitoyl-2-arachidonoyl-sn-glycero-3-
phosphocholine (16:0-20:4 PC), 1-palmitoyl-2-docosahexaenoyl-sn-glycero-3-phosphocholine
(14:0-22:6 PC), 1-stearoyl-2-myristoyl-sn-glycero-3-phosphocholine (18:0-14:0 PC, SMPC), 1-
stearoyl-2-palmitoyl-sn-glycero-3-phosphocholine (18:0-16:0 PC, SPPC), 1-stearoyl-2-oleoyl-sn-
glycero-3-phosphocholine (18:0-18: 1 PC, SOPC), 1-stearoyl-2-linoleoyl-sn-glycero-3-
phosphocholine (18:0-18:2 PC), 1-stearoyl-2-arachidonoyl-sn-glycero-3-phosphocholine (18:0-
20:4 PC), 1-stearoyl-2-docosahexaenoyl-sn-glycero-3-phosphocholine (18:0-22:6 PC), 1-oleoyl-
2-myristoyl-sn-glycero-3-phosphocholine (18: 1-14:.0 PC, OMPC), 1-oleoyl-2-palmitoyl-sn-
glycero-3-phosphocholine  (18: 1-16:0 PC, OPPC), 1-oleoyl-2-stearoyl-sn-glycero-3-
phosphocholine (18: 1-18:0 PC, OSPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine
(16:0- 18: 1 PE, POPE), 1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphoethanolamine (16:0-18:2
PE), 1-palmitoyl-2-arachidonoyl-sn-glycero-3-phosphoethanolamine (16:0-20:4 PE), 1-palmitoyl-
2-docosahexaenoyl-sn-glycero-3-phosphoethanolamine (16:0-22:6 PE), 1-stearoyl-2-oleoyl-sn-
glycero-3-phosphoethanolamine  (18:0-18: 1  PE),  1-stearoyl-2-linoleoyl-sn-glycero-3-
phosphoethanolamine (18:0-18:2 PE), 1-stearoyl-2-arachidonoyl-sn-glycero-3-
phosphoethanolamine (18:0-20:4 PE), 1-stearoyl-2-docosahexaenoyl-sn-glycero-3-
phosphoethanolamine  (18:0-22:6 PE), 1-oleoyl-2-cholesterylhemisuccinoyl-sn-glycero-3-
phosphocholine (OChemsPC), and any combination thereof.

[0256] In some aspects, the phospholipid is DSPC. In some aspects, the phospholipid is
DOPE.
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Sterol or other structural lipid
[0257] As used herein, a "sterol or other structural lipid," refers to cholestrol or
cholesterol analogs that could be used to fill lipid membrane packing defects and provide structural
integrity.
[0258] Non-limiting examples of sterols include: a cholesterol, fecosterol, sitosterol,
ergosterol, campesterol, stigmasterol, brassicasterol, tomatidine, tomatine, ursolic acid, alpha-

tocopherol, and combinations thereof. In some aspects, the sterol is cholesterol.

PEG/Pegylated lipid
[0259] As used herein, a "PEG lipid" and a "pegylated lipid" are used interchangeably.
[0260] Non-limiting examples of PEG lipids include: 2-[(polyethylene glycol)-2000]-N,N-

ditetradecylacetamide (ALC-0159), 1,2-dimyristoyl-sn-glycerol methoxypolyethylene glycol
(PEG-DMG), 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[amino(polyethylene glycol)]
(PEG-DSPE), PEG-disteryl glycerol (PEG-DSG), PEG-dipalmetoleyl, PEG-dioleyl, PEG-
distearyl, PEG-diacylglycamide (PEG-DAG), PEG-dipalmitoyl phosphatidylethanolamine (PEG-
DPPE), or PEG-1,2-dimyristyloxlpropyl-3-amine (PEG-c-DMA). In some aspects, the lipid
moiety of the PEG-lipids includes those having lengths of from about C14 to about C22.

[0261] In some aspects, the PEG moiety has a size of about 1000, 2000, 5000, 10,000,
15,000 or 20,000 daltons. In certain aspects, C14-PEG2000 comprises 1,2-dimyristoyl-rac-
glycero-3-methoxypolyethylene glycol-2000 (DMG-PEG2000), 1,2-dimyristoyl-sn-glycero-3-
phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000] (DMPE-PEG2000), or both.
[0262] In some aspects, the PEG-lipids can be embedded in the LNP prior to the
encapsulation of the polynucleotide. In some aspects, the PEG lipids (or other lipid ingredients
disclosed herein) can be added to the LNP after the encapsulation of the polynucleotide. For
example, in some aspects, a synthetic circuit is encapsulated in the LNP, and then the PEG lipid
(other lipid ingredients disclosed herein) is attached to the LNP using, e.g., micelles.

[0263] In some aspects, the nanoparticle does not comprise any pegylated lipid. In some

aspects, the lipid nanoparticle does not comprise any pegylated lipid.

Targeted delivery molecule (lipid composition/targeting ligand)
[0264] In aspects of the disclosure, nanoparticles, (e.g., LNPs and LLNs), as described
herein, comprise a targeted delivery molecule (lipid composition/targeting ligand). As used herein,
a "targeted delivery molecule (lipid composition/targeting ligand)," and a "targeted delivery

molecule" are used interchangeably and in some aspects, the targeted delivery molecule could be
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an additional lipid or lipid like component, as described herein. In some aspects, the targeted
delivery molecule could change the overall charge of the nanoparticles. In some aspects, the
targeted delivery molecule could be a non-covalently or covalently bound ligand to the
nanoparticle. In some aspects, the targeted delivery ligand could be a small molecule or a large
molecule.
[0265] Non-limiting examples of targeted delivery molecules are disclosed in
Pharmaceuticals (Basel). Jul 20;15(7):897. (2022), Nat Rev Drug Discov 20, 101-124 (2021), and
Advanced Drug Delivery Reviews, Volume 188, (2022), which are hereby incorporated by
reference. Non-limiting examples of targeted delivery molecules include: 1,2-dioleoyl-3 -
trimethylammonium-propane  (DOTAP), N,N-distearyl-N,N-dimethylammonium bromide
(DDAB), 1,2-dioleoyl-sn-glycero-3-phosphate (sodium salt) (18:1 PA), 1,2-dimyristoyl-sn-
glycero-3-phosphate (sodium salt) (14:0 PA), bis(monooleoylglycero)phosphate (S,R Isomer)
(ammonium  salt) (18BMP), 2-((2,3-bis(oleoyloxy)propyl)dimethylammonio)ethyl ethyl
phosphate (DOCPe), folic acid, N-acetylgalactosamine (GalNAc), anti-CD3 antibodies.

Molar Ratios

[0266] In some aspects, a nanoparticle described herein comprises a lipid (e.g., an ionizable
lipid, a cationic lipid, a non-cationic helper lipid, a phospholipid, a sterol or other structural lipid,
or PEG lipid) and/or lipidoid, as described herein at a molar ratio of about 10% to about 50% in
the lipid and/or lipid like composition. In some aspects, a nanoparticle provided herein comprises
a lipid and/or lipidoid, as described herein, at a molar ratio of about 10%, about 20%, about 30%,
about 40%, or about 50% in the lipid composition.

[0267] In some aspects, a nanoparticle provided herein comprises a lipid and/or lipidoid,
as described herein, at a molar ratio of about 10% in the lipid and/or lipid like composition. In
some aspects, a nanoparticle provided herein comprises a lipid and/or lipidoid, as described herein,
at a molar ratio of about 20% in the lipid and/or lipid like composition. In some aspects, a
nanoparticle provided herein comprises a lipid and/or lipidoid, as described herein, at a molar ratio
of about 30% in the lipid and/or lipid like composition. In some aspects, a nanoparticle provided
herein comprises a lipid and/or lipidoid, as described herein, at a molar ratio of about 40% in the
lipid and/or lipid like composition. In some aspects, a nanoparticle provided herein comprises a
lipid and/or lipidoid, as described herein, at a molar ratio of about 40% in the lipid and/or lipid like
composition.

[0268] In some aspects, a nanoparticle described herein comprises a pegylated lipid at a

molar ratio of about 0% to about 10% in the lipid and/or lipid like composition. In some aspects, a
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lipid nanoparticle comprises a pegylated lipid at a molar ratio of about 0%, about 0.25%, about
0.5%, about 0.75%, about 1%, about 2%, about 3%, about 4%, about 5%, about 6%, about 7%,
about 8%, about 9%, or about 10% in the lipid and/or lipid like composition.

[0269] In some aspects, a nanoparticle provided herein comprises a pegylated lipid at a
molar ratio of about 0.25% in the lipid and/or lipid like composition. In some aspects, a
nanoparticle provided herein comprises a pegylated lipid at a molar ratio of about 0.5% in the lipid
and/or lipid like composition. In some aspects, a nanoparticle provided herein comprises a
pegylated lipid at a molar ratio of about 0.75% in lipid and/or lipid like composition. In some
aspects, a nanoparticle provided herein comprises a pegylated lipid at a molar ratio of about 1.0%
in the lipid and/or lipid like composition. In some aspects, a nanoparticle provided herein
comprises a pegylated lipid at a molar ratio of about 2.0% in the lipid and/or lipid like composition.
In some aspects, a nanoparticle provided herein comprises a pegylated lipid at a molar ratio of
about 3.0% in the lipid and/or lipid like composition. In some aspects, a nanoparticle provided
herein comprises a pegylated lipid at a molar ratio of about 4.0% in the lipid and/or lipid like
composition. In some aspects, a nanoparticle provided herein comprises a pegylated lipid at a molar
ratio of about 5.0% in the lipid and/or lipid like composition. In some aspects, a nanoparticle
provided herein comprises a pegylated lipid at a molar ratio of about 6.0% in the lipid and/or lipid
like composition. In some aspects, a nanoparticle provided herein comprises a pegylated lipid at a
molar ratio of about 7.0% in the lipid and/or lipid like composition. In some aspects, a nanoparticle
provided herein comprises a pegylated lipid at a molar ratio of about 8.0% in the lipid and/or lipid
like composition. In some aspects, a nanoparticle provided herein comprises a pegylated lipid at a
molar ratio of about 9.0% in the lipid and/or lipid like composition. In some aspects, a nanoparticle
provided herein comprises a pegylated lipid at a molar ratio of about 10.0% in the lipid and/or lipid
like composition.

[0270] For example, in some aspects, the pegylated lipid comprises C14-PEG2000. In
some aspects, the C14-PEG2000 is present in the lipid nanoparticle at a molar ratio of about 0.25%
in the lipid and/or lipid like composition. In some aspects, the C14-PEG2000 is present at a molar
ratio of about 0.5% in the lipid and/or lipid like composition. In some aspects, the C14-PEG2000
is present at a molar ratio of about 0.75% in the lipid and/or lipid like composition. In some aspects,
the C14-PEG2000 is present at a molar ratio of about 1% in the lipid and/or lipid like composition.
In some aspects, the C14-PEG2000 is present at a molar ratio of about 2% in the lipid and/or lipid
like composition. In some aspects, the C14-PEG2000 is present at a molar ratio of about 3% in the
lipid and/or lipid like composition. In some aspects, the C14-PEG2000 is present at a molar ratio

of about 4% in the lipid and/or lipid like composition. In some aspects, the C14-PEG2000 is present
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at a molar ratio of about 5% in the lipid and/or lipid like composition. In some aspects, the C14-
PEG2000 is present at a molar ratio of about 6% in the lipid and/or lipid like composition. In some
aspects, the C14-PEG2000 is present at a molar ratio of about 7% in the lipid and/or lipid like
composition. In some aspects, the C14-PEG2000 is present at a molar ratio of about 8% in the lipid
and/or lipid like composition. In some aspects, the C14-PEG2000 is present at a molar ratio of
about 9% in the lipid and/or lipid like composition. In some aspects, the C14-PEG2000 is present

at a molar ratio of about 10% in the lipid and/or lipid like composition.

Particle Size
[0271] Particle size of nanoparticles can affect drug release rate, bio-distribution,
mucoadhesion, cellular uptake of water and buffer exchange to the interior of the nanoparticles,
and protein diffusion. In some aspects of the disclosure, the diameter of the NPs ranges from about
30 to about 500 nm. In some aspects of the disclosure, the diameter of the NPs ranges from about
30 to about 500 nm, about 50 to about 400 nm, about 70 to about 300 nm, about 100 to about 200
nm, about 100 to about 175 nm, or about 100 to about 160 nm. In some aspects of the disclosure,
the diameter of the NPs ranges from 100-160 nm. In some aspects of the disclosure, the diameter
of the NPs can be about 30 nm, about 40 nm, about 50 nm, about 60 nm, about 70 nm, about 80
nm, about 90 nm, about 100 nm, about 101 nm, about 102 nm, about 103 nm, about 104 nm, about
105 nm, about 106 nm, about 107 nm, about 108 nm, about 109 nm, about 110 nm, about 111 nm,
about 112 nm, about 113 nm, about 114 nm, about 115 nm, about 116 nm, about 117 nm, about
118 nm, about 119 nm, about 120 nm., about 130 nm, about 140 nm, about 150 nm, or about 160

nm. In certain aspects, the lipid nanoparticle has a diameter of about 140 nm.

Zeta Potential
[0272] As used herein, "zeta potential" refers to the measure of the effective electric
charge on the nanoparticle surface. The magnitude of the zeta potential provides information about
particle stability. In some aspects of the disclosure, the zeta potential of the nanoparticles ranges
from about -20 to about 20 mv. In some aspects of the disclosure, the zeta potential of the NPs can
be about -6.0 mv, about -5.9 mv, about -5.8 mv, about -5.7 mv, about -5.6 mv, about -5.5 mv, about
-5.4 mv, about -5.3 mv, about -5.2 mv, about -5.1 mv, about -5.0 mv, about -4.9 mv, about -4.8
mv, about -4.7 mv, about -4.6 mv, about -4.5 mv, about -4.4 mv, about -4.3 mv, about -4.2 mv,
about -4.1 mv, about -4.0 mv, about -3.9 mv, about -3.8 mv, about -3.7 mv, about -3.6 mv, about -
3.5 mv, about -3.4 mv, about -3.3 mv, about -3.2 mv, about -3.1 mv, about -3.0 mv, about -2.9 mv,

about -2.8 mv, about -2.7 mv, about -2.6 mv, about -2.5 mv, about -2.4 mv, about -2.3 mv, about -
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2.2 mv, about -2.1 mv, about -2.0 mv, about -1.9 mv, about -1.8 mv, about -1.7 mv, about -1.6 mv,
about -1.5 mv, about -1.4 mv, about -1.3 mv, about -1.2 mv, about -1.1 mv, about -1.0 mv, about -
0.9 mv, about -0.8 mv, about -0.7 mv, about -0.6 mv, about -0.5 mv, about -0.4 mv, about -0.3 mv,
about -0.2 mv, about -0.1 mv, about 0.0 mv, 0.1 about mv, about 0.2 mv, about 0.3 mv, about 0.4
mv, about 0.5 mv, about 0.6 mv, about 0.7 mv, about 0.8 mv, about 0.9 mv, about 1.0 mv, about
1.1 mv, about 1.2 mv, about 1.3 mv, about 1.4 mv, about 1.5 mv, about 1.6 mv, about 1.7 mv,
about 1.8 mv, about 1.9 mv, about 2.0 mv, about 2.1 mv, about 2.2 mv, about 2.3 mv, about 2.4
mv, about 2.5 mv, about 2.6 mv, about 2.7 mv, about 2.8 mv, about 2.9 mv, about 3.0 mv, about
3.1 mv, about 3.2 mv, about 3.3 mv, about 3.4 mv, about 3.5 mv, about 3.6 mv, about 3.7 mv,
about 3.8 mv, about 3.9 mv, about 4.0 mv, about 4.1 mv, about 4.2 mv, about 4.3 mv, about 4.4
mv, about 4.5 mv, about 4.6 mv, about 4.7 mv, about 4.8 mv, about 4.9 mv, about 5.0 mv, about
5.1 mv, about 5.2 mv, about 5.3 mv, about 5.4 mv, about 5.5 mv, about 5.6 mv, about 5.7 mv,

about 5.8 mv, about 5.9 mv, or about 6.0 mv.

Mass Ratio
[0273] In some aspects, the mass ratio between the lipid of the LNPs or the LLN and the
synthetic circuit ranges from about 1:2 to about 15:1. In some aspects, the mass ratio between the
lipid and the synthetic circuit can be about 1:2, about 1:1.9, about 1:1.8, about 1:1.7, about 1:1.6,
about 1:1.5, about 1:1.4, about 1:1.3, about 1:1.2, about 1:1.1, about 1:1, about 1.1:1, about 1.2:1,
about 1.3:1, about 1.4:1, about 1.5:1, about 1.6:1, about 1.7:1, about 1.8:1, about 1.9:1, about 2:1,
about 2.5:1, about 3:1, about 3.5:1, about 4:1, about 4.5:1, about 5:1, about 5.5:1, about 6:1, about
6.5:1, about 7:1, about 7.5:1, about 8:1, about 8.5:1, about 9:1, about 9.5:1, about 10:1, about
10.5:1, about 11:1, about 11.5:1, about 12:1, about 12.5:1, about 13:1, about 13.5:1, about 14:1,
about 14.5:1, or about 15:1. In some aspects of the disclosure, the mass ratio between the lipid and

the synthetic circuit is about 10:1.

Pharmaceutical compositions

[0274] In some aspects, the disclosure relates to a pharmaceutical composition comprising
a synthetic circuit, vector, and/or nanoparticle described herein. In some aspects, the
pharmaceutical composition further comprises a pharmaceutically acceptable carrier (excipient).
"Acceptable", as used herein, means that the carrier must be compatible with the active ingredient
of the composition and not deleterious to the subject to be treated. In some aspects, the carrier is

capable of stabilizing the active ingredient. Pharmaceutically acceptable excipients (carriers)
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include buffers, which are well known in the art. See, e.g., Remington: The Science and Practice
of Pharmacy 20th Ed. (2000) Lippincott Williams and Wilkoins, Ed. K. E. Hoover.
[0275] The pharmaceutical compositions to be used for in vivo administration must be
sterile. This is readily accomplished by, for example, filtration through sterile filtration
membranes. The nanoparticles can be placed into a container having a sterile access port, for
example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic injection
needle.
[0276] In some aspects, the pharmaceutical composition can be formulated for
intratumoral, intrathecal, intramuscular, intravenous, subcutaneous, inhalation, intradermal,
intralymphatic, intraocular, intraperitoneal, intrapleural, intraspinal, intravascular, nasal,
percutaneous, sublingual, submucosal, transdermal, or transmucosal administration. In some
aspects of the disclosure, the pharmaceutical composition can be formulated for intratumoral
injection. Intratumoral injection, as used herein, refers to direct injections into the tumor. A high
concentration of composition can be achieved in situ, while using small amounts of drugs. Local
delivery of immunotherapies allows multiple combination therapies, while preventing significant
system exposure and off-target toxicities.
[0277] In some aspects, the pharmaceutical composition can be formulated for
intramuscular injection, intravenous injection, or subcutaneous injection.
[0278] In some aspects, the pharmaceutical composition comprises pharmaceutically
acceptable carriers, buffer agents, excipients, salts, or stabilizers in the form of lyophilized
formulations or aqueous solutions. See, e.g., Remington: The Science and Practice of Pharmacy
20" Ed. (2000) Lippincott Williams and Wilkins, Ed. K. E. Hoover. Acceptable carriers and
excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations used, and
comprises buffers such as phosphate, citrate, and other organic acds; antioxidants including
ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl ammonium
chloride; hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl,
or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers
such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine,
arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose,
mannose, or dextrans; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose

or sorbitol, salt-forming counter-ions such as sodium; metal complexes (e.g., Zn-protein
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complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™, or polyethylene
glycol (PEG).
[0279] In some aspects, the pharmaceutical composition described herein comprises
nanoparticles which can be prepared by methods known in the art, such as described in Epstein, et
al., Proc. Natl. Acad. Sci. USA 82:3688 (1985); Hwang, et al., Proc. Natl. Acad. Sci. USA 77:4030
(1980); and U.S. Pat. Nos 4,485,045 and 4,544,545, which are hereby incorporated by reference in
their entirety. Liposomes with enhanced circulation time are disclosed in U.S. Pat. No. 5,013,556,
which is hereby incorporated by reference in its entirety. In some aspects, liposomes can be
generated by the reverse phase evaporation method with a lipid composition comprising
phosphatidylcholine, cholesterol, and PEG-derivatized phosphatidylethanolamine (PEG-PE).
Liposomes are extruded through filters of defined pore size to yield liposomes with the desired
diameter.
[0280] In some aspects, the pharmaceutical composition is formulated in sustained-release
format. Suitable examples of sustained-release preparations include semipermeable matrices of
solid hydrophobic polymers containing the nanoparticles which matrices are in the form of shaped
articles, e.g., films or microcapsules. Examples of sustained-release matrices include, but are not
limited to, polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and 7
ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPROM DEPOT™ (injectable microspheres composed of lactic acid-
glycolic acid copolymer and leuprolide acetate), sucrose acetate isobutyrate, and poly-D-(-)-3-
hydroxybutyric acid.
[0281] In some aspects, suitable surface-active agents include, but are not limited to, non-
ionic agents, such as polyoxyethylenesorbitans (e.g,, TWEEN™ 20, 40, 60, 80 or 85) and other
sorbitans (e.g., SPAN™ 20, 30, 60, 80, or 85). In some aspects, compositions with a surface-active
agent comprise between 0.05 and 5% surface-active agent. In some aspects the composition
comprises 0.1 and 2.5%. It will be appreciated that other ingredients can be added, for example
mannitol or other pharmaceutically acceptable vehicles, if necessary.
[0282] In some aspects, the pharmaceutical composition is in unit dosage forms such as
tablets, pills, capsules, powders, granules, solutions or suspensions, or suppositories, for oral,
parenteral, or rectal administration, or administration by inhalation or insufflation.
[0283] For preparing solid compositions such as tablets, the principal active ingredient can
be mixed with a pharmaceutical carrier, e.g., conventional tableting ingredients such as corn starch,

lactose, sucrose, sorbitol, talc, stearic acid, magnesium stearate, dicalcium phosphate or gums, and
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other pharmaceutical diluents, e.g, water, to form a solid preformulation composition containing a
homogenous mixture of a compound of the present disclosure, or a non-toxic pharmaceutically
acceptable salt thereof. When referring to these preformulation compositions as homogeneous, it
is meant that the active ingredient is dispersed evenly throughout the composition so that the
composition can be readily subdivided into equally effective unit dosage forms such as tablets,
pills, and capsules. This solid preformulation composition is then subdivided into unit dosage
forms of the type described above containing from about 0.1 to about 500 mg of the active
ingredient of the present disclosure. The tablets or pills of the novel composition can be coated or
otherwise compounded to provide a dosage form affording the advantage of prolonged action. For
example, the tablet or pill can comprise an inner dosage and an outer dosage component, the latter
being in the form of an envelope over the former. The two components can be separated by an
enteric layer that serves to resist disintegration in the stomach and permits the inner component to
pass intact into the duodenum or to be delayed in release. A variety of materials can be used for
such enteric layers or coatings, such materials include a number of polymeric acids and mixtures
of polymeric acids with such materials as shellac, cetyl alcohol, and cellulose acetate.
[0284] Suitable emulsions can be prepared using commercially available fat emulsions,
such as INTRALIPID™, LIPOSYN™, INFONUTROL™, LIPOFUNDIN™ and
LIPIPHYSAN™. The active ingredient can be either dissolved in a pre-mixed emulsion
composition or alternatively it can be dissolved in an oil (e.g., soybean oil, safflower oil, cottonseed
oil, sesame oil, corn oil, or almond oil) and an emulsion formed upon mixing with a phospholipid
(e.g., egg phospholipids, soybean phospholipids, or soybean lecithin) and water. It will be
appreciated that other ingredients can be added, for example glycerol or glucose, to adjust tonicity
of the emulsion. Suitable emulsions will typically contain up to about 20% oil, for example,
between about 5 and about 20%. The fat emulsion can comprise fat droplets having a suitable size
and can have a pH in the range of about 5.5 to about 8.0.
[0285] Pharmaceutical compositions for inhalation or insufflation include solutions and
suspensions in pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and
powders. The liquid or solid compositions can contain suitable pharmaceutically acceptable
excipients as set out above. In some aspects, the composition is administered by the oral or nasal
respiratory route for local or systemic effect.
[0286] Compositions in pharmaceutically acceptable solvents can be nebulized by use of
gases. Nebulized solutions can be breathed directly from the nebulizing device or the nebulizing

device can be attached to a face mask, tent or intermittent positive pressure breathing machine.
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Solution, suspension, or powder compositions can be administered from devices which deliver the

formulation in an appropriate manner.

Therapeutic Applications

[0287] In some aspects of the disclosure, the synthetic circuits, vectors, nanoparticles,
and/or pharmaceutical compositions described herein (also collectively referred to herein as
"compositions") are used to treat a disease or disorder. As is apparent from the present disclosure,
any of the compositions provided herein can be used to treat a wide range of diseases or disorders.
Any suitable disease or disorder whether in a therapeutic agent can be encoded by the payload
sequence of a synthetic circuit provided herein. Accordingly, some aspects of the present disclosure
relates to a method of treating a disease or disorder in a subject in need thereof, comprising
administering to the subject any of the compositions provided herein (e.g., synthetic circuit).
[0288] In some aspects, any of the compositions described herein is administered to a
subject in need thereof via a suitable route, such as intratumoral administration, intravenous
administration (e.g, as a bolus or by continuous infusion over a period of time), by intramuscular,
intraperitoneal, intracerebospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral,
inhalation, or topical routes. Commercially available nebulizers for liquid formulations, including
jet nebulizers and ultrasonic nebulizers are useful for administration. Liquid formulations can be
nebulized and lyophilized powder can be nebulized after reconstitution. In some aspects, the
pharmaceutical composition described herein is aerolized using a fluorocarbon formulation and a
metered dose inhaler, or inhaled as a lyophilized and milled powder. In some aspects, the
pharmaceutical composition described herein is formulated for intratumoral injection. In some
aspects, the pharmaceutical composition described herein is administered to a subject via a local
route, for example, injected to a local site such as a tumor site or an infectious site. In some aspects,
the subject is a human.

[0289] As will be apparent from the present disclosure, in some aspects, the compositions
described herein are administered to a subject in an effective amount to confer a therapeutic effect,
either alone or in combination with one or more other active agents. In some aspects, the
compositions are administered to a subject suffering from a cancer, and the therapeutic effect
comprises reduced tumor burden, reduction of cancer cells, increased immune activity, or
combinations thereof. Whether the administered composition (e.g., a nanoparticle, such as a LNP
or LLN) achieved the therapeutic effect can be determined using any suitable methods known in
the art (e.g., measuring tumor volume and/or T cell activity). Effective amounts vary, as recognized

by those skilled in the art, depending on the particular condition being treated, the severity of the
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condition, the individual patient parameters including age, physical condition, size, gender and
weight, the duration of the treatment, the nature of the concurrent therapy (if any), the specific
route of administration and like factors within the knowledge of expertise of the health practitioner.
[0290] Empirical considerations, such as the half-life, generally will contribute to the
determination of the dosage. Frequency of administration can be determined and adjusted over the
course of therapy, and is generally, but not necessarily, based on treatment and/or suppression
and/or amelioration and/or delay of a target disease/disorder. Alternatively, sustained continuous
release formulations of a composition described herein (e.g., a nanoparticle, such as a LNP or LLN)
can be appropriate. Various formulations and devices for achieving sustained release are known in
the art.
[0291] In some aspects of the disclosure, the treatment is a single injection of the
composition disclosed herein. In some aspects, the single injection is administered intratumorally
to the subject in need thereof.
[0292] In some aspects of the disclosure, dosages for a composition described herein can
be determined empirically in individuals who have been given one or more administration(s) of
the composition (e.g., nanoparticle described herein). In some aspects, the individuals are given
incremental dosages of the composition described herein. To assess efficacy of the composition
herein, an indicator of disease/disorder can be followed. For repeated administrations over several
days or longer, depending on the condition, in some aspects, the treatment is sustained until a
desired suppression of symptoms occurs or until sufficient therapeutic levels are achieved to
alleviate a target disease or disorder, or symptom thereof.
[0293] In some aspects of the disclosure, the method comprises administering to a subject
in need thereof one or multiple doses of a composition described herein.
[0294] As described herein, a synthetic circuit of the present disclosure is particularly
useful in selectively expressing a payload in an immune cell of interest. Accordingly, some aspects
of the present disclosure relates to a method of inducing the selective expression of a payload in a
cell, comprising contacting a population of cells with any of the compositions provided herein
(e.g., synthetic circuit). In some aspects, the payload is expressed in the cell when the cell meets
the following condition: (i) comprises a sufficient level of a type R marker such that the type R
marker is specifically recognized by the type R sensor and inducing the activation of the type R
sensor, thereby, reducing or inhibiting the expression of the regulator; (ii) does not comprise a
sufficient level of a type P marker such that the type P marker is not recognized by the type P
sensor, allowing the type P sensor to remain in an inactive form; or (iii) both (1) and (i1). When a

cell satisfies such conditions, the expression of the payload is increased in the cell as compared to
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a reference cell (e.g., corresponding cell that does not meet any of the conditions described above).
In some aspects, after the contacting, the expression of the payload in the cell is increased by at
least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at least about 90%, or at least about 100%,
as compared to the reference cell. In some aspects, after the contacting, the expression of the
payload is increased in the cell by at least about 1.5-fold, at least about 2-fold, at least about 3-fold,
at least about 4-fold, at least about 5-fold, at least about 6-fold, at least about 7-fold, at least about
8-fold, at least about 9-fold, at least about 10-fold, at least about 12.5-fold, at least about 15-fold,
at least about 20-fold, at least about 25-fold, at least about 30-fold, at least about 35-fold, at least
about 40-fold, at least about 45-fold, or at least about 50-fold, as compared to the reference cell.
[0295] In some aspects, the composition described herein is co-administered with at least
one additional suitable therapeutic agent. In some aspects, the composition described herein and
the at least one additional therapeutic agent are administered to the subject in a sequential manner,
i.e, each therapeutic agent is administered at a different time. In some aspects, the composition
described herein and the at least one additional therapeutic agent are administered to the subject in
a substantially simultaneous manner.

[0296] In some aspects, a therapeutic application of a synthetic circuit described herein
comprises producing the encoded payload in an immune cell. Accordingly, in some aspects, the
present disclosure relates to a method of selectively producing a payload in an immune cell. In
some aspects, the method comprises contacting an immune cell with any of the compositions
described herein (e.g., synthetic circuit, vectors, and/or nanoparticles) under conditions suitable for
producing the encoded IL-12 protein. In some aspects, the method further comprises purifying the
produced payload. In some aspects, the contacting occurs in vivo (e.g., by administering the
synthetic circuit, vector, and/or nanoparticle to a subject). In some aspects, the contacting occurs
ex vivo (e.g., by culturing cells with the synthetic circuit, vector, and/or nanoparticles in vitro).
Cells (e.g., host cells) comprising the synthetic circuit, vector, and/or nanoparticle are encompassed
herein. Non-limiting examples of cells that can be used include immortal hybridoma cell, NS/0
myeloma cell, 293 cell, Chinese hamster ovary (CHO) cell, HeLa cell, human amniotic fluid-

derived cell (CapT cell), COS cell, or combinations thereof.

Kits for Use in Therapy
[0297] The present disclosure also provides kits for use in therapy. In some aspects, the kit

includes one or more containers comprising a composition described herein.
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[0298] In some aspects, the kit comprises instructions for use in accordance with any of
the methods described herein. For example, the included instructions can comprise a description
of administration of the pharmaceutical composition described herein to treat, delay the onset, or
alleviate an immune disease. In some aspects, the instructions comprise a description of
administering the composition described herein to a subject at risk of an immune diease.

[0299] In some aspects, the instructions comprise dosage information, dosing schedule,
and route of administration. In some aspects, the containers are unit doses, bulk packages (e.g.,
multi-dose packages) or sub-unit doses. In some aspects, the instructions are written instructions
on a label or package insert (e.g., a paper sheet included in the kit). In some aspects, the instructions
are machine-readable instructions (e.g., instructions carried on a magnetic or optical storage disk).
[0300] In some aspects, the kits described herein are in suitable packaging. In some aspects,
suitable packing comprises vials, bottles, jars, flexible packaging (e.g., seal Mylar or plastic bags),
or combinations thereof In some aspects, the packaging comprises packages for use in
combination with a specific device such as an inhaler, nasal administration device (e.g., an
atomizer), or an infusion device such as a minipump. In some aspects, the kit comprises a sterile
access port (for example the container can be an intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needle). In some aspects, the container can also have a sterile
access port (for example the container can be an intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needle). In some aspects, at least one active agent is a
composition as described herein.

[0301] In some aspects, the kits further comprise additional components such as buffers
and interpretive information. In some aspects, the kit comprises a container and a label or package
insert(s) on or associated with the container. In some aspects, the disclosure provides articles of

manufacture comprising the contents of the kits described herein.

General Techniques

[0302] The practice of the present disclosure will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques), microbiology,
cell biology, biochemistry and immunology, which are within the skill of the art. Molecular
Cloning: A Laboratory Manual, second edition (Sambrook, et al., 1989) Cold Spring Harbor Press;
Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Methods in Molecular Biology, Humana Press;
Cell Biology: A Laboratory Notebook (J. E. Cellis, ed., 1998) Academic Press, Animal Cell
Culture (R. 1. Freshney, ed. 1987); Introduction to Cell and Tissue Culture (J.P. Mather and P.E.
Roberts, 1998) Plenum Press; Cell and Tissue Culture: Laboratory Procedures (A. Doyle, J.B.
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Giffiths, and D.G. Newell, eds., 1993-8) J. Wiley and Sons; Method of Enzymology (Academic
Press, Inc.); Handbook of Experimental Immunology (D.M. Weir and C.C. Blackwell, eds.); Gene
Transfer Vectors for Mammalian Cells (J.M. Miller and M.P. Calos, eds., 1987); Current Protocols
in Molecular Biology (F.M. Ausubel, et al., eds., 1987): PCR: The Polymerase Chain Reaction,
(Mullis, et al., eds., 1994); Current Protocols in Immunology (J.E. Coligan et al., eds., 1991); Short
Protocols in Molecular Biology (Wiley and Sons, 1999); Immunobiology (C.A. Janeway and P.
Travers, 1997); Antibodies (P. Finch, 1997); Antibodies: a practical approach (D. Catty, ed., IRL
Press, 1988-1989); Monoclonal antibodies: a practical approach (P. Shepherd and C. Dean, eds.,
Oxford University Press, 2000); Using antibodies: a laboratory manual (E. Harlow and D. Lane,
Cold Spring Harbor Laboratory Press, 1999); The Antibodies (M. Zanette and J.D. Capra, eds.,
Harwood Academic Publishers, 1995). Without further elaboration, it is believed that one skilled
in the art can, based on the above description, utilize the present disclosure to its fullest extent. All
publications cited herein (including those listed above and elsewhere in the present disclosure) are

incorporated by reference in their entirety.

Examples

[0303] The following experiments (Examples 1-7) describe optimized RNA based logic
circuits for better kinetics. The optimized circuit includes, but is not limited to: a polynucleotide
sequence encoding a payload (payload sequence), a polynucleotide sequence encoding a regulator
(regulator sequence), a regulator sequence sensor that is capable of specifically recognizing a
marker (type R sensor), a payload sequence sensor that is capable of specifically recognizing the
regulator (first type P sensor), and a payload sequence sensor that is capable of specifically
recognizing a marker (second type P sensor), as exemplified in FIG. 1. As shown in FIG. 1, one
or more of the protein(s) encoded by the regulator sequence interact with the payload, either to
positively or negatively regulate it.

[0304] Further, as shown in FIG. 1, the regulator sequence and the payload sequence may
comprise linear (self-replicating or non-replicating) or circular RNA.

[0305] Key features of the payload sequence within the optimized circuit include, but are
not limited to, multiple miRNA classifiers that detarget expression in multiple organs to facilitate
systemic delivery and optimized number and placement of miRNA sensors for a potent OFF
switch. Key features of the regulator sequence within the optimized circuit include, but are not
limited to, highly specific and sensitive binding with quick target (i.e., immune cells) engagement

to avoid expression in non-immune cells, expression levels tuned to ensure better switch behavior,
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multiple miRNA classifiers that enable payload expression in immune cells, and it is fit for purpose

based on the gene therapy application.

Example 1: Single Sensor Repression
[0306] 3'UTR target site arrays for single sensors, as shown in FIG. 2 were tested for
optimal repression.

[0307] Number of target sites. First, the effect of the number of target sites on repression,

as assessed by mVenus median fluorescence arbitrary units (a.u.) for constructs containing either
1X siRNA 2, 2X siRNA 2, 3X siRNA 2, 4X siRNA 2, no target site (TS), or no reporter following
administration of siRNA (0, 1, 10, or 100 nM) was determined (FIG. 3). As shown in FIG. 3,
modRNA constructs containing 1-4X siRNA 2 target sites immediately following the stop codon
of an mVenus-PEST reporter demonstrate preferential knockdown in the HEK293T cells with
increased co administered doses of the siRNA 2 siRNA. Incorporation of >2 identical, adjacent
target sites does not significantly increase repression regardless of siRNA dose. Data represent the
median collected via flow cytometry from three technical replicates (n = 3) at 20 hours post
electroporation of reporter and siRNA. Data represent the median collected via flow cytometry
from three technical replicates (n = 3) at 20hr post electroporation of reporter and siRNA.

[0308] Target site spacing. Next, the effect of target site spacing on repression, as assessed

by mVenus median fluorescence (a.u.) for constructs containing either 2X siRNA 2, 2X siRNA 2
- 20nt, 2X siRNA 2 - 50nt, no TS, or No Reporter following administration of siRNA (0, 1, 10, or
100 nM) was determined (FIG. 4). Data represent the median collected via flow cytometry from
three technical replicates (n = 3) at 20 hours post electroporation of reporter and siRNA. As shown
in FIG. 4, modRNA constructs containing 2X siRNA 2 target sites with varying spacing between
them immediately following the stop codon of an mVenus-PEST reporter demonstrate preferential
knockdown in the HEK293T cells with increased co-administered doses of siRNA 2. Incorporation
of spacing between the target sites does not significantly increase knockdown for low, medium or
high dose of siRNA.

[0309] The effect of target site spacing (2 - 20 nucleotide) on repression, as assessed by
mVenus median fluorescence (a.u.) for constrcuts containing either 2X siRNA 2 - 20nt, 3X siRNA
2 - 20nt, 4X siRNA 2 - 20nt, no TS, or No Reporter following administration of siRNA (0, 1, 10,
or 100 nM) was determined (FIG. 5). Data represent the median collected via flow cytometry from
three technical replicates (n = 3) at 20 hours post electroporation of reporter and siRNA. As shown
in FIG. 5, modRNA constructs containing 2X - 4X siRNA 2 sites with 20nt spacers between target

sites placed immediately following the stop codon of an mVenus-PEST reporter demonstrate
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preferential knockdown in the HEK293T cells with increased co administered doses of siRNA 2.
Constructs with 4X siRNA 2 target sites and 20nt has a slightly lower expression than constructs
with 2X - 20nt or 3X - 20nt; however, this is not likely from increased down regulation rather a
decrease in maximum expression. The trend holds for low, medium or high dose of siRNA.

[0310] miRNA sensor optimization on various RNA modalities. Then, detargeting of

payload expression for linear (FIG. 6A) and circular (FIG. 6B) RNA modalities was assessed.
FIG. 6A shows linear modRNA circuits containing an mVenus-PEST reporter and Nx miR-b
target sites in the 3' UTR (1 - 4X TS) demonstrate preferential knockdown in hepatocytes (Huh-7)
vs. a control (HEK293T) cell line (FIG. 6A). This detargeting of payload expression is liver cells
is consistent with miR-b being a liver-specific mRNA. Data represent the average geometric mean
collected from three technical replicates (n = 3) at 20 hours post electroporation. FIG. 6B shows
that circRNA constructs containing 1-4 miR-a target sites immediately following the stop codon
of an mVenus-PEST reporter demonstrate preferential knockdown in the HEK293T cell line
relative to the HelLa cell line. This is consistent with miR-a being highly expressed in HEK293
cells but not in HeLa cells. Incorporation of >2 identical, adjacent target sites does not significantly
increase repression. The extent of repression did increase over time, approaching the baseline in
HEK293T cells by 24 hours. Data represent the average geometric mean collected from three
technical replicates (n = 3) at 4 and 24 hours post electroporation.

[0311] Casbe target site location optimization. Included here is an example demonstrating

that the position of target sites in circRNA determines expression level in the absence of a matching
regulator. Specifically, BHK-21 cells were transfected with circRNA expressing mVenus-PEST
containing either no Cas6e target site or a Cas6e target site in one of five positions, as indicated in
FIG. 7A, as well as modRNA expressing the Cas6e regulator. While expression in the absence of
a regulator varied depending on the position of the target site, all constructs saw complete

knockdown in the presence of the regulator (FIG. 7B).

[0312] Optimizing the spacing between stop codons and target sites. FIGs. 8B-C show the
effect of Nx Nucleotide spacers depicted in FIG. 8A. Specifically, the FIGs. 8B-C provide graphs
depicting mVenus fluorescence (a.u.) for constructs containing either 1X or 2X siRNA Target Sites
(TS), and either 0, 7, 12 nucleotide spacer following administration of siRNA (0, 1, 10, 100nM).
Data represent the Geometric Mean collected via flow cytometry from three technical replicates (n

= 3) at 6 and 24hr hours post electroporation of reporter and siRNA.
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Example 2: Multi-Sensor Repression
[0313] Next, target site arrays for multiple input classifiers, as shown in FIG. 9 were tested
for optimal repression.
[0314] As shown in FIG. 10, HEK293T cells were electroporated with an mVenus-PEST
reporter containing a target site array immediately following the stop codon and either, no siRNA,
siRNA 1, siRNA 2, or both. Knockdown is observed for all tested constructs (3X siRNA1 - 20nt,
3X siRNA2 - 20nt, 3X siRNA2 - siRNA1 Interleaved, 3X siRNAI1 - siRNA2 Interleaved, 3X
siRNA2 3X siRNA1 Adjacent, 3X siRNA1 3X siRNA2 Adjacent, no Target Sites, No Reporter)
when the co-electroporated siRNA(s) has target sites in the target site array. Combined sensors
respond to both siRNA, with no visible synergistic effect, as siRNA2 on its own decreases
expression to background. Data represent the average geometric mean collected via flow cytometry
from three technical replicates (n = 3) at 20 hours post electroporation.
[0315] Studies will define the operational range of circuits with Nx miR and regulator
target sites placed in either the 5' or 3' UTRs in locations A, B, and C outlined in FIG. 11. Studies
will specifically assess (1) the type and number of target sites that can be placed in A, B, and C
without compromising maximum payload expression in on-target cell types, (2) how the order of
target sites in A, B, and C affects payload expression knockdown in different cell types, and (3)
the effects of combining miR target sites in both the 5' and 3' UTR on payload knockdown.

Example 3: Synthetic RNA-Based Genetic Circuit Behavior
[0316] CircRNA with miRNA target sites is degraded by the RISC Complex. As shown in
FIG. 12, total RNA was extracted from HEK293T, HeLa, and Huh-7 cells transfected with circular

RNA containing either miR-b or miR-a TSs 4- and 24 hours post-transfection. The quantity of
transfected circRNA was measured using RT-qPCR with a probe spanning the splice site of the
circRNA. HEK cells contain high levels of miR-a, but not miR-b. Huh-7 cells contain high levels
of both miR-a and miR-b, and HeLa cells express lesser amounts of miR-a and miR-b. circRNA
containing target sites for miR-b is significant by 4 hours post transfection in Huh-7 cells while
being minimally affected in HEK and HeLa cells. Similarly, circRNA containing target sites for
miR-a is downregulated in all cell types at a rate consistent with their relative levels of expression,
happening most rapidly in HEK cells followed by Huh-7 and HeLa. circRNA containing no miR
sensors was not targeted for degradation and is used as the control for circRNA containing miR
Sensors.

[0317] Downregulation of circRNA by Cas6e. The regulatory protein Cas6e efficiently

downregulates expression of circRNA molecules containing a protein coding sequence followed
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by a Cas6e Target Site. BHK-21 cells were transfected with either circular or linear RNA encoding
the fluorescent protein mVenus-PEST, each of which either contained no Casb6e target site or a
Casoe target site following the stop codon. Other cells were additionally co-transfected with either
a modified linear mRNA or a circRNA encoding the Cas6e regulator, a P2A self-cleaving peptide
sequence, and the fluorescent protein mCherry-PEST. See FIG. 13A for a schematic showing
linear and circular regulator RNA downregulating target circRNA containing a Cas6e TS and
encoding the fluorescent protein mVenus. The downregulation of circRNA containing the target
site in the presence of the Cas6e regulator is consistent with results observed for linear mRNA.
When both the target site and regulator are present, mVenus expression is reduced to background
levels (FIG. 13B). Cas6e has no effect on the expression of circRNA that does not contain its target
site (FIG. 13C).

[0318] RNA regulator targeting rep and non-rep payloads. In this experiment, an

endoribonuclease was utilized as an RNA regulator to control an mRNA strand expressing an
mVenus fluorescent reporter payload protein. As shown in in FIG. 14A, linear non-replicating
(non-rep) payload mRNA strands bearing a target sequence for the RNA regulator were
synthesized either from unmodified bases (unmodRNA Payload) or from bases in which N1-
methylpseudouridine was substituted for uridine (modRNA Payload). Payload mRNAs were
transfected into BHK-21 cells with or without co-transfection of modRNA expressing the RNA
regulator. Cells were assayed by flow cytometry 24 hours later to evaluate payload expression. The
RNA regulator downregulated the payload mRNAs synthesized from unmodified bases but did not
downregulate the modRNA payload. Further, as shown in FIG. 14B, replicon RNA bearing the
RNA regulator's target sequence was transfected at two different doses (20ng or 40ng) into BHK-
21 cells with or without co-transfection of modRNA expressing the RNA regulator. While nearly
all cells transfected with the replicon alone expressed the payload, co-transfection of the replicon

with the RNA regulator reduced the percentage of payload-positive cells to <10%.

Example 4. Expression of circular RNA bearing homology for cell-type-specific miRNAs is
downregulated in those cell types
[0319] In this example, HEK293T and Huh-7 cells were electroporated with circular RNA
encoding EGFP-PEST driven by the coxsackievirus B3 (CVB3) IRES. These circular RNAs
contained either no miR TS, 4x miR-b Target Sites, or 4x miR-a Target Sites immediately
following the Stop Codon. 24 hours post-transfection, fluorescence of individual cells was
measured using flow cytometry, and the data is shown in FIG. 15. In HEK cells, which contain

high levels of miR-a but not miR-b, translation of circRNA with 4x miR-a Target Sites was found
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to be downregulated to autofluorescence levels while circRNA with 4x miR-b Target Sites was
not. In Huh-7 cells, which contain levels of both miR-a and miR-b, translation of circRNA with
either TS was found to be downregulated to autofluorescence levels. The downregulation of
expression of circRNA with miR-b Target Sites in Huh-7 but not HEK293T cells demonstrates
that the downregulation is a result of miRNA-mediated RNA degradation.

Example 5. miRNA classifiers in vitro
[0320] In this Example, non-replicating modRNA that express an mVenus-PEST
fluorescent protein and contain various human miRNA target sites, corresponding to miRNAs that
have higher activity in HEK293T (non-cancer) cells than HeLa (cancer) cells, were electroporated
into both cell types. Flow cytometry data was collected for both cell types (n = 3) approximately
24 hours post-electroporation. The geometric mean of mVenus-PEST expression in each cell type
was normalized to that of a modRNA with no miRNA sensors, following subtraction of
background fluorescence levels. FIG. 16 shows the ratio of these normalized expression levels in
HEK293T to those in HeLa.
[0321] FIGs. 17A-B shows non-replicating modRNA (FIG. 17A) and replicon RNA
(FIG. 17B) reporter constructs containing Nx miR-b target sites in the 3' UTR were designed and
built to express an mVenus-PEST fluorescent protein. Each construct was transfected via
electroporation into HEK293T cells or into the human liver cell line Huh-7. A non-replicating
modRNA expressing the near-infrared fluorescent reporter protein miRFP720 was co-transfected
with each replicon RNA to serve as a transfection marker. Data represents the average geometric
mean of three technical replicates (n = 3) of flow cytometry data collected approximately 24 hours
post-electroporation. The miRFP720-positive population of cells for each cell type (HEK293T
or Huh7) was regarded as successfully transfected. The expression output (FIG. 17A) and
percentages of miRFP720-positive cells that were also positive for mVenus-PEST (FIG. 17B)
were calculated. mVenus-PEST expression was used as a proxy for circuit activity.
[0322] While 1x target sites provides near-complete knockdown for non-replicating
modRNA, 2x or greater sites yield a complete knockdown reaching autofluorescence levels in the
transfected Huh-7 cell line. Additionally, spacing between the miR target sites shows minimal
effect on knockdown efficiency (see FIG. 17A).
[0323] Nearly all cells containing >0x target sites show mVenus-PEST reporter
knockdown in Huh-7 cells which express high levels of miR-b, and no amount of miR-b target
sites causes knockdown in miR-b non-expressing HEK293T cells (see FIG. 17B).
[0324] Thus, miRNA sensors yield efficient knockdown in vitro.
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Example 6. /n vivo miRNA sensing

[0325] Liver Detargeting. In this Example, mice were injected with lipid nanoparticles

bearing reporter modRNA encoding firefly luciferase or with a vehicle control. Mice were
sacrificed after 6 hours, and their organs (i.e., spleen, lung, kindey, lymph nodes, and liver) were
assessed for luciferase activity. The addition of a sensor for the liver-specific microRNA miR-b to
the reporter modRNA resulted in a 59-fold reduction in luciferase expression in the liver compared
to the reporter modRNA lacking the sensor. Whereas, luciferase expression in the spleen, lung,
kidney, and lymph nodes was not significantly affected by addition of the miR-b sensor. Thus, the
miR-b sensor specifically detargets reporter expression in liver (see, FIG. 18).

[0326] Spleen Detargeting. In this Example, mice were injected with lipid nanoparticles

bearing reporter modRNA encoding firefly luciferase or with a vehicle control. Mice were
sacrificed after 6 hours, and their organs (i.e., liver and spleen) were assessed for luciferase activity.
The addition of a sensor for a spleen-associated miRNA, miR-h, to the reporter modRNA resulted
in a 30-fold reduction in luciferase expression in the spleen compared to reporter modRNA lacking
the sensor. Meanwhile, addition of the miR-h sensor had only a minimal effect on luciferase
expression in the liver. Thus, the miR-h sensor detargets reporter expression in spleen (see, FIG.
19).

Example 7. Type R Sensors
[0327] Type R Sensors Enable Payload Expression when their Cognate Marker is
Abundant. In this Example, Huh7 cells, which express high levels of miR-b, and HEK293T cells,

which are low in miR-b, were transfected via electroporation with an RNA circuit. The RNA circuit
consisted of (1) a replicon payload strand expressing a green fluorescent reporter and comprising
a first type P sensor responsive to a regulator protein, Cas6e, and (2) a linear non-replicating
regulator strand expressing the regulator protein Cas6e and comprising a type R sensor responsive
to miR-b.

[0328] As a control, Huh7 and HEK293T cells were transfected in parallel with an
otherwise identical RNA circuit that lacks a type R sensor. Expression of the green fluorescent
payload was measured via quantitative imaging.

[0329] At 6 hours post-transfection, payload expression from the RNA circuit with the
miR-b type R sensor turns on in the miR-b-rich Huh7 cells, while payload expression remains OFF
in HEK293T cells—in fact, there is a 7x reduction in payload expression in HEK293T cells
compared to Huh7 cells (see, FIG. 20). Payload expression from the RNA circuit lacking a type R
sensor remains OFF in either cell type (see, FIG. 20).
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[0330] Type R Sensors Enable Payload Expression when their Cognate Marker is

Abundant. A549 lung cancer cells, which express high levels of miR-i, were transfected via
electroporation with a replicon payload sequence expressing an mVenus reporter and comprising
a first type P sensor responsive to the Cas6e regulator protein. Some cells were co-transfected with
a linear non-replicating regulator sequence expressing the Cas6e regulator protein linked to an
mCherry reporter via a 2A self-cleaving peptide. This resulted in suppression of the payload
sequence, as evidenced by reduction of mVenus expression. However, some cells were co-
transfected with a version of the regulator sequence comprising a type R sensor for miR-i. In these
cells, the type R sensor is activated, resulting in downregulation of the regulator strand as indicated
by suppression of mCherry, and enabling expression of the payload sequence, as evidenced by a

significant increase in mVenus expression (see, FIG. 21).

Example 7. Extracorporeal cell Therapy
[0331] A subject’s blood will be drawn via a catheter connected to an in-line extracorporeal
system. A synthetic circuit that includes a chimeric antigen receptor (CAR) is added to the system
containing the blood. After a sufficient incubation time for effective transfection of the synthetic
circuit, the mononuclear cells along with the rest of the blood components are returned to the

subject via the venous access all occurring in a closed-loop system.

[0332] It is to be appreciated that the Detailed Description section, and not the Summary
and Abstract sections, is intended to be used to interpret the claims. The Summary and Abstract
sections can set forth one or more but not all exemplary aspects of the present disclosure as
contemplated by the inventor(s), and thus, are not intended to limit the present disclosure and the
appended claims in any way.

[0333] The present disclosure has been described above with the aid of functional building
blocks illustrating the implementation of specified functions and relationships thereof. The
boundaries of these functional building blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries can be defined so long as the specified
functions and relationships thereof are appropriately performed.

[0334] The foregoing description of the specific aspects will so fully reveal the general
nature of the disclosure that others can, by applying knowledge within the skill of the art, readily
modify and/or adapt for various applications such specific aspects, without undue experimentation,
without departing from the general concept of the present disclosure. Therefore, such adaptations

and modifications are intended to be within the meaning and range of equivalents of the disclosed
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aspects, based on the teaching and guidance presented herein. It is to be understood that the
phraseology or terminology herein is for the purpose of description and not of limitation, such that
the terminology or phraseology of the present specification is to be interpreted by the skilled artisan
in light of the teachings and guidance.

[0335] The breadth and scope of the present disclosure should not be limited by any of the
above-described exemplary aspects, but should be defined only in accordance with the following

claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A method of producing engineered immune cells for an extracorporeal cell therapy in a
subject in need thereof comprising contacting immune cells obtained by the subject with a synthetic
circuit in a closed in-line system connected to the subject, wherein the synthetic circuit is capable

of expressing a payload selectively in the immune cells.

2. The method of claim 1, wherein the immue cells are not exposed outside of the in-line

system during the entire period of the therapy.

3. The method of claim 1 or 2, wherein the immune cells, as a result of the contacting,

expresses a payload on the immune cells.

4. The method of any one of claims 1 to 3, wherein the cells are directly administered back

into the subject from the in-line system.

5. A method of extracorporeally treating a disease or condition in a subject in need thereof,
comprising administering cells, e.g., immune cells, to the subject, wherein the cells express a
payload encoded by a synthetic circuit in a closed in-line system connected to the subject, and

wherein the synthetic circuit is capable of expressing the payload selectively in the cells.

6. A method of extracorporeally treating a disease or condition in a subject in need thereof,
comprising contacting cells, e.g., immune cells, obtained by the subject with a synthetic circuit in
a closed in-line system connected to the subject and administering the cells expressing a payload
encoded by the synthetic circuit to the subject and wherein the synthetic circuit is capable of

expressing the payload selectively in the immune cells.

7. The method of any one of claims 1 to 6, wherein the subject doesn’t go through

lymphdepletion prior to the treatment.

8. The method of any one of claims 1 to 7, wherein the therapy is in less than 24, 23, 22, 21,
20, 19,18, 17, 16, 15, 14, 13,12, 11, 10,9, 8, 7, 6, 5, 4, 3, or 2 hours.

9. The method of any one of claims 1 to 8, wherein the synthetic circuit comprises:
(a) a first nucleotide sequence encoding the payload (payload sequence) and

(b) optionally, a second nucleotide sequence encoding a regulator (regulator sequence),
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wherein the payload sequence comprises a sensor that is capable of specifically recognizing the
regulator (type P sensor),
wherein the regulator sequence comprises a sensor that is capable of specifically recognizing a
marker (type R sensor), and
wherein the regulator and the marker recognized by the type R sensor (type R marker) are not the

same.

10. The method of any one of claims 1 to 8, wherein the synthetic circuit comprises a nucleotide
sequence encoding the payload (payload sequence), wherein the payload sequence comprises a
sensor that is capable of specifically recognizing a marker (type P sensor), wherein the marker is
not endogenously present in the immune cells or the marker is present endogenously only in the

immune cells.

11.  The method of claim 9 or 10, wherein the payload sequence comprises a plurality of the

type P sensor.

12. The method of claim 11, wherein the plurality of the type P sensor comprises two type P
sensors, three type P sensors, four type P sensors, five type P sensors, six type P sensors, seven

type P sensors, or eight or more type P sensors.
13.  The method of any one of claims 10 to 12, wherein each of the type P sensors is the same.

14. The method of any one of claims 10 to 12, wherein one or more of the type P sensors are

different.

15.  The method of any one of claims 9 to 14, wherein the payload sequence comprises a spacer

sequence (type P spacer).

16.  The method of claim 15, wherein the payload sequence comprises a plurality of type P
spacer.

17.  The method of claim 16, wherein each of the type P spacers is the same.

18. The method of claim 16, wherein one or more of the type P spacers are different.

19.  The method of any one of claims 15 to 18, wherein: (a) at least one type P spacer is

positioned upstream of the type P sensor, (b) at least one type P spacer is positioned downstream

of the type P sensor, or (¢) both (a) and (b).
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20.  The method of any one of claims 15 to 19, which comprises at least two type P sensors,

wherein at least one type P spacer is positioned between the at least two type P sensors.

21.  Immune cells in a closed in-line system for an extracorporeal therapy, wherein the immune
cells express a payload encoded by a synthetic circuit for the method of any one of claims 1 to 20,

wherein the synthetic circuit is capable of expressing the payload selectively in the immune cells.

22.  The immune cells, of claim 21, wherein the payload is expressed on the surface of the

immune cells.

23.  Anin-line system comprising the immune cells of claim 21 or 22 or comprising the immune
cells expressing a payload encoded by a synthetic circuit for the method of any one of claims 1 to

20.

24.  Thein-line system of claim 23, which is fully closed.

25.  Thein-line system of claim 23 or 24, which is connected to a subject in need of the therapy.
26. The in-line system of claim 25, wherein the immune cells are obtained by the subject.

27.  Thein-line system of any one of claims 23 to 26, which further comprises cells other than

immune cells.

28. The method of any one of claims 1 to 20, the immune cells of claim 21 or 22, or the in-line
system of any one of claims 23 to 27, wherein the payload is a chimeric antigen receptor (CAR), a

T cell receptor (TCR), or a TCR mimic.

29. The method, the cells, or the in-line system of claim 28, wherein the CAR targets CD19,
TRAC, TCRp, BCMA, CLL-1, CS1, CD38, CD19, TSHR, CD123, CD22, CD30, CD70, CD171,
CD33, EGFRVIIL GD2, GD3, Tn Ag, PSMA, ROR1, ROR2, GPC1, GPC2, FLT3, FAP, TAG72,
CD44v6, CEA, EPCAM, B7H3, KIT, IL- 13Ra2, mesothelin, IL-1 [Ra, PSCA, PRSS21, VEGFR2,
LewisY, CD24, PDGFR-beta, SSEA-4, CD20, folate receptor alpha, ERBB2 (Her2/neu), MUCI1,
MUCI16, EGFR, NCAM, prostase, PAP, ELF2M, Ephrin B2, IGF-I receptor, CAIX, LMP2,
gplOO, ber-abl, tyrosinase, EphA2, fucosyl GM1, sLe, GM3, TGSS5, HMWMAA, o-acetyl-GD2,
folate receptor beta, TEM1/CD248, TEM7R, CLDN6, GPRC5D, CXORF61, CD97, CD179a,
ALK, Polysialic acid, PLAC1, GloboH, NY-BR-1, UPK2, HAVCR1, ADRB3, PANX3, GPR20,
LY6K, OR51E2, TARP, WTI, NY-ESO-1, LAGE-la, MAGE-AL, legumain, HPV E6,E7, MAGE
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Al, ETV6-AML, sperm protein 17, XAGE]1, Tie 2, MAD-CT-1, MAD-CT- 2, Fos-related antigen
1, p53, p53 mutant, prostein, surviving, telomerase, PCTA- 1/Galectin 8, MelanA/MARTI, Ras
mutant, hTERT, sarcoma translocation breakpoints, ML-IAP, ERG (TMPRSS2 ETS fusion gene),
NA17, PAX3, androgen receptor, cyclin B, MYCN, RhoC, TRP-2, CYP1B1, BORIS, SARTS3,
PAXS, OY-TES1, LCK, AKAP-4, SSX2, RAGE-1, human telomerase reverse transcriptase, RUT,
RU2, intestinal carboxyl esterase, mut hsp70-2, CD79a, CD79b, CD72, LAIR1, FCAR, LILRAZ2,
CD300LF, CLECI12A, BST2, EMR2, LY75, GPC3, FCRLS, IGLL1, CD2, CD3¢, CD4, CD5,
CD7, the extracellular portion of the APRIL protein, or any combinations thereof.

30.  The method method, the immune cells, or the in-line system of claim 28, wherein the TCR
targets AFP, CD19, TRAC, TCRB, BCMA, CLL-1, CS1, CD38, CD19, TSHR, CD123, CD22,
CD30, CD171, CD33, EGFRVIIL, GD2, GD3, Tn Ag, PSMA, ROR1, ROR2, GPC1, GPC2, FLT3,
FAP, TAG72, CD44v6, CEA, EPCAM, B7H3, KIT, IL- 13Ra2, mesothelin, IL-1 [Ra, PSCA,
PRSS21, VEGFR2, LewisY, CD24, PDGFR-beta, SSEA-4, CD20, folate receptor alpha, ERBB2
(Her2/neu), MUC1, MUC16, EGFR, NCAM, prostase, PAP, ELF2M, Ephrin B2, IGF-I receptor,
CAIX, LMP2, gplOO, ber-abl, tyrosinase, EphA2, fucosyl GM1, sLe, GM3, TGS5, HMWMAA,
o-acetyl-GD2, folate receptor beta, TEM1/CD248, TEM7R, CLDN6, GPRC5D, CXORF61,
CD97, CD179a, ALK, Polysialic acid, PLAC1, GloboH, NY-BR-1, UPK2, HAVCR1, ADRB3,
PANX3, GPR20, LY6K, OR51E2, TARP, WTI, NY-ESO-1, LAGE-la, MAGE-Al, legumain,
HPV E6,E7, MAGE Al, ETV6-AML, sperm protein 17, XAGEIl, Tie 2, MAD-CT-1, MAD-CT-
2, Fos-related antigen 1, p53, p53 mutant, prostein, surviving, telomerase, PCTA- 1/Galectin 8,
MelanA/MARTI, Ras mutant, hTERT, sarcoma translocation breakpoints, ML-IAP, ERG
(TMPRSS2 ETS fusion gene), NA17, PAX3, androgen receptor, cyclin Bl, MYCN, RhoC, TRP-
2, CYPIB1, BORIS, SART3, PAXS, OY-TESI, LCK, AKAP-4, SSX2, RAGE-1, human
telomerase reverse transcriptase, RU1, RU2, intestinal carboxyl esterase, mut hsp70-2, CD79a,
CD7%, CD72, LAIRI1, FCAR, LILRA2, CD300LF, CLECI12A, BST2, EMR2, LY75, GPC3,
FCRLS5, IGLL1, CD2, CD3¢, CD4, CDS, CD7, the extracellular portion of the APRIL protein, or

any combinations thereof.

31. The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises:

(a) a first nucleotide sequence encoding the payload (payload sequence) and

(b) a second nucleotide sequence encoding a regulator (regulator sequence),
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wherein the payload sequence comprises a first sensor that is capable of specifically
recognizing the regulator (first type P sensor) and a second sensor that is capable of specifically
recognizing a marker (second type P sensor),

wherein the regulator sequence comprises a sensor that is capable of specifically
recognizing a marker (type R sensor), and

wherein the regulator, the marker recognized by the second type P sensor (second type P

marker), and/or the marker recognized by the type R sensor (type R marker) are not the same.

32.  The method, immune cells, or in-line system of claim 31, wherein the payload sequence

comprises a plurality of the first type P sensor.

33.  The method, immune cells, or in-line system of claim 32, wherein the plurality of the first
type P sensor comprises two first type P sensors, three first type P sensors, four first type P sensors,
five first type P sensors, six first type P sensors, seven first type P sensors, eight first type P sensors,
nine first type P sensors, ten first type P sensors, eleven first type P sensors, or twelve first type P

S€Nnsors .

34. The method, immune cells, or in-line system of claim 32 or 33, wherein each of the first

type P sensors is the same.

35. The method, immune cells, or in-line system of claim 32 or 33, wherein one or more of the

first type P sensors are different.

36. The method, immune cells, or in-line system of any one of claims 31 to 35, wherein the

payload sequence comprises a plurality of the second type P sensor.

37. The method, immune cells, or in-line system of claim 36, wherein the plurality of the
second type P sensor comprises two second type P sensors, three second type P sensors, four second
type P sensors, five second type P sensors, six second type P sensors, seven second type P sensors,
eight second type P sensors, nine second type P sensors, ten second type P sensors, eleven second

type P sensors, or twelve second type P sensors.

38. The method, immune cells, or in-line system of claim 36 or 37, wherein each of the second

type P sensors is the same.

39. The method, immune cells, or in-line system of claim 36 or 37, wherein one or more of the

second type P sensors are different.



WO 2025/024559 PCT/US2024/039355
-94 -
40.  The method, immune cells, or in-line system of any one of claims 31 to 39, wherein the

payload sequence comprises a spacer sequence (type P spacer).

41.  The method, immune cells, or in-line system of claim 40, wherein the payload sequence

comprises a plurality of type P spacer.

42. The method, immune cells, or in-line system of claim 41, wherein each of the type P spacers
is the same.
43. The method, immune cells, or in-line system of claim 41, wherein one or more of the type

P spacers are different.

44, The method, immune cells, or in-line system of any one of claims 41 to 43, wherein: (a) at
least one type P spacer is positioned between the first type P sensor and the second type P sensor;
(b) at least one type P spacer is positioned upstream of both the first type P sensor and the second
type P sensor; (c) at least one type P spacer is positioned downstream of both the first type P sensor

and the second type P sensor; or (d) any combination of (a) to (c).

45. The method, immune cells, or in-line system of any one of claims 41 to 44, which comprises
the plurality of the first type P sensor, wherein two or more of the first type P sensors are separated

by a type P spacer.

46.  The method, immune cells, or in-line system of claim 45, wherein each of the first type P

sensors are separated by a type P spacer.

47.  The method, immune cells, or in-line system of any one of claims 40 to 46, which comprises
the plurality of the second type P sensor, wherein two or more of the second type P sensors are

separated by a type P spacer.

48. The method, immune cells, or in-line system of claim 47, wherein each of the second type

P sensors are separated by a type P spacer.

49. The method, immune cells, or in-line system of any one of claims 40 to 48, wherein the

type P spacer is between about 1 to about 50 nucleotides in length.

50.  The method, immune cells, or in-line system of claim 49, wherein the type P spacer is at

least about 10 nucleotides in length.
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51.  The method, immune cells, or in-line system of claim 49, wherein the type P spacer is about

10 nucleotides in length, about 20 nucleotides in length, or about 50 nucleotides in length.

52. The method, immune cells, or in-line system of any one of claims 40 to 51, wherein the
type P spacer comprises, consists essentially of, or consists of the sequence
tttectttcecccttecctttttectttectttectttececcctteectt (SEQ ID NO: 1), tttecttteccccttecctt (SEQ ID NO: 2)

or geggeegetaaa (SEQ ID NO: 3) or fragments thereof.

53. The method, immune cells, or in-line system of any one of claims 41 to 52, wherein the

regulator sequence comprises a plurality of the type R sensor.

54. The method, immune cells, or in-line system of claim 53, wherein the plurality of the type
R sensor comprises two type R sensors, three type R sensors, four type R sensors, five type R

sensors, six type R sensors, seven type R sensors, or eight or more type R sensors.

55.  The method, immune cells, or in-line system of claim 53 or 54, wherein each of the type R

sensors is the same.

56. The method, immune cells, or in-line system of claim 53 or 54, wherein one or more of the

type R sensors are different.

57. The method, immune cells, or in-line system of any one of claims 31 to 56, wherein the

regulator sequence comprises a spacer sequence (type R spacer).

58. The method, immune cells, or in-line system of claim 57, wherein the regulator sequence

comprises a plurality of type R spacer.

59. The method, immune cells, or in-line system of claim 58, wherein each of the type R spacer

is the same.

60. The method, immune cells, or in-line system of claim 58, wherein one or more of the type

R spacers are different.

61.  The method, immune cells, or in-line system of any one of claims 57 to 60, which comprises
the plurality of the type R sensor, wherein two or more of the type R sensors are separated by a

type R spacer.
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62.  The method, immune cells, or in-line system of claim 61, wherein each of the type R
sensors are separated by a type R spacer.

63. The method, immune cells, or in-line system of any one of claims 57 to 62, wherein at least

one type R spacer is upstream of at least one type R sensor.

64. The method, immune cells, or in-line system of any one of claims 57 to 63, wherein the

type R spacer is between about 1 to about 50 nucleotides in length.

65. The method, immune cells, or in-line system of claim 64, wherein the type R spacer is at

least about 10 nucleotides in length.

60. The method, immune cells, or in-line system of claim 64, wherein the type R spacer is about

10 nucleotides in length, about 20 nucleotides in length, or about 50 nucleotides in length.

67. The method, immune cells, or in-line system of any one of claims 57 to 66, wherein the
type R spacer comprises, consists essentially of, or consists of the sequence

ttteetttcececttecctttttectttectttectttecececttecctt (SEQ ID NO: 1) or a fragment thereof.

68.  The method, immune cells, or in-line system of claim 67, wherein the type R spacer

comprises, consists essentially of, or consists of the sequence tttcctttcccectteectt (SEQ ID NO: 2).

69.  The method, immune cells, or in-line system of claims 57 to 64, wherein the type R spacer

comprises, consists essentially of, or consists of the sequence gcggecgetaaa (SEQ ID NO: 3).

70. The method, immune cells, or in-line system of any one of claims 40 to 69, wherein the
first marker, the second marker, or the first and second markers comprise a microRNA, a protein,

a metabolite, or combinations thereof.

71. The method, immune cells, or in-line system of any one of claims 31 to 70, wherein the
regulator comprises a RNA-binding protein, siRNA, shRNA, pre-miRNA, ribozyme, or

combinations thereof.

72.  The method, immune cells, or in-line system of claim 71, wherein the RNA-binding protein

comprises a ribonuclease.

73. The method, immune cells, or in-line system of claim 72, wherein the ribonuclease

comprises a Cas protein.
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74.  The method, immune cells, or in-line system of claim 73, wherein the Cas protein
comprises a Cas6 protein.

75. The method, immune cells, or in-line system of any one of claims 31 to 74, wherein the

payload sequence, the regulator sequence, or both the payload and regulator sequences comprise a

circular RNA.

76. The method, immune cells, or in-line system of any one of claims 31 to 75, wherein the

payload sequence is a self-replicating RNA and the regulator sequence is a non-replicating RNA.

77.  The method, immune cells, or in-line system of claim 75 or 76, wherein the payload

sequence is a self-replicating RNA and the regulator sequence is a circular RNA.

78.  The method, immune cells, or in-line system of claim 75 or 76, wherein the payload

sequence is a self-replicating RNA and the regulator sequence is a linear non-replicating RNA.

79.  The method, immune cells, or in-line system of claim 75 or 76, wherein the payload

sequence is a circular RNA and the regulator sequence is a circular RNA.

80.  The method, immune cells, or in-line system of claim 75 or 76, wherein the payload

sequence is a circular RNA and the regulator sequence is a linear non-replicating RNA.

81.  The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises:

(a) a first nucleotide sequence encoding a payload (payload sequence) and

(b) a second nucleotide sequence encoding a regulator (regulator sequence);

wherein the payload sequence is a self-replicating RNA and comprises a sensor that is capable of
specifically recognizing the regulator (type P sensor);

wherein the regulator sequence is a circular RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor); and

wherein the regulator and the marker recognized by the type R sensor (type R marker) are not the

same.

82.  The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims

21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
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comprises: (a) a first nucleotide sequence encoding a payload (payload sequence) and (b) a second
nucleotide sequence encoding a regulator (regulator sequence);

wherein the payload sequence is a self-replicating RNA and comprises a first sensor that is
capable of specifically recognizing the regulator (first type P sensor) and a second sensor that is
capable of specifically recognizing a marker (second type P sensor);

wherein the regulator sequence is a circular RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor); and

wherein the regulator, the marker recognized by the second type P sensor (type P marker),

and the marker recognized by the type R sensor (type R marker) are not the same .

83. The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises:

(a) a first nucleotide sequence encoding a payload (payload sequence) and

(b) a second nucleotide sequence encoding a regulator (regulator sequence);

wherein the payload sequence is a self-replicating RNA comprises a sensor that is capable of
specifically recognizing the regulator (type P sensor);

wherein the regulator sequence is a non-replicating linear RNA and comprises a sensor that is
capable of specifically recognizing a marker (type R sensor); and

wherein the regulator and the marker recognized by the type R sensor (type R marker) are not the

same.

84. The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises: (a) a first nucleotide sequence encoding a payload (payload sequence) and (b) a second
nucleotide sequence encoding a regulator (regulator sequence);

wherein the payload sequence is a self-replicating RNA and comprises a first sensor that is
capable of specifically recognizing the regulator (first type P sensor) and a second sensor that is
capable of specifically recognizing a marker (second type P sensor),

wherein the regulator sequence is a non-replicating linear RNA and comprises a sensor that
is capable of specifically recognizing a marker (type R sensor); and

wherein the regulator, the marker recognized by the second type P sensor (type P marker),

and the marker recognized by the type R sensor (type R marker) are not the same .
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85.  The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises:
(a) a first nucleotide sequence encoding a payload (payload sequence) and
(b) a second nucleotide sequence encoding a regulator (regulator sequence);
wherein the payload sequence is a circular RNA and comprises a sensor that is capable of
specifically recognizing the regulator (type P sensor);
wherein the regulator sequence is a circular RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor); and
wherein the regulator and the marker recognized by the type R sensor (type R marker) are not the

same.

86. The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises: (a) a first nucleotide sequence encoding a payload (payload sequence) and (b) a second
nucleotide sequence encoding a regulator (regulator sequence);

wherein the payload sequence is a circular RNA and comprises a first sensor that is capable
of specifically recognizing the regulator (first type P sensor) and a second sensor that is capable of
specifically recognizing a marker (second type P sensor);

wherein the regulator sequence is a circular RNA and comprises a sensor that is capable of
specifically recognizing a marker (type R sensor); and

wherein the regulator, the marker recognized by the second type P sensor (type P marker),

and the marker recognized by the type R sensor (type R marker) are not the same .

87.  The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises:

(a) a first nucleotide sequence encoding a payload (payload sequence) and

(b) a second nucleotide sequence encoding a regulator (regulator sequence);

wherein the payload sequence is a circular RNA and comprises a sensor that is capable of
specifically recognizing the regulator (type P sensor);

wherein the regulator sequence is a non-replicating linear RNA and comprises a sensor that is

capable of specifically recognizing a marker (type R sensor); and
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wherein the regulator and the marker recognized by the type R sensor (type R marker) are not the

same.

88. The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises: (a) a first nucleotide sequence encoding a payload (payload sequence) and (b) a second
nucleotide sequence encoding a regulator (regulator sequence);

wherein the payload sequence is a circular RNA and comprises a first sensor that is capable
of specifically recognizing the regulator (first type P sensor) and a second sensor that is capable of
specifically recognizing a marker (second type P sensor);

wherein the regulator sequence is a non-replicating linear RNA and comprises a sensor that
is capable of specifically recognizing a marker (type R sensor); and

wherein the regulator, the marker recognized by the second type P sensor (type P marker),

and the marker recognized by the type R sensor (type R marker) are not the same .

89. The method, immune cells, or in-line system of any one of claims 81 to 88, wherein:
(a) the payload sequence comprises a plurality of the first type P sensor,
(b) the payload sequence comprises a plurality of the second type P sensor,
(c) the regulator sequence comprises a plurality of the type R sensor, or

(d) any combination of (a) to (c).

90. The method, immune cells, or in-line system of any one of claims 81 to 89, wherein:
(a) the payload sequence comprises a spacer sequence (type P spacer),
(b) the regulator sequence comprises a spacer sequence (type R spacer), or

(c) both (a) and (b).

91. The method, immune cells, or in-line system of claim 90, wherein: (a) the type P spacer is
positioned between the first type P sensor and the second type P sensor; (b) the type P spacer is
positioned upstream of both the first type P sensor and the second type P sensor; (c) the type P
spacer is positioned downstream of both the first type P sensor and the second type P sensor; or

(d) any combination of (a) to (c).

92. The method, immune cells, or in-line system of claim 90 or 91, wherein the payload
sequence comprises the plurality of the first type P sensor, wherein two or more of the first type

sensors are separated by a type P spacer.
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93. The method, immune cells, or in-line system of any one of claims 90 to 92, wherein the
payload sequence comprises the plurality of the second type P sensor, wherein two or more of the

second type sensors are separated by a type P spacer.

94, The method, immune cells, or in-line system of any one of claims 90 to 93, wherein the
regulator sequence comprises the plurality of the type R sensor, wherein two or more of the type

R sensors are separated by a type R spacer.

95. The method, immune cells, or in-line system of any one of claims 90 to 94, wherein the

type P spacer, type R spacer, or both are between about 1 to about 50 nucleotides in length.

96. The method, immune cells, or in-line system of any one of claims 90 to 95, wherein the
type P spacer, type R spacer, or both comprise, consist essentially of, or consist of the sequence

tttecttteececttecctttttectttectttectttecececttecctt (SEQ ID NO: 1) or a fragment thereof.

97.  The method, immune cells, or in-line system of claim 96, wherein the type P spacer, type
R spacer, or both comprise, consist essentially of, or consist of the sequence tttcctttcccectteectt

(SEQ ID NO: 2).

98. The method, immune cells, or in-line system of any one of claims 90 to 97, wherein the
type P spacer, type R spacer, or both comprise, consist essentially of, or consist of the sequence

geggecgcetaaa (SEQ ID NO: 3) or a fragment thereof.

99. The method, immune cells, or in-line system of claim 98, wherein the type P spacer, type
R spacer, or both comprise, consist essentially of, or consist of the sequence gcggecgctaaa (SEQ

ID NO: 3).

100. The method, immune cells, or in-line system of any one of claims 81 to 99, wherein the
type P marker, type R marker, or both comprise a microRNA, a protein, a metabolite, or

combinations thereof.

101. The method, immune cells, or in-line system of any one of claims 81 to 100, wherein the
regulator comprises a RNA-binding protein, siRNA, shRNA, pre-miRNA, ribozyme, or

combinations thereof.

102.  The method, immune cells, or in-line system of claim 101, wherein the RNA-binding

protein comprises a ribonuclease.
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103. The method, immune cells, or in-line system of claim 102, wherein the ribonuclease

comprises a Cas protein.

104. The method, immune cells, or in-line system of claim 102, wherein the Cas protein

comprises a Cas6 protein.

105.  The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises:

(a) a first nucleotide sequence encoding a payload (payload sequence) and

(b) a second nucleotide sequence encoding a regulator (regulator sequence),

wherein, when the payload sequence and the regulator sequence are present in a immune
cell, the payload is expressed in the immune cell for a first expression and the regulator is
expressed in the immune cell for a second expression, and

wherein the first expression is greater than the second expression.

106. The method, immune cells, or in-line system of claim 105, wherein:

(a) the payload sequence comprises a first sensor that is capable of specifically recognizing
the regulator (first type P sensor) and a second sensor that is capable of specifically recognizing a
marker (second type P sensor),

(b) the regulator sequence comprises a sensor that is capable of specifically recognizing a
marker (type R sensor); and

wherein the regulator, the marker recognized by the second type P sensor (type P marker),

and the marker recognized by the type R sensor (type R marker) are not the same.

107.  The method, immune cells, or in-line system of claim 106, wherein the recognition of the

type P marker by the second type P sensor inhibits the expression of the payload.

108. The method, immune cells, or in-line system of any one of claims 105 to 107, wherein the

recognition of the type R marker by the type R sensor inhibits the expression of the regulator.

109. The method, immune cells, or in-line system of any one of claims 106 to 108, wherein: (a)
the immune cell does not express sufficient levels of the type P marker to turn on the second type
P sensor, and (b) the immune cell expresses sufficient levels of the type R marker to turn on the

type R sensor.
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110. The method, immune cells, or in-line system of any one of claims 106 to 109, wherein: (a)
the non-immune cell expresses sufficient levels of the type P marker to turn on the second type P
sensor, (b) the non-immune cell does not express sufficient levels of the type R marker to turn on

the type R sensor, or (¢) both (a) and (b).

111.  The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises:

(a) a first nucleotide sequence encoding a payload (payload sequence) and

(b) a second nucleotide sequence encoding a regulator (regulator sequence),

wherein, when the payload sequence and the regulator sequence are present in a non-immune cell,
the payload is expressed in the non-immune cell for a first expression and the regulator is
expressed in the non-immune cell for a second expression, and

wherein the second expression is greater than the first expression.

112.  The method, immune cells, or in-line system of claim 111, wherein:

(a) the payload sequence comprises a first sensor that is capable of specifically recognizing
the regulator (first type P sensor) and a second sensor that is capable of specifically recognizing a
marker (second type P sensor), and

(b) the regulator sequence comprises a sensor that is capable of specifically recognizing a
marker (type R sensor);

and wherein the regulator, the marker recognized by the second type P sensor (type P

marker), and the marker recognized by the type R sensor (type R marker) are not the same.

113.  The method, immune cells, or in-line system of claim 111 or 112, wherein the binding of

the type P marker to the second type P sensor inhibits the expression of the payload.

114.  The method, immune cells, or in-line system of claim 111, wherein: the non-immune cell
comprises (a) sufficient levels of the type P marker to turn on the second type P sensor, (b) levels

of the type R marker insufficient to turn on the type R sensor , or (c) both (a) and (b).

115. The method, immune cells, or in-line system of any one of claims 111 to 114, wherein the

binding of the type R marker to the type R sensor inhibits the expression of the regulator.
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116. The method, immune cells, or in-line system of any one of claims 111, 114, and 115,
wherein the immune cell comprises: (a) levels of the type P marker insufficient to turn on the

second type P sensor, and and (b) sufficient levels of the type R marker to turn on the type R sensor.

117. The method of any one of claims 1 to 20, and 28 to 30, immune cells of any one of claims
21, 22 and 28 to 30, or in-line system of any one of claims 23 to 30, wherein the synthetic circuit
comprises:

(a) a first nucleotide sequence encoding a payload (payload sequence) and

(b) a second nucleotide sequence encoding a regulator (regulator sequence),

wherein, when the synthetic circuit is contacted with a population of cells comprising a immune
cell and a non-immune cell, the expression of the payload in the immune cell is higher than the

corresponding expression in the non-immune cell.

118. The method, immune cells, or in-line system of claim 117, wherein the expression of the
payload in the immune cell is higher than the corresponding expression in the non-immune cell by
at least about 1-fold, at least about 2-fold, at least about 3-fold, at least about 4-fold, at least about
5-fold, at least about 6-fold, at least about 7-fold, at least about 8-fold, at least about 9-fold, at least
about 10-fold, at least about 15-fold, at least about 20-fold, at least about 25-fold, at least about
30-fold, at least about 35-fold, at least about 40-fold, at least about 45-fold, or at least about 50-

fold, as compared to the corresponding expression in the non-immune cell.

119. The method, immune cells, or in-line system of claim 117 or 118, wherein:

(a) the payload sequence comprises a first sensor that is capable of specifically recognizing the
regulator (first type P sensor) and a second sensor that is capable of specifically recognizing a
marker (second type P sensor), and

(b) the regulator sequence comprises a sensor that is capable of specifically recognizing a marker
(type R sensor); and

wherein the regulator, the marker recognized by the second type P sensor (type P marker), and the

marker recognized by the type R sensor (type R marker) are not the same.

120. The method, immune cells, or in-line system of any one of claim 117 to 119, wherein the

binding of the type P marker to the second type P sensor inhibits the expression of the payload.

121. The method, immune cells, or in-line system of any one of claims 117 to 120, wherein the

binding of the type R marker to the type R sensor inhibits the expression of the regulator.
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122. The method, immune cells, or in-line system of any one of claims 117 to 121, wherein: (a)
the immune cell does not comprise sufficient level of the type P marker to turn on the second type
P sensor, and (b) the immune cell expresses sufficient levels of the type R marker to turn on the

type R sensor.

123.  The method, immune cells, or in-line system of any one of claims 117 to 122, wherein: (a)
the non-immune cell expresses sufficient levels of the type P marker to turn on the second type P
sensor, (b) the non-immune cell does not express sufficient levels of the type R marker to turn on

the type R sensor, or (¢) both (a) and (b).

124. The method, immune cells, or in-line system of any one of claims 105 to 123, wherein the

payload sequence is a self-replicating RNA.

125. The method, immune cells, or in-line system of any one of claims 105 to 124, wherein the

regulator sequence is a non-replicating linear RNA.

126. The method, immune cells, or in-line system of any one of claims 105 to 125, wherein the

payload sequence is a circular RNA.

127.  The method, immune cells, or in-line system of any one of claims 105 to 126, wherein the

regulator sequence is a circular RNA.

128.  The method, immune cells, or in-line system of any one of claims 105 to 127, wherein the

payload sequence is a self-replicating RNA and the regulator sequence is a circular RNA.

129.  The method, immune cells, or in-line system of any one of claims 105 to 123, wherein the
payload sequence is a self-replicating RNA and the regulator sequence is a non-replicating linear
RNA.

130. The method, immune cells, or in-line system of any one of claims 105 to 123, wherein the

payload sequence is a circular RNA and the regulator sequence is a circular RNA.

131. The method, immune cells, or in-line system of any one of claims 105 to 123, wherein the

payload sequence is a circular RNA and the regulator sequence is a non-replicating linear RNA.

132.  The method, immune cells, or in-line system of any one of claims 105 to 131, wherein:
(a) the payload sequence comprises a plurality of the first type P sensor,

(b) the payload sequence comprises a plurality of the second type P sensor,
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(c) the regulator sequence comprises a plurality of the type R sensor, or

(d) any combination of (a) to (c).

133. The method, immune cells, or in-line system of any one of claims 105 to 132, wherein:
(a) the payload sequence comprises a spacer sequence (type P spacer),
(b) the payload sequence comprises a spacer sequence (type R spacer), or

(c) both (a) and (b).

134. The method, immune cells, or in-line system of claim 133, wherein the type P spacer is

positioned between the first type P sensor and the second type P sensor.

135. The method, immune cells, or in-line system of claim 133 or 134, wherein the type P spacer
is positioned between the payload coding sequence and (a) the first type P sensor, (b) the second

type P sensor, or (c) both (a) and (b).

136. The method, immune cells, or in-line system of any one of claims 133 to 135, wherein the

type R spacer is positioned between the regulator coding sequence and the type R sensor.

137.  The method, immune cells, or in-line system of any one of claims 133 to 136, wherein the
payload sequence comprises the plurality of the first type P sensor, wherein two or more of the

first type sensors are separated by a type P spacer.

138.  The method, immune cells, or in-line system of any one of claims 133 to 137, wherein the
payload sequence comprises the plurality of the second type P sensor, wherein two or more of the

second type sensors are separated by a type P spacer.

139.  The method, immune cells, or in-line system of any one of claims 133 to 138, wherein the
regulator sequence comprises the plurality of the type R sensor, wherein two or more of the type

R sensors are separated by a type R spacer.

140. The method, immune cells, or in-line system of any one of claims 133 to 139, wherein the

type P spacer, type R spacer, or both are between about 1 to about 50 nucleotides in length.

141. The method, immune cells, or in-line system of any one of claims 133 to 140, wherein the
type P spacer, type R spacer, or both comprise, consist essentially of, or consist of the sequence

ttteetttcececttecctttttectttectttectttecececttecctt (SEQ ID NO: 1) or a fragment thereof.
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142. The method, immune cells, or in-line system of claim 141, wherein the type P spacer, type
R spacer, or both comprise, consist essentially of, or consist of the sequence tttcctttcccectteectt
(SEQ ID NO: 2).

143. The method, immune cells, or in-line system of any one of claims 133 to 142, wherein the
type P spacer, type R spacer, or both comprise, consist essentially of, or consist of the sequence

geggecgcetaaa (SEQ ID NO: 3) or a fragment thereof.

144. The method, immune cells, or in-line system of any one of claims 106 to 143, wherein the

type P marker, type R marker, or both comprise a microRNA.

145. The method, immune cells, or in-line system of any one of claims 103 to 144, wherein the

regulator comprises a RNA-binding protein, siRNA, aptamer, or combinations thereof.

146. The method, immune cells, or in-line system of claim 145, wherein the RNA-binding

protein comprises a ribonuclease.

147. The method, immune cells, or in-line system of claim 146, wherein the ribonuclease

comprises a Cas protein.

148. The method, immune cells, or in-line system of claim 147, wherein the Cas protein

comprises a Caso6 protein.

149. The method, immune cells, or in-line system of any one of claims 1 to 148, wherein the
payload comprises a therapeutic protein, reporter protein, immunomodulatory protein, chimeric

antigen receptor (CAR), or combinations thereof.

150. The method, immune cells, or in-line system of any one of claims 1 to 149, wherein the
payload sequence comprises one or more elements that enhance the translation of the encoded

protein as compared to the regulator sequence.

151. The method, immune cells, or in-line system of claim 150, wherein the one or more

elements comprise an aptamer for a translational initiation factor (e.g., e[F4G).

152.  The method of any one of claims 1 to 20, and 28 to 151, immune cells of any one of claims
21,22 and 28 to 151, or in-line system of any one of claims 23 to 151, wherein the synthetic circuit
further comprises

(1) an Internal Ribosome Entry Site (IRES),



WO 2025/024559 PCT/US2024/039355
- 108 -
(3)aUTR,
(4) a sequence encoding a signal peptide,
(5) a translation initiation sequence,
(6) a polyA sequence,
(7) a sequence encoding a RNA binding protein,
(8) a sequence encoding a 2A ribosome skip peptide, or

(9) any combination of (1) to (8).

153.  The method of any one of claims 1 to 20, and 28 to 152, immune cells of any one of claims
21, 22 and 28 to 152, or in-line system of any one of claims 23 to 152, wherein the synthetic circuit

does not comprise any sequences derived from a non-human genome.

154. The method of any one of claims 1 to 20, and 28 to 153, immune cells of any one of claims
21,22 and 28 to 153, or in-line system of any one of claims 23 to 153, wherein the synthetic circuit

is delivered by a delivery agent.

155. The method, immune cells, or in-line system of claim 154, wherein the delivery agent is a
nanoparticle comprising (i) the synthetic circuit, and (ii) one or more types of lipids and/or lipid

like materials.

156. The method, immune cells, or in-line system of claim 155, wherein the one or more types
of lipid comprise an ionizable lipid, cationic lipid, lipidoid, non-cationic helper lipid, phospholipid,

sterol or other structural lipids, or combinations thereof.

157.  The method, immune cells, or in-line system of claim 156, wherein the ionizable lipid
comprises ((4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)bis(2-hexyldecanoate) (ALC-0315),
heptadecan-9-yl 8-((2-hydroxyethyl)(6-0x0-6-(undecyloxy)hexyl)amino) octanoate (SM-102),
heptadecan-9-yl 8-((2-hydroxyethyl)}(8-(nonyloxy)-8-oxooctyl)amino)octanoate (Lipid 5), di((Z)-

non-2-en-1-yl) 9-((4-(dimethylamino)butanoyl)oxy )heptadecanedioate (L319), 3-
(didodecylamino)-N1,N1,4 tridodecyl-1-piperazineethanamine (KL10), NI-[2
(didodecylamino)ethyl]-N1,N4, N4-tridodecyl  1,4-piperazinediethanamine (KL22), 14,25-
ditridecyl-15,18,21,24-tetraaza-octatriacontane (KL25), 1,2-dilinoleyloxy-N,N-

dimethylaminopropane (DLin-DMA), 2,2-dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane
(DLin-K-DMA), heptatriaconta-6,9,28,3 1-tetraen-19-yl-4-(dimethylamino)butanoate ~ (DLin-
MC3-DMA), 2,2-dilinoleyl-4-(2 dimethylaminoethyl)-[1,3]-dioxolane (DLin-KC2-DMA), 1,2-
dioleyloxy-N,N-dimethylaminopropane (DODMA), 2-({8-[(3B)-cholest-5-en-3-



WO 2025/024559 PCT/US2024/039355

-109 -
yloxy]octyl } oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-dien-1-yloxy |propan-1-amine
(Octyl-CLinDMA), (2R)-2-({8-[(3B)-cholest-5-en-3-yloxy]octyl }oxy)-N,N-dimethyl-3-

[(9Z,12Z)-octadeca-9,12-dien-1-yloxy]propan-1-amine (Octyl-CLinDMA (2R)), and (25)-2-({8-
[(3B)-cholest-5-en-3-yloxy]octyl } oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-dien-1-
yloxy]propan-1-amine (Octyl-CLinDMA (2S5)), or combinations thereof.

158. The method, immune cells, or in-line system of claim 156, wherein the cationic lipid
comprises 1,2-dioleoyl-3 -trimethylammonium-propane (DOTAP), lipofectamine, N-[1-(2,3-
dioleoyloxy)propyl]-N,N,N-trimethylammonium chloride (DOTMA), 1-[2- (oleoyloxy)ethyl]-2-
oleyl-3-(2-hydroxyethyl)imidazolinium chloride (DOTEVI), 2,3- dioleyloxy-N-
[2(sperminecarboxamido)ethyl]-N,N-dimethyl-1-propanaminium trifluoroacetate (DOSPA), N,N-
distearyl-N,N-dimethylammonium bromide (DDAB), N-(1 ,2-dimyristyloxyprop-3 -yl)-N,N-
dimethyl-N-hydroxy ethyl ammonium bromide (DMRIE), N-(I,2-dioleoyloxyprop-3-yl)-N,N-
dimethyl-N-hydroxy ethyl ammonium bromide (DORIE), N,N-dioleyl-N,N-dimethylammonium
chloride (DODAC), 1,2-dilauroyl-sn-glycero-3-ethylphosphocholine (DLePC), 1,2-distearoyl-3-
trimethylammonium-propane  (DSTAP), 1,2-dipalmitoyl-3  -trimethylammonium-propane
(DPTAP), 1,2-dilinoleoyl-3  -trimethylammonium-propane (DLTAP), [,2-dimyristoyl-3-
trimethylammonium-propane (DMTAP), 1,2-distearoyl -sn-glycero-3- ethylphosphocholine
(DSePC), 1,2-dipalmitoyl-sn-glycero-3-ethylphosphocholine (DPePC), 1,2-dimyristoyl -sn-
glycero-3-ethylphosphocholine  (DMePC), 1,2-dioleoyl-sn- glycero-3-ethylphosphocholine
(DOePC), 1,2-di-(9Z-tetradecenoyl)-sn-glycero-3- ethylphosphocholine (14: 1 EPC), 1-palmitoyl-
2-oleoyl-sn-glycero-3-ethylphosphocholine (16:0-18: 1 EPC), or any combination thereof.

159.  The method, cells, or in-line system of claim 156, wherein the lipidoid comprises 1,1'-((2-
(4-(2-((2-(bis(2-hydroxydodecyl) amino)ethyl) (2- hydroxydodecyl)amino)ethyl) piperazin-1-
yl)ethyl)azanediyl) bis(dodecan-2-ol) (C12-200), 3,6-bis(4-(bis(2-
hydroxydodecyl)amino)butyl)piperazine2,5-dione (cKK-E12), tetrakis(8-methylnonyl) 3,3',3",3"-
(((methylazanediyl) bis(propane-3,1 diyl))bis (azanetriyl))tetrapropionate (3060i1w0), GO-C14,
5A2-SC8, 3,6-bis(4-(bis((9Z,12Z)-2-hydroxyoctadeca9,12-dien-1-yl)amino)butyl)piperazine-2,5-
dione (OF-02), (((3,6-dioxopiperazine-2,5-diyl)bis (butane-4,1-
diyl))bis(azanetriyl))tetrakis(ethane2,1-diyl) (92,9'2,9"2,9"7,122,12'2,12"Z,12"Z)-tetrakis
(octadeca-9,12-dienoate) (OF-Deg-Lin), (((3,6-dioxopiperazine-2,5-diyl)bis(butane-4,1-diyl))
bis(azanetriyl))tetrakis (butane-4,1-diyl) (92,9'2,9"7,9"7,127.,12'7,12"7,12"Z)-tetrakis
(octadeca-9,12-dienoate) (OF-C4-Deg-Lin), N1,N3,N5-tris(3-
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(didodecylamino)propyl)benzenel,3,5-tricarboxamide (TT3), Hexa(octan-3-y1) 9,9',9" 9" 9" 9""-
((((benzene-1,3,5-tricarbonyl)ris(azanediyl)) tris (propane-3,1-
diyl))tris(azanetriyl))hexanonanoate (FTTS), PL-1, 98N12-5, ethyl 5,5-di((Z)-heptadec-8-en-1-
y1)-1-(3-(pyrrolidin-1-yl)propyl)-2,5-dihydro-1H-imidazole-2-carboxylate (A2-Is05-2DC18

(A2)), A12-1s05—2DC18 (A12), or any combination thereof.

160. The method, cells, or in-line system of claim 159, wherein the lipidoid is TT3.

161. The method, cells, or in-line system of any one of claims 156 to 160, wherein the
phospholipid is selected from the group consisting of 1,2-dilinoleoyl-sn-glycero-3 phosphocholine
(DLPC), 1,2-dimyristoyl-sn-glycerol-phosphocholine (DMPC), 1,2-dioleoyl-sn glycerol-3-
phosphocholine (DOPC), 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 1,2-distearoyl-
sn-glycero-3-phosphocholine (DSPC), 1,2-diundecanoyl-sn-glycero-phosphocholine (DUPC), 1-
palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine  (POPC), 1,2-di-O-octadecenyl-sn-glycero-3-
phosphocholine  (18:0  Diether PC), 1-oleoyl-2-cholesterylhemisuccinoyl-sn-glycero-3-
phosphocholine (OChemsPC), 1-hexadecyl-sn-glycero-3-phosphocholine (C16 Lyso PC), 1,2-
dilinolenoyl-sn-glycero-3-phosphocholine, 1,2-diarachidonoyl-sn-glycero-3-phosphocholine, 1,2-
didocosahexaenoyl-sn-glycero-3-phosphocholine, 1,2-dioleoyl-sn-glycero-3-phosphoethanola
mine (DOPE), 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (ME 16.0 PE), 1,2-distearoyl-
sn-glycero-3-phosphoethanolamine,  1,2-dilinoleoyl-sn-glycero-3-phosphoethanolamine, 1,2-
dilinolenoyl-sn-glycero-3-phosphoethanolamine, 1,2-diarachidonoyl-sn-glycero-3-
phosphoethanolamine, 1,2-didocosahexaenoyl-sn-glycero-3-phosphoethanolamine, 1,2-dioleoyl-
sn-glycero-3-phospho-rac-(1-glycerol) sodium salt (DOPG), sphingomyelin, and any

combinations thereof.

162.  The method, cells, or in-line system of any one of claims 156 to 161, wherein the
phospholipid is selected from the group consisting of 1-myristoyl-2-palmitoyl-sn-glycero-3-
phosphocholine (14:0-16:0 PC, MPPC), 1-myristoyl-2 stearoyl-sn-glycero-3-phosphocholine
(14:0-18:0 PC, MSPC), 1-palmitoyl 2-acetyl-sn-glycero-3-phosphocholine (16:0-02:0 PC), 1-
palmitoyl-2-myristoyl-sn-glycero-3-phosphocholine (16:0-14:0 PC, PMPC), I-palmitoyl-2-
stearoyl-sn-glycero-3-phosphocholine (16:0-18:0 PC, PSPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (16:0-18: 1 PC, POPC), 1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphocholine
(16:0-18:2 PC, PLPC), 1-palmitoyl-2-arachidonoyl-sn-glycero-3-phosphocholine (16:0-20:4 PC),
1-palmitoyl-2-docosahexaenoyl-sn-glycero-3-phosphocholine  (14:0-22:6 PC), 1-stearoyl-2-
myristoyl-sn-glycero-3-phosphocholine  (18:0-14:0 PC, SMPC), 1-stearoyl-2-palmitoyl-sn-
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glycero-3-phosphocholine  (18:0-16:0 PC,  SPPC), 1-stearoyl-2-oleoyl-sn-glycero-3-
phosphocholine (18:0-18: 1 PC, SOPC), 1-stearoyl-2-linoleoyl-sn-glycero-3-phosphocholine
(18:0-18:2 PC), 1-stearoyl-2-arachidonoyl-sn-glycero-3-phosphocholine (18:0-20:4 PC), 1-
stearoyl-2-docosahexaenoyl-sn-glycero-3-phosphocholine (18:0-22:6 PC), 1-oleoyl-2-myristoyl-
sn-glycero-3-phosphocholine (18: 1-14:0 PC, OMPC), 1-oleoyl-2-palmitoyl-sn-glycero-3-
phosphocholine (18: 1-16:0 PC, OPPC), 1-oleoyl-2-stearoyl-sn-glycero-3-phosphocholine (18: 1-
18:0 PC, OSPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (16:0- 18: 1 PE,
POPE), 1-palmitoyl-2-linoleoyl-sn-glycero-3-phosphoethanolamine (16:0-18:2 PE), 1-palmitoyl-
2-arachidonoyl-sn-glycero-3-phosphoethanolamine (16:0-20:4 PE), 1-palmitoyl-2-
docosahexaenoyl-sn-glycero-3-phosphoethanolamine (16:0-22:6 PE), 1-stearoyl-2-oleoyl-sn-
glycero-3-phosphoethanolamine ~ (18:0-18: 1  PE),  1-stearoyl-2-linoleoyl-sn-glycero-3-
phosphoethanolamine (18:0-18:2 PE), 1-stearoyl-2-arachidonoyl-sn-glycero-3-
phosphoethanolamine (18:0-20:4 PE), 1-stearoyl-2-docosahexaenoyl-sn-glycero-3-
phosphoethanolamine  (18:0-22:6 PE), 1-oleoyl-2-cholesterylhemisuccinoyl-sn-glycero-3-

phosphocholine (OChemsPC), and any combination thereof.

163. The method, cells, or in-line system of any one of claims 156 to 162, wherein the sterol
comprises a cholesterol, fecosterol, sitosterol, ergosterol, campesterol, stigmasterol, brassicasterol,

tomatidine, tomatine, ursolic acid, alpha-tocopherol, and combinations thereof.

164. The method, cells, or in-line system of any one of claims 155 to 163, wherein the one or

more types of lipids and/or lipid like materials are pegylated.

165. The method, immune cells, or in-line system of any one of claims 155 to 164, which further

comprises a immuneing ligand.

166. The method, immune cells, or in-line system of any one of claims 155 to 165, wherein the
one or more types of lipids and/or lipid like materials comprise a molar ratio of about 10-50%

ionizable lipid (e.g., cationic lipid).

167. The method, immune cells, or in-line system of any one of claims 155 to 166, wherein the
one or more types of lipids and/or lipid like materials comprise a molar ratio of about 10-40%

phospholipid.
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168. The method, immune cells, or in-line system of any one of claims 155 to 167, wherein the
one or more types of lipids and/or lipid like materials comprise a molar ratio of about 20-50%

sterol (e.g., cholesterol).

169. The method, immune cells, or in-line system of any one of claims 155 to 168, wherein the
one or more types of lipids and/or lipid like materials comprise a molar ratio of about 0-10%

pegylated lipid.

170. The method of any one of claims 1 to 20, and 28 to 169, immune cells of any one of claims
21, 22 and 28 to 169, or in-line system of any one of claims 23 to 169, or nanoparticle of any one
of claims 155 to 169, wherein the synthetic circuit, the delivery agent, or the nanoparticle is

formulated in a pharmaceutical composition comprising a pharmaceutically acceptable carrier.

171. The method, immune cells, or in-line system of claim 170, which is formulated for
intratumoral, intrathecal, intramuscular, intravenous, subcutaneous, inhalation, intradermal,
intralymphatic, intraocular, intraperitoneal, intrapleural, intraspinal, intravascular, nasal,

percutaneous, sublingual, submucosal, transdermal, or transmucosal administration.

172.  The method of any one of claims 1 to 20, and 28 to 171, immune cells of any one of claims
21, 22 and 28 to 171, or in-line system of any one of claims 23 to 171, or nanoparticle of any one
of claims 155 to 171, wherein the cells comprise T cells, NK cells, B cells, or any combination

thereof.

173.  The method of any one of claims 1 to 20, and 28 to 171, immune cells of any one of claims
21, 22 and 28 to 171, or in-line system of any one of claims 23 to 171, or nanoparticle of any one
of claims 155 to 171, wherein the cells comprise CD8+ T cells, CD4+ T cells, or any combination

thereof.

174. The method of any one of claims 1 to 8, wherein the synthetic circuit comprises:
a nucleotide sequence encoding a payload (payload sequence),
wherein the payload sequence comprises a sensor that recognizes a marker, and

wherein recognizing the marker with the sensor reduces expression of the payload.



