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SPATIOTEMPORAL REGULATORS

RELATED APPLICATION
This application claims the benefit under 35 U.S.C. § 119(e) of U.S. provisional
application number 62/366.753, filed July 26, 2016, which 1s incorporated by reference

herein 1n its entirety.

SUMMARY

Provided herein, in some embodiments, are methods, compositions, systems and kits
for the spatiotemporal control of cellular function ex vivo and in vivo. Spatiotemporal
regulators of the present disclosure integrate synthetic promoters that enable selective nucleic
acid expression 1n target cells (on-target cells) and microRNA (miRNA) sensors that enable
suppression of nucleic acid expression in non-target cells (off-target cells). The synthetic
promoters used herein exhibit more accurate specificity relative to naturally-occurring
promoters and exhibit higher activity in target cells relative to non-target cells. The miRNA
sensors 1nclude at least one (one or more) miRNA binding sites specific for miRNAs that are
active 1in non-target cells (leading to suppression/degradation in non-target cells), but are
inactive or are active at low levels 1n target cells. This dual functionality enables enhanced
nucleic acid expression selectively 1n target cells.

This technology 1s broadly transformative for establishing, engineering,
manufacturing, and deploying next-generation human cell therapies. Spatiotemporal control
over small molecules or biologic drugs 1s ditficult, making it challenging to treat complex
diseases where localization, timing, or dynamics are important. Engineered cells offer the
potential for spatiotemporal control of therapies in vivo. The engineered genetic constructs
(spatiotemporal regulators) as provided herein may be used for spatiotemporal programming
of cell function, enabling spatiotemporal control of therapies in vivo.

Thus, some aspects of the present disclosure provide engineered genetic constructs
comprising at least one synthetic promoter that has higher activity 1n target cells relative to
non-target cells and 1s operably linked to (a) a nucleotide sequence encoding a product of
interest and (b) a 3 untranslated region (UTR) comprising a microRNA (miRNA) sensor that

includes at least one miRNA binding site to which at least one miRNA binds, wherein the at
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least one miRNA 1s 1nactive or 1s active at a low level 1n the target cells, and wherein the at

least one miRNA 1s active in non-target cells at a level detectable by the miRNA sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of engineered viral vectors inhibiting the NF-kB pathway
selectively 1n microglia (not 1n other cell types) may ameliorate neuroinflammation in ALS
and other neurological diseases. Genetic constructs are delivered via viral vectors (e.g.,
AAYV) into brain cells and then rely on microglia-specific promoters and microRNA sensors
to achieve selective expression of NF-kB inhibitors only in microglia. NF-«kB inhibitors can
be expressed under the control of NF-kB-1nduced promoters to enable dynamic repression
rather than constitutive repression.

FIG. 2 shows examples of modular constructs used to assess various cell-specific
regulators (e.g., promoters, S’UTRs, 3’'UTRs). Synthetic promoters may be combined with
synthetic miRNA binding sites in the 3°’UTRs, as well as engineered 5S’UTRs, 1n some
instances, to assess gene expression for a wide range of applications.

FIG. 3 shows an examples of a microRNA sensor vector used for assaying individual
constructs.

FIG. 4, top panel, 1s a graph of data showing microRNAs inhibiting expression of the
reporter gene at different levels for the two cell lines described in Example 1. In each set of
bars, left to right: MCF-10A; MDA-MB-4353. FIG. 4, bottom panel, 1s a graph of data
showing expression ratios between the cell types, showing that certain microRNAs have
greater than 5-fold selectivity between the cell types. In each set of bars, left to right:
MDA/MCF; MCF/MDA.

FIG. 5 shows an example of a construct integrating a synthetic promoter and
miCcroRNA sensors.

FIGS. 6A shows expression data on combinations of synthetic promoters and
microRNAs. In each set of bars, left to right: pmirGLO; pSyn-3; pSyn-12; pSyn-18. FIG. 6B
1s a magnified view of the same data. In each set of bars, left to right: pmirGLO; pSyn-3;
pSyn-12; pSyn-18.

FIGS.7 shows additional expression data on combinations of synthetic promoters and

microRNAs. In each set of bars, left to right: pmirGLO; pSyn-3; pSyn-12; pSyn-18. FIG. 7B
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1s a magnified view of the same data. In each set of bars, left to right: pmirGLO; pSyn-3;
pSyn-12; pSyn-18.

FIGS. 8A-8B shows the ratio of expression data for combinations of synthetic
promoters and microRNAs. An unexpected synergistic effect was observed 1n several of the
constructs containing a synthetic promoter and a microRNA sensor. As an example,
promoter pSyn-18 alone showed ~25x selectivity, miR-29A(1x) was ~4x, and the
combination was ~250x. In each set of bars, left to right: pmirGLO; pSyn-3; pSyn-12; pSyn-

18.

DETAILED DESCRIPTION

Provided herein are engineered genetic constructs that achieve spatial and/or temporal
selectivity, enabling improved (enhanced) control over cell function ex vivo and in vivo.
These engineered genetic constructs may be referred to as spatiotemporal regulators.
Spatiotemporal regulators can be used to create cell and gene therapies that are conditionally
activated 1n specific target cells (e.g., cancer cells such as ovarian cancer cells or microglia)
and suppressed 1n non-target cell types (e.g., non-cancerous cells) to produce therapeutic
outputs (e.g., immunotherapies or anti-inflammatory mediators, respectively). In addition,
these regulators can be used to create cell and gene therapies that are conditionally activated
in certain conditions (e.g., inflammation) and suppressed in other conditions (e.g., non-
inflammatory). The ability to localize, concentrate, and time the expression of therapeutic
elffectors enables the treatment of complex diseases for which dynamics play an important
role.

Thus, described herein 1s a powerful technology that enables next-generation cell and
gene therapies. These spatiotemporal regulators can be used to control the expression of
genetic constructs 1n specific cell types, under specific conditions, and/or at specific times.
This technology enables the conditional or localized production of therapeutics in vivo and ex
vivo. The spatiotemporal regulators leverage a rational design approach combined with high-
throughput design-build-test-learn platform to rapidly converge on gene expression
constructs that are only activated 1n cell-type/cell-state-specific fashion. These regulators
achieve highly active and specific gene expression 1n target cells using complementary

integrated mechanisms to enhance stringency and activity.
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Target specificity in gene therapies 1s currently achieved primarily through the use of
targeted viral vectors or natural promoters. The former 1s challenging because there 1s not
always a unique cell-surtace marker that can be used for specific viral targeting. The latter 1s
challenging because natural promoters not are always completely specific for a certain cell
type, can have low ON-OFF ratios 1n on-target versus off-target cells, and can be quite large
in size, thus limiting encoding 1n viral vectors with restricted capacities. As described herein,
>30-fold ON-OFF ratios are achieved 1n the integrated genetic constructs as minimal targets,
and >100-fold ON-OFF ratios are achieved in some embodiments. Such ON-OFF ratios are
reasonable given that narrow therapeutic index drugs often have <2-fold differences between
minimum effective concentrations versus minimum toxic concentrations (26).

In some embodiments, the synthetic promoters and microRNA sensors can be
incorporated into logic gates, such as AND gates, and/or digital switches to set sharper
thresholds for gene expression. The output genes may be, for example, therapeutic payloads
such as immunotherapy outputs for cancer applications or inhibitors of inflammation for
neuroinflammation/neurodegeneration applications (e.g., amyotrophic lateral sclerosis
|ALS])).

For example, for cancer applications, the secretion of checkpoint inhibitors, cytokines,
and chemokines, and the surface display of anti-CD3¢ domains to trigger T cells to kill
cancer cells may be useful. High stringency 1s required 1n order to minimize off-target effects
on normal cells. The engineered genetic constructs as provided herein may be delivered to
cancer cells via non-viral vectors or viruses to recruit immunotherapy to kill tumors from
within the tumors themselves. This approach overcomes major limitations 1n existing
immunotherapies. For example, CAR T cells and bispecific T-cell engagers require specific
cell-surface targets that can be difficult to find. Also, tumors can create immunosuppressive
environments that are challenging to overcome with conventional approaches.

In addition, recent data in ALS models have shown that NF-kB-mediated pathways in
microglia result in motor neuron death (1). Global suppression of inflammation does not
improve survival of ALS mice and can even exacerbate disease. Furthermore, NF-xB
mediates important signaling pathways in neurons and thus suppressing it in an untargeted
fashion 1s likely to be undesirable. However, targeted inhibition of the NF-xB pathway 1n
microglia can extend the lifespan of SOD1-GY93 A mice, a model of ALS, by up to 47%.
Thus, spatial/cell-type-specific inhibition of the NF-kB pathway using the constructs
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described herein and delivered into the brain via AAV vectors 1s a transformative approach
for treating diseases associated with neuroinflammation, including ALS (FIG. 1). Further
temporal control of microglia-specific NF-kB 1inhibition with switches that are regulated with
exogenous FDA-approved drugs or natural products (9-12), enables further regulation over
the safety and timing of such approaches.

Some aspects of the present disclosure provide engineered genetic constructs
comprising at least one synthetic promoter that has higher activity 1n target cells relative to
non-target cells and 1s operably linked to (a) a nucleotide sequence encoding a product of
interest and (b) a 3 untranslated region (UTR) comprising a microRNA (miRNA) sensor that
includes at least one miRNA binding site to which at least one miRNA binds, wherein the at
least one miRNA 1s 1nactive or 1s active at a low level 1n target cells, and wherein the at least
one miRNA 1s active in non-target cells at a level detectable by the miRNA sensor.

A synthetic promoter 1s considered to have higher activity in target cells relative to
non-target cells 1t expression of the nucleic acid to which the synthetic promoter 1s operably
linked 1s higher (e.g., at least 10%) 1n target cells relative to non-target cells (even in the
absence of a miRNA sensor as provided herein). In some embodiments, the activity of a
synthetic promoter 1s at least 10% higher 1n target cells relative to non-target cells. For
example, the activity of a synthetic promoter may be at least 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 710%, 75%, 80%, 85%, 90%, 95%, 100%, 200%, 300%,
400%, 500%, 1000%, 1500%, 2000%, 2500%, 3000%, 3500%, 4000%, 4500%, S000% or
higher 1n target cells relative to non-target cells. In some embodiments, the activity of a
synthetic promoter 18 10%-1000%, 10%-500%, 10%-100%, 50%-1000%, 50%-500%, or
50%-100% higher in target cells relative to non-target cells. In some embodiments, the
activity of a synthetic promoter 1s at least 50% higher 1n target cells relative to non-target
cells. In some embodiments, the activity of a synthetic promoter 1s at least 100% higher 1n
target cells relative to non-target cells.

A miRNA 1s considered active 1in non-target cells 1f the miRNA 1s present in the non-
target cells at a level sufficient to suppress expression of the nucleic acid (e.g., by greater
than 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%) to which the synthetic promoter
1s operably linked. A miRNA 1s considered 1nactive in the target cells 1f the miRNA 1s absent
from the target cells (the target cells are free of the particular miRNA) or if the miRNA does

not bind to the miRNA sensor. A miRNA 1s considered active at a low level the target cells 1f
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the mRNA 1s present 1n the target cells but not at a level sufficient to suppress expression of
the nucleic acid (silence translation or degrade transcript) (e.g., by greater than 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, or 90%) to which the synthetic promoter 1s operably
linked.

Synthetic Promoters

A synthetic promoter of the present disclosure 1s a control region of a nucleic acid
sequence at which 1nitiation and rate of transcription of the remainder of a nucleic acid
sequence are controlled. A synthetic promoter typically contains sub-regions at which
regulatory proteins and molecules may bind, such as RNA polymerase and other transcription
factors. A synthetic promoter drives expression or drives transcription of the nucleic acid
sequence that 1t regulates. A synthetic promoter 1s considered to be operably linked when it
1S 1n a correct functional location and orientation in relation to a nucleic acid sequence it
regulates to control (“drive”) transcriptional initiation and/or expression of that sequence.

Synthetic (non-naturally-occurring) promoters of the present disclosure, in some
embodiments, have a length of 100-500 nucleotides. For example, a synthetic promoter may
have a length of 100, 200, 300, 400 or 500 nucleotides. In some embodiments, a synthetic
promoter has a length of 200-300 nucleotides. In some embodiments, a synthetic promoter
has a length ot 100-125 nucleotides.

In some embodiments, a synthetic promoter includes tandem repeat nucleotide
sequences. That 1s, a synthetic promoter may include repeat (identical) nucleotide sequences
located directly adjacent to each other (contiguous with each other), or separated from each
other by only a few (e.g., 1-5) nucleotides (by nucleotide spacers). Thus, 1n some
embodiments, a nucleotide spacer having a length of 1-5 nucleotides (e.g., 1, 2, 3,4 or 5
nucleotides) 1s positioned between repeat nucleotides sequences. The nucleotide spacers may
be selected from AGC, ATC, GAC, ACT, AGT, GTC, GAT, and GCT, for example. In
some embodiments, the spacers between repeat nucleotide sequences vary in length (are not
the same length relative to each other).

The length of a repeat nucleotide sequence of a synthetic promoter, 1n some
embodiments, 1s less than 12 nucleotides. For example, the length of a repeat nucleotide

sequence may be 11, 10,9, 8, 7, 6, 5 or 4 nucleotides. In some embodiments, the length of a

repeat nucleotide sequence 1s 4-11, 4-10, 4-9, 4-8, 4-7, 4-6, 5-11, 5-10, 5-9, 5-8, 6-11, 6-10,
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6-9, 7-11 nucleotides. In some embodiments, the length of a repeat nucleotide sequence 1s 11
nucleotides. In some embodiments, the length of a repeat nucleotide sequences 1s 8
nucleotides. Lengths of greater than 12 nucleotides may also be used.

In some embodiments, the synthetic promoter includes 2-20 tandem repeat nucleotide
sequences. For example, a synthetic promoter may include 2, 3,4, 35,6, 7, 8,9, 10, 11, 12, 13
14, 15, 16, 17, 18, 19 or 20 tandem repeat nucleotide sequences. In some embodiments, the
synthetic promoter includes 2-15, 2-10, 2-5, 5-10, 5-135, or 5-10 tandem repeat nucleotide

SCQUCICCS.

miRNA Sensors

A microRNA (miRNA) 1s a small non-coding RNA molecule (e.g., containing about
22 nucleotides) that typically functions in RNA silencing and post-transcriptional regulation
of gene expression. miRNA molecules include a sequence wholly or partially
complementary to sequences found in the 3° untranslated region (UTR) of some mRNA
transcripts. Binding of a miRNA to a miRNA binding site in the 3°’UTR of a mRNA leads to
silencing that may occur via mRNA degradation or prevention of translation.

As provided herein, miRNAs 1dentified as downregulated in specific target cells but
not 1n non-target cells are used to suppress the expression of nucleic acids encoding a product
of interest (e.g., output gene) 1n non-target cells that contains miRNA binding sequences 1n
their mRNA sequences. Thus, miRNA-based suppression of gene expression occurs, 1in some
embodiments, only 1n non-target cells, resulting 1in reduced gene expression compared with
target cells.

miRNA sensors of the present disclosure include at Ieast one or at least two mRNA
binding sites to which specific miIRNAs bind to silence expression of the nucleic acid to
which a synthetic promoter 1s operably linked. For example, a miRNA sensor may include,
at least 3,4, 5,6,7, 8,9 or 10 miIRNA binding sites. In some embodiments, a miRNA sensor
includes at least five (or five) miRNA binding sites. In some embodiments, a miRNA sensor
includes 1-10 miRNA binding sites. For example, a miRNA sensor may include 1-9, 1-8, 1-
7, 1-6, 1-5, 1-4, 1-3, 1-2, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-3, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-
10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-10, 5-9, 5-8, 5-7, 5-6, 6-10, 6-9, 6-8, 6-7, 7-10, 7-9, 7-9, 8-10, 8-

9, or 9-10 miRNA binding sites. In some embodiments, a miRNA sensor includes 2-10
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miRNA binding sites. In some embodiments, a miRNA sensor includes 5-10 miRNA
binding sites.

In some embodiments, the mRNA binding sites are located 1n tandem. That 1s, the
miRNA binding sites may be directly adjacent to each other (contiguous with each other), or
separated from each other by nucleotide spacers (e.g., spacers having lengths of 1-10, e.g., 1,
2,3.4,5,6,7, 8,9 or 10) nucleotides.

In some embodiments, the miRNA binding sites within a single miRNA sensor are
identical to each other (have the same nucleotide sequence). In some embodiments, the
miRNA binding sites within a single miRNA sensor share at least 80% (e.g., at least 85%.
W%, 5%, 96%., 91%, 98%, or 99%) nucleotide sequence 1dentity.

The length of a miRNA binding site may vary. In some embodiments, the length of a
miRNA binding site 1s 15-30 nucleotides. For example, the length of a miRNA binding site
may be 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides. In some
embodiments, the length of a miRNA binding site 1s 15-20, 20-30, or 20-25 nucleotides.

In some embodiments, a miRNA binding site 1s wholly (100%) complementary to the
miRNA, while 1n other embodiments, a miRNA binding site 1s partially (less than 100%)
complementary to the miRNA.

An engineered genetic construct may include a single miRNA sensor (e.g.,
comprising one or multiple miIRNA binding sites) or multiple (more than one) miRNA
sensors. Multiple mRNA binding sites within a single miRNA sensor, or multiple miRNA
sensors (e.g., each containing different miRNA binding sites), may be used in combination
with synthetic promoters to enhance the stringency of cell-type specificity and cell-state
specificity. Thus, in some embodiments, multiple miRNA binding sites within a single
miRNA sensor, or multiple different miRNA sensors, can be encoded 1n tandem on the 3’end
of target transcripts so that high-level gene expression 1s allowed only when multiple
microRNASs are 1nactive (e.g., absent) or have low activity in target cells. In some
embodiments, the 3° UTR comprises at least two (e.g., at least 3, 4 or 5) miRNA sensors,
each specific to a different miRNA. In embodiments, wherein a construct includes more than
one miRNA sensor, the sensors include miRNA binding sites specific to different miRNAs.
For example, an engineered genetic construct may include a first miRNA sensor comprising a
single mRNA binding site or tandem repeat miRNA binding sites specific for miIRNA#1

(e.g., miR-54), and the same engineered construct may include a second (or more) miRNA
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sensor comprising a single miRNA binding site or tandem repeat miRNA binding sites
specific for miIRNA#2 (e.g., miR-497). As demonstrated herein, greater than 3-fold
selectivity, and 1n some 1nstances greater than 5-fold selectivity 1s achieved using the
engineered genetic constructs with multiple mRNA binding sites and/or sensors.

In some embodiments, at least one miRNA (miR) 1s selected from miR-154, miR-497,
miR-29A. miR-720, miR-205, miR-494, miR-224, miR-191, miR-21, miR-96, miR-449A
and miR-183.

Products of Interest

Products encoded by the engineered genetic constructs of the present disclosure may
be, for example, therapeutic molecules and/or prophylactic molecules. In some
embodiments, the product of 1nterest 1s protein or peptide (e.g., a therapeutic protein or
peptide). In some embodiments, the product of interest 1s a nucleic acid (e.g., a therapeutic
nucleic acid). Examples of nucleic acids include RNA, DNA or a combination of RNA and
DNA. In some embodiments the product interest 1s DNA (e.g., single-stranded DNA or
double-stranded DNA). In some embodiments, the product of interest 1s RNA. For example,
the product of interest may be selected form RNA 1interference (RNA1) molecules, such as
short-hairpin RNAs, short interfering RNAs and micro RNAs. In some embodiments, a
product of interest controls viral replication and/or virulence.

Examples of therapeutic and/or prophylactic molecules, such as antibodies (e.g..
monoclonal or polyclonal; chimeric; humanized; including antibody fragments and antibody
derivatives (bispecific, trispecific, scFv, and Fab)), enzymes, hormones, inflammatory
molecules, anti-inflammatory molecules, immunomodulatory molecules, and anti-cancer
molecules. Specific examples of the foregoing classes of therapeutic molecules are known 1n
the art, any of which may be used 1n accordance with the present disclosure.

In some embodiments, the product of interest 1s an immunomodulatory molecule. An
immunomodulatory molecule 1s a molecule (e.g., protein or nucleic acid) that regulates an
immune response. In some embodiments, the immunomodulatory molecules are expressed at
the surface of, or secreted from, a cancerous cell or secreted from a cancerous cell.

In some embodiments, the immunomodulatory molecule 1s a synthetic T cell engager
(STE). A synthetic T cell engager 1s a molecule (e.g., protein) that binds to (e.g., through a

ligand-receptor binding interaction) a molecule on the surface of a T cell (e.g., a cytotoxic T
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cell), or otherwise elicits a cytotoxic T cell response. In some embodiments, an STE 1s a
receptor that binds to a ligand on the surface of a T cell. In some embodiments, an STE 1s an
anti-CD3 antibody or antibody fragment. A STE of the present disclosure 1s typically
expressed at the surface of, or secreted from, a cancer cell or other disease cell to which a
nucleic acid encoding the STEs 1s delivered. See, e.g., International Publication Number WO
2016/205737, incorporated herein by reference.

Examples of STEs of the present disclosure include antibodies, antibody fragments
and receptors that binds to T cell surface antigens. T cell surface antigens include, for
example, CD3, CD4, CDS8 and CD45.

In some embodiments, a product of 1nterest 1s selected from chemokines, cytokines
and checkpoint inhibitors.

Immunomodulatory molecule include immunostimulatory molecule and
immunoinhibitory molecule. An immunostimulatory molecule 1s a molecule that stimulates
an immune response (including enhancing a pre-existing immune response) 1n a subject,
whether alone or in combination with another molecule. Examples include antigens,
adjuvants (e.g., TLR ligands, nucleic acids comprising an unmethylated CpG dinucleotide,
single-stranded or double-stranded RNA, flagellin, muramyl dipeptide), cytokines including
interleukins (e.g., IL-2, IL-7, IL-135 (or superagonist/mutant forms of these cytokines), 1L-12,
IFN-gamma, IFN-alpha, GM-CSF, FLT3-ligand, etc.), immunostimulatory antibodies (e.g..
anti-CTLA-4, anti-CD28, ant1-CD3, or single chain/antibody fragments of these molecules),
and the like.

An immunoinhibitory molecule 1s an molecule that inhibits an immune response in a
subject, whether alone or in combination with another molecule. Examples include anti-CD3
antibody or antibody fragment, and other immunosuppressants.

Antigens may be, without limitation, a cancer antigen, a self-antigen, a microbial
antigen, an allergen, or an environmental antigen.

A cancer antigen 1s an antigen that 1s expressed preferentially by cancer cells (e.g., 1t
1s expressed at higher levels 1n cancer cells than on non-cancer cells) and 1n some 1nstances it
1s expressed solely by cancer cells. The cancer antigen may be expressed within a cancer cell
or on the surface of the cancer cell. The cancer antigen may be MART-1/Melan-A, gp100,

adenosine deaminase-binding protein (ADAbp), FAP, cyclophilin b, colorectal associated

antigen (CRC)--C017-1A/GA733, carcinoembryonic antigen (CEA), CAP-1, CAP-2, etv6,
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AMLI, prostate specific antigen (PSA), PSA-1, PSA-2, PSA-3, prostate-specific membrane
antigen (PSMA), T cell receptor/CD3-zeta chain, and CD20. The cancer antigen may be
selected from the group consisting of MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4,
MAGE-AS, MAGE-A6, MAGE-A7, MAGE-AS8, MAGE-A9, MAGE-A10, MAGE-AT1,
MAGE-A12, MAGE-Xp2 (MAGE-B2), MAGE-Xp3 (MAGE-B3), MAGE-Xp4 (MAGE-
B4), MAGE-C1, MAGE-C2, MAGE-C3, MAGE-C4, MAGE-C5). The cancer antigen may
be selected from the group consisting of GAGE-1, GAGE-2, GAGE-3, GAGE-4, GAGE-5,
GAGE-6, GAGE-7, GAGE-8, GAGE-9. The cancer antigen may be selected from the group
consisting of BAGE, RAGE, LAGE-1, NAG, GnT-V, MUM-1, CDK4, tyrosinase, p33,
MUC family, HER2/neu, p21ras, RCAS1, a-fetoprotein, E-cadherin, a-catenin, B-catenin, -
catenin, p120ctn, gp100Pmell 17, PRAME, NY-ESO-1, c¢dc27, adenomatous polyposis coli
protein (APC), fodrin, Connexin 37, Ig-1diotype, p15, gp75, GM2 ganglioside, GD2
ganglioside, human papilloma virus proteins, Smad family of tumor antigens, Imp-1, P1A,
EBV-encoded nuclear antigen (EBNA)-1, brain glycogen phosphorylase, SSX-1, SSX-2
(HOM-MEL-40), SSX-1, SSX-4, SSX-5, SCP-1 and CT-7, CD20, and c-erbB-2.

In some embodiments, a product of interest 1s a diagnostic molecule. The diagnostic
molecule may be, for example, a detectable molecule, e.g., detectable by microscopy. In
some embodiments, the diagnostic molecule 1s a fluorescent molecule, such as a fluorescent
protein. Fluorescent proteins are known 1n the art, any of which may be used 1n accordance
with the present disclosure. In some embodiments, the diagnostic molecule 1s a reporter
molecule that can be 1maged 1n a subject (e.g., human subject). For example, the reporter

molecule may be a sodium 10dide symporter (see, e.g., Galanis, E. et al. Cancer Research,

75(1): 22-30, 2015, incorporated herein by reference).

Engineered Nucleic Acids

An engineered nucleic acid (e.g., an engineered genetic construct) 1s a nucleic acid
that does not occur 1n nature. It should be understood, however, that while an engineered
nucleic acid as a whole 1s not naturally-occurring, it may include nucleotide sequences that
occur 1n nature. In some embodiments, an engineered nucleic acid comprises nucleotide
sequences from different organisms (e.g., from different species). For example, in some
embodiments, an engineered nucleic acid includes a murine nucleotide sequence, a bacterial

nucleotide sequence, a human nucleotide sequence, and/or a viral nucleotide sequence. The
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term “‘engineered nucleic acids™ includes recombinant nucleic acids and synthetic nucleic
acids. A “‘recombinant nucleic acid” refers to a molecule that 1s constructed by joining
nucleic acid molecules and, in some embodiments, can replicate 1n a live cell. A “synthetic
nucleic acid” refers to a molecule that 1s amplified or chemically, or by other means,
synthesized. Synthetic nucleic acids include those that are chemically modified, or otherwise
moditied, but can base pair with naturally-occurring nucleic acid molecules. Recombinant
nucleic acids and synthetic nucleic acids also include those molecules that result from the
replication of either of the foregoing. Engineered nucleic acid of the present disclosure may
be encoded by a single molecule (e.g., included 1n the same plasmid or other vector) or by
multiple different molecules (e.g., multiple different independently-replicating molecules).

Engineered nucleic acid of the present disclosure may be produced using standard
molecular biology methods (see, e.g., Green and Sambrook, Molecular Cloning, A
Laboratory Manual, 2012, Cold Spring Harbor Press). In some embodiments, engineered
nucleic acid constructs are produced using GIBSON ASSEMBLY® Cloning (see, e.g..
Gibson, D.G. et al. Nature Methods, 343-345, 2009; and Gibson, D.G. ef al. Nature Methods,
901-903, 2010, each of which 1s incorporated by reference herein). GIBSON ASSEMBLY®
typically uses three enzymatic activities in a single-tube reaction: 5' exonuclease, the 'Y
extension activity of a DNA polymerase and DNA ligase activity. The 5 " exonuclease
activity chews back the 5 ' end sequences and exposes the complementary sequence for
annealing. The polymerase activity then fills in the gaps on the annealed regions. A DNA
ligase then seals the nick and covalently links the DNA fragments together. The overlapping
sequence of adjoining fragments 1s much longer than those used 1n Golden Gate Assembly,
and therefore results 1n a higher percentage of correct assemblies. In some embodiments,
engineered nucleic acid constructs are produced using IN-FUSION® cloning (Takara Bio
USA).

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

Herein, a promoter 1s considered to be operably linked when it 1s 1n a correct functional
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location and orientation 1n relation to a nucleic acid sequence it regulates to control (“drive™)
transcriptional 1nitiation and/or expression of that sequence.

Constitutive promoters are unregulated promoters that continually activate
transcription. Non-limiting examples of constitutive promoters include the cytomegalovirus
(CMV) promoter, the elongation factor 1-alpha (EF1a) promoter, the elongation factor (EES)
promoter, the MND promoter (a synthetic promoter that contains the U3 region of a moditied
MoMuLV LTR with myeloproliferative sarcoma virus enhancer), the phosphoglycerate
kinase (PGK) promoter, the spleen focus-forming virus (SFFV) promoter, the simian virus 40
(SV40) promoter, and the ubiquitin C (UbC) promoter.

Inducible promoters are promoters that are characterized by regulating (e.g., initiating
or activating) transcriptional activity when 1n the presence of, influenced by or contacted by a
signal. The signal may be endogenous or a normally exogenous condition (e.g., light),
compound (e.g., chemical or non-chemical compound) or protein (e.g., cytokine) that
contacts an inducible promoter in such a way as to be active 1n regulating transcriptional
activity from the inducible promoter. Activation of transcription may involve directly acting
on a promoter to drive transcription or indirectly acting on a promoter by 1nactivation a
repressor that 1s preventing the promoter from driving transcription. Conversely, deactivation
of transcription may involve directly acting on a promoter to prevent transcription or
indirectly acting on a promoter by activating a repressor that then acts on the promoter. A
promoter 1s considered responsive to a signal if in the presence of that signal transcription
from the promoter 1s activated, deactivated, increased or decreased.

Also provided herein are vectors comprising the engineered genetic constructs of the
present disclosure. In some embodiments, the vector 1s an episomal vector, such as a plasmid
or viral vector (e.g., adenoviral vector, retroviral vector, herpes simplex virus vectors, and/or

chimeric viral vectors).

Cells

Engineered genetic constructs of the present disclosure may be delivered systemically
and activated (transcription of the constructs are activated) conditionally (based on the
presence or absence of input signals) 1n a particular target cell.

The difference between target cells and non-target cells may be, for example, disease

state (e.g., disease v. non-disease), cell type (e.g., neuronal cell v. glial cell), or environmental
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state (e.g., T cell in a pro-inflammatory state v. T cell in an anti-inflammatory state). As
provided herein, the choice of target cells (and non-target cell) 1s not limited to a particular
type of cell or condition.

In some embodiments, a target cell 1s a cancerous cell, a benign tumor cell or other
disease cell. Thus, 1n some embodiments, an engineered genetic construct 1s delivered to a
subject having tumor cells or cancer cells, and the engineered genetic construct 1s expressed
in the tumor cells or cancer cells.

A cancerous cell may be any type of cancerous cell, including, but not limited to,
premalignant neoplasms, malignant tumors, metastases, or any disease or disorder
characterized by uncontrolled cell growth such that 1t would be considered cancerous or
precancerous. The cancer may be a primary or metastatic cancer. Cancers include, but are not
limited to, ocular cancer, biliary tract cancer, bladder cancer, pleura cancer, stomach cancer,
ovary cancer, meninges cancer, kidney cancer, brain cancer including glioblastomas and
medulloblastomas, breast cancer, cervical cancer, choriocarcinoma, colon cancer,
endometrial cancer, esophageal cancer, gastric cancer, hematological neoplasms including
acute lymphocytic and myelogenous leukemia, multiple myeloma, AIDS-associated
leukemias and adult T-cell leukemia lymphoma, intraepithelial neoplasms including Bowen’s
disease and Paget’s disease, liver cancer, lung cancer, lymphomas including Hodgkin’s
disease and lymphocytic lymphomas, neuroblastomas, oral cancer including squamous cell
carcinoma, ovarian cancer including those arising from epithelial cells, stromal cells, germ
cells and mesenchymal cells, pancreatic cancer, prostate cancer, rectal cancer, sarcomas
including letomyosarcoma, rhabdomyosarcoma, liposarcoma, fibrosarcoma, and
osteosarcoma, skin cancer including melanoma, Kaposi’s sarcoma, basocellular cancer, and
squamous cell cancer, testicular cancer including germinal tumors such as seminoma, non-
seminoma, teratomas, choriocarcinomas, stromal tumors and germ cell tumors, thyroid cancer
including thyroid adenocarcinoma and medullar carcinoma, and renal cancer including
adenocarcinoma and Wilms’ tumor. Commonly encountered cancers include breast, prostate,
lung, ovarian, colorectal, and brain cancer. In some embodiments, the tumor 1s a melanoma,
carcinoma, sarcoma, or lymphoma.

Engineered genetic constructs of the present disclosure may be expressed 1n a broad

range of host cell types. In some embodiments, engineered genetic constructs are expressed
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in mammalian cells (e.g., human cells). Engineered genetic constructs of the present
disclosure may be expressed in vivo, e.g., 1n a subject such as a human subject.

In some embodiments, engineered genetic constructs are expressed 1in mesenchymal
stem cells (MSCs), induced pluripotent stem cells (1IPSCs), embryonic stem cells (ESCs),
natural killer (NK) cells, T cells, hematopoietic stem cells (HSCs), and/or other immune cells
(e.g., for cells engineered ex vivo). In some embodiments, engineered genetic constructs are
expressed 1n immune cells, muscle cells, liver cells, neurons, eye cells, ear cells, skin cells,
heart cells, pancreatic cells, and/or fat cells (e.g., for cells targeted in vivo).

In some embodiments, engineered genetic constructs are expressed in mammalian
cells. For example, 1n some embodiments, engineered genetic constructs are expressed 1n
human cells, primate cells (e.g., vero cells), rat cells (e.g., GH3 cells, OC23 cells) or mouse
cells (e.g., MC3T3 cells). There are a variety of human cell lines, including, without
limitation, human embryonic kidney (HEK) cells, HeLa cells, cancer cells from the National
Cancer Institute's 60 cancer cell lines (NCI60), DU1435 (prostate cancer) cells, Lncap
(prostate cancer) cells, MCF-7 (breast cancer) cells, MDA-MB-438 (breast cancer) cells, PC3
(prostate cancer) cells, T47D (breast cancer) cells, THP-1 (acute myeloid leukemia) cells,
U877 (glioblastoma) cells, SHSYS5Y human neuroblastoma cells (cloned from a myeloma) and
Saos-2 (bone cancer) cells. In some embodiments, engineered nucleic acids are expressed 1n
human embryonic kidney (HEK) cells (e.g., HEK 293 or HEK 293T cells). In some
embodiments, engineered nucleic acids are expressed 1n stem cells (e.g., human stem cells)
such as, for example, pluripotent stem cells (e.g., human pluripotent stem cells including
human induced pluripotent stem cells (hiPSCs)). A “stem cell” refers to a cell with the
ability to divide for indefinite periods 1n culture and to give rise to specialized cells. A
“pluripotent stem cell” refers to a type of stem cell that 1s capable of differentiating into all
tissues of an organism, but not alone capable of sustaining full organismal development. A
“human induced pluripotent stem cell” refers to a somatic (e.g., mature or adult) cell that has
been reprogrammed to an embryonic stem cell-like state by being forced to express genes and
factors important for maintaining the defining properties of embryonic stem cells (see, e.g.,
Takahash1 and Yamanaka, Cell 126 (4): 66376, 2006, incorporated by reference herein).
Human induced pluripotent stem cell cells express stem cell markers and are capable of

generating cells characteristic of all three germ layers (ectoderm, endoderm, mesoderm).
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Additional non-limiting examples of cell lines that may be used in accordance with
the present disclosure include 293-T, 293-T, 3T3, 4T1, 721, 9L, A-549, A172, A20, A253,
A2780, A2780ADR, A2780cis, A431, ALC, B16, B35, BCP-1, BEAS-2B, bEnd.3, BHK-21,
BR 293, BxPC3, C2C12, C3H-10T1/2, C6, C6/36, Cal-27, CGRS, CHO, CML T1, CMT,
COR-L23, COR-L23/5010, COR-L23/CPR, COR-L23/R23, COS-7, COV-434, CT26, D17,
DHS2, DU1435, DuCaP, E14Tg2a, EL4, EM2, EM3, EMT6/AR1, EMT6/AR10.0, FM3,
H1299, H69, HB54, HB5S5, HCA2, Hepalclc7, High Five cells, HL-60, HMEC, HT-29,
HUVEC, J538L cells, Jurkat, JY cells, K562 cells, KCL22, KG1, Ku812, KYOI1, LNCap,
Ma-Mel 1, 2, 3....48, MC-38, MCF-10A, MCF-7, MDA-MB-231, MDA-MB-435, MDA-
MB-468, MDCK II, MG63, MONO-MAC 6, MOR/0.2R, MRC5, MTD-1A, MyEnd, NALM-
1, NCI-H69/CPR, NCI-H69/LX10, NCI-H69/LX20, NCI-H69/LX4, NIH-3T3, NW-143,
OPCN/OPCT Peer, PNT-1A/PNT 2, PTK2, Raji, RBL cells, RenCa, RIN-5F, RMA/RMAS,
S2. Saos-2 cells, S121, S19, SiHa, SKBR3, SKOV-3, T-47D, T2, T84, THP1, U373, U&7,
U937, VCaP, WM39, WT-49, X63, YAC-1 and YAR cells.

Compositions and Kits

The present disclosure also provides compositions comprising an engineered genetic
construct comprising at least one synthetic promoter that has higher activity in target cells
relative to non-target cells and 1s operably linked to (a) a nucleotide sequence encoding a
product of interest and (b) a 3" untranslated region (UTR) comprising at least one microRNA
(miRNA) sensor that includes at least one miRNA binding site to which at least one miRNA
binds, wherein the at least one miRNA 1s 1nactive or active at a low level 1n the target cells,
and wherein the at least one miRNA 1s active in non-target cells at a level detectable by the
miRNA sensor.

The present disclosure further provides kits comprising an engineered genetic
construct comprising at least one synthetic promoter that has higher activity in target cells
relative to non-target cells and 1s operably linked to a 3° untranslated region (UTR)
comprising at least one microRNA (miRNA) sensor that includes at least one miRNA
binding site to which at least one miRNA binds, wherein the at least one miRNA 1s 1nactive
or active at a low level 1n the target cells, and wherein the at least one miRNA 1s active in
non-target cells at a level detectable by the miRNA sensor, wherein the construct further

comprises restriction sites located between the promoter and the 3° UTR.
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A composition and/or kit of the present disclosure may include any of the engineered
genetic constructs, including any of the synthetic promoters and/or miRNA sensors, as

described herein.

Methods

Also provided herein are methods comprising delivering to a cell an engineered
genetic construct comprising at least one synthetic promoter that has higher activity in target
cells relative to non-target cells and 1s operably linked to (a) a nucleotide sequence encoding
a product of interest and (b) a 3" untranslated region (UTR) comprising at least one
microRNA (miRNA) sensor that includes at least one miRNA binding site to which at least
one miRNA binds, wherein the at least one miRNA 1s not expressed 1n the target cells or 1s
expressed 1n the target cells at a level undetectable by the miRNA sensor, and wherein the at
least one miRNA 1s expressed in non-target cells at a level detectable by the miRNA sensor
(such that the engineered genetic construct 1s expressed 1n target cells and silenced and/or
degraded 1n non-target cells).

Vectors comprising the engineered genetic construct may also be delivered to a cell,
in some embodiments.

Further still, the present disclosure provides delivering to a subject an engineered
genetic construct comprising at least one synthetic promoter that has higher activity in target
cells relative to non-target cells and 1s operably linked to (a) a nucleotide sequence encoding
a product of interest and (b) a 3" untranslated region (UTR) comprising at least one
microRNA (miRNA) sensor that includes at least one miRNA binding site to which at least
one miRNA binds, wherein the at least one miRNA 1s not expressed 1n the target cells or 1s
expressed 1n the target cells at a level undetectable by the miRNA sensor, and wherein the at
least one miRNA 1s expressed 1n non-target cells at a level detectable by the miRNA sensor.

Vectors comprising the engineered genetic construct may also be delivered to a
subject, 1n some embodiments.

In some embodiments, a subject 1s a mammalian subject. In some embodiments, a
subject 1s a human subject.

Methods of the present disclosure may include (use of) any of the engineered genetic
constructs, including any of the synthetic promoters and/or miRNA sensors, as described

herein.
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Engineered genetic constructs may be delivered to cells using a viral delivery system
(e.g., retroviral, adenoviral, adeno-association, helper-dependent adenoviral systems, hybrid
adenoviral systems, herpes simplex, pox virus, lentivirus, Epstein—Barr virus) or a non-viral
delivery system (e.g., physical: naked DNA, DNA bombardment, electroporation,
hydrodynamic, ultrasound or magnetofection; or chemical: cationic lipids, different cationic
polymers or lipid polymer) (Nayerossadat N et al. Adv Biomed Res. 2012; 1: 27,
incorporated herein by reference). In some embodiments, the non-viral based deliver system
1s a hydrogel-based delivery system (see, e.g., Brandl F, et al. Journal of Controlled Release,
2010, 142(2): 221-228, incorporated herein by reference).

Engineered genetic constructs and/or cells may be delivered to a subject (e.g., a
mammalian subject, such as a human subject) by any in vivo delivery method known 1n the
art. For example, engineered genetic constructs and/or cells may be delivered intravenously.
In some embodiments, engineered genetic constructs and/or cells are delivered 1n a delivery
vehicle (e.g., non-liposomal nanoparticle or liposome). In some embodiments, engineered
genetic constructs and/or cells are delivered systemically to a subject having a cancer or other
disease and activated (transcription 1s activated) specifically in cancer cells or diseased cells

of the subject.

Additional Embodiments

1. A synthetic genetic circuit (construct) that achieves spatial and/or temporal selectivity
comprising one or more artificial promoters that are active in specific cell types, but not
others, 1s/are operably linked to and drive expression of one or more nucleic acid molecules,
further comprising an miRNA sensor component that detects one or more miRNAs that are
downregulated 1n specific on-target cells, but not 1n off-target cells, in which miRNA-based
suppression of expression the nucleic acid molecules 1s carried out 1n off-target cells, such
that expression of nucleic acid molecules 1s reduced 1n off-target cells compared with on-
target cells.

2. The synthetic genetic circuit of embodiment 1, wherein the one or more artificial
promoters 1s/are operably linked to and drive expression of one or more nucleic acid
molecules encoding therapeutic or marker polypeptides.

3. The synthetic genetic circuit embodiment 1 or embodiment 2, wherein each of the one

or more artificial promoters comprises between 200-300 base pairs.
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4. The synthetic genetic circuit of any one of embodiments 1, wherein the one or more
artificial promoters comprises at least 10-fold enhanced activity within on-target cells versus
off-target cells, preferably at least 50-fold enhanced activity within on-target cells versus off-
target cells.

J. The synthetic genetic circuit of any one of embodiments 1-4, wherein the synthetic
genetic circuit comprises multiple microRNA sensors encoded 1n tandem on the 3°end of
target transcripts such that high-level gene expression 1s allowed only when multiple

microRNAs are absent 1in on-target cells.

EXAMPLES

Example 1

In this Example, five copies of microRNA target sites were cloned into the 3’-UTR of
firefly luciferase: microRNA target sites designated 154, 497, 29A, 720, 203, 494, 224, 191,
21, 96, 449A, or 183. See FIG. 3. Firefly luciferase served as the experimental reporter, and
Renilla luciferase served as the control reporter. Normalization of the firefly to Renilla
luciterase expression helps control for transfection efficiencies and nonspecitic cellular
responses. The plasmids carrying the microRNA target sites and reporters were transfected
into MCF-10A and MDA-MB-4353 cell lines and luciferase expression was measured the
following day. microRNASs inhibited expression of the reporter gene at different levels for
the two cell lines. See FIG. 4, top panel. Certain microRNAs (miR-191, miR-21 and miR-
183) had greater than 5-fold selectivity between the cell types. See FIG. 4, bottom panel.

Example 2

In this example, three different synthetic promoters were assayed in combination with
two different microRNA target sites (1-5 copies). See FIG. 5. The expression data are
shown 1n FIGS. 6A-8B. A number of combinations exhibited greater than 50-fold selectivity
for malignant vs. non-malignant cell lines. An unexpected synergistic effect was observed 1n
several of the spatiotemporal regulators constructs containing both a synthetic promoter and a
microRNA sensor. For example, constructs containing only synthetic promoters pSyn-3, 12,

18 (without a miRNA sensor) exhibited cell selectivity of 25x (ratio of reporter expression in

MDA-MB-453/MCEF-10A cells), while constructs containing only miRNA-29A (without a
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synthetic promoter) exhibited cell selectivity of 4x. Spatiotemporal regulator constructs that
include both (1) pSyn-3, pSyn-12, or pSyn-18 and (2) miRNA-29A exhibits cell selectivity of
~100x, ~150x and ~250x, respectively.
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All references, patents and patent applications disclosed herein are incorporated by
reference with respect to the subject matter for which each 1s cited, which in some cases may
encompass the entirety of the document.

The indefinite articles “a” and “an,” as used herein in the specification and 1n the
claims, unless clearly indicated to the contrary, should be understood to mean “at least one.”

It should also be understood that, unless clearly indicated to the contrary, 1n any
methods claimed herein that include more than one step or act, the order of the steps or acts
of the method 1s not necessarily limited to the order in which the steps or acts of the method
are recited.

In the claims, as well as 1n the specification above, all transitional phrases such as

2% ¢’

containing,” “involving,” “holding,”

2% ¢’ 2% ¢ 2% ¢é 2% ¢e

“comprising,” “including,” “carrying,” “having,
“composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of”” and “‘consisting essentially
of”” shall be closed or semi-closed transitional phrases, respectively, as set forth 1in the United

States Patent Office Manual of Patent Examining Procedures, Section 2111.03.
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What 1s claimed 1s:
CLAIMS
1. An engineered genetic construct comprising at least one synthetic promoter that has

higher activity 1n target cells relative to non-target cells and 1s operably linked to (a) a
nucleotide sequence encoding a product of interest and (b) a 3° untranslated region (UTR)
comprising at least one microRNA (miRNA) sensor that includes at least one miRNA
binding site to which at least one miRNA binds, wherein the at least one miRNA 1s 1nactive
or active at a low level 1n the target cells, and wherein the at least one miRNA 1s active 1in

non-target cells at a level detectable by the miRNA sensor.

2. The engineered genetic construct of claim 1, wherein the microRNA sensor includes

at least two miRNA binding sites.

3. The engineered genetic construct of claim 2, wherein the microRNA sensor includes

2-10 miRNA binding sites.

4. The engineered genetic construct of claim 3, wherein the microRNA sensor includes

5-10 miRNA binding sites.

d. The engineered genetic construct of claim 2, wherein the microRNA sensor includes

at least five miRNA binding sites.

6. The engineered genetic construct of claim 5, wherein the microRNA sensor includes

5-10 miRNA binding sites.

7. The engineered genetic construct of any one of claims 2-6, wherein the miRNA

binding sites are located 1n tandem.

3. The engineered genetic construct of any one of claims 2-7, wherein the miRNA

binding sites are 1dentical to each other.
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9. The engineered genetic construct of any one of claims 1-8, wherein the 3> UTR

comprising at least two miRNA sensors, each specific to a different miRNA.

10. The engineered genetic construct of any one of claims 1-9, wherein the at least one
miRNA (miR) 1s selected from miR-154, miR-497, miR-29A, miR-720, miR-2035, miR-494,
miR-224. miR-191, miR-21, miR-96, miR-449A and miR-183.

11. The engineered genetic construct of any one of claims 1-10, wherein the target cells

are cancerous cells, immune cells, or neurons.

12. The engineered genetic construct of any one of claims 1-11, wherein the synthetic

promoter has a length of 100-500 nucleotides.

13. The engineered genetic construct of claim 12, wherein the synthetic promoter has a

length of 100-125 nucleotides.

14. The engineered genetic construct of any one of claims 1-13, wherein the synthetic

promoter includes tandem repeat nucleotide sequences.

13. The engineered genetic construct of claim 14, wherein the length of each of the

nucleotide sequences 1s less than 12 nucleotides.

16. The engineered genetic construct of claim 14 or 15, wherein the synthetic promoter

includes 2-20 tandem repeat nucleotide sequences.

17. The engineered genetic construct of any one of claims 1-16, wherein a nucleotide

spacer 1s positioned between each of the repeat nucleotides sequences.

18. The engineered genetic construct of any one of claims 1-17, wherein the activity of

the synthetic promoter 1s at least 10% higher 1n the target cells relative to non-target cells.
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19. The engineered genetic construct of claim 18, wherein the activity of the synthetic

promoter 1s at least 50% higher 1n the target cells relative to non-target cells.

20. The engineered genetic construct of claim 19, wherein the activity of the synthetic

promoter 1s at least 100% higher 1n the target cells relative to non-target cells.

21. The engineered genetic construct of any one of claims 1-19, wherein the product of

interest 1s a therapeutic molecule, a prophylactic molecule and/or a diagnostic molecule.

22. The engineered genetic construct of any one of claims 1-21, wherein the product of

interest 1s a protein, peptide or nucleic acid.

23. The engineered genetic construct of claim 22, wherein the product of interest 1s a

nucleic acid selected from RNA, DNA or a combination of RNA and DNA.

24. The engineered genetic construct of claim 23, wherein product of interest 1s a RNA

selected from short-hairpin RNAs, short interfering RNAs and micro RNAs.

25. The engineered genetic construct of claim 21, wherein the product of interest 1s a
therapeutic and/or prophylactic molecule selected from antibodies, enzymes, hormones,
inflammatory molecules, anti-inflammatory molecules, immunomodulatory molecules, and

anti-cancer molecules.

26. The engineered genetic construct of claim 21, wherein the product of interest 1s a

diagnostic molecule selected from fluorescent molecules and luminescent molecules.

27. A vector comprising the engineered genetic construct of any one of claims 1-26.

28. A cell comprising the engineered genetic construct of any one of claims 1-26 or the

vector of claim 27.
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29. A composition comprising the engineered genetic construct of any one of claims 1-26,

the vector of claim 27, or the cell of claim 28.

30. A kit comprising an engineered genetic construct comprising at least one synthetic
promoter that has higher activity in target cells relative to non-target cells and 1s operably
linked to a 3” untranslated region (UTR) comprising at least one microRNA (miRNA) sensor
that includes at least one miRNA binding site to which at least one miRNA binds, wherein
the at least one miRNA 1s 1nactive or active at a low level 1n the target cells, and wherein the
at least one miRNA 1s active 1n non-target cells at a level detectable by the miRNA sensor,

wherein the construct further comprises restriction sites located between the promoter and the

3" UTR.

31. A method comprising delivery to a cell the engineered genetic construct of any one of

claims 1-26 or the vector of claim 27.

32. A method comprising delivery to a subject the engineered nucleic acid of any one of

claims 1-26 or the vector of claim 26.

33. The method of claim 31, wherein the subject 1s a human subject.
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