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A readrRNA (RNA sensing by Endogenous ADAR) molecule is a modular RNA molecule that facilitates cell sensing and detection
of a cell type or cell status and/or facilitates delivery of an effector protein to a selected cell. A composition that includes such a
modular RNA molecule and another nucleic acid (linked or unlinked to the modular RNA molecule) is a CellREADR (Cell access
through RNA sensing by Endogenous ADAR). readrRNA and CellReadR sense the presence of a selected cell RNA and
leverages RNA editing mediated by ADAR (adenosine deaminase acting on RNA) for coupling the detection of a cell-defining RNA
with translation of one or more effector proteins in a cell orin a mammal.
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Abstract:

A readrRNA (RNA sensing by Endogenous ADAR) molecule is a modular RNA molecule that
facilitates cell sensing and detection of a cell type or cell status and/or facilitates delivery of an
effector protein to a selected cell. A composition that includes such a modular RNA molecule and
another nucleic acid (linked or unlinked to the modular RNA molecule) is a CellREADR (Cell
access through RNA sensing by Endogenous ADAR). readrRNA and CellReadR sense the presence
of a selected cell RNA and leverages RNA editing mediated by ADAR (adenosine deaminase acting
on RNA) for coupling the detection of a cell-defining RNA with translation of one or more effector
proteins in a cell or ina mammal.
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COMPOSITIONS AND SYSTEMS FOR RNA-PROGRAMMABLE CELL EDITING AND
METHODS OF MAKING AND USING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

This PCT application claims the benefit of US provisional application 63/343,669
filed May 19, 2022, and 63/273,343 filed October 29, 2021, the contents of each are

incorporated herein in their entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

This invention was made with Government support under Federal Grant nos.
U19MH114821-03 and DP1IMH 129954 awarded by the National Institute of Health. The

Federal Government has certain rights to this invention.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted as a
WIPO Standard ST.26 XML file via Patent Center. Said XML file, created on October 31,
2022, is entitled “123658-10902 xml” and is 193,921 bytes in size. The sequence listing is

incorporated herein by reference.
BACKGROUND

The diversity of cell types underlies the diversity of life forms and of physiological
systems within individual organisms [1]. Cell types defined by their distinct gene expression
profiles, morphological and physiological properties, and tissue function are the intermediates
through which genetic information shapes an organism’s phenotypes and behaviors. All
bodily functions emerge from interactions among cell types, and aberrant cell type
physiology and function give rise to myriad diseases [2]. Recent high-throughput single-cell
genomic approaches promise to identify all molecularly defined major cell types in the
human body and in many other organisms [3][4]. Beyond molecular profiling, it is necessary
to monitor and manipulate each and every cell type in order to identify their specific roles in

tissue architecture and system function across levels of biological organization.

In the context of cell type access and manipulation in multicellular organisms, most if
not all genetic approaches to date attempt to recapitulate cell type specific mRNA expression
by engineering DNA regulatory elements in the genome either through the germline or in

somatic cells, or by using transcriptional enhancer-based viral vectors. To date, almost all
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genetic approaches to cell types rely on DNA-based transcription regulatory elements for
expressing tool-genes (e.g. markers, sensors, effectors) that mimic certain cell-specific RNA
expression, mostly through germline engineering in only a handful of organisms [5-7]. All
germline approaches, including CRISPR [8-10], are inherently cumbersome, slow, difficult to
scale and generalize, and raise ethical issues especially in primates and humans [11, 12].
Recently, transcriptional enhancer based viral vectors show promise tor targeting cell types in
animals [13-19]; but such enhancers are difficult to identify and validate, often requiring
large scale effort [13] due to their complex relationship to target genes and cell types.
Somatic cell engineering, usually by CRISPR/Cas9 technology, is currently of low efficiency
and tend to include unintended off-targets. The enhancer viral vector approach also has major
limitations rooted in its complex relationships to gene expression and cell types; it requires
large-scale effort, special expertise, extensive validation, and is unlikely to be truly scalable,
user friendly, and generalizable across species. Thus, though transcriptional enhancer-based
viral vectors show promise for targeting somatic cell types in animals; such cnhancers arc
difficult to identity and validate, often requiring large-scale effort, due to their complex
relationship to target genes and cell types. In essence, all DNA- and transcription-based
approaches are inherently indirect in attempting to mimic and leverage cell type specific

RNA expression patterns.
SUMMARY OF THE DISCLOSURE

The present disclosure is based, in part, on the discovery of a new class of cell type
technology that bypasses DN A-based transcriptional process and directly engages cell type-
defining RNAs. In some embodiments, this novel technology (termed CellREADR: Cell
access through RNA sensing by Endogenous ADAR [adenosine deaminase acting on RNA]),
which harnesses a RNA sensing and editing mechanism ubiquitous to all animal cells for
detecting the presence of cellular RNAs and switching on the translation of effector proteins
to monitor and manipulate the cell type. The compositions and methods provided herein are
deployable as a single RNA molecule operating through Watson-Crick base pairing that
targets a specific cell type by virtue of the presence of a target RNA. Therefore, CelREADR
is inherently specific, easy to build and use, scalable, programmable, and general across

species.

Accordingly, the present disclosure provides a modular RNA molecule, comprising:
(a) a 5’ region comprising a sensor domain comprising a stretch of consecutive nucleotides

that is complementary to a corresponding stretch of consecutive nucleotides of a cellular
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RNA, wherein the sensor domain comprises a stop codon editable by ADAR; and (b) a 3’
region comprising a domain encoding a protein, wherein the protein coding domain is
downstream of and in-frame with the sensor domain, wherein, upon introduction of the
modular RNA into a cell comprising an Adar enzyme, the stretch of consecutive nucleotides
of the sensor domain and the corresponding nucleotide stretch of the cellular RNA form an
RNA duplex comprising the stop codon, wherein the stop codon comprised in the RNA

duplex is edited by ADAR in the cell, thereby to permit translation of the protein.

In one aspect with respect to the modular RNA molecule, the stretch of consecutive
nucleotides of the sensor domain is able to form an RNA duplex with at least a portion of an
mRNA. In another aspect with respect to the modular RNA molecule, the protein coding
region encodes an effector protein. In another aspect with respect to the modular RNA
molecule, it further comprises consecutive nucleotides encoding a self-cleaving 2A peptide
positioned between the sensor domain and the effector domain. In another aspect with respect
to the modular RNA molecule, the self-cleaving 2A peptide is selected from the group
consisting of one or more of T2A peptide, P2A peptide, E2A peptide, and F2A peptide.

The present disclosure provides a composition comprising: (a) a first nucleic acid
comprising a modular RNA molecule comprising: (i) a sensor domain comprising a stretch of
consecutive nucleotides that is complementary to a corresponding stretch of consecutive
nucleotides of a cellular RNA, wherein the sensor domain comprises a stop codon editable by
ADAR; and (ii) a first protein-coding domain encoding an effector protein, wherein the first
protein-coding region is downstream of and in-frame with the sensor domain, and (b) a
second nucleic acid comprising a second protein coding domain. In one aspect with respect
to the composition, the first and second nucleic acids comprise a single nucleic acid
molecule. In another aspect with respect to the composition, the first and second nucleic acids
comprise two nucleic acid molecules. In another aspect with respect to the composition, the
first and second nucleic acid are covalently linked. In another aspect with respect to the
composition, the second protein coding domain is comprised within a gene comprising a
transcription control element, optionally, a promoter. In another aspect with respect to the
composition, the effector protein binds to the gene. In another aspect with respect to the
composition, the expression of the second protein coding domain is modulated by the effector
protein. In another aspect with respect to the composition, the first protein-coding domain
encodes a transcriptional activator or first protein-coding domain encodes a DNA

recombinase. In another aspect with respect to the composition, the first protein-coding
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region encodes a cell killing protein selected from the group consisting of: thymidine kinase
(TK) and cytosine deaminase (CD) , a programmed cell death protein selected from the group
consisting of CASP3, CASP9, BCL, GSDME, GSDMD, GZMA and GZMB, a neural
activating protein selected from the group consisting of: ChR2 and DREADD-M3Dq, an
immunity enhancer protein selected from the group consisting of IFNB, IFNG, TNFA, IL2,
1L12, 1L15 and CD40L, a physiological editing protein selected from the group consisting of
NaChBac and Kir2.1, a protein synthesis inhibition protein including ricin, a neural inhibitor
protein selected from the group consisting of DREADD-hM4D, NpHR and GtACRI1, a
protein involved in neural cell fate such as NEUROD, a protein involved with cell

regeneration including Epidermal growth factors.

The present disclosure provides a nucleic acid delivery vehicle comprising the above
referenced modular RNA molecule or the above referenced composition. In one aspect, the
delivery vehicle is a liposome, a vector, an exosome, a micro-vesicle, a gene-gun, and a
Selective Endogenous encapsulation for cellular Delivery (SEND) system, preferentially
comprising a viral vector, a liposome, a vector, an exosome, a micro-vesicle, a gene-gun, and
a Selective Endogenous encapsulation for cellular Delivery (SEND) system in which the viral
vector is selected from the group consisting of adeno-associated virus (AAV), adenovirus,

retrovirus, lentivirus, herpes virus, vesicular stomatitis virus.

In one embodiment of the invention, the modular RNA molecule is encoded by a
DNA vector. In one embodiment of the above referenced composition, modular RNA
molecule i1s encoded by a DNA vector. In one embodiment of the invention, the delivery

vehicle comprises modular RNA molecule that is encoded by a DNA vector.

In one embodiment of the invention, the pharmaceutical composition comprises the
above referenced modular RNA molecule, the above referenced composition, or the above
referenced delivery vehicle, and a pharmaceutically acceptable carrier, excipient and/or

diluent.

In one embodiment of the invention, the cell comprises the above referenced modular

RNA molecule, the above referenced composition, or the above referenced delivery vehicle.

In onc aspcct the cell is a mammalian ccll. In onc embodiment of the invention, there
is a kit comprising the above referenced modular RNA molecule, the above referenced
composition, or the above referenced delivery vehicle, and a pharmaceutically acceptable

carrier, excipient and/or diluent and packaging therefore.
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In one embodiment of the invention, there is a method of introducing a modular RNA
or a nucleic acid composition encoding the modular RNA, or a delivery vehicle comprising
the modular RNA or the nucleic acid composition encoding the modular RNA, into a selected
cell of a mammal, the method comprising: contacting a cell of the mammal with the modular
RNA molecule, the nucleic acid composition encoding the modular RNA, or the delivery
vehicle comprising the modular RNA or the nucleic acid composition encoding the modular
RNA, under conditions which permit the cell of the mammal to comprise the modular RNA
or the delivery vehicle comprising the modular RNA or the nucleic acid composition
encoding the modular RNA, wherein the above referenced modular RNA molecule, the above
referenced composition, or the above referenced delivery vehicle, and a pharmaceutically

acceptable carrier, excipient and/or diluent as referenced above.

In one embodiment of the invention, there is a method of eliciting ADAR editing of a
stop codon to allow expression of an in-frame, downstream encoded protein in a cell of a
mammal comprising a selected target cellular RNA, the method comprising introducing into
the cell of the mammal a modular RNA molecule under conditions in which the modular
RNA is comprised in the cell, the modular RNA comprising (i) a 5° region comprising a
sensor domain comprising a stretch of consecutive nucleotides that is complementary to a
corresponding stretch of consecutive nucleotides of the selected cellular RNA, wherein the
sensor domain comprises a stop codon editable by ADAR; and (ii) a 3° region comprising a
domain encoding an effector protein, wherein the protein coding region is downstream of
and in-frame with the sensor domain, wherein upon introduction of the modular RNA
molecule to the mammal, an RNA duplex is formed in the cell between the stretch of
consecutive nucleotides of the sensor domain and the corresponding stretch of consecutive
nucleotides of the cellular RNA, wherein the RNA duplex comprises the ADAR-editable stop
codon, and wherein ADAR edits the stop codon comprised in the RNA duplex, thercby

permitting translation of the protein, and wherein the protein is produced in the mammal.

In one embodiment of the invention, there is a method of treating a disease or disorder
in a mammal, the method comprising: providing an agent, the agent comprising wherein the
above referenced modular RNA molecule, the above referenced composition, or the above
referenced delivery vehicle, and a pharmaceutically acceptable carrier, excipient and/or
diluent ais s referenced above, administering the agent to the mammal in a therapeutically
effective amount to permit translation of the effector protein in selected cells of the mammal,

thereby to produce the protein in the cells, wherein production of the protein in the cells
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provides for treatment of the disease or disorder in the mammal. In one aspect of the above
referenced method, the agent comprises the above referenced composition or above
referenced delivery vehicle, and the first protein coding region encoding the effector protein
are comprised in the agent encoding a transactivator protein that activates expression of the
second protein coding region, and where expression of the second protein coding region in
the selected cells is therapeutically effective in treating the disease or disorder. 4he cell is a
cancer cell and can be a metastatic cancer cell. In one aspect of the above referenced method,
the selected cell RNA encodes HER2, and wherein the sensor domain comprising the stretch
of consecutive nucleotides is complementary to a corresponding stretch of consecutive
nucleotides of the HER2 cell RNA. In one aspect of the above referenced method, the
protein coding domain of the modular RNA encodes a protein selected from the group
consisting of CASP3, CASPY9, BCL, BCL2, GSDME, GSDMD, GZMA and GZMB. In one
aspect of the above referenced method, the mammal is infected with a pathogen and the

sclected cell RNA is expressced by the pathogen in the sclected ccll.

In one aspect of the above referenced method, the mammal comprises a defective
protein encoded by and expressed from a cellular RNA, and the modular RNA molecule
comprises a stretch of consecutive nucleotides of the sensor domain complementary to a
corresponding stretch of consecutive nucleotides of the cellular RNA encoding the defective
protein, and a protein coding domain encoding an effector protein that is a wild type
functional protein of the defective protein, and wherein upon introduction of the agent to the
mammal the stretch of consecutive nucleotides of the sensor domain of the modular RNA
molecule forms a duplex with the corresponding stretch of consecutive nucleotides of the
cellular RNA, the duplex is edited by ADAR in the cell and the wild type functional protein

is produced in the mammal.

In one aspect of the above referenced method, the selected cell comprises a border
zone (BZ) cell surrounding an infarct zone of cardiac tissue, and the selected cell RNA is
selected from the group consisting of: NPPB, MYH7, ANKRD1, DES, UCHL1, JUN, and
FOXP1 RNA . In one aspect of the above referenced method, the protein coding domain of
the modular RNA encodes VEGFA. In one aspect of the above referenced method, the
protein coding region of the modular RNA encodes a transactivator, and wherein the select
cell of the mammal further comprises a VEGFa gene under the control of the transactivator.
In one aspect of the above referenced method, the selected cell RNA is a NPPB RNA. In one

aspect of the above referenced method, the mammal is human and is afflicted with
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glioblastoma, wherein the selected cell is a cancerous glioblastoma cell, wherein the selected
cell RNA is a SPARC and/or a VIM RNNA, and wherein the modular RNA molecule
comprises a sensor domain comprising a stretch of consecutive nucleotides complementary to
a stretch of consecutive nucleotides of the selected cell SPARC and/or VIM RNA and the

protein coding domain comprises caspase.

In one aspect of the above referenced method, the modular RNA molecule comprises
two tandem in-frame sensor domains, the first of the two tandem in-frame sensor domains
comprising a stretch of consecutive nucleotides complementary to a stretch of consecutive
nucleotides of the selected cell SPARC RNA, and the second of the two tandem in-frame
sensor domains comprising a stretch of consecutive nucleotides complementary to a stretch of
consecutive nucleotides of the selected cell VIM RNA, wherein a first RNA duplex forms
between a the modular RNA molecule and the selected cell SPARC RNA and a second RNA
duplex forms between a the modular RNA molecule and the selected cell VIM RNA, and
wherein the effector protein is expressed only in the presence of both the SPARC RNA and
the VIM RNA.

In one aspect of the above referenced method, the protein coding domain of the
modular RNA molecule can comprise a suicide gene coding region, a cell death inducing
gene coding region, a tumor suppressor gene coding region, and a gene enhancing anti-tumor
immunity coding region. In one aspect of the above referenced method, the protein coding
domain of the modular RNA molecule comprises a coding region of a gene encoding a
protein that enhances anti-tumor immunity or encoding Interferon 3. In one aspect of the
above referenced method, the protein coding domain of the modular RNA molecule
comprises a protein coding region of a suicide gene, wherein the suicide gene is thymidine

kinase (SEQ ID NO:151) or cytosine deaminase (SEQ ID NO:150).

In one aspect of the above referenced method, the protein coding domain of the
modular RNA molecule comprises a protein coding region of a cell death inducing gene,
wherein the cell death inducing gene is Caspase3, Caspase9, Bcl or GSDMs. In one aspect of
the above referenced method, the protein coding domain of the modular RNA molecule
comprises a protein coding region of a tumor suppressor gene, wherein the tumor suppressor
gene is selected from the group consisting of Rb and PTEN. In one aspect of the above
referenced method, the patient is afflicted with Diftuse large B cell lymphoma (B NHL),
wherein the efRNA encodes an antiCD19-C AR and the sesRNA is CD3E. In one aspect of
the above referenced method, the the PCAG-sesRNAP*E-CD19-CAR plasmid or in vitro
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transcribed mRNA is delivered by CD5-targeting LNPs through i.v. injection to enhance T
cell orientated uptake. In one aspect, the patient is afflicted with Crigler-Najjar Syndrome
(CNS), wherein the SES targets are directed against RNA transcribed by Apoa2
(Apolipoprotein A-2), AHSG (Alpha 2-HS Glycoprotein) and Albumin (Alb) genes, and the
efRNA encodes functional UGT1A1 gene.

In one embodiment described herein is a method of detecting expression of a protein
in a cell, the method comprising: (a) introducing into the cell a modular RNA molecule under
conditions in which the modular RNA is comprised in the cell, the modular RNA comprising
(1) a 5’ region comprising a sensor domain comprising a stretch of consecutive nucleotides
that is complementary to a corresponding stretch of consecutive nucleotides of the selected
cellular RNA, wherein the sensor domain comprises a stop codon editable by ADAR; and (i1)
a 3’ region comprising a domain encoding the protein, wherein the protein coding region is
downstream of and in-frame with the sensor domain, wherein upon introduction of the
modular RNA molecule to the cell, an RNA duplex is formed in the cell between the stretch
of consecutive nucleotides of the sensor domain and the corresponding stretch of consecutive
nucleotides of the cellular RNA, wherein the RNA duplex comprises the ADAR-editable stop
codon, and wherein ADAR edits the stop codon comprised in the RNA duplex, thereby
permitting translation of the protein, and wherein the protein is produced in the cell; and

detecting the protein in the cell.

In one aspect of the above described method, the cell type is a cell having a mutation
in a single gene that results in a monogenic disorder, and wherein the protein coding region
of the modular RNA molecule encodes a wild type protein. In one aspect of the above
described method, the disease or disorder is a monogenic disorder selected from the group
consisting of: muscular dystrophy, cystic fibrosis, congenital deafness, Duchenne muscular
dystrophy, familial hypercholesterolemia, Hemochromatosis, Neurofibromatosis type 1
(NF1), Sickle cell disease and Tay-Sachs disease and wherein the protein coding region of the
modular RNA molecule encodes a wild type protein. In one aspect of the above described
method, wherein upon translation, the effector protein is functional in the cell. In one aspect
of the above described method, wherein upon translation, the effector protein is secreted from

the cell.

In one embodiment described herein is a method for detecting the presence of a virus in a

sample in vitro, the method comprising:
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(1) providing an agent, the agent comprising a modular RNA molecule as set forth
herein; wherein the sensor domain comprises a stretch of consecutive nucleotides that
is complementary to a corresponding stretch of consecutive nucleotides of a viral

RNA or DNA, and wherein the effector protein encodes a label,

(2) incubating the agent with the sample, wherein the label 1s expressed in the

presence of the viral DNA or RNA.
Another aspect of the present disclosure provides all that is described and illustrated herein.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying Figures and Examples are provided by way of illustration and not
by way of limitation. The foregoing aspects and other features of the disclosure are explained
in the following description, taken in connection with the accompanying example figures

(also “FIG.”) relating to one or more embodiments, in which:

Fig. 1. A. The Dearth of Cell type Technology is a Bottleneck in Modern Biology and
Medicine slides illustrating human tissues with respect to anatomy; B. focus of cellular
networks in the interplay of network of human organs, C. cellular networks, molecular
networks and genes; human tissues with respect to developmental stages; D. circle of

organisms; E. fetal and adult tissues
Fig. 2. Moving from germline DNA to somatic RNA

Fig. 3. A. Mechanism of ADAR mediated conversion of Adenosine to Inosine at

nucleic level; B. Family tree of multicellular organisms expressing ADAR
Fig. 4. Properties of CellREADR

Fig. 5. A. CellREADR is a single modular readrRINA molecule, consisting of a
translationally in-frame 5’-sensor domain (sesRNA) and 3’-effector domain (efRNA),
separated by a T2a coding region. sesRNA is complementary to a cellular RNA and contains
an in-frame STOP codon that prevents efRNA translation. Base pairing between sesRNA and
target RNA recruits ADARs, which mediate A -> 1 editing and convert the UAG STOP to a
UGG Trp codon, switching on translation of effector protein. B-D. B. CAG-1dT (top)
expresses the idTomato target RNA from a CAG promoter and READRT-GIT (bottom)
expresses a readrRNA consisting of a BFP coding region followed by sesRNAYT and
efRNACFT driven by a CAG promotor. C. 293T cells transfected with both CAG-#dT and
READR<T-9FF showed robust GFP expression co-localized with BFP and RFP (bottom). Cells
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transfected with READRYT-CEP only (top) or CAG-tdT and control READR " expressing a
sesRNA“" with a scramble coding sequence containing a STOP codon (middle), showed
almost no GFP expression. Representative FACS analysis of GFP and RFP expression is
shown to the right. D. Quantification of CellREADR efficiency by FACS. E.-G. Effect of
target RNA levels on CellREADR. E. Expression vectors for quantifying the effect of target
RNA levels on CellIREADR. In rt7A-TRE-ChETA (top), a BFP-ChETA fusion target RNA is
transcribed from TRE, driven by constitutively expressed rtTA in a tetracycline concentration
dependent manner. RIZADRFT-GFP (bottom) expresses readrRNA consisting of a mCherry
coding region followed by sesSRNACETA and efRNACFT. F. In 293T cells co-transfected with
rtTA-TRE-ChETA and READRCTA-GIT increasing tetracycline concentrations in medium
resulted in increased percentage of BFP' in RFP' cells revealed by FACS analysis. G. GFP*
to RFP + ratio increased with increasing tetracycline concentration. CAG-ChETA
constitutively expressing BFP-ChETA RNA served as a positive control, and READR ©*!
expressing secsRNA scrved as a negative control. H-I, ADARI is ncecssary for
CellREDAR function. FACS analysis (H.) of wild-type or ADAR1%C 293T cells expressing
sesRNAYT only, sesRNA® and tdT, sesSRNA“T and tdT, or sesRNAYT and tdT with ADAR2
over expression. Arrows indicate GFP “/RFP* populations. I, Quantification of cell
conversion ratio. J, Electropherograms of Sanger sequencing showing A-to-G conversion at
the intended editing site in different samples as indicated. K, Bar graph shows the
quantification of the A-to-G conversion rate at the targeted editing site. Error bars in D, F, G,
and K are mean values = s.e.m. n = 3; n represents the number of independent experiments

performed in parallel.

Fig. 6. sesRNA properties. A. The optimal sesRNA length is ~200-300 nt. Using
READRPFPT-GEP and tdT as target RNA, sesRNAYT with variable lengths were tested to
identify an optimal length, quantified as cell conversion ratio in FACS assay. B. Effect of
mismatches between sesRINA and target RNA base pairing. Number of mismatches (top) and
percent identity between sesRNA"! and tdT target RNA (bottom) are shown for each case. C.
Effect of sesRNA sensing of different locations and sequences within the target RNA (e.g.
different ChETA and tdT coding regions) expressed from a f/ ' la-Chlv{ A-td 1 vector,
promoter region was used as negative control. readrRNA efficiencies were shown (bottom).
D. To improve stringency, sesSRNAYT was designed to contain 1 to 3 STOP codons (X-TAG)
in READR4e yector. E-F. Luminescence of 293 T cells transfected with READR™ -4 anly
(e) or co-transfected with CAG-td7 (F). G. Schematic of dual and triple sensor

10
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READRCHEIAET-GEP yactors with sesRNA arrays targeting different regions of a ChETA-tdT
fusion transcript expressed from LI /a-ChETA-tdT. H. FACS analysis of 293T cells co-
transfected £F1a-ChETA-tdT and a dual or triple READR“T-5FF yector. Arrows indicate GFP
+/RFP + populations. I. Quantification of the efficiency of various dual or triple READRT-
GIFP yector in (H). J. Scheme for intersectional targeting of cells expressing two target RNAs
(ChETA and tdT) using a dual-sensor READREAWT-GEP or READRCMETAMEI-Luc yactor, each
sesRINA in the dual-sensor array contains an editable STOP. K. FACS analysis showed that
co-transfection of 293 T cells with READR '@ dT-GFP and either CAG-ChIZTA or CAG-tdT
resulted in almost nc GFP translation, and only triple transfection resulted in GFP expression.
EFla-ChETA-tdT (expressing a ChETA-tdT fusion transcript) co-transfection was used as a
positive control. Quantifications were shown with FACS (L.) and luciferase assay (IM.). Error
bars in A-C, E-F, I, and L-M are mean values + s.e.m. n = 3, n represents the number of

independent experiments performed in parallel.

Fig. 7. data showing endogenous RNA sensing with CelIREADR in accordance with
one embodiment of the present disclosure. A. Schematic of the genomicloci of human EEF1A1
gene, showing exon and intron structures (not in scale), pre-mRNA (middle), and mRNA
(lower). sesRNAEEFLALL-T) were designed to sample across the EEF1A1 transcripts including
the coding sequence (CDS). B. Schematic of the READREIAI-GIP yector for testing
sesRNAFEFIALLT): the downstream PKG-tdT expression cassette labels all transfected cells.
Exogenous ADAR2 or ClipF coding regions were used as spacer. C. Quantification of the
CellREADR efficiency of sesRNAEEF1A1(1-7) in 293T cells with endogenous ADAR or
ADAR?2 overexpression (OE), respectively. D. Quantification of CelIREADR efficiency for
several endogenous cellular RNAs with endogenous ADAR or ADAR2 overexpression (OE).
E. Quantitative PCR showing that CelIREADR did not impact the expression levels of targeted
RNAs in (a) and (d). F. CellREADR did not alter cellular transcriptome assayed by RNA
sequencing. Comparisons of transcriptomes between cells transfected with sesSRNAEEFIALD o
sesRNA Y (top) and with sesSRNAPNA or sesRNA ™ (down) were performed.

Fig. 8. Endogenous RNA sensing with CelREADR. A. Schematic of the genomic loci
of human EEFIA! gene, showing exon and intron structures (not in scale), pre-mRNA
(middle), and mRNA (bottom). sesRNAEEFIAL (1.7) were designed to sample across the
FEFIAI transcripts including the coding sequence (CDS) B. Schematic of the
READREEFIAI-GEFP vector for testing sesRNAFEFIAL (1_7): the BFP expression cassette
labels all transfected cells. C. Quantification of the efficiency of sesRNAFFF!A! (1-7) in 293T
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cells. D. High sensitivity of CellREADR. Quantification of CelREADR efficiency for several
endogenous cellular RNAs with different expressing levels, TPM (transcript per million) from
RNAseq data was used to indicate cellular RNA expression levels. 1-3 sesRNAs were designed
for each target. E. Schematic for intersectional targeting of two endogenous RNAs (EEF1A1
and ACTB) using a dual-sensor READRFFFIAVACTEGEP yector; each sesSRNA in the dual-sensor
array contains an editable STOP. Dual-sensor READRCT/CrEGEP - Rz AD REFFIAICIEGEP
READRCACTB-GEP \were ysed as controls. Quantifications of efficiency showed that only 293T
cells with RIEADRCHevatdl-GFP transfection resulted in significant GFP expression. F.
CellREADR did not alter cellular transcriptome assayed by RNA sequencing. Comparisons of
transcriptomes between cells transfected with sesRNAFEFIALD or sesRNAM (top) and with
sesSRNAPCNA or sesRNACY (bottom). G. Volcano plot of differential gene expression
analysis between seSRNAEEF1A1 or sesRNA® (top), sesRNATN4 or sesRNA! (bottom).
Genes with adjusted P value < 0.01 and log2 (fold change) > 2 were defined as significantly
differentially cxpresscd genes, labelled in red. One genc OAS2 was detected with significantly
increased expression in the sesSRNAFEFLA oroup. H. Transcriptome-wide analysis of the effects
of sesRNAFEFIAL (top) or sesRNAACTE (bottom) on A-to-l editing by RNA-sequencing.
Pearson's correlation coetfficient analysis was used to evaluate the differential RNA editing
rate. Error bars in c-e are mean values + s.e.m. n = 3, n represents the number of independent

experiments performed in parallel.

Fig. 9. displays data showing CellREADR targeting of neuronal cell types in mouse
cerebral cortex in accordance of one embodiment of the present disclosure. A, — B. Genomic
structures of mouse Fezf2 (a) and Ctip2 (b) genes with locations of sesRNAs as indicated,
respectively. c-i, CellREADR targeting of neuron types in the mouse cortex. C. Schematic of
binary AAYV vectors for targeting neural cell types in brain tissues. In READRFezf2-tTA, a
hSyn promoter drives expression of ADAR?2 followed by sequences coding for sesRNAFezf2,
2A, and tTA2 effector. In TRE3g™*» the TRE promoter drives mRuby3 in response to tTA
from the READR virus. D. Image of coronal section from a Fezf2-CreER;LoxpSTOPLoxp-
H2bGFP mouse brain, [Rodrigo Mufioz-Castaiieda et al. Cellular anatomy of the mouse
primary motor cortex Nature volume 598, pages159-166 (2021); Cre-reporter transgenic mice
were created by crossing ‘knock-in” Cre drivers with reporter mice (CAG-LoxP-STOP-LoxP-
H2B-GFP) as described previously in Kim, Y. et al. Brain-wide maps reveal stereotyped cell-
type-based cortical architecture and subcortical sexual dimorphism. Cell 171, 456-469.e422
(2017). Image of coronal section from a Fezf2-CreFR; LoxpSTOPLoxp-H2bGFP mouse brain,

12

CA 03236236 2024-4-24



WO 2023/077135 PCT/US2022/079004

showing the distribution pattern of Fezf2+ pyramidal neurons (PNs) in S1 somatosensory
cortex (d1). Co-injection of AAVs READRFezf2-tTA and TRE™™" specifically labeled PNs
in L5b and L6 (d2). Co-labeling by CellREADR AAVs and H2bGFP (d3) with magnified view
in (d4). Arrows indicate co-labeled cells; arrowhead shows a neuron labeled by CellREADR
AAVs but not by Fezf2-H2bGFP (d4). E. Specificity of READR*#?T4_F, Coronal section of
WT brain immuno-stained with a CTIP2 antibody, showing the distribution pattern of Ctip2+
PNsin S1 cortex (f1). Co-injection of AAVs READR®"P? and TRE"R % specifically labeled PNs
in L5b (£2). Co- labeling by CellREADR AAVs and CTIP2 antibody (£3) with magnified view
in (f4). Arrows show the co- labeled cells; arrowhead showed a mis-labeled cells by
READRP? (f4). G. Specificity of READRCtip2. H. Axonal projection pattern of AAV
READRC P4 and TREeYFP infected PNs in S1 cortex. Representative images showing
projections to striatum, thalamus, midbrain, pons and medulla. I, Schematic locations of

coronal sections are shown on the right panel.

Fig. 10. Design and test of singular and binary CelREADR vectors A, Schematic of a
singular CellREADR vector. Left, PGK-tdT expresses the tdTomato target RNA from a PGK
promoter. READR¥TGFP expresses a READR RNA consisting of sesRNAY! and efRNACY,
driven by a CAG promotor. Vertical dashed lines indicate the complementary base pairing
region between tdT mRNA and sesRNAYT with sequence surrounding the editable STOP
codon shown on the right. At the editing site, the editable adenine in sesRNA"T (cyan) is
mismatched to a cytosine in the tdT mRNA. TdTomato is a tandem repeat of two dTomato
genes, thus a tdT RNA contains two copies of target sequence for sesRNAYT base pairing. B.
— D. Validation of the READR™-YT vector. In 293T cells co-transfected with READRT-C17
and PGK-idT B. many switched on GFP translation and fluorescence (C. upper arrows). In
cells co-transfected with control empty vector, few cells showed GFP expression (C. lower).
GFP cxpression was further assayed by Western blotting D. -E. A binary vector design for
CelIREADR luciferase assay. READR“T42 expresses a readrRINA consisting of sesSRNAYT
and efRNA"4? and TRE-ffLuc expresses the luciferase RNA upon tTAZ2 activation. F.
Luciferase activity dramatically increased only in cells transfected with three vectors in (E).
Co-transfection of 1 RE~fflL.uc with CAG-t1A42, which constitutively expresses tT A2, served as
a positive control. GG, Schematic READRtdT-('P vector in which a spacer sequences is inserted
before sesRNAtdT coding region. H, 293T cells were transfected with READRtdT-G'P vector
encoding viable length of spacers without (gray) or with (pink) tdT target RNA expression,

respectively. Quantification of conversion ratio calculated as percentage of GFP+ cells among
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RFP+ cells. I, A binary vector design for CelREADR assay. J, Representative images of GFP
conversion with binary vectors in (i). In cells co-transfected with sesRNACtrl vector, few
GFP+ cells were observed. Conversion percentages are shown on the right. Error bars in f and
h are mean values £ s.em. n = 3 for f, n = 2 for h, n represents the number of independent

experiments performed in parallel.

Fig. 11. is data showing spacer sequences reduced the leakage of readrRNA in
accordance with one embodiment of the present disclosure. A. Schematic READR“TGIP yector
in which a spacer sequences is inserted before sesRNAUYT coding region. B. Representative
FACS analysis of GFP and RFP expression in 293 T cells transfected with READRA-CFP yector
encoding viable length of spacers with (upper) or without (lower) tdT target RNA expression,
respectively. C. Quantification of conversion ratio calculated as percentage of GFP+ cells

among RFP+ cells showing in (B).

Fig. 12. CellREADR efficiency correlates with the expression level of target RNA A.
Vector design of a tri-color CellREADR assay system. B. Quantification of READR-GFF
efficiency with increasing amount of CAG-#d7T vector used for co-transfection of 293T cells.
C. Schematics of riTA-TRE-ChETA and READRET-GIP yectors (also see Fig. 1E). D.
Representative images of co-transfected 293Tcells treated with different concentration of
tetracycline in culture medium (also see Fig. SE, SF, 5G; E. — F. Co-transfection of
READRCHETA-GFP \yith a vector that constitutively expresses ChETA (e) resulted highest
conversion to GFP expression cells (F) compared to those in (D). Error bars in B are mean
values £ s.em. n = 3, n represents the number of independent experiments performed in

parallel.

Fig. 13. CellREADR enables RNA sensing dependent gene editing and cell ablation
A. Vector design for CellREADR-mediated and target RNA-dependent gene editing. In
READR WT-Cas9/GIF 9 CAG promoter drives expression of BFP followed by sequences coding
for sesRNA“T Cas9, and eGFP effectors. In another vector, EFla promoter drives tdT
expression and U6b promoter drives the expression of a guide RNA (gRNA) targeting the
DYRKI1A gene in 293T cells. B. Quantification of READRYT-C#?GET efficiency as percent of
GFP among RFP and BFP expressing cells with or without tdT target RNA. C. Cells transfected
with the both U6b-gRNAPTEEIA-CAG-idT and READRWT-Cas?GFP showed robust GFP
expression co-localized with BFP and RFP (bottom). Cells transfected with READR 4-Cas?y/GEP
only (top) showed almost no GFP expression. D. SURVEYOR assay showed Cas9-mediated

cleavage in the human DYRK1A locus. DNA cleavage was observed in cell lysates transfected
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with U6b-gRNAPYREA-CAG-1dT and READR #1-Cas?/GEP byt not in U6b-gRNAPYRRIL and
READRT-Cas?GEP that lacked tdT target RNA. CAG-Cas9 with U6b-gRNAP™RM A cell lysate
and 293T cell lysate without plasmid transfection were used as positive control and negative
control, respectively. Arrows indicate cleavage products. E. Vector design for CellREADR-
mediated and target RNA-dependent cell death induction. In READR #T-aCasp3-TEVp 5 CAG
promoter drives expression of BFP followed by sequences coding for sesRNAtdT and taCasp3-
TEVp as effector to induce cell death. F. Cell apoptosis level measured by luminescence was
increased in the cells transfected RIZADR "7 ar3-TEVp and EF 1a-tdT compared with cells with
no tdT RNA. Error bars in b and f are mean values = s.e.m. n = 3, n represents the number of

independent experiments performed in parallel.
Fig. 14. ADARI1 is necessary for CellREADR in 293T cells.

A. Schematic for generating an ADAR1 knockout cell line with CRISPR/Cas9. B.
Western blot analysis showing ADARI1 expression in wild-type and no expression in
ADARI knockout cells. C(1). Schematics of EF [a-ChETA-tdT and READR“T5T yectors
(left), and ADARI isoform expression vectors (right). €C(2), Representative images in were
shown, respectively. D (1). Both p110 and p150 ADARI1 isoforms rescued the CellREADR
functionality assayed by cell conversion ratio in ADARI1 knockout cells. D (2). Schematics
of EFla-Chea-tdT target expression and READRYT-9F vectors (left), and ADAR] isoform
expression vectors (right). E. Representative FACS analysis of GFP and RFP expression
with ADARI1 isoform rescue vector in ADARTKO 293T cells. F (1). Quantification of
RIEADRAT-GFT efficiency in (e). F(2). Western blot analysis showed increased expression of
ADARI1-p110 protein and induction of ADAR1-p150 isoform after interferon treatment. G.
Representative FACS analysis of GFP and RFP expression with mock (left) or interferon
treatment (right). H. Quantification of the READR“T-SFF efficiency in (G), which was
increased by interferon treatment. Error bars in F and D and H are mean values + s.e.m. n

= 3, n represents the number of independent experiments performed in parallel.

Fig. 15. Displays data showing that INF-f3 increased CellREADR efficiency and Adar
expression in accordance with one embodiment of the present disclosure. A, Schematics of
EF1la-Chea-tdT target expression and READR -GIT yectors. B, Representative FACS analysis
of GFP and RFP expression with mock (left) or interferon treatment (right). C, Western blot
analysis showed the expression of ADARI-pl10 protein was increased, and ADAR1-p150
isoform protein was induced, after interferon treatment. D, Quantification of the READRT-CIP

efficiency in (b), which was increased by interferon treatment.
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Fig. 16. displays data showing that CelIREADR operates in multiple human and mouse
cell lines in accordance with one embodiment of the present disclosure. CellREADR system

worked in different cell lines from human (Hela) and mice (N2a, KPC1242).

Fig. 17. Effects of different nucleotide mismatches between sesRNA and target RNA
Schematic of CellREADR vectors (top, related to Figure 2b). CellREADR efficiency measured
as RIP to GFP conversion ratio with different types of mismatch number, indel or two
mismatches within UAG STOP codon. Error bars are mean values = s.e.m. n = 3, n represents

the number of independent experiments performed in parallel.

Fig. 18. CellREADR mediated RNA sensing and effector translation accumulate with
time. CellREADR mediated sensing of endogenous EEF1A1 mRNA and effector translation
in 293T cells increased with longer incubation time after transfection. Error bars are mean
values £ s.em. n = 3, n represents the number of independent experiments performed in

parallel.

Fig. 19 Effects of CellREADR on targeted mRNA A. Quantitative PCR showing that
CellREADR-mediated sesRNA expression did not impact the expression levels of targeted
RNAs. B. Base pairing of EEF1A1 mRNA and sesRNAEFEFIAL-CDS EEE] A1 mRNA or sesRNA
was represented in blue and red, respectively. Peptide translated from EEF1A1 mRNA was
highlighted in brown. Targeted region of EEF1A1 mRNA was analyzed by RNAseq. C. The
ratios of A-to-G changes in EEF1A1 mRNA at each adenosine position was quantified and
shown in heatmap. Two adenosines (A107 and A115) showed higher rate of A-to-G editing,
Off-target editing of two sensitive adenosines can induce potential amino acid change
(underlined in B). Error bars are mean values = s.e.m. n = 3, n represents the number of

biological replicates performed.

Fig. 20. Data showing differential gene expression analysis in accordance with one
embodiment of the present disclosure. Volcano plot of differential gene expression analysis
between sesRNAFEFIAL-CDS apnd sesRNACH (A), sesRNATNA and sesRNACY! (B). Genes with
adjusted P value < 0.01 and log?2 (fold change) > 2 were defined as significantly differentially
expressed genes, labelled in red in volcano plot. One gene OAS2 was detected as significantly
increased in expression in sesSRNAEEF1A1-CDS group. Two independent experiments were

performed.

Fig. 21. Design and screen of sesRNAs targeting Fezf2 and Ctip2 RNAs in vifro and in

vivo. A-B, Genomic structures of mouse Fezf2 (a) and Ctip2 (b) genes with locations of various
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sesRNAs as indicated. C. Information of sesRNAs and Fezf2 and Crip2 target gene fragments
used for sesRNA screen. D. In target RNA expression vector CAG-BFP-Fezf2 or CAG-BFP-
Crip2, a 200bp-3000bp genomic region of the Fezf2 or Crip2 gene corresponding to a sesRNA
region in (A, B) were cloned downstream to the BFP and 2A coding region driven by a CAG
promoter. READR¥>6FP or READRP?-GFP expresses corresponding sesRNAs shown in (A,
B). E.-F. Quantification of efficiencies READR®¥?-5FP (E) or READRC"P>5FF (F) by FACS
assay of 293T cells co-transfected with CAG-BFP-Fezf2 or CAG-BFP-Ctip?2 target vector,
respectively. CAG-BI'P-Cheta, co-transfection served as negative controls (right panels) to

evaluate the stringency of sesRNA.

G. Schematic of binary READR AAV vectors. In READR vector, a hSyn promoter
drives expression of mCherry followed by sequences coding for sesRNACtip2, smFlag and
tTA2 effectors. In Reporter vector, TRE promoter drives mNeonGreen in response to tTA2
from the READR vector. H. Coronal sections of mouse cortex injected with binary
READRFezf2 vectors. mNeonG indicated READRFezf2 labeled cells. Four Fezf2 sesRNAs
were screened. I. Quantification of specificity of 4 Fezf2 sesRNAs in (H). For Fezf2 sesRNA
in-vivo screen, the specificity of each sesRNA was calculated by co-labeling by READR AAVs
and CTIP2 antibody (due to lack of FEZF2 antibody); as Ctip2 represents a subset of Fezf2+
cells (not shown), CTIP2 antibody gives an underestimate of the specificity of Fezf2 sesRNA.
SesRNAT1 showed highest specificity. J. Coronal sections of mouse cortex injected with binary
READRCHtip2 vectors. mNeonG indicated binary READR labeled cells. Eight Ctip2 sesRNAs
were screened. K. Quantification of specificity of 8 sesRNAs in (J). The specificity of each
sesRNA was calculated by co-labeling by binary READRCtip2 AAVs and CTIP2 antibody
(not shown). SesRINA3 and sesRNAS showed highest specificity.

Fig. 22. Targeting boarder zone cardiomyocytes for regeneration. A. human Nppb
gene and mRNA structure. The location of 7 RNA sensor are shown. B. sesRNA2 and
sesRNA3J detected exogenously transfected human Nppb RNA in HEK293T cells, indicated
by GFP reporter expression. C. Vector design for CellREADR-mediated expression of
VEGFA in BZ CMs. VEGFA can be delivered as DNA vector by AAV or as RNA by LNP.

Fig. 23. Cancer (A) CellREADR design. CellREADR 1s a modular readrRNA
molecule, consisting of a 5’-sensor domain (sesRNA) and 3’-effector domain (efRNA),
separated by a T2a coding region. sesRINA is complementary to a cellular RNA and contains a
STOP codon that prevents efRNA translation. Base pairing between sesRNA and target RNA
recruits ADARs, which mediate A-to-I editing and convert the UAG STOP to a UGG Trp
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codon, switching on translation of effector protein. (B) Oncogene Sensing: Using CellREADR
to detect HER2 target RNA in HEK293T Cells. Two sensors were designed. (C) Cell Death
Induction: Vector design for CellREADR-mediated and target RNA-dependent cell death
induction (Top). CAG promoter drives expression of BFP followed by sequences coding for
sesRNAYT (sensor for tdT) and taCasp3-TEVp (activated Caspase3) as effector to induce cell
death. Bottom, cell apoptosis level measured by luminescence was increased in the cells
transfected with CellREADR vector and target RNA.

Fig. 24  Schematic of in vivo CAR T therapy for B cell malignancies. a. LNPs packed
CellREADR CD19-CAR construct to target CD3+ cells. b. 1.v. infusion of LNP cargos to
patients. ¢. in vivo transfection of T cells to kill malignant B cells through CD19-CAR.

Fig. 25. Gene Editing Hepatocytes restricted-expressing of UTG1A1 for Crigler-Najjar
syndrome treatment sesSRNA design and validation for Apoa2, A-B, Ahsg, C-D, and Alb, E-F

in mouse hepatocyte cell line AML12 cells. G, two strategies for payload expression.

Fig. 26. Infectious Disease sesRNA designed to target COVID Spike mRNA. A.
screening vector. B. Example of CellREADR detecting Spike mRNA of COVID.

Fig. 27. In viro cellREADR system. A. Schematic of IVT CellREADR system. B.
Luciferase assay showing specific effector expression using tdTom and chetaTom as target
RNA and their corresponding RNA sensors. C. [IVT cellREADR system dose-response curve
to target RNA. D. Time course of IVT cellREADR system.

DESCRIPTION

Accordingly, one aspect of the present disclosure provides a modular readrRNA
molecule comprising, consisting of, or consisting essentially of (1) a 5’ region comprising a
sensor domain, the sensor domain comprising at least one ADAR-editable STOP codon; and
(i1) an effector RNA (efRNA) region that is downstream and in-frame with the sensor

domain.

In one embodiment, the modular readrRINA molecule further comprises a sequence
coding for a self-cleaving 2A peptide that is positioned in between the sensor domain and the
effector RNA region. In some embodiments, the self-cleaving 2A peptide is selected from
the group consisting of T2A, P2A, E2ZA, F2A, and combinations thereof. In certain
embodiments, the self-cleaving 2A peptide comprises a T2A peptide.
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In other embodiments, the sensor RNA comprises a nucleotide sequence that is
complementary to a cellular RNA. In another embodiment, the sensor RNA comprises a

nucleotide sequence that is complementary to an mRNA.

In another embodiment, the effector RNA (efRNA) codes for various effector

proteins.

In another aspect, the present disclosure provides a CellREADR system comprising,
consisting of, or consisting essentially of at least two binary components, a first component
comprising a modular readrRINA molecule as provided herein and a second component
comprising an efRIN A response gene operably linked though not necessarily physically
linked, to the efRNA-encoded protein. That is, the second component comprises a gene that

is responsive to the efRNA-encoded protein

In one embodiment, the efRNA-encoded protein comprises a transcriptional activator.
And the gene that is responsive to the efRNA-encoded transcriptional activator is upregulated

in its expression at the RNA and/or protein level.

In another embodiment, the efRNA-encoded protein comprises a DNA recombinase.

And the gene that is responsive to the recombinase is recombined accordingly.

In another embodiment, the modular readrRNA molecule and/or CellREADR system
is present in a delivery system. In some embodiments, the delivery system comprises a
delivery vehicle selected from the group consisting of a nanoparticle, a liposome, a vector, an

exosome, a microvesicle, a gene-gun, the SEND system, and combinations thereof.

In another embodiments, delivery system comprises a recombinant viral vector. In
some embodiments, the recombinant viral vector is selected trom the group consisting ot
Adeno-associated virus (AAV), Adenovirus, retrovirus. Lentivirus, Herpes viral vector,
vesicular stomatitis virus, and combinations thereof. In one embodiment, the viral vector

comprises an AAV vector.

Another aspect of the present disclosure provides a pharmaceutical composition
comprising a modular readrRNA molecule and/or CellREADR system as provided herein, or
a delivery system comprising a modular readrRNA molecule and/or CelIREADR system as

provided herein, and a pharmaceutically acceptable carrier, excipient and/or diluent.

Another aspect of the present disclosure provides a cell comprising a modular

readrRNA molecule and/or CellREADR system as provided, or a delivery system comprising
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a modular readrRNA molecule and/or CellREADR system as provided herein. In some
embodiments, the cell comprises a eukaryotic cell. In one embodiment, the eukaryotic cell

comprises a mammalian cell or a plant cell.

Another aspect of the present disclosure provides an animal model or a plant model

comprising the cell as provided herein.

Another aspect of the present disclosure provides a method of detecting the presence
or dynamics of cell state-defining cellular RNA and/or switching on the translation of one or
more effector proteins, the method comprising, consisting of, or consisting essentially of
detecting/hybridizing the target effector RNA with a modular readrRNA molecule and/or
CellREADR system as provided herein, or a delivery system comprising a modular
readrRNA molecule and/or CelREADR system as provided herein, or a pharmaceutical
composition as provided herein, in which the sensor domain detects and binds a specific cell
type RNA through sequence-specific base pairing, the one or more ADAR-editable STOP
codons act as a translation switch thereby allowing for the translation of the effector RINA

that encodes for the effector protein.
In some embodiments, the effector proteins are within a cell.

The present disclosure further provides kits comprising the compositions provided
herein and for carrying out the subject methods as provided herein. For example, in one
embodiment, a subject kit may comprise, consist of, or consist essentially of one or more of
the following: (1) a modular readrRINA molecule as provided herein; (i1) a CelIREADR
system as provided herein; (iii) delivery systems comprising a modular readrRNA and/or
CellREADR system as provided herein; (iv) cells comprising a modular readrRNA and/or
CellREADR system and/or delivery system comprising a modular readrRINA and/or
CellIREADR system as provided herein; and/or (v) pharmaceutical compositions as provided
herein. In other embodiments, the kit further comprises one or more components and/or

instructions for use.

Described herein are methods of indirectly detecting a marker cellular RNA transcript
in a cell where the marker cellular RNA is preferentially expressed by the cell, a selected cell
type, the method comprising: (i) providing a modular rcadrRNA where (a) its 5 rcgion
comprises a sensor domain, the sensor domain comprising at least one ADAR-editable stop
codon; and (b) a 3’ region comprising an effector RNA (efRNA) doemain encoding an effector

protein, where the efRNA domain is downstream of and in-frame with the sensor domain; (i1)
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contacting the cell with the modular readrRNA molecule under conditions which permit
formation in the mammal of an RNA duplex and editing by ADAR enzyme of the ADAR-
editable stop codon, wherein the sensor domain of the modular readrRNA molecule
specifically binds to the marker cellular RNA of the selected cell type through sequence-
specific base pairing to form an RNA duplex, and wherein the ADAR-editable STOP codon
act as a translation switch thereby allowing for the translation of the efRNA region to

produce the effector protein; and (iii) detecting the effector protein or its effects thereof.

Described herein are methods/systems for treating a disease or disorder in a patient,
wherein a select cell or group of cells affected by the disease or disorder in the patient
comprises differential RNA expression of a gene relative to the select cell or group of cells
from a healthy control patient, the method comprising: (i) providing a modular readiRNA
comprising: (a) a 5’ region comprising a sensor domain, the sensor domain comprising at
least one ADAR-editable stop codon; and (b) a 3’ region comprising an effector RNA
(efRNA) region encoding an effector protein, wherein the efRNA region is downstream of
and in-frame with the sensor domain; (ii) contacting the select cell or group of cells with the
modular readrRNA molecule under conditions which permit formation in the patient of an
RNA duplex and editing by ADAR enzyme of the ADAR-editable stop codon, wherein the
sensor domain of the modular readrRINA molecule specifically binds to the marker cellular
RNA of the select cell through sequence-specific base pairing to form an RNA duplex, and
wherein the ADAR-editable STOP codon act as a translation switch thereby allowing for the
translation of the efRNA region to produce the effector protein. In one embodiment, the
efRNA region encodes a label and/or a therapeutic protein. In another embodiment, the
efRNA region encodes a transactivator, and the select cell or group of cells comprises an
endogenous gene under the control of the transactivator, wherein the endogenous gene under
the control of the transactivator encodes a therapeutic agent. In another embodiment, the
efRNA region encodes a transactivator, and wherein the select cell or group of cells of the
patient further comprises a therapeutic gene under the control of the transactivator. In another
embodiment, the cell is a cancer cell, and the differentially expressed gene encodes HER2. In

another embodiment, the cell type is a metastatic cancer cell.

In another embodiment of the treatment methods, the patient is infected with an

infectious disease, and the differentially expressed RNA is of the infectious agent.
In another embodiment of the treatment methods, the patient has a monogenic genetic

disorder caused by variation in a single gene in a somatic cell, and wherein the sensor domain
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of the modular readrRNA molecule specifically binds to the cellular RNA transcribed by the
gene variant, and wherein the efRINA region encodes cell type-specific complementation of

normal mRNA/protein.

In another embodiment of the treatment methods, the patient has a monogenic genetic
disorder caused by variation in a single gene in a somatic cell, and wherein the sensor domain
of the modular readrRINA molecule specifically binds to the cellular RNA transcribed by the
gene variant, and wherein the efRNA region encodes a transactivator, and wherein the select
cell or group of cells of the patient further comprises a gene encoding complementation of

normal mRNA/protein under the control of the transactivator.

In another embodiment of the treatment methods, the patient has had a myocardial
infection, and wherein the select cell or group of cells is the border zone (BZ) cells
surrounding the infarct zone of cardiac tissue, and wherein the differentially expressed gene
is selected from the group consisting essentially of NPPB, MYH7, ANKRDI1, DES, UCHLI,
JUN, and FOXP1. In an aspect of this embodiment, the effector region encodes VEGFA. In
another aspect of this embodiment, the effector region encodes a transactivator, and the select
cell or group of cells of the patient further comprises a VEGFa gene under the control of the
transactivator. In another aspect of this embodiment, the differentially expressed gene is
NPPB.

In another embodiment of the treatment methods, the patient has glioblastoma, and
the select cell or group of cells is a cancerous glioblastoma cell, wherein the differential RNA
expression is of SPARC and/or VIM. In an aspect of this embodiment or the invention itself,
the modular readrRNA molecule comprises two tandem in-frame sensor domains, the first of
the two tandem in-frame sensor domains specifically binds to the SPARC RNA of the select
cell through sequence-specific base pairing to form a first RNA duplex, and the second of the
two tandem in-frame sensor domains specifically binds to the VIM RINA of the select cell
through sequence-specific base pairing to form a second RNA, wherein the effector protein is
expressed only in the presence of both SPARC RNA and VIM RNA. In an aspect of the
invention, the SPERC RNA and the VIM RNA, can be any pair of RNA transcripts.

In another aspect of this embodiment, and/or the invention itself, the effector RNA
region is selected from a suicide gene, a cell death inducing genes, a tumor suppressor gene,
and a gene enhancing anti-tumor immunity. In another aspect of this embodiment, and/or the

invention itself, the effector RNA region is a gene enhancing anti-tumor immunity and

22

CA 03236236 2024-4-24



WO 2023/077135 PCT/US2022/079004

encoding Interferon B. In another aspect of this embodiment, and/or the invention itself, the
effector RNA region is a suicide gene, wherein the suicide gene is one or more selected from
the group consisting of the group thymidine kinase and cytosine deaminase. In another
aspect of this embodiment, and/or the invention itself, the effector RNA region is a cell death
inducing gene, wherein the cell death inducing gene is one or more of Caspase3, Caspase9,
Bcl and GSDMs. In another aspect of this embodiment, and/or the invention itself, the
effector RNA region is a tumor suppressor, wherein the tumor suppressor gene is Rb or
PTEN. In another aspect of this embodiment, and/or the invention itself, the cell death

inducing gene is constitutively active.

In another embodiment of the treatment methods, the patient has had myocardial
infarction, and the specified cell type is the border zone (BZ) cardiomyocyte and the target
RNA is RNA encoding one or more of NPPB, MYH7, ANKRDI1, DES, UCHLI1, JUN, and
FOXP1.

In an aspect of the invention, upon translation the effector protein functions within the

cell. Tn an aspect of this invention, the effector protein is secreted from the cell.

In another embodiment of the treatment methods, the cell type is a cell having a
mutation in a single gene that results in a monogenic disorder. In a non-limiting aspect of this
embodiment, the monogenic disorder is selected from muscular dystrophy, cystic fibrosis,
congenital deafness, Duchenne muscular dystrophy, familial hypercholesterolemia,
Hemochromatosis, Neurofibromatosis type 1 (NF1), Sickle cell disease and Tay-Sachs
disease. In an aspect of this embodiment, the effector gene encodes a wild type version of the

single gene having a mutation that results in a monogenic disorder.

In another embodiment of the treatment methods, the patient is afflicted with Diffuse
large B cell lymphoma (B NHL), and the efRNA encodes an antiCD19-CAR and the sesRNA
is CD3E. In an aspect of this embodiment, the PCAG-sesRNACD3E—-CD19-CAR plasmid or
in vitro transcribed mRNA is delivered by CD5-targeting LNPs through i.v. injection to

enhance T cell orientated uptake.

In another embodiment of the treatment methods, the patient is afflicted with Crigler-
Najjar Syndrome (CNS), whercin the SES targets arc dirccted against RNA transcribed by
Apoa2 (Apolipoprotein A-2), AHSG (Alpha 2-HS Glycoprotein) and Albumin (Alb) genes,
and the efRNA encodes functional UGT1A1 gene.
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In an aspect of the invention, the modular readrRNA molecule is encoded by a DNA
vector. In an aspect of the invention, the effector protein is a label. In an aspect of the

invention, the effector protein is a transcriptional activator or transcriptional repressor.
DEFINITIONS

For the purposes of promoting an understanding of the principles of the present
disclosure, reference will now be made to preferred embodiments and specific language will
be used to describe the same. It will nevertheless be understood that no limitation of the
scope of the disclosure is thereby intended, such alteration and further modifications of the
disclosure as illustrated herein, being contemplated as would normally occur to one skilled in

the art to which the disclosure relates.

As used herein, the term “stop codon” refers to a sequence of three nucleotides (a
trinucleotide) in DNA or messenger RNA (mRNA) that signals a halt to protein synthesis in
the cell.

A “codon” in a messenger RN A corresponds to a nucleotide triplet that encodes an
amino acid. Consecutive codons in an RNA are translatable to a protein. In nature, a stop
codon is located in the 3’ terminal end of the coding region(s) of a mRNA and signals the
termination of translation by binding release factors, which binding causes the ribosomal
subunits to disassociate and thereby to release the amino acid chain. There are 64 different
trinucleotide codons: 61 specify amino acids and 3 are stop codons (i.e., UAA, UAG and
UGA in RNA and TAA, TAG and TGA in DNA).

As used herein, an “editable stop codon” refers to a stop codon that is editable by a
cell from a stop codon to a translatable codon. Thus, in RNA, an editable stop codon which
is a UAA, a UAG or a UGA is editable by a cell to UII, UIG, or UGI. An editable stop codon
functions as a translation switch for any codons downstream of the editable stop codon.

Editing of a stop codon occurs in cells in which an endogenous ADAR enzyme is present.

“Editing” of a stop codon occurs when a sensory RNA containing an editable stop
codon forms dsRNA with a target RNA, thereby recruiting endogenous ADAR enzyme.
ADAR acts at the STOP codon, performs A to I editing and thus converts for example a UAG
STOP to a UIG (tryptophan) codon, which permits translation of downstream codons.

The term “ADAR” is a disambiguation that stands for adenosine deaminase acting on
RNA. ADAR cnzymcs bind to doublc-stranded RNA (dsRNA) and convert adenosing to

inosine (hypoxanthine) by deamination. ADAR proteins act post-transcriptionally, changing
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the nucleotide content of RNA. The conversion from adenosine to inosine (A to I) in the
RNA disrupts the normal A:U pairing, destabilizing the RNA. Inosine is structurally similar
to guanine (G) which leads to inosine to cytosine (I:C) binding. Inosine typically mimics
guanosine during translation but can also bind to uracil, cytosine, and adenosine, though it is

not favored.

As used herein, “readtRNA” refers to a molecule having a 5’ region and a 3’ region,
where the readrRNA molecule comprises, consists of, or consists essentially of (i) a 5’ region
comprising a sensor (ses) domain, the sensor domain comprising at least one ADAR-editable
STOP codon; and (i1) an effector RNA (efRNA) region that is downstream and in-frame with

the sensor domain.

In a readrRNA, an ADAR-editable stop codon is located within the sensor RNA and

upstream of the in-frame effector coding region.

As used herein, an “ADAR-editable STOP codon” refers to a stop codon that is
editable in a cell by ADAR. Schneider, M. F., Wettengel, J., Hoffmann, P. C., & Stafforst, T.
(2014). Optimal guide RNAs for re-directing deaminase activity of hADARI1 and hADAR2
in trans. Nucleic acids research, 42(10), e87. https://doi.org/10.1093/nar/gku272

As used herein, a “sensor domain” refers to a consecutive set of nucleotides that form
a portion of a readrRNA, where the sensor domain also includes at least one editable stop
codon and a downstream effector domain. A sensor domain contains consecutive nucleotides
that are complementary to an RNA of a specific cell type through sequence-specific base
pairing. A sensor domain may comprise any number of nucleotides, comprising at least 10
nucleotides to at least 1000 nucleotides or more. In some embodiments, the sensor domain
comprises, consists essentially of or consists of about 100 to about 900 nucleotides. In
another embodiment, the sensor domain comprises, consists essentially of or consists of a
range of about 200 nucleotides to about 300 nucleotides. A sensor domain may be 10, 25, 50,
75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,

1000 or more consecutive nucleotides in length.

The at least one editable stop codon(s) in a sensor domain is/are located anywhere
within the scnsor domain of the rcadrRINA. A scnsor domain will have a 5° to 3 orientation
in the readrRNA molecule and includes an upstream (5)” portion and a downstream (3)’
portion. An editable stop codon may be located in the sensor domain upstream portion or the

sensor domain downstream portion. An editable stop codon may be located in the upstream
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portion of the sensor domain closer to the middle of the sensor domain or an editable stop
codon may be located in the downstream portion of the sensor domain closer to the
downstream end of sensor domain. For example, if the sensor domain is 600 nucleotides in
length and divided spatially into halves, with the first nucleotide representing the 5 end of
the sensor domain, the 300" nucleotide representing middle of the sensor domain, and the last
(600" nucleotide of the sensor domain representing the 3 end of the sensor domain, an
editable stop codon may be located in the upstream portion of the downstream portion or
closer to the middle of the sensor domain. If a sensor domain having the same approximate
length is divided into quarters, an editable stop codon may be located in the first quarter
portion (nucleotides 1-250) of the sensor domain, the second quarter portion of the sensor
domain (nucleotides 150-300), the third quarter portion of the sensor domain (nucleotides
300-450), or the fourth quarter portion of the sensor domain (nucleotides 450-600). Thus, for
a given length of a sensor domain, an editable stop codon may be located in a selected portion
of the sensor domain. Gencrally, an cditable stop codon may be located in the downstrcam
half of a sensor domain, or the downstream quarter of a sensor domain. A selected portion of
the sensor domain containing an editable stop codon may be within 10-50 nucleotides of the

3’ end of the sensor domain.

As used herein, an “effector RNA (efRNA)” is RNA that is translatable and encodes

an effector protein.

An “effector protein” is a protein encoded by an effector RNA domain and that has an
effect on a cell in which itis expressed. An effector protein is translated from an effector
RNA in a cell and therefore an effector protein, like the RNA encoding it, is introduced into a
cell that may or may not contain the same endogenous protein. An effector protein is a
protein having an effect on the cell in which it is translated or, if secreted from the cell, on
surrounding cells. No limiting examples of effector proteins include: an enzyme, a detectable
protein, a cytokine, a toxin, a polymerase, a transcription or translation factor, a tumor

suppressor, a neuronal activator or inhibitor, an apopotic protein or a physiological factor.

As used herein, an “effector RNA (efRNA) region” refers to a portion of a readrRINA

comprising an effector RNA that is downstream and in-frame with a sensor domain.

The effector RNA (efRNA) may code for an effector protein of interest. Selection of
a desired effector protein is well within the skill of one of ordinary skill in the art and is

dependent on the context of the desired use of the readrRNA. For example, if it is desired to
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treat a given disease, an effector protein may be selected based on its having an inhibitor
effect on cells that are critical to establishing and/or prolonging the disease. For example, the
effector module of CellREADR (efRINA) can be built to manipulate cells in multiple ways,
including enhance activity and function, suppress activity and function, rescue a mutant cell
function by re-introducing an intact version of the deleted or mutated protein, alter and edit
activity and function, reprogram cell identity, fate, and function, kill and delete a cell type,
increase or decrease the production of cell numbers of a type, and cell type-specific genomic

editing and gene regulation.

In one aspect, the effector (efRNA) domain of the modular readrRNA encodes a
detectable protein or detectable protein fragment (a label) and/or a transcriptional activator or

repressor.

Non-limiting examples of effector are listed in Table 1 below. Table 1 provides a
non-limiting list of effector proteins (payloads) useful according to the invention as well as

their effect(s) on a cell.

Table 1
Cell manipulations effector RNA payloads
Cell killing thymidine kinase (TK), cytosine deaminase (CD)

Programmed Cell death Caspase3, Caspase9, Bcl, GSDME, GSDMD, GZMA GZMA

Neural activation ChR2, DREADD-M3Dq, PSAM

Neural inhibition DREADD-hM4D, NpHR, GtACR1

Cell fate reprogramme

NeuroD, Ptbp1

Cell electrophysiology

NaChBac, Kir2.1; ion channels

Protein synthesis inhibitor Ricin
Cell regeneration EGFs, VEGFs
Tumor suppressor Rb, p53, PTEN

immunity enhancer IFNB, IFNG, TNFA, IL2, IL12, IL15, CD40L

The term “payload” in the context of an effector RNA “payload “means a protein

encoded by an RNA encoding an effector protein.

As used herein, the phrase “cell type” is a somatic cell of an organism, of an organ, of
a tissue, a population of cells, or of a cell line, or of a hybridoma, of a homogenous cell
population, or a heterogenous cell population, a cell that is resting or quiescent or activated,
or transformed or diseased or stressed or inflamed or undergoing heat shock, or is part of the
innate immune system, part of the natural immune system, a stem cell, a pluripotent stem
cell, an intestinal stem cell, stem cell, a fetal cell, cell that contributes to homeostasis, a

cardiac or vascular related cell, a cell of the digestive system, a cell of the nervous system, a
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cell of the skeletal structure, of a cell of an organ, that can be identified through differential

expression of RNA.

Conceivably every cell or group thereof, is different and single cell RNA analysis is
bearing evidence of this diversity with respect to a cell's lineage, its activation state, state of
development, its state as a result of interaction with other cells, tissues and organs, and

soluble molecules, and/or if the cell is diseased, transformed or infected.

As used herein, the term “self-cleaving 2A peptide” or “2A peptides” refers to the
class of 18-22 amino acid-long peptides which can induce ribosomal skipping during
translation of a protein in a cell. These peptides share a core sequence motif of DXExNPGP
and are found in a wide range of viral families and help generating polyproteins by causing
the ribosome to fail at making a peptide bond. Suitable examples of 2A peptides include, but
are not limited to, T2A, P2A, E2A, F2A, and the like (Liu, Ziging et al. “Systematic
comparison of 2A peptides for cloning multi-genes in a polycistronic vector.” Scientific
reports vol. 7,1 2193, 19 May. 2017, doi: 10.1038/s41598-017-02460-2). One such self-
cleaving 2A peptide comprises a T2A peptide.

Several 2A peptides have been identified in picornaviruses, insect viruses and type C
rotaviruses. As used herein, T2A is a 2A peptide identified in Thoseaasigna virus 2A; P2A is
a 2A peptide identified in porcine teschovirus-1 2A; E2A is a 2A peptide identified in equine
rhinitis A virus (ERAV) 2A; and F2A is a 2A peptide identified as a self-cleaving 2A
peptides foot-and-mouth disease virus (FMDV). The following table provides DNA and
corresponding amino acid sequences of various 2A peptides. Underlined sequences encode
amino acids GS@, which are an example of optional additions to the native2ZA sequence,
designed to improve cleavage efficiency; P2ZA indicates porcine teschovirus-1 2A; T2A,
Thoseaasigna virus 2A; E2A, equine rhinitis A virus (ERAV) 2A; F2A, FMDV 2A. This is
adapted from Table 1 of Kim J.H. et al. (High Cleavage Efficiency of a 2A Peptide Derived
from Porcine Teschovirus-1 in Human Cell Lines, Zebrafish and Mice) PLoS One. 2011;

6(4): ¢18556. Published online 2011 Apr 29. doi: 10.1371/journal pone.0018556.

Table 2
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As used herein, a “sequence coding for a self-cleaving 2A peptide” is nucleic acid,
preferably RNA, encoding a self-cleaving 2A peptide as described above. According to the
invention, the sequence coding for a self-cleaving 2A peptide typically is positioned in

between the sensor domain and the effector RNA region.

The term “modular” when used in the context of the phrase “Modular readrRNA
Molecule” refers a recombinant readrRNNA molecule comprising nucleic acid sequences
(preferably RNA sequences) encoding protein domains designed at the nucleic acid level,
preferably at the RNA level, where the different protein domains can be assembled in the
recombinant readrRNA molecule in the desired order with a specified number of repeats

(including 0).

As used herein, “CellREADR” stands for “Cell access through RNA sensing by
Endogenous ADAR [adenosine deaminase acting on RNA]”, and it is designed as a single,
modular Readr RNA molecule, consisting of a 5’ sensor-edit-switch region (sesRNA) and a
3’ effector coding region (ef RNA), separated by a link sequence coding for a self-cleaving
peptide T2A and an editing mechanism ubiquitous to all animal cells, such as by an ADAR-
editable STOP codon. CellREADR provides a mechanism for detecting the presence of

cellular RNAs and switching on the translation of effector proteins to monitor and manipulate
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physiology, functions and/or structure of a cell type. The following Table 3 provides cell

types of various tissues, with an indication of enriched mRNA.

Table 3
Tissue Cell type Enriched RNA Markers

Adipocytes (Subcutaneous) 605
Endothelial cells 167
Smooth muscle cells 331
Adipose subcutaneous Adipose progenitor cells 240
Macrophages 340
Mast cells 36
T-cells 161
Plasma cells 100
Adipocytes (Visceral) 557
Mesothelial cells 416
Endothelial cells 215
Smooth muscle cells 117
Adipose visceral Adipose progenitor cells 351
Macrophages 222
Neutrophils 64
Mast cells 16
T-cells 250
Plasma cells 148
Breast glandular cells 270

Breast glandular cells
(progenitors) 28
Breast myoepithelial cells 66
Adipocytes (Breast) 612
Breast Endothelial cells 288
Smooth muscle cells 31
Fibroblasts 238
Macrophages 126
T-cells 208
Plasma cells 227
Colon enterocytes 369
Colon enteroendocrine cells 338
Enteric glia cells 240
Mitotic cells {Colon) 85
Endothelial cells 219
Colon Smooth muscle cells 166
Fibroblasts 42
Macrophages 143
Neutrophils 67
Mast cells 29
T-cells 108
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Plasma cells 114
Cardiomyocytes 916
Mitotic cells (Heart) 56
Endothelial cells 191
Smooth muscle cells 38
Heart muscle Fibroblasts 361
Macrophages 135
Neutrophils 52
T-cells 75
Plasma cells 78
Podocytes 112
Proximal tubular cells 657
Ascending Loop of Henle cells 71
Intercalated cells 75
Kidney Endothelial cells 289
Fibroblasts 283
Macrophages 90
T-cells 112
Plasma cells 89
Hepatocytes 1264
Cholangiocyte 57
NK-cells (Liver) 33
Erythroid cells 28
Liver Endothelial cells 330
Hepatic stellate cells 316
Kupffer cells 97
Neutrophils 52
T-cells 73
Plasma cells 143
Respiratory ciliated cells 681
Alveolar cells type 1 132
Alveolar cells type 2 363
Mitotic cells (Lung) 153
NK-cells (Lung) 55
B-cells 11
Endothelial cells 97
Lung
Smooth muscle cells 63
Fibroblasts 253
Macrophages 160
Neutrophils 160
Mast cells 17
T-cells 89
Plasma cells 185
Alpha cells 221
Pancreas Beta cells 200
Ductal cells 115
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Exocrine glandular cells 39
Endothelial cells 47
Fibroblasts 72
Macrophages 86

T-cells 38

Plasma cells 141
Prostate glandular cells 438
Prostate basal glandular cells 105
Urothelial cells 159
Endothelial cells 177
Prostate Smooth muscle cells 351
Fibroblasts 285
Macrophages 96

T-cells 182

Plasma cells 143

Skeletal myocytes 329
Endothelial cells 237
Smooth muscle cells 41
Skeletal muscle Fibroblasts 338
Macrophages 176
Neutrophils 35

Plasma cells 69
Keratinocyte (other) 737
Keratinocyte (granular) 208
Melanocytes 17

Hair cortex cells 48

Inner root sheath cells 22
QOuter root sheath cells 119
Sebaceous gland cells 206
Eccrine sweat gland cells 246
Skin Langerhans cells 20
Adipocytes (Skin) 26
Mitotic cells (Skin) 190
Endothelial cells 213
Smooth muscle cells 36
Fibroblasts 147
Macrophages 56

Mast cells 12

T-cells 58

Plasma cells 99

Parietal cells 74

Chief cells 56

stomach Gastric mucous cells 379
Gastric enteroendocrine cells 47
Mitotic cells (Stomach) 170
Endothelial cells 84
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Fibroblasts 166
Macrophages 154
Neutrophils 22
T-cells 23
Plasma cells 186
Spermatogonia 158
Spermatocytes 188
Early spermatids 757
Late spermatids 584
Testis Sertoli cells 614
Leydig cells 20
Peritubular cells 42
Endothelial cells 109
Macrophages 60
Parafollicular cells 47
Thyroid glandular cells 1598
Mitotic cells (Thyroid) 69
Endothelial cells 70
Thyroid Smooth muscle cells 86
Fibroblasts 463
Macrophages 117
Neutrophils 36
T-cells 350
Plasma cells 182

As used herein, a “CellREADR system” includes the following components: (i) a
sensor RNA domain which comprises a consecutive set of nucleotides that 1s complementary
to a portion of a selected cellular RNA, (i1) an effector RNA (efRNA) domain encoding an
effector protein, the efRNA domain being downstream of and in-frame with the sensor RNA
domain, (111) an ADAR-editable STOP codon that lies within the sensor RNA domain or lies
between the sensor and effector RNA domains, and (iv) a second protein coding nucleic acid
or a gene optionally including gene control elements, where (iv) that may or may not be
physically linked to the sensor RNA and effector RNA domains. A CelIREADR System may
include an exogenous gene (DNA or RNA) not physically linked to the readrRNA (e.g., on a
separate vector). A CellREADR System may include a cell that contains the readrRNA
nucleic acid, a nucleic acid encoding a second protein, the cell being used for delivery to a

multicellular organism, a plant, an animal, or a human.

Asused herein, an “delivery system” refers to a system comprising a vehicle for

administering a modular readrRINA molecule and/or CellREADR system, where the vehicle
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includes but is not limited to a nanoparticle, a liposome, a vector, an exoscme, a

microvesicle, a gene-gun, a SEND system, and combinations thereof.

A “SEND system” is an mRNA delivery system comprising humanized virus-like
particles (VLPs) based on retroelements present in the human genome, (Segel M, et al.
Mammalian retrovirus-like protein PEG10 packages its own mRNA and can be pseudotyped
for mRINA delivery. Science. 2021;373:882—889. doi: 10.1126/science.abg6155). The vector
of a such a delivery system includes, but is not limited to, a recombinant viral vector such as
Adeno-associated virus (AAV), Adenovirus, retrovirus. Lentivirus, Herpesviral vector,
vesicular stomatitis virus, and combinations thereof. In one embodiment, the viral vector

comprises an AAV vector.

As used herein, a “translation switch” is a component of a readrRINA molecule
comprising an ADAR-editable STOP codon component which, upon binding by upstream
sensor RNA to complementary target RNA to form a double stranded RNA structure, results
in subsequent ADAR mediated editing of the AUG stop codon, resulting in the translation of

the downstream RNA that encodes for an effector protein.

As used herein, a “cell state-defining cellular RNA” refers to one or more RNA
sequences present in a select cell or group of cells of interest, the presence of which identifies
the state of a given cell, including but not limited to, a specified cell physiology, a specified

development stage of a cell, a specified transformation of a cell, or activation state of a cell.

That is, the specitic physiology of a cell is in large part determined by its expression
of a unique repertoire of RNA transcripts. The unique repertoire of RNA transcripts is one
means of identifying a specific cell or group of cells of interest, or identifying a specific
activation state of a specific cell or group of cells of interest, or of identifying a specific
developmental state of a specific cell or group of cells of interest, or identifying any one of
numerous physiological states a cell or a specific cell or group of cells of interest.

The terms "polypeptide", "peptide"”, and "protein" are used interchangeably herein to
refer to polymers of amino acids of any length. The polymer may be linear or branched, it
may comprise modified amino acids, and it may be interrupted by non-amino acids. The
tcrms also cncompass an amino acid polymer that has been modificd, for cxample, by
disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation, or any other

manipulation, such as conjugation with a labeling component.
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In the context of polypeptides and molecules as provided herein, the terms "fusion",
"fused,” “combination,” and "linked," are used interchangeably herein. These terms refer to
the joining together of two more protein components, by whatever means including chemical
conjugation or recombinant means. For example, a promoter or enhancer is operably linked
to a coding sequence if it affects the transcription of the sequence. Generally, "operably
linked" means that the DNA sequences being linked are contiguous, and in reading phase or
in-frame. As used herein, the term "in-frame" or “in frame” refers to the joining of two or
more open reading frames (ORFs) to form a continuous longer ORF, in a manner that
maintains the correct reading frame of the original ORFs. Thus, the resulting recombinant
molecule is a single protein containing two or more segments that correspond to polypeptides

encoded by the original ORFs (which segments are not normally so joined in nature).

In the context of polypeptides, a "linear sequence" or a "sequence" is an order of
amino acids in a polypeptide in an amino to carboxyl terminus direction in which residues
that neighbor each other in the sequence are contiguous in the primary structure of the
polypeptide. A "partial sequence" is a linear sequence of part of a polypeptide that is known

to comprise additional residues in one or both directions.

"Heterologous" means derived from a genotypically distinct entity from the rest of the
entity to which it is being compared. For example, a glycine rich sequence removed from its
native coding sequence and operatively linked to a coding sequence other than the native
sequence is a heterologous glycine rich sequence. The term "heterologous" as applied to a
polynucleotide, a polypeptide, means that the polynucleotide or polypeptide is derived from a
genotypically distinct entity from that of the rest of the entity to which it is being compared.

"non "non

The terms "polynucleotides”, "nucleic acids", "nucleotides" and "oligonucleotides"
are used interchangeably. They refer to a polymeric form of nucleotides of any length, either
deoxyribonucleotides or ribonucleotides, or analogs thereof. Polynucleotides may have any
three-dimensional structure, and may perform any function, known or unknown. The
following are non-limiting examples of polynucleotides: coding or non-coding regions of a
gene or gene fragment, loci (locus) defined from linkage analysis, exons, introns, messenger
RNA (mRNA), transfer RNA, ribosomal RNA, ribozymes, cDNA, recombinant
polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any sequence,
isolated RNA of any sequence, nucleic acid probes, and primers. A polynucleotide may
comprise modified nucleotides, such as methylated nucleotides and nucleotide analogs. If

present, modifications to the nucleotide structure may be imparted before or after assembly of
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the polymer. The sequence of nucleotides may be interrupted by non-nucleotide components.
A polynucleotide may be further modified after polymerization, such as by conjugation with

a labeling component.

2> "

The phrase “complementary to” "complement of a polynucleotide" denotes a
polynucleotide nucleic acid molecule having a complementary having a base sequence in a 5’
to 3’ or 3’ to 5 orientation that base pairs with a nucleic acid having a base sequence of the
reverse orientation. As described herein, a sensor RNA is complementary to a specified
target RNA, with the exception of an obligatory mismatched codon, (preferably AUG in the

sensor RNA).

The phrase “portion that is complementary to a cellular RNA” in the context of a
sensor domain refers to consecutive nucleotides of a sensor nucleic acid domain that are able

to base pair with corresponding consecutive nucleotides of a cellular RNA.

The phrase “portion that is complementary to a messenger RNA (mRNA)” in the
context of a sensor domain refers to consecutive nucleotides of a sensor nucleic acid domain

that are able to base pair with corresponding consecutive nucleotides of an mRNA.

The term “cellular RNA™ refers to a nucleic acid in a cell composed of nucleotides
that are substantially ribonucleotides but may include deoxyribonucleotides. Types of
cellular RNASs include but are not limited to mRNA, rRNA, tRNA, and microRNA. A
cellular RNA will have a length sufficient to form a nucleic acid duplex with a sensor RNA
containing a mismatch that attracts ADAR to edit and repair the mismatch. Therefore, a
cellular RNA will be at least 10 residues in length, and may be 15, 20, 25, 30, 35, 40, 45, 50,
75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 600,
700, 800, 900, 1000 nucleotides in length or longer.

"Recombinant" as applied to a polynucleotide means that the polynucleotide is the
product of various combinations of in vitro cloning, restriction and/or ligation steps, and

other procedures that result in a construct that can potentially be expressed in a host cell.

The terms "gene" or "gene fragment" are used interchangeably herein. They refer to a
polynucleotide containing at least one open reading frame that is capable of encoding a
particular protein after being transcribed and translated. The term “gene” includes not only an
open reading frame but also at least a promoter operatively associated with the open reading
frame so as to initiate transcription of the open reading frame in the presence of appropriate

transcription factors. A gene or gene fragment may be genomic or cDNA | as long as the
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polynucleotide contains at least one open reading frame, which may cover the entire coding
region or a segment thereof. A "fusion gene" is a gene composed of at least two heterologous

polynucleotides that are linked together.

"Homology" or "homologous" refers to sequence similarity or interchangeability
between two or more polynucleotide sequences or two or more polypeptide sequences. When
using a program such as BestIit to determine sequence identity, similarity or homology
between two different amino acid sequences, the default settings may be used, or an
appropriate scoring matrix, such as blosum45 or blosum80, may be selected to optimize
identity, similarity or homology scores. Preferably, polynucleotides that are homologous are
those which hybridize under stringent conditions as defined herein and have at least 70%,
preferably at least 80%, more preferably at least 90%, more preferably 95%, more preferably
97%, more preferably 98%, and even more preferably 99% sequence identity to those

sequences.

EX RT3

As used herein, "treatment,” “therapy” and/or “therapy regimen” refer to the clinical
intervention made in response to a disease, disorder or physiological condition manifested by
a patient or to which a patient may be susceptible. The aim of treatment includes the
alleviation or prevention of symptoms, slowing or stopping the progression or worsening of a

disease, disorder, or condition and/or the remission of the disease, disorder or condition. As

used herein, the terms "prevent," "preventing," "prevention," "prophylactic treatment" and the
like refer to reducing the probability of developing a disease, disorder or condition in a
subject, who does not have, but is at risk of or susceptible to developing a disease, disorder or
condition. The term "effective amount" or “therapeutically effective amount” refers to an

amount sufficient to effect beneficial or desirable biological and/or clinical results.

An effective amount as used herein, in various contexts, would also include an
amount sufficient to delay the development of a symptom of the disease, alter the course of a
symptom disease (for example but not limited to, slowing the progression of a symptom of
the disease), or reverse a symptom of the disease. Thus, it is not generally practicable to
specify an exact “effective amount”. However, for any given case, an appropriate “effective
amount” can be determined by one of ordinary skill in the art using only routine

experimentation.

Effective amounts, toxicity, and therapeutic efficacy can be determined by standard

pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining the
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LD50 (the dose lethal to 50% of the population) and the ED50 (the dose therapeutically
effective in 50% of the population). The effects of any particular dosage can be monitored by
a suitable bioassay, e.g., assay for tumor growth and/or size among others. The dosage can be
determined by a physician and adjusted, as necessary, to suit observed effects of the

treatment.

As used herein, the term "administering” an agent, such as a therapeutic entity to an
animal or cell, is intended to refer to dispensing, delivering or applying the substance to the
intended target. In terms of the therapeutic agent, the term "administering” is intended to
refer to contacting or dispensing, delivering or applying the therapeutic agent to a subject by
any suitable route for delivery of the therapeutic agent to the desired location in the animal,
including delivery by either the parenteral or oral route, intramuscular injection,
subcutaneous/intradermal injection, intravenous injection, intrathecal administration, buccal
administration, transdermal delivery, topical administration, and administration by the

intranasal or respiratory tract route.

The term “biological sample” as used herein includes, but is not limited to, a sample
containing tissues, cells, and/or biological fluids isolated from a subject. Examples of
biological samples include, but are not limited to, tissues, cells, biopsies, blood, lymph,
serum, plasma, urine, saliva, mucus and tears. A biological sample may be obtained directly
from a subject (e.g., by blood or tissue sampling) or from a third party (e.g., received from an

intermediary, such as a healthcare provider or lab technician).

As used herein the term “condition and/or disease” includes, but is not limited to, any
abnormal condition and/or disorder of a structure or a function that affects a part of an
organism. It may be caused by an external factor, such as an infectious disease, or by internal
dysfunctions, such as cancer, cancer metastasis, genetic disorders/mutations (both congenital

and environmental) and the like.

As used herein, a monogenic somatic cell disorder comprising an underlying genetic
mutation in a gene, refers to a monogenetic disorder caused by a variant in a single gene. The
variant may be present on one or both chromosomes of a pair. Nonlimiting examples of

monogenic disorders are cystic fibrosis, Huntington's disease and sickle cell disease.

As is known in the art, a cancer is generally considered as uncontrolled cell growth.
The methods of the present invention can be used to treat any cancer, and any metastases

thereof, including, but not limited to, carcinoma, lymphoma, blastoma, sarcoma, and
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leukemia. More particular examples of such cancers include breast cancer, prostate cancer,
colon cancer, squamous cell cancer, small-cell lung cancer, non-small cell lung cancer,
ovarian cancer, cervical cancer, gastrointestinal cancer, pancreatic cancer, glioblastoma, liver
cancer, bladder cancer, hepatoma, colorectal cancer, uterine cervical cancer, endometrial
carcinoma, salivary gland carcinoma, mesothelioma, kidney cancer, vulval cancer, pancreatic
cancer, thyroid cancer, hepatic carcinoma, skin cancer, melanoma, brain cancer,
neuroblastoma, myeloma, various types of head and neck cancer, acute lymphoblastic

leukemia, acute myeloid leukemia, Ewing sarcoma and peripheral neuroepithelioma.

"Contacting" as used herein, e.g., as in "contacting a sample" refers to contacting a
sample or cell directly or indirectly i vitro, ex vivo, or in vivo (i.e. within a subject as
defined herein). Contacting a sample may include addition of a compound (e.g., a readrRNA
molecule as provided herein and/or a delivery system comprising a readrRNA molecule as
provided herein) to a sample, or administration to a subject. Contacting encompasses
administration to a solution, cell, tissue, mammal, subject, patient, or human. Further,

contacting a cell includes adding an agent to a cell culture.

As used herein, the term "subject” and "patient" are used interchangeably herein and
refer to both human and nonhuman animals. The term "nonhuman animals" of the disclosure
includes all vertebrates, e.g., mammals and non-mammals, such as nonhuman primates,
sheep, dog, cat, horse, cow, chickens, amphibians, reptiles, and the like. The methods and
compositions disclosed herein can be used on a sample either in vitro (for example, on

isolated cells or tissues) or in vivo in a subject (i.e. living organism, such as a patient).

LRI YS EE T

The terms “decrease”, “reduced”, “reduction”, and “inhibit” are all used herein to
mean a decrease by a statistically significant amount. In some embodiments, “reduce,”
“reduction” or “decrease” or “inhibit” typically means a decrease by at least 10% as
compared to a reference level (e.g. the absence of a given treatment or agent) and can
include, for example, a decrease by at least about 10%, at least about 20%, at least about
25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, 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%s, at least about 98%, at least about 99% , or more. As used herein, “reduction” or
“inhibition” does not encompass a complete inhibition or reduction as compared to a

reference level. “Complete inhibition” is a 100% inhibition as compared to a reference level.
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A decrease can be preferably down to a level accepted as within the range of normal for an

individual without a given disorder.

» el LRI

The terms “increased”, “increase”, “enhance”, or “activate’” are all used herein to

mean an increase by a statically significant amount. In some embodiments, the terms

77 CC
>

“increased”, “increase”, “enhance”, or “activate” can mean an increase of at least 10% as
compared to a reference level, for example an increase of at least about 20%, or at least about
30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least about
70%, or at least about 80%, or at least about 90% or up to and including a 100% increase or
any increase between 10-100% as compared to a reference level, or at least about a 2-fold, or
at least about a 3-fold, or at least about a 4-fold, or at least about a 5-fold or at least about a
10-fold increase, or any increase between 2-fold and 10-fold or greater as compared to a

reference level. In the context of a marker or symptom, a “increase” is a statistically

significant increase in such level.

As used herein, a “subject” means a human or animal. Usually the animal is a
vertebrate such as a primate, rodent, domestic animal or game animal. Primates include
chimpanzees, cynomologus monkeys, spider monkeys, and macaques, e¢.g., Rhesus. Rodents
include mice, rats, woodchucks, ferrets, rabbits and hamsters. Domestic and game animals
include cows, horses, pigs, deer, bison, buffalo, feline species, e g., domestic cat, canine
species, e.g., dog, fox, wolf, avian species, e.g., chicken, emu, ostrich, and fish, e.g., trout,
catfish and salmon. In some embodiments, the subject is a mammal, e.g., a primate, e.g., a

human. The terms, “individual,” “patient” and “subject” are used interchangeably herein.

Preferably, the subject is a mammal. The mammal can be a human, non-human
primate, mouse, rat, dog, cat, horse, or cow, but is not limited to these examples. Mammals
other than humans can be advantageously used as subjects that represent animal models of

cancer. A subject can be male or female.

A subject can be one who has been previously diagnosed with or identified as
suffering from or having a condition in need of treatment (e.g. cancer) or one or more
complications related to such a condition, and optionally, have already undergone treatment
for the condition or the one or more complications related to the condition. Alternatively, a
subject can also be one who has not been previously diagnosed as having the condition or one

or more complications related to the condition. For example, a subject can be one who
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exhibits one or more risk factors for the condition or one or more complications related to the

condition or a subject who does not exhibit risk factors.

A “subject in need” of treatment for a particular condition can be a subject having that

condition, diagnosed as having that condition, or at risk of developing that condition.

In some embodiments, the polypeptide described herein (or a nucleic acid encoding
such a polypeptide) can be a functional fragment of one of the amino acid sequences
described herein. As used herein, a “functional fragment” is a fragment or segment of a
peptide which retains at least 50% of the wildtype reference polypeptide's activity accerding
to the assays described below herein. A functional fragment can comprise conservative

substitutions of the sequences disclosed herein.

In some embodiments, the polypeptide described herein can be a variant of a sequence
described herein. In some embodiments, the variant is a conservatively modified variant.
Conservative substitution variants can be obtained by mutations of native nucleotide
sequences, for example. A “variant,” as referred to herein, 1s a polypeptide substantially
homologous to a native or reference polypeptide, but which has an amino acid sequence
different from that of the native or reference polypeptide because of one or a plurality of
deletions, insertions or substitutions. Variant polypeptide-encoding DNA sequences
encompass sequences that comprise one or more additions, deletions, or substitutions of
nucleotides when compared to a native or reference DNA sequence, but that encode a variant
protein or fragment thereof that retains activity. A wide variety of PCR-based site-specific
mutagenesis approaches are known in the art and can be applied by the ordinarily skilled

artisan.

In some embodiments, a polypeptide, can comprise one or more amino acid
substitutions or modifications. In some embodiments, the substitutions and/or modifications
can prevent or reduce proteolytic degradation and/or prolong half-life of the polypeptide in a
subject. In some embodiments, a polypeptide can be modified by conjugating or fusing it to
other polypeptide or polypeptide domains such as, by way of non-limiting example,
transferrin (W006096515A2), albumin (Yeh et al., 1992), growth hormone
(US2003104578AA); cellulose (Levy and Shoseyov, 2002); and/or Fc fragments (Ashkenazi
and Chamow, 1997). The references in the foregoing paragraph are incorporated by reference

herein in their entireties.
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As used herein, the term “nucleic acid” or “nucleic acid sequence” refers to any
molecule, preferably a polymeric molecule, incorporating units of ribonucleic acid,
deoxyribonucleic acid or an analog thereof. The nucleic acid can be either single-stranded or
double-stranded. A single-stranded nucleic acid can be one nucleic acid strand of a denatured
double- stranded DNA. Alternatively, it can be a single-stranded nucleic acid not derived
from any double-stranded DNA. In one aspect, the nucleic acid can be DNA. In another
aspect, the nucleic acid can be RNA. Suitable DNA can include, e.g., genomic DNA or

cDNA. Suitable RNA can include, e.g., mRNA.

The term “expression” refers to the cellular processes involved in producing RNA and
proteins and as appropriate, secreting proteins, including where applicable, but not limited to,
for example, transcription, transcript processing, translation and protein folding, modification
and processing. Expression can refer to the transcription and stable accumulation of sense
(mRNA) or antisense RNA derived from a nucleic acid fragment or fragments of the

invention and/or to the translation of mRNA into a polypeptide.

In some embodiments, the expression of a biomarker(s), target(s), or gene/polypeptide
described herein is/are tissue-specific. In some embodiments, the expression of a
biomarker(s), target(s), or gene/polypeptide described herein is/are global. In some
embodiments, the expression of a biomarker(s), target(s), or gene/polypeptide described

herein is systemic.

“Expression products” include RNA transcribed from a gene, and polypeptides
obtained by translation of mRNA transcribed from a gene. The term “gene” means the
nucleic acid sequence which is transcribed (DNA) to RNA in vitro or in vivo when operably
linked to appropriate regulatory sequences. The gene may or may not include regions
preceding and following the coding region, e.g. 5' untranslated (5'UTR) or “leader”
sequences and 3' UTR or “trailer” sequences, as well as intervening sequences (introns)

between individual coding segments (exons).

“Operably linked” refers to an arrangement of elements wherein the components so
described are configured so as to perform their usual function. Thus, control elements
operably linked to a coding sequence are capable of effecting the expression of the coding
sequence. The control elements need not be contiguous with the coding sequence, so long as
they function to direct the expression thereof. Thus, for example, intervening untranslated yet

transcribed sequences can be present between a promoter sequence and the coding sequence
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and the promoter sequence can still be considered “operably linked” to the coding sequence.

Further they need not be physically linked.

“Marker” in the context of the present invention refers to an expression product, e.g.,
nucleic acid or polypeptide which is differentially present in a sample taken from subjects
having diabetes or cancer, as compared to a comparable sample taken from control subjects
(e.g., a healthy subject). The term “biomarker” is used interchangeably with the term

“marker.”

In some embodiments, the methods described herein relate to measuring, detecting, or
determining the level of at least one marker. As used herein, the term “detecting” or
“measuring’ refers to observing a signal from, e.g. a probe, label, or target molecule to
indicate the presence of an analyte in a sample. Any method known in the art for detecting a
particular label moiety can be used for detection. Exemplary detection methods include, but
are not limited to, spectroscopic, fluorescent, photochemical, biochemical, immunochemical,
electrical, optical or chemical methods. In some embodiments of any of the aspects,

measuring can be a quantitative observation.

In some embodiments of any of the aspects, a polypeptide, nucleic acid, or cell as
described herein can be engineered. As used herein, “engineered” refers to the aspect of
having been manipulated by the hand of man. For example, a polypeptide is considered to be
“engineered” when at least one aspect of the polypeptide, e.g., its sequence, has been
manipulated by the hand of man to differ from the aspect as it exists in nature. As is common
practice and is understood by those in the art, progeny of an engineered cell is typically still
referred to as “engineered” even though the actual manipulation was performed on a prior

entity.

The term “exogenous” refers to a substance present in a cell other than its native
source. The term “exogenous” when used herein can refer to a nucleic acid (e.g. a nucleic
acid encoding a polypeptide) or a polypeptide that has been introduced by a process involving
the hand of man into a biological system such as a cell or organism in which it is not
normally found and one wishes to introduce the nucleic acid or polypeptide into such a cell or
organism. Alternatively, “exogenous” can refer to a nucleic acid or a polypeptide that has
been introduced by a process involving the hand of man into a biological system such as a
cell or organism in which it is found in relatively low amounts and one wishes to increase the

amount of the nucleic acid or polypeptide in the cell or organism, e.g., to create ectopic
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expression or levels. In contrast, the term “endogenous” refers to a substance that is native to
the biological system or cell. As used herein, “ectopic” refers to a substance that is found in
an unusual location and/or amount. An ectopic substance can be one that is normally found in
a given cell, but at a much lower amount and/or at a different time. Ectopic also includes
substance, such as a polypeptide or nucleic acid that is not naturally found or expressed in a

given cell in its natural environment.

In some of the aspects described herein, a nucleic acid sequence encoding a given
polypeptide as described herein, or any module thereof, is operably linked to a vector. The
term “vector”, as used herein, refers to a nucleic acid construct designed for delivery to a host
cell or for transfer between different host cells. As used herein, a vector can be viral or non-
viral. The term “vector” encompasses any genetic element that is capable of replication when
associated with the proper control elements and that can transfer gene sequences to cells. A
vector can include, but is not limited to, a cloning vector, an expression vector, a plasmid,

phage, transposon, cosmid, chromosome, virus and a virion.

In some embodiments of any of the aspects, the vector is recombinant, e.g_, it
comprises sequences originating from at least two different sources. In some embodiments of
any of the aspects, the vector comprises sequences originating from at least two different
species. In some embodiments of any of the aspects, the vector comprises sequences
originating from at least two different genes, e.g., it comprises a fusion protein or a nucleic
acid encoding an expression product which is operably linked to at least one non-native (e.g.,
heterologous) genetic control element (e.g., a promoter, suppressor, activator, enhancer,

response element, or the like).

As used herein, the term “expression vector” refers to a vector that directs expression
of an RNA or polypeptide from sequences linked to transcriptional regulatory sequences on
the vector. The sequences expressed will often, but not necessarily, be heterologous to the
cell. An expression vector may comprise additional elements, for example, the expression
vector may have two replication systems, thus allowing it to be maintained in two organisms,
for example in human cells for expression and in a prokaryotic host for cloning and

amplification.

As used herein, the term “viral vector” refers to a nucleic acid vector construct that
includes at least one element of viral origin and has the capacity to be packaged into a viral

vector particle. The viral vector can contain the nucleic acid encoding a polypeptide as
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described herein in place of non-essential viral genes. The vector and/or particle may be
utilized for the purpose of transferring any nucleic acids into cells either in vitro or in vivo.

Numerous forms of viral vectors are known in the art.

It should be understood that the vectors described herein can, in some embodiments,
be combined with other suitable compositions and therapies. In some embodiments, the
vector is episomal. The use of a suitable episomal vector provides a means of maintaining the
nucleotide of interest in the subject in high copy number extra chromosomal DNA thereby

eliminating potential effects of chromosomal integration.

In some embodiments of any of the aspects, described herein is a prophylactic method
of treatment. As used herein “prophylactic” refers to the timing and intent of a treatment
relative to a disease or symptom, that is, the treatment is administered prior to clinical
detection or diagnosis of that particular disease or symptom in order to protect the patient
from the disease or symptom. Prophylactic treatment can encompass a reduction in the
severity or speed of onset of the disease or symptom or contribute to faster recovery from the
disease or symptom. Accordingly, the methods described herein can be prophylactic relative
to metastasis or tumor formation. In some embodiments of any of the aspects, prophylactic

treatment is not prevention of all symptoms or signs of a discase.

As used herein “combination” refers to a group of two or more substances for use
together, e.g., for administration to the same subject. The two or more substances can be
present in the same formulation in any molecular or physical arrangement, e.g., in an
admixture, in a solution, in a mixture, in a suspension, in a colloid, in an emulsion. The
formulation can be a homogeneous or heterogenous mixture. In some embodiments of any of
the aspects, the two or more substances active compound(s) can be comprised by the same or
different superstructures, e.g., nanoparticles, liposomes, vectors, cells, scaffolds, or the like,
and the superstructure is in solution, mixture, admixture, suspension with a solvent, carrier, or
some of the two or more substances. Alternatively, the two or more substances can be present
in two or more separate formulations, €.g., in a kit or package comprising multiple

formulations in separate containers, to be administered to the same subject.

A kit is an assemblage of materials or components, including at least one reagent
described herein. The exact nature of the components configured in the kit depends on its
intended purpose. In some embodiments of any of the aspects, a kit includes instructions for

use. “Instructions for use” typically include a tangible expression describing the technique to
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be employed in using the components of the kit, e.g., to treat a subject or for administration to
a subject. Still in accordance with the present invention, “instructions for use” may include a
tangible expression describing the preparation of at least one reagent described herein, such
as dilution, mixing, or incubation instructions, and the like, typically for an intended purpose.
Optionally, the kit also contains other useful components, such as, measuring tools, diluents,
buffers, syringes, pharmaceutically acceptable carriers, or other useful paraphernalia as will

be readily recognized by those of skill in the art.

The materials or components assembled in the kit can be provided to the practitioner
stored in any convenient and suitable ways that preserve their operability and utility. For
example, the components can be in dissolved, dehydrated, or lyophilized form; they can be
provided at room, refrigerated or frozen temperatures. The components are typically
contained in suitable packaging material(s). As employed herein, the phrase “packaging
material” refers to one or more physical structures used to house the contents of the kit, such
as inventive compositions and the like. The packaging material is constructed by well-known
methods, preferably to provide a sterile, contaminant-free environment. The packaging may
also preferably provide an environment that protects from light, humidity, and oxygen. As
used herein, the term “package” refers to a suitable solid matrix or material such as glass,
plastic, paper, foil, polyester (such as polyethylene terephthalate, or Mylar) and the like,
capable of holding the individual kit components. Thus, for example, a package can be a
glass vial used to contain suitable quantities of a composition containing a volume of at least
one reagent described herein. The packaging material generally has an external label which

indicates the contents and/or purpose of the kit and/or its components.

As used herein, the term “nanoparticle” refers to particles that are on the order of
about 1 to 1,000 nanometers in diameter or width. The term “nanoparticle” includes
nanospheres; nanorods; nanoshells; and nanoprisms; these nanoparticles may be part of a
nanonetwork. The term “nanoparticles” also encompasses liposomes and lipid particles
having the size of a nanoparticle. Exemplary nanoparticles include lipid nanoparticles or
ferritin nanoparticles. Lipid nanoparticles can comprise multiple components, including, e g,
ionizable lipids (such as MC3, DLin-MC3-DMA, ALC-0315, or SM-102), pegylated lipids
(such as PEG2000-C-DMG, PEG2000-DMG, AL C-0159), phospholipids (such as DSPC),

and cholesterol.
Exemplary liposomes can comprise, e.g., DSPC, DPPC, DSPG, Cholesterol,
hydrogenated soy phosphatidylcholine, soy phosphatidyl choline, methoxypolyethylene
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glycol (mPEG-DSPE) phosphatidyl choline (PC), phosphatidyl glycerol (PG),

distearoylphosphatidylcholine, and combinations thereof.

As used herein, the term “administering,” refers to the placement of a compound as
disclosed herein into a subject by a method or route which results in at least partial delivery
of the agent at a desired site. Pharmaceutical compositions comprising the compounds
disclosed herein can be administered by any appropriate route which results in an effective
treatment in the subject. In some embodiments, administration comprises physical human
activity, e.g., an injection, act of ingestion, an act of application, and/or manipulation of a
delivery device or machine. Such activity can be performed, e.g., by a medical professional

and/or the subject being treated.

As used herein, “contacting” refers to any suitable means for delivering, or exposing,
an agent to at least one cell. Exemplary delivery methods include, but are not limited to,
direct delivery to cell culture medium, perfusion, injection, or other delivery method well
known to one skilled in the art. In some embodiments, contacting comprises physical human
activity, e.g., an injection; an act of dispensing, mixing, and/or decanting; and/or

manipulation of a delivery device or machine.

The term “statistically significant” or “significantly” refers to statistical significance

and generally means a two standard deviation (2SD) or greater difference.

Other than in the operating examples, or where otherwise indicated, all numbers
expressing quantities of ingredients or reaction conditions used herein should be understood
as modified in all instances by the term “about.” The term “about” when used in connection

with percentages can mean =1%.

As used herein, the term “comprising” means that other elements can also be present
in addition to the defined elements presented. The use of “comprising” indicates inclusion

rather than limitation.

The term “consisting of” refers to compositions, methods, and respective components
thereof as described herein, which are exclusive of any element not recited in that description

of the embodiment.

As used herein the term “consisting essentially of” refers to those elements required
for a given embodiment. The term permits the presence of additional elements that do not
matcrially affcct the basic and novel or functional characteristic(s) of that embodiment of the

invention.
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As used herein, the term “specific binding” refers to a chemical interaction between
two molecules, compounds, cells and/or particles wherein the first entity binds to the second,
target entity with greater specificity and affinity than it binds to a third entity which is a non-
target. In some embodiments, specific binding can refer to an affinity of the first entity for the
second target entity which is at least 10 times, at least 50 times, at least 100 times, at least
500 times, at least 1000 times or greater than the affinity for the third nontarget entity. A
reagent specific for a given target is one that exhibits specific binding for that target under the

conditions of the assay being utilized.

Unless otherwise defined herein, scientific and technical terms used in connection
with the present application shall have the meanings that are commonly understood by those
of ordinary skill in the art to which this disclosure belongs. It should be understood that this
invention is not limited to the particular methodology, protocols, and reagents, etc., described
herein and as such can vary. The terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to limit the scope of the present invention,
which is defined solely by the claims. Definitions of common terms in immunology and
molecular biology can be found in The Merck Manual of Diagnosis and Therapy, 20th
Edition, published by Merck Sharp & Dohme Corp., 2018 (ISBN 0911910190, 978-
0911910421); Robert S. Porter et al. (eds.), The Encyclopedia of Molecular Cell Biology and
Molecular Medicine, published by Blackwell Science Ltd., 1999-2012 (ISBN
9783527600908); and Robert A. Meyers (ed.), Molecular Biology and Biotechnology: a
Comprehensive Desk Reference, published by VCH Publishers, Inc., 1995 (ISBN 1-56081-
569-8), Immunology by Werner Luttmann, published by Elsevier, 2006; Janeway's
Immunobiology, Kenneth Murphy, Allan Mowat, Casey Weaver (eds.), W. W. Norton &
Company, 2016 (ISBN 0815345054, 978-0815345053); Lewin's Genes XI, published by
Jones & Bartlett Publishers, 2014 (ISBN-1449659055); Michael Richard Green and Joseph
Sambrook, Molecular Cloning: A Laboratory Manual, 4th ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., USA (2012) (ISBN 1936113414); Davis et al .,
Basic Methods in Molecular Biology, Elsevier Science Publishing, Inc., New York, USA
(2012) (ISBN 044460149X); Laboratory Methods in Enzymology: DNA, Jon Lorsch (ed.)
Elsevier, 2013 (ISBN 0124199542); Current Protocols in Molecular Biology (CPMB),
Frederick M. Ausubel (ed.), John Wiley and Sons, 2014 (ISBN 047150338X,
9780471503385), Current Protocols in Protein Science (CPPS), John E. Coligan (ed.), John
Wiley and Sons, Inc., 2005; and Current Protocols in Immunology (CPI) (John E. Coligan,
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ADA M Kiruisbeek, David H Margulies, Ethan M Shevach, Warren Strobe, (eds.) John Wiley
and Sons, Inc., 2003 (ISBN 0471142735, 9780471142737), the contents of which are all

incorporated by reference herein in their entireties.

One of skill in the art can readily identify a chemotherapeutic agent of use (¢.g. see
Physicians' Cancer Chemotherapy Drug Manual 2014, Edward Chu, Vincent T. DeVita Jr.,
Jones & Bartlett Learning; Principles of Cancer Therapy, Chapter 85 in Harrison's Principles
of Internal Medicine, 18th edition; Therapeutic Targeting of Cancer Cells: Era of Molecularly
Targeted Agents and Cancer Pharmacology, Chs. 28-29 in Abeloff's Clinical Oncology, 2013
Elsevier; and Fischer D S (ed): The Cancer Chemotherapy Handbook, 4th ed. St. Louis,
Mosby-Year Book, 2003).

mCherry is a basic (constitutively fluorescent) red fluorescent protein published in
2004, derived from Discosoma sp.. It is reported to be a very rapidly-maturing monomer with

low acid sensitivity; virally expressed mCherry is pseudocolored magenta.
SmVS5 refers to spaghetti monster V5;

smFLAG refers to Spaghetti Monster FLAG: 10 copies of an epitope tag FLAG-
(DYKDDDDK)

tTAZ2 is a tetracycline dependent transcription activator

W3SL is truncated woodchuck hepatitis posttranscriptional regulatory element and
polyadenylation signal cassette (Choi et al., 2014). Choi JH, Yu NK, Back GC, Bakes J, Seo
D, Nam HJ, Back SH, Lim CS, Lee YS, Kaang BK (2014).

eYFP is enhanced yellow fluorescent protein.

PT Enhancer is mscRE4 enhancer which labels L5 pyramidal tract (PT) neurons
which are a subset of CFPNG.

Calcium-saturated GCaMPG6s is 27% brighter than enhanced GFP (EGFP), its parent

fluorescent protein.

PilxnD1 (intratelencephalic-IT PNs in L2/3 and L5a), Satb2 (IT PNs across both upper
and lower layers), Rorb (L4 pyramidal neurons), and vGAT (pan-GABAergic neurons).

Fezf2 is FEZ Family Zinc Finger 2 gene. Diseases associated with FEZF2 include
Partial Fetal Alcohol Syndrome and Thymic Dysplasia.
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Ctip2 tip2/Bcl11b is a zinc finger transcription factor with dual action
(repression/activation) that couples epigenetic regulation to gene transcription during the
development of various tissues. The transcription factor COUP TF 1-interacting protein 2
(CTIP2) plays critical roles during axonal extension and pathfinding by subcerebral
projection neurons of the cerebral cortex (Arlotta et al., 2005). Here, we report that within the
striatum Ctip2 is uniquely expressed by M SN, specifically labeling this critical neuronal
population from early postmitotic stages. Loss of Ctip2 function results in a failure of MSN
differentiation, disruption of the patch-matrix organization of MSN, and distinct changes in
the expression of multiple genes, including novel molecular identifiers of the patch
compartment. The defect in patch aggregation also results in abnormal dopaminergic
innervation of the striatum. Finally, there is an alteration in the expression of molecules
involved in cellular repulsion and the appearance of heterotopias within the mutant striatum,
strongly suggesting that the loss of Ctip2 disrupts normal mechanisms of cellular repulsion
during development. Journal of Ncuroscience 16 January 2008, 28 (3) 622-632; DOL:
doi.org/10.1523/JINEUROSCI1.2986-07.2008.

Corticofugal projection neurons (CFPNGs) that constitute cortical output channels,
including PlxnD1 (intratelencephalic-IT PNsin L2/3 and L5a), Satb2 (IT PNs across both
upper and lower layers), Rorb (L4 pyramidal neurons), and vGAT (pan-GABAergic

neurons),

hSyn refers to a human synapsin 1 gene promoter, which is recognized in the art to
confer highly neuron-specific long-term transgene expression from an adenoviral vector in

the adult rat brain

TRE-3G refers to a eukaryotic inducible promoter; TRE is made up of Tet operator
(tetO) sequence concatemers fused to a minimal promoter, (commonly the minimal promoter
sequence derived from the human cytomegalovirus (hCMV) immediate-early promoter); In

the absence of Tc or Dox, tTA binds to the TRE and activates transcription of the target gene.

mNeonGreen is a basic (constitutively fluorescent) green/yellow fluorescent protein

published in 2013, derived from Branchiostoma lanceolatum.

WPRE is a woodchuck hepatitis virus post-transcriptional rcgulatory clement
(WPRE) increases transgene expression from a variety of viral vectors, although the precise
mechanism is not known. WPRE is most effective when placed downstream of the transgene,

proximal to the polyadenylation signal.
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dTomato gene is a gene encoding dTomato, which is a basic (constitutively

fluorescent) orange fluorescent protein derived from Discosoma sp.

tdTomato is a genetic fusion of two copies of the dTomato gene; tdTomato is an

exceptionally bright red fluorescent protein.

Unless otherwise defined, all technical terms used herein have the same meaning as

commonly understood by one of ordinary skill in the art to which this disclosure belongs.
DETAILED DESCRIPTION

The present disclosure is based, in part, on the discovery of a dual function RNA
molecule (readrRNA) which permits (i) targeting of a selected somatic cell based on its
transcript profile and (ii) translation in the selected cell of a desired effector protein encoded
by the RNA molecule, translation of the effector protein being implemented through RNA
editing mediated by adenosine deaminase acting on RNA (ADAR).

ADAR Mediated RNA Editing

RNA editing is a widespread post-transcriptional process that alters the sequence of
RNA encoded by the DNA template, ubiquitous in all metazoan cells. Across the animal
kingdom, the most prevalent form of RNA editing is adenosine-to-inosine (A-to-I)
conversion, catalyzed by the ADAR (adenosine deaminase acting on RNA) family of
enzymes, which has three members in mammals (ADARI1, ADAR2, ADAR3). The edited
inosine then base pairs, instead, with cysteine, and is recognized as guanosine (G) by various
cellular machinery. ADAR-mediated A-I editing is ubiquitous to all metazoan cells. See

Figure 3.

There are millions of ADAR editing sites in the transcriptomes of humans and
animals, only a small fraction of this editing occurs in coding mRNAs, altering protein
properties. The vast majority are in non-coding regions, which may influence RNA splicing,
microRNA and shRNA functions. Their most essential role though is to protect cells from
innate immune response to self-generated dsRNAs while letting the immune system destroy

viral dsSRNAs during an infection.
readrRNA

The “readrRNA” refers to an RNA based molecule having a 5’ region and a 3’
region, where the readrRNA molecule comprises, consists of, or consists essentially of (i) a

5’ region comprising a sensor (ses) domain, the sensor domain comprising at least one
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ADAR-editable STOP codon; and (ii) an effector RNA (efRNA) region that is downstream
and in-frame with the sensor domain. The dual-function readrRNA of Applicant’s invention
permits recruitment of the ADAR deaminase to edit a specific site(s) in the readrRNA by
formation of a dSRN A having a mismatch with target RNA expressed in a selected somatic
cell. Upon ADAR-mediated removal of a stop codon from the readrRNA molecule,
translation of a downstream operably linked effector protein encoded by the readrRNA
occurs in the selected somatic cell. Figure 4. In the absence of target RNA in the selected

somatic cell, the readrRINA remains inert in the cell.

Because the readrRNA detects or “senses” target RNA 1in the selected somatic cell,
the readrRNA is an integral component of the system comprised by CellREADR (Cell access
through RNA sensing by Endogenous ADAR), a programmable RNA sensing technology
that leverages RNA editing mediated by ADAR (adenosine deaminase acting on RNA) for
coupling the detection of cell-type defining RINAs with the translation of effector protein(s)

in a somatic cell.
Cell-type Defining RNAs

RNAG s are the central and universal mediator of genetic information underlying the
diversity of cell types and cell states, which together shape tissue organization and
organismal function across species and life spans. Despite advances in RNA sequencing and
massive accumulation of transcriptome datasets across life sciences, the dearth of
technologies that leverage RNAs to observe and manipulate cell types remains a prohibitive

bottleneck in biology and medicine. (Zeng et al. https://doi.org/10.1016/j.cell.2022.06.031)

Cell types are the product of evolution and they are the basic functional units of an
organism. The entire repertoire of cell types in the brain and the body is built through a
sequential and parallel series of spatially and temporally coordinated developmental events
starting from a single fertilized egg, the zygote. This developmental program carries out a
remarkable implementation plan that unravels the identities of all cell types which are
encoded in the genome through evolution. Transcriptional and epigenetic regulatory
programs are unfolded from the genome sequences and drive a cascading series of cell
proliferation and differentiation processes, leading to the manifestation of diverse cellular

phenotypes. (Zeng https://doi.org/10.1016/j.cell 2022.06.031)

RNA expression profiles underlie arguably all phenotypic features of the cell at the

time or state when the cell is characterized and is a one-time snapshot of the cell. A key point
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of distinction is whether the RNA expressed in a selected cell represent a particular cell
state—a transient or dynamically responsive property of a cell to a context—or a cell type, as
a cell type can exist in different states. Cell type-specific changes in RNA expression
associated with different cell states may be seen during circadian cycles, variable metabolic
states, development, aging, or under behavioral, pharmacological, or diseased conditions

(Mayr et al., 2019; Morris, 2019). (Zeng et al. https://doi.org/10.1016/j.cell.2022.06.031)

A single-cell transcriptome is only a one-time snapshot of the cell. However, one can
compare transcriptomes collected from different time points or different behavioral,
physiological, or pathological states. The distinction between cell types and cell states is
particularly challenging during development, as cells continually change their states, and at
certain key time points, they may switch their cell type identities. However, although not
absolute, it is reasonable to assume that transcriptomic changes tend to be more continuous
during cell state transitions, while tending to be more abrupt or discrete when cells switch

their types. (Zeng https://doi.org/10.1016/j .cell 2022.06.031)

For a definition of Cell-type to be meaningful, it 1s ideally associated with what the
cell type does. Thus, in addition to defining a cell type based on its Cell-type defining RNAs,
a cell types is defined by linking its RNA expression to anatomical and functional
information. So far, it has been shown that transcriptomic types have excellent
correspondence with their spatial distribution patterns. Since the spatial distribution pattern is
defined during development, this suggests that transcriptomes may retain the developmental

plan. (Zeng et al. https://doi.org/10.1016/j.cell . 2022.06.031)

Systematic single-cell transcriptomic, epigenomic and spatially resolved
transcriptomic profiling with high temporal resolution, coupled with lineage tracing and other
phenotypic characterization, holds tremendous potential to capture key sets of genes and
genomic regulatory networks involved in these series of events and begin to resolve the
extremely complex spatial and temporal transitions of cell types and states leading to the
adult-stage repertoire of cell types (Allaway ct al., 202 1; Bandler et al., 2022; Bhaduri et al.,
2021; Caoetal., 2019b; Chen et al., 2022; Delgado et al., 2022; Di Bella et al., 2021;
Klingler et al., 2021; LLa Manno et al., 2021; Romanov et al_, 2020; Schmitz et al , 2022;
Sharma et al., 2020; Shekhar et al., 2022; Tiklovaet al., 2019; Zhu et al., 2018). (Zeng et al.
https://doi.org/10.1016/j cell.2022.06.031)
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HIERARCHICAL ORGANIZATION OF TRANSCRIPTOMICALLY DEFINED
CELL TYPES

Within each of these major brain structures, there are multiple regions and subregions,
cach with many cell types. The basic architecture of the mammalian brain (Swanson, 2000,
2012) is composed of: telencephalon, diencephalon, mesencephalon (midbrain), and

rhombencephalon (hindbrain). (Zeng https://doi.org/10.1016/j.cell.2022.06.031)

The Telencephalon (consists of five major brain structures (1) cortex, (2) hippocampal
formation [HPF], (3) olfactory areas, (4) cortical sub-plate, and (5) cerebral nuclei). The
Telencephalon and Diencephalon (including thalamus and hypothalamus are collectively
called forebrain. The Mesencephalon (Midbrain) is divided into tectum and tegmentum. The
rhombencephalon (hindbrain) is divided into the pons, medulla, and cerebellum. (Zeng
https://doi.org/10.1016/j.cell.2022.06.031)

In the cortex, the first (highest) level of branches is the separation of neuronal and
various non-neuronal cell classes (Figure 2A). For neurons, the second level of branches 1s
driven by major brain structures/regions, and the third level comprises various cell subclasses
and types within each major brain structure, although there may be cell types crossing or
shared between brain structures due to cell migration during development. (Zeng

https://doi.org/10.1016/j.cell.2022.06.031)

The cortex is composed of multiple cortical areas (including visual cortex and motor
cortex), each mediating sensory, motor, or associational functions. In each of these areas,
there are two neuronal classes based on the dominant neurotransmitters they release,
glutamatergic and GABAergic, as well as several non-neuronal classes. (Zeng

https://doi.org/10.1016/j.cell.2022.06.031)

The glutamatergic excitatory neurons mostly have long-range axon projections to
other cortical and/or subcortical regions. They are divided into nine subclasses based on their
layer specificity and long-range projection patterns: L.2/3 intratelencephalic projecting [IT],
L4/5 IT, LS IT, L6 IT, Car3 IT, L5 extratelencephalic projecting [ET], L.5/6 near-projecting
[INP], L6 corticothalamic projecting [CT], and L6b. . (Zeng
https://doi.org/10.1016/j.ccll.2022.06.031)

The GABAergic inhibitory neurons mostly have their axon projections confined

within the local area. They are divided into six subclasses named after canonical marker
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genes: Lamp5, Sncg, Vip, Sst, Sst-Chodl, and Pvalb. . (Zeng
https://doi.org/10.1016/j.cell.2022.06.031)

Within each of the glutamatergic or GABAergic subclasses, as well as each non-
neuronal class, there are several transcriptomic clusters or types, resulting in a total of 110
transcriptomic cell types in each cortical area (Brain Initiative Cell Census Network, 2021;
Tasic et al., 2018). This organization is highly consistent with the existing knowledge about
cortical cell types that have been extensively studied in a variety of phenotypic modalities
over the past 50 years (Harris and Shepherd, 2015; Tremblay et al., 2016; Yuste et al., 2020;
Zeng and Sanes, 2017), suggesting that single-cell transcriptomics alone can faithfully
capture the overall cell type organization at class and subclass levels. (Zeng

https://doi.org/10.1016/).cell 2022.06.031)

However, within cortex cell types that are specific to a cortical area or shared among
arcas have both been identified. The shared cell types often exhibit gradient distribution or
gradient gene expression across areas the coexistence of discrete and continuous variations

between types. (Zeng https://doi.org/10.1016/j.cell 2022.06.031)

Discrete variations exist among cell subclasses and major types that are usually at the
higher branches of the hierarchy. Continuous variations are usually found among closely
related transcriptomic clusters or subtypes at lower branches, such as the many IT neuron
types across the cortical depth from L2/3 to L6 (Figure 2C). Cells at opposite ends of the
continuum have clearly distinct transcriptomic profiles, but the transition from one end to the
other is gradual among the cells composing the continuum. (Zeng

https://doi.org/10.1016/j cell.2022.06.031)

Integration of transcriptomics and MERFISH, a spatially resolved transcriptomic
method, reveals the spatial organization of mouse motor cortex cell types (Zhang et al.,
2021a). A major finding of the study is that in addition to the laminar distribution of
glutamatergic neuron subclasses as expected, even GAB Aergic types within each subclass
exhibit layer-selective localization, and the continuous variations among individual
glutamatergic types or GABAergic types correlate well with their continuous distribution
along cortical layers/depth (with a prominent example being that all the excitatory 1.2/3-1.6
1T types line up along the cortical depth from 1.2/3 to 1.6). (Zeng
https://doi.org/10.1016/j.cell.2022.06.031)

CA 03236236 2024-4-24



WO 2023/077135 PCT/US2022/079004

However, it is often unclear if cell types defined by different phenotypic features

agree with each other nor which feature is the right one to define cell types.

By linking the targeting specific RNA transcripts with expression of an encoded
effector molecule such as a fluorescent protein, the cell readrRINA system provides a system
to simultaneously monitor cell type and states thereof, based on transcripts as well as

spatially/morphologically.

The invention described herein is based on Watson-Crick base-pairing and RNA
editing, CellREADR 1) has inherent and absolute specificity to cellular RNA and cells
defined by RNA expression; 2) easy to design, build, use, and disseminate (e.g., DNA
vectors); 3) infinitely scalable for targeting all RN A-defined cell types in any tissue; libraries
of “cell armamentarium” 4) generalizable to most animal species including human; 5)
comprehensive for most cell types and tissues and 6) general across animal species, 7)
applicable to human biology and medicine, 8) programmable to achieve intersectional
targeting of cells defined by two or more RINAs and multiplexed targeting and manipulation

of several cell types in the same tissue.
CellREADR technology

The core of the CellREADR technology is the readrRINA which is an RNA sequence
specific molecular sensor-switch operably linked to an effector molecule. That is a single
modular readrRNA comprises a 5’-prime sense-edit-switch domain (sesSRNA) and a 3’-prime
ettector domain (efRNA). The target specificity of sesRNA is due to its interaction with
complementary sequences on target mRNA. The degree of complementarity determines
whether there is ADAR-mediated editing of the sesSRNA. A sesRNA which is fully
complementary to the target RNA induces ADAR-mediated editing of the sesRNA at the
ADAR editable stop codon.

readrRNAs can be generated from conventional DNA expression vectors. These
vectors consist of a promoter, DNA cassettes coding for sesRNA and efRNA, and 3’
untranslated regions, which can be assembled by routine DNA synthesis and molecular
cloning. In one embodiment, the sesRNA coding cassette may be -~200-300 base pairs, and
the cffcctor gence cassctte may be ——-1-2 kilo basc pairs. These expression vectors can be
readily packaged into various viral particles. readrRNAs can also be generated by direct
single-strand oligonucleotide synthesis, with incorporation of chemically modified

nucleotides if necessary.
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Modular readrRNA

Accordingly, one aspect of the present disclosure provides a modular readrRNA
molecule comprising, consisting of, or consisting essentially of (1) a 5’ region comprising a
sensor domain, the sensor domain comprising at least one ADAR-editable STOP codon; and
(i1) an effector RNA (efRNA) region that is downstream and in-frame with the sensor
domain. The term “modular” when used in the context of the phrase “Modular readrRNA
Molecule” refers a recombinant readrRNA molecule comprising a combination of a much
smaller number of linked structural unit, where each structural unit encodes an independently

functioning protein molecule.

The modular design of the readrRNA molecule, in which different protein encoding
domains are designed at the RNA level and which are assembled in the recombinant
readrRNA molecule in a desired order with a specified number of repeats design, enables the
production of readrRNA molecules with diverse properties. The translation machinery also
has high fidelity so that the desired readrRNA molecule will have the specified amino acid

sequence.

In general, a readrRNA molecule is composed of modular domains that confer
specific functions, including but not limited to facilitation of interactions between cells,
sensing environmental stimuli, effecting a response to environmental stimuli, including

effecting spatiotemporal input/output in a biological system.
Sensor Domain of Modular readrRNA

The sensor domain (sesRNA) comprises a set of nucleotides that are complementary
to and able to detect a specific cell type through sequence-specific base pairing with an RNA
present in the specific cell type. The sensor domain may comprise any number of
nucleotides. In some embodiments, the sensor domain comprises at least 10, at least 20, at
least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 , at least 100, at
least 150, at least 200, at least 250, at least 300, at least 350, at least 400, at least 450, at least
500, at least 550, at least 600, at least 650, at least 700, at least 750, at least 800, at least 850,
at least 900, at least 950, at least 1000. In some embodiments, the sensor domain comprises a
rangc of about 100 to about 900 nuclcotides. In anothcr embodiment, the sensor domain
comprises a range of about 200 nucleotides to about 300 nucleotides. Preferably, the sensor
domain (sesRNA) contains ~200 nucleotides, complementary to and thus can detect a

specific cell type RNA through base pairing.
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The sensor domain also includes one or more ADAR-editable STOP codons that act
as a translation switch (termed herein as the sense-edit-switch RNA (sesRNA)). The sensor
domain thus functions as a sense-edit-switch RNA (sesRNA). The sensor RNA comprises a

nucleotide sequence that is complementary to a cellular RNA.

The modular readrRNA molecule also may include a sequence coding for a selt-
cleaving 2A peptide. In such embodiments, the 2A peptide is positioned in between domains,
preferably between the sensor domain and the effector RNA region and/or between additional
domains/regions that may be present in the readrRNA molecule or CellREADER system, as

discussed further herein.
In-frame effector RNA (efRNA) coding region of Modular readrRNA

Downstream to the sensor domain and, optionally separated by the sequence coding
for the self-cleaving 2A peptide, is an in-frame effector RNA (efRNA) coding region. The
effector RNA (efRNA) may code for an effector protein of interest, such as a label allowing
visualization of the labeled cell. The effector RNA (efRNA) may code for an effector protein
that changes the physiology of a cell. For example, in the case of a treating a disease caused
by a mutation in single gene, the encoded effector protein can be a corrected copy of the
mutated gene. In the case of treating a disease by providing a certain protein, be it

endogenous or exogenous to the organism, the protein can be encoded in the effector region.

Selection of a given efRNA is dependent on the desired use of the readtRNA (e.g.,
treatment of a disease, study of a protein/pathway, etc.) of the readrRINA molecule and can be
readily determined by one skilled in the art. For example, the effector module of CellREADR
(efRNA) can be built to manipulate cells in multiple ways, including enhance activity and
function, suppress activity and function, rescue a mutant cell function by re-introducing an
intact version of the deleted or mutated protein, alter and edit activity and function,
reprogram cell identity, fate, and function, kill and delete a cell type, increase or decrease the
production of cell numbers of a type, and cell type-specific genomic editing and gene

regulation

In cells expressing the target RNA, the sesRNA forms dsRNA, which recruits
cndogcnous ADAR cnzyme. At the STOP codon, A to I cditing converts the STOP to a
TI(G)G tryptophan codon, switching on translation of the efRNA, and generation of effector

proteins. The resulting fusion protein comprising an N-terminal peptide, T2A and C-terminal
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effector, which then self-cleaves through T2 A, releasing the functional effector protein. In

cells that do not express the target RNA, readrRINAs remain inert.

The efRNA-encoded protein may comprise any protein involved in, or that is able to
influence cell replication, gene expression, and/or transcription/translation. Suitable
examples include, but are not limited to, a transcriptional activator, a transcriptional inhibitor,

and a DNA recombinase, and the like.
An effector protein includes but is not limited to

A) an enzyme, for example, proteases, phosphatases, glycosylases, acetylases, or
lipases, b) a protein that mimics a function of a host cell protein, ¢) a transcription factor, d) a
protein partner that facilitates protein—protein interaction, d) a protein that alters host cell
structure and function, for example by facilitating infection (a virulence factors or a toxin)
and/or by triggering a defense response, and/or promoting morphogenesis (Cachat, E | Liu,

W _, Hohenstein, P_et al A library of mammalian effector modules for synthetic morphology .

J Biol Eng 8, 26 (2014). https://doi.org/10.1186/1754-1611-8-26).

For instance, exemplary effector proteins are listed in the Table 4 below.

Table 4

Cell Editing Examples on cellular property Payload examples

cell killing thymidine kinase (TK), cytosine deaminase (CD)

Programmed cell death CASP3, CASP9, BCL, GSDMEL, GSDMD,

Kill and Remove the cell GZMA,GZMB
Cell killing by immune IFNB, IFNG, TNFA, L2, IL12, IL15, CD40L, GSDME,
stimulation GSDMD, CXCL9, CXCL10, CXCL11, CXCL16
Neural activation ChR2, DREADD-M3Dq
Eal 1 functi | v enl _ IFNB, IFNG, TNFA, IL2, IL12, IL15, CD40L, GSDME,
nihance cell function | Immunity enhancer GSDMD, CXCL9, CXCL10, CXCL11, CXCLI1G6
physiological cditing NaChBac, Kir2.1
Protein synthesis inhibition Ricin
Suppress cell function
Neural inhibition DREADD-hM4D, NpHR, GtACR1
Reprogram the cell Neuronal cell fate NEUROD
Regenerate the cell Cell regeneration EGFs, VEGFs
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Thus, effector functions can influence activities of the innate immune cell response,
including phagocytosis, secretion of cytokines, trafficking or promoting function, migration

2

survival, and proliferation of immune cells.

Thus, the encoded effector molecule can be a transactivator or a transrepressor,
stimulating or suppressing, respectively, expression of a gene of interest by binding to the
promoter/enhance region of the gene of interest, be it an endogenous gene, or an exogenous

gene administered as part of the cell rear system.

A transcriptional activator is a protein or small molecule that binds to one or more
specific regulatory sequences in DNA (or RNA in the case of a retrovirus) and stimulates
transcription of one or more nearby genes. Most activators enhance RNA polymerase binding
(formation of the closed complex) or the transition to the open complex required for initiation

of transcription. Most activators interact directly with a subunit of RNA polymerase.

A transcriptional repressor is sequence-specific DNA binding proteins generally
thought to function by recruiting corepressor complexes, which contain multiple proteins

including histone modifying enzymes.
As used herein, “modulated” means regulated in the sense of activated or inhibited.

As used herein, a pathogen comprises an organism that causes disease in human
beings, A pathogen includes but is not limited to a bacterium, a virus, a parasite, an insect, an

algae, a prion and a fungus).
Reporter gene of CellREADR system?2

Another aspect of the present disclosure provides a CellREADR system, the
CellREADR system comprising at least two components, a first component comprising a
modular readrRINA molecule as described herein and optionally an additional compenent(s)
comprising a response gene operably linked (though in this embodiment, not physically
linked) to the efRNA-encoded protein (e.g., transcriptional regulator, e.g., AP1 and SP1.) of
the readrRNA molecule. This allows the readrRNA molecule to activate, increase, decrease
or repress transcription of another protein encoded on a physically separate, exogenously

added nucleic acid molecule, such as caspase molecule which results in cell death.
ADAR Mediated Programmability and Intersectional Targeting

The sensor and effector modules are combinatorial and easily programmable, which

allows to manipulate each cell type in multiple ways and to simultaneously manipulate
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multiple cell types in a tissue, each in a specific and coordinated way. As provided above, in
some embodiments the modular readrRNA molecule comprises, consists of, or consists
essentially of a 5° sensor-edit-switch region (sesRNA) and a 3’ effector coding region
(efRNA), separated by an optional link sequence coding for a self-cleaving peptide 2A. In
some embodiments, the sesSRNA contains about 200 to about 300 nucleotides,
complementary to and thus can detect a specific cell type RNA through base pairing while
also comprising one or more ADAR-editable STOP codons that acts as a translation switch
and wherein downstream is an in-frame effector coding region to generate various effector

proteins of interest.

In cells expressing the target RNA, the sesRNA forms dsRNA with the target RNA,
which recruits endogenous ADAR enzyme. At the STOP codon, A to I editing converts the
STOP to a TI(G)G tryptophan codon, switching on translation of the efRNA, and generation
of effector proteins. The resulting fusion protein comprising an N-terminal peptide, 2A and
C-terminal effector, which then self-cleaves through 2A, releasing the functional effector
protein. Importantly, in cells that do not express the target RNA, the readrRNAs remain inert.
As such, the modular readrRNA molecules can thus be deployed as a single RNA molecular

and can fit easily into viral vector (e.g., an AAV vector), as ADAR is cell endogenous.

In some situations, the ADAR protein(s) are not highly expressed, or in some cases
absent, in the cell. In such cases, the present disclosure provides for the addition of the
ADAR protein (e.g., the ADAR2) to be included within the modular readrRNA molecule
and/or added to the system via a separate vector. The most fundament feature of CellREADR
is that it 1s entirely RNA sequence based and operates through Watson-crick base pairing
which confers numerous highly desirable properties, including, but not limited to, (1)
inherent & absolute specificity to cellular RNAs; (ii) easy to design, build, use, and share
(DNA vectors); (ii1) infinitely scalable libraries of “cell armamentarium™; (iii) comprehensive
for most cell types and tissues; (iv) general across animal species; and (v) human biology and
medicine. Thus, comprehensive and combinatorial CelREADR sensor-effector libraries can
be built for identifying, characterizing and manipulating cell types across organ systems and

animal species.

The programmability of the modular readrRNA molecules provided herein confers
additional power. Accordingly, another embodiment of the present disclosure provides for
the programmability the modular readrRNA molecules and/or intersection targeting using the

modular readrRNA molecules as provided herein.
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First, two or more RNA sensors can be designed to detect two or more separate
cellular RNAS to achieve intersectional targeting of two or more specific cell types. Second,
the same RNA sensor can be linked to different effectors to label, record, and manipulate the
same cell type. Third, a cohort of multiple RNA sensors can be designed to target several
cell types in the same tissue, each expressing a different effector, to coordinately module
tissue function. Fourth, RNA sensors can be designed to detect different threshold levels of a

target RNA to monitor and manipulate different cell states defined by the RINA levels.

In one embodiment, the present disclosure provides for two sensors that are designed
to detect two separate cellular RNAs to achieve intersectional targeting of more specific cell
types. In one aspect, each sensor module has a STOP codon, and only when both are removed
can the effector molecule be expressed. In one embodiment, each sensor comprises at least
one STOP codon. In another embodiment, the same sensor can be used to expression
different effectors to label, record, and manipulate the same cell type. In yet another
embodiment, a plurality of sensors is designed to target several cell types in the same tissue,

cach expressing a different effector, to thereby coordinate module tissue function.

Thus, the RNA sensing domain has the capacity to detect any cellular RNA and thus
the ability to access any RNA-defined cell types and cell states in any human tissues. The
effector domain has the capacity to encode any protein and thus the ability to monitor,

manipulate, and edits many cellular properties.
Generality of targeting cell types and cell states

The RNA sensor domain can detect RNA markers that define cell types and cell
states. Recent advances in single cell RNA sequencing are generating massive datasets in all
human and animal tissues '*° Several major efforts are driving the progress, including the

Human Cell Atlas project (www.humancellatlas.org); the NIH Human Biomolecular atlas

program (commonfund.nih.gov/hubmap); the BRAIN Initiative Cell Census Network

(biccn.org/); and the Allen Brain Cell Atlas {portal brain-map.org/).

All the single cell transcriptome datasets are publicly accessible. RNA markers will
be identified for most if not all major human cell types '**. Furthermore, RNA markers will
be identified for many diseased cell states *. All these RNA markers can be used by
CellREADR to target cell types and cell states. Some of these markers are listed in Table 5.

Tablc 5

62

CA 03236236 2024-4-24



WO 2023/077135 PCT/US2022/079004

Cell types/Tissue Genes
Retina RHO
Heart NPPA
smooth muscle MYH1
adrenal gland CYP11B1
parathyroid gland GCM?2
thyroid gland TG
pituitary gland TSHB
lung SFTPA1
bone marrow CTSG
lymphoid CD1B
liver ALB
gallbladder FGF19
testis LELP1
epididymis DEFB106A
prostate TGM4
seminal vesicle SEMG2
adipose tissue GYG2
Inhibitory Neuron VGAT
Excitaroy Neuron CAMK2
Neuron NEUN
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Delivery

CellREADR can be deployed as a single RNA molecular, as ADAR is cell
endogenous. And can fit easily into AAV viral vector ... in <4.7 Kbs. In practice, the entire
readrRNA is several kilobases, depending on what specific sensors and effectors are
incorporated into the molecule, and thus is deliverable to cells through a delivery system. In
cells expressing the target RNA, sesRNA forms a dsSRNA with the target, which recruits
ADARSs to assemble an editing complex. At the editable STOP codon, ADARs convert A to
I, which pairs with the opposing C in the target RNA. This A -> G substitution converts a
TAG STOP codon to a TI(G)G tryptophan codon, switching on translation of efRNA. The in-
frame translation generates a fusion protein comprising an N-terminal peptide, 2A (if being
used), and C-terminal eftector, which then self-cleaves through 2A and releases the
functional effector protein (see, e.g., Fig. 1a). readrRNA remains inert in cells that do not

express the target RNA.
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Through this disclosure and the knowledge in the art, the modular readrRNA
molecules provided herein, or any components thereof, nucleic acid molecules thereof, and/or
nucleic acid molecules encoding or providing components thereof, as well as any
CellREADR systems as provided herein, can be delivered by various delivery systems.
Examples of such delivery systems include, but are not limited to, DNA or RNA transfection
method: chemical reagents (PEIL lipofectamine, calcium phosphate etc.,) or electroporation,
DNA expression vectors can be packaged into Liposome nanoparticles. readrRNAs can be
transcribed or synthesized in vitro and packaged into Liposome nanoparticles, nanoparticles,
liposomes, recombinant viral vectors (Viral vectors: Adeno-associated virus (AAV), lenti-
virus, and vesicular stomatitis virus are preferred viral vehicles), electroporation exosomes,
microvesicles, gene-guns, the Selective Endogenous eNcapsidation for cellular Delivery
(SEND) system, (an mRNA delivery system comprising humanized virus-like particles
(VLPs) based on retroeclements present in the human genome, (Segel M, et al. Mammalian
rctrovirus-like protcin PEG10 packagces its own mRNA and can be pscudotyped for mRNA
delivery. Science. 2021;373:882-889. doi: 10.1126/science.abg6155), combinations thereof,
and the like.

The modular readrRNA molecules and/or any of the RNAs (e.g., sesRNA, efRNA,
etc.) and/or any accessory proteins and/or CellREADR systems can be delivered using
suitable vectors, e.g., plasmids or recombinant viral vectors, such as adeno-associated virus
(AAYV), adenovirus, retrovirus, lentivirus, herpes viral vector, vesicular stomatitis virus, and
other viral vectors or combinations thereof. The proteins, e.g., sesRNA, efRNA, efRNA
response genes, protein encoding or non-encoding RNAs (e.g., sgRHA, shRNA, etc.), Cell
READR systems, etc., can be packaged into one or more vectors, e.g., plasmids or viral
vectors. For example, in some embodiments, a second expression vector that comprises an
¢fRNA response gene operably linked to the efRNA-encoded protein is co-delivered with the
readrRNA molecule and/or CellREADR system, wherein upon successful translation of the
modular readrRNA molecule and effector RNA results in successful binding and activation
of the reporter product. In some embodiments, the efRNA response gene comprises a
reporter gene (e.g., reporter genes including, but not limited to, GFP, mRuby, mCherry,
ChR2, DTA, Geamp, TK, interferon, etc.). In other embodiments, the efRNA response gene

comprises a secondary effector gene.

For bacterial applications, if applicable, the nucleic acids encoding any of the

components of the modular readrRNA molecule systems described herein can be delivered to
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the bacteria using a phage. Exemplary phages include, but are not limited to, T4 phage, u, A
phage, 'I'5 phage, 17 phage, 13 phage, ®29, M13, MS2, QB, and ®X174. In such

embodiments, the addition of exogenous ADAR may be required.

In some embodiments, the vectors, e.g., plasmids or recombinant viral vectors, are
delivered to the tissue of interest by, e.g., intramuscular injection, intravenous administration,
transdermal administration, intranasal administration, oral administration, or mucosal
administration. Such delivery may be either via a single dose, or multiple doses. One skilled
in the art understands that the actual dosage to be delivered herein may vary greatly
depending upon a variety of factors, such as the vector choices, the target cells, organisms,
tissues, the general conditions of the subject to be treated, the degrees of
transformati on/modification sought, the administration routes, the administration modes, the

types of transformation/modification sought, etc.

In some embodiments, the recombinant viral vector comprises an adenovirus vector
which can be at a single dose containing at least 1x10° particles (also referred to as particle
units, pu) of adenoviruses. In some embodiments, the dose preferably is at least about 1x10°
particles, at least about 1x10” particles, at least about 1x10® particles, and at least about 1x10°

particles of the adenoviruses.

In some embodiments, the delivery is via a recombinant adeno-associated virus
(rAAV) vector. For example, in some embodiments, a modified AAV vector may be used for
delivery. Modified AAV vectors can be based on one or more of several capsid types,
including AAV1, AV2, AAVS5, AAV6, AAVE, AAV 82. AAV9, AAV rhlO, modified AAV
vectors (e.g., modified AAV2, modified AAV3, modified AAV6) and pseudotyped AAV
(e.g., AAV2/8, AAV2/5 and AAV2/6), AAV-PHP eB and any variants thereof, AAV-PHP.S
and any variants thereof, AAV-PHP.V1 and any variants thereof, and the like . Exemplary
AAYV vectors and techniques that may be used to produce rAAV particles are known in the
art.

In some embodiments, the delivery is via plasmids. The dosage can be a sufficient
number of plasmids to elicit a response. In some cases, suitable quantities of plasmid DNA in
plasmid compositions can be from about 0.1 to about 2 mg. Plasmids will generally include
(1) a promoter; (ii) a sequence encoding a modular readrRNA molecule and/or CellREADR
system as provided herein, each operably linked to a promoter (e.g., the same promoter or a

different promoter); (iii) a selectable marker; (iv) an origin of replication; and (v) a
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transcription terminator downstream of and operably linked to (ii). The plasmids can also
encode other RNA components, but one or more of these may instead be encoded on different
vectors. The frequency of administration is within the ambit of the medical or veterinary

practitioner (e.g., physician, veterinarian), or a person skilled in the art.

In those cells/systems (e.g., bacterial cells and certain plant cells) where the ADAR
protein is not expressed, or is expressed at low levels, plasmids (either alone or those
expressing a modular readrRINA molecule and/or a CelIREADR system as provided herein),

may further comprise a sequence encoding an ADAR gene (e.g., Adarl, Adar2, etc.)

Exogenous ADARSs or engineered ADARs (i.e. with improved functionality) may
increase the efficiency of CellREADR system. Exogenous ADAR can be delivered into

animal (or plant) cells in the following ways

1) ADAR1 or ADAR?2 is delivered with a separate construct/DNA vector (from
the Readr construct) with CMV, CAG promoter, by transfection or virus infection (AAV,

lentiviruses, etc).

2) ADARI1 or ADAR2 is placed in front of SesRNA sequence in the same

CellReadr construct/DAN vector, and delivered into cells by transfection or virus infection.

3) ADARI1 or ADAR2 mRNAs are delivered into cells by LNPs, with the
CellReadr DNA vector or RNA.

4) ADARI1 or ADAR?2 proteins are delivered into cells by LNPs or VLP(viral
like particles), with the CellReadr DNA vector or RNA.

In another embodiment, the delivery is via liposomes or lipofection formulations and
the like, and can be prepared by methods known to those skilled in the art. Such methods are
described, for example, in WO 2016205764 and U.S. Pat. Nos. 5,593,972; 5,589,466; and

5,580,859; each of which is incorporated herein by reference in its entirety.

In some embodiments, the delivery is via nanoparticles or exosomes. For example,

exosomes have been shown to be particularly useful in delivery RNA.

Further means of introducing one or more components of the modular readrRNA
molecule systems as provided herein to the cell is by using cell penetrating peptides (CPP). In
some embodiments, a cell penetrating peptide is linked to the modular readrRNA molecule.
In some embodiments, the modular readrRNA molecule and/or any components thereof are

coupled to one or more CPPs to effectively transport them inside cells (e.g., plant
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protoplasts). In some embodiments, the modular readrRNA molecule and/or any components
thereof are encoded by one or more circular or non-circular DNA molecules that are coupled

to one or more CPPs for cell delivery.

CPPs are short peptides of fewer than 35 amino acids derived either from proteins or
from chimeric sequences capable of transporting biomolecules across cell membrane in a
receptor independent manner. CPPs can be cationic peptides, peptides having hydrophobic
sequences, amphipathic peptides, peptides having proline-rich and anti-microbial sequences,
and chimeric or bipartite peptides. Examples of CPPs include, e.g., Tat (which is a nuclear
transcriptional activator protein required for viral replication by HIV type 1), penetratin,
Kaposi fibroblast growth factor (FGF) signal peptide sequence, integrin 3 signal peptide
sequence, polyarginine peptide Args sequence, Guanine rich-molecular transporters, and

sweet arrow peptide.

Yet another means of introducing one or more components of the modular readrRNA
molecule systems as provided herein to the cell is by using SEND (see, ¢.g., Segel, M. et al.,
2021. Science 373:6557; 882-889, the contents of which are hereby incorporated by
reference in its entirety). In such embodiments, retroviral-like proteins, such as PEG10,
which directly binds to and secretes its own mRINA in extracellular virus—like capsids, are
pseudotyped with tfusogens to deliver functional mRNA cargos (i.e., a modular readrRNA

molecule as provided herein) to mammalian cells.

Other embodiments of the present disclosure provide for modification of a modular
readrRNA molecule as provided herein. Such modifications may be for any purpose, such as
increased stability, ability of the modular readrRINA molecule to evade the subject’s
immunity, and the like. For example, in instances where the modular readrRNA molecule
comprises a circular RNA molecule, one such modification may include N6-methyladenosine
modification. For example, inclusion of an N6-methyadenosine reader Y THDEFZ2 sequence
enables the sequestration of N6-methyladenosine-circularRNA thereby allowing for the
suppression of innage immunity (see, e.g., Chen, Y.G. et al., (2019) Molecular Cell (76):1;
96-109, the contents of which are hereby incorporated by reference in its entirety). In other
embodiments, such modifications may include the replacing of uridine with pseudouridine to
help evade the immune system of a subject (see. e.g., Dolgin, E. (2021) Nature 597; 318-324,

the contents of which are hereby incorporated by reference in its entirety).

Pharmaceutical Compositions
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In another aspect, the present disclosure provides compositions comprising one or
more of the modular readrRNA molecules as described herein, or a delivery system
comprising a modular readrRNA molecule as provided herein (herein used singly or together
as “molecules”) and an appropriate carrier, excipient or diluent. The exact nature of the
carrier, excipient or diluent will depend upon the desired use for the compositions and may
range from being suitable or acceptable for veterinary uses to being suitable or acceptable for
human use. The compositions may optionally include one or more additional compounds

and/or therapeutic agents.

Pharmaceutical compositions may take a form suitable for virtually any mode of
administration, including, for example, topical, ocular, oral, buccal, systemic, nasal, injection,
transdermal, rectal, vaginal, etc., or a form suitable for administration by inhalation or

insufflation.

Alternatively, other pharmaceutical delivery systems may be employed. Liposomes
and emulsions are well-known examples of delivery vehicles that may be used to deliver
molecule(s). Certain organic solvents such as dimethyl sulfoxide (DMSQO) may also be

employed, although usually at the cost of greater toxicity.

The pharmaceutical compositions may, if desired, be presented in a pack or dispenser
device which may contain one or more unit dosage forms containing the molecule(s). The
pack may, for example, comprise metal or plastic foil, such as a blister pack. The pack or

dispenser device may be accompanied by instructions for administration.

The molecule(s) described herein, or pharmaceutical compositions thereof, will
generally be used in an amount effective to achieve the intended result, for example in an
amount effective to treat or prevent the particular disease being treated. By therapeutic
benefit is meant eradication or amelioration of the underlying disorder being treated and/or
eradication or amelioration of one or more of the symptoms associated with the underlying
disorder such that the patient reports an improvement in feeling or condition, notwithstanding
that the patient may still be afflicted with the underlying disorder. Therapeutic benefit also
generally includes halting or slowing the progression of the disease, regardless of whether

improvement is realized.

Determination of an effective dosage of molecule(s) for a particular use and mode of
administration is well within the capabilities of those skilled in the art. Effective dosages may

be estimated initially from in vifro activity and metabolism assays. For example, an initial
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dosage of compound for use in animals may be formulated to achieve a circulating blood or
serum concentration of the metabolite active compound (e.g., efRNA product) that is at or
above an IC50 of the particular compound as measured in as in vitro assay. Calculating
dosages to achieve such circulating blood or serum concentrations taking into account the
bioavailability of the particular compound via the desired route of administration is well
within the capabilities of skilled artisans. Initial dosages of compound can also be estimated
from in vivo data, such as animal models. Animal models useful for testing the efficacy of the
active metabolites to treat or prevent the various diseases described above are well-known in
the art. Animal models suitable for testing the bioavailability and/or metabolism of
compounds into active metabolites are also well-known. Ordinarily skilled artisans can
routinely adapt such information to determine dosages of particular compounds suitable for

human administration.

Dosage amounts will depend upon, among other factors, the activity of the active
compound, the bioavailability of the compound, its metabolism kinetics and other
pharmacokinetic properties, the mode of administration, and various other factors, discussed
above. Dosage amount and interval may be adjusted individually to provide plasma levels of
the compound(s) and/or active metabolite compound(s) which are sufficient to maintain
therapeutic or prophylactic effect. For example, the compounds may be administered once
per week, several times per week (e.g., every other day), once per day or multiple times per
day, depending upon, among other things, the mode of administration, the specific indication
being treated and the judgment of the prescribing physician. In cases of local administration
or selective uptake, such as local topical administration, the effective local concentration of
compound(s) and/or active metabolite compound(s) may not be related to plasma
concentration. Skilled artisans will be able to optimize effective dosages without undue

experimentation.
CELL MANIPULATION

In order to monitor and/or change the physiclogy of a cell, or group of cells of
interest, the cell(s) of interest are identified on the basis of differential expression of one or
more RNA transcripts the cell(s)’s through the SES component of the readrRNA. Through
ADAR mediated editing, the operably linked effector molecule(s) are translated and may
label the cell fluorescently, and/or effect some desired change in the physiology of the cell(s),

including cell death.
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In addition to the physical linkage of the SES component of the readrRNA to the
encoded effector of the readrRINA, the cells of interest can further comprise a second nucleic
acid entity that is under the control of the encoded effector of the readrRNA, comprising a
system called a CelREADR system. For example the effector of the ReadrRNA can encode
a transactivator that can activate genes either encoded on a second nucleic entity, where the
second nucleic entity is endogenous to the cell encoding a gene under the control of the
transactivator that is endogenous to the cell, and/or where the second nucleic entity is
exogenously added to the cell and encodes a gene(s) under the control of the transactivator

that is exogenous and/or endogenous to the cell.

A transactivator or repressor can also silence or decrease expression of specified
endogenous genes in a cell by controlling the expression of exogenous genes encoding tight
hairpin loops (shRNA) that silence. It is also noted that an alternative to being located on a
second nucleic entity, genes under control of the transactivator optionally can be positioned
on the readrRNA molecule itself. In the case of cells comprising a mutated gene that is
ultimately causing a disease or disorder in a patient, the effector can encode a functioning

gene and/or cause expression of nucleic encoding a functioning gene.

Accordingly, cells or tissues express the modular readrRINA molecules, and systems
comprising such modular readrRNA molecules,. Hence, another aspect of the present
disclosure provides a cell comprising a modular readrRNA molecule as provided, or a
delivery system comprising a modular readrRNA molecule as provided herein. The
readrRNA molecules provided herein can be expressed in prokaryotic and eukaryotic cells.
In some embodiments, the cell comprises a eukaryotic cell. In one embodiment, the

eukaryotic cell comprises a mammalian cell or a plant cell.

Another aspect of the present disclosure provides an animal model or a plant model

comprising the cell as provided herein.
Treatment

The present disclosure further encompasses methods comprising a readrRNA

molecule as provided herein and as provided in the Examples below.

Another aspect of the present disclosure provides a method of detecting the presence
or dynamics of cell state-defining cellular RNA and/or switching on the translation of one or
more effector proteins, the method comprising, consisting of, or consisting essentially of

detecting/hybridizing the target effector RNA with a modular readrRNA molecule as
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provided herein, or a delivery system comprising a modular readrRNA molecule as provided
herein, or a pharmaceutical composition as provided herein, in which the sensor domain
detects and binds a specific cell type RNA through sequence-specific base pairing, the one or
more ADAR-editable STOP codons act as a translation switch thereby allowing for the

translation of the effector RNA that encodes for the effector protein.
In some embodiments, the effector proteins are within a cell.

Detecting/assessing a dynamic state of a cell is critical to detecting a disease in an
individual, for diagnosis. Detecting/assessing a dynamic state of a cell is critical to a targeted
treatment of a disease in an individual by providing a therapeutic specifically to specified
targeted cells where the therapeutic can be most effective and with reduced pleiotropic side
effects. However, the effector molecules can subsequently function outside the specified cell,

for example in the case of secreted cytokines and interleukins, and T-CARs.

Another aspect of the present disclosure provides a method of treating a condition
and/or disease in a subject in need thereof, the method comprising, consisting of, or
consisting essentially of administering to the subject a modular readrRNA molecule as
provided herein, or a delivery system comprising a modular readrRNA molecule as provided

herein, such that the condition and/or disease 1s treated in the subject.

In some embodiments, the condition and/or disease is selected from the group

consisting of cancer, infectious disease, a genetic disorder, and the like.

. As used herein, “treating” of a condition and/or disease is ameliorating any condition
or symptom associated with the condition and/or disease. As compared with an equivalent
untreated control, such reduction is by at least 5%, 10%, 20%, 40%, 50%, 60%, 80%, 90%,
95%, 99% or more as measured by any standard technique. A variety of means for
administering the compositions described herein to subjects are known to those of skill in the
art. Such methods can include, but are not limited to oral, parenteral, intravenous,
intramuscular, subcutaneous, transdermal, airway (aerosol), pulmonary, cutaneous, topical,
injection, or intratumoral administration. Administration can be local or systemic. In some

embodiments of any of the apsects, the administration 1s subcutaneous.

Examples of somatic cell type-specific gene therapy include cell type-specific
complementation of normal mRNA/protein in monogenic diseases, including but not limited

to, muscular dystrophy, cystic fibrosis Cystic fibrosis, congenital deafness, Duchenne
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muscular dystrophy, familial hypercholesterolemia, Hemochromatosis, Neurofibromatosis

type 1 (NF1), Sickle cell disease and Tay-Sachs disease.

Treatment of cancer: (e.g. solid tumors; leukemia) includes using readrRNA and
cellREADR for detecting cancer cells by their upregulated and/or aberrant forms of RINAs,
and to eliminate cancer cells by expression of one or more cell death proteins including, but
not limited to caspase, programmed cell death protein 1, Caspase 8, Bcl-2-associated X
protein, PDL-L1, Caspase 3, CFLAR, Bcl-xl, SMAC/Diablo, Diablo homolog, Bcl-
2homologous antagonist killer, FADD, BECN1, Death receptor 5, PDCD6, RIP1 kinase,
RIP3 kinase, and granzyme; or receptors to recruit immune killer cells including, but not
limited to, CD16, chemokine receptors (CCR2, CCR5, CXCR3 and CX3CR 1) and p2-
integrin LFA-1.

readrRNA and cellREADR can be used for treatment of liver diseases (advantage in
delivery by lipid nanoparticles via portal vain etc.) including but not limited to chronic
hepatitis B, C, non-alcoholic steatohepatitis (NASH); diseases of the heart, as well as
infectious disease including but not limited to latent viral infections (intracellular parasites),

and resistant infections, e.g., Epstein Bar virus, Herpes, Tuberculosis, Prion, Zika, HIV

readrRNA and celIREADR can be used for treatment of chronic pain: widespread &
wide impact; e.g. diabetic neuropathy; NIDA, NINDS HEAL Initiative) > non-addictive pain
treatment. readrRNA and cellREADR can modulate ion channel and receptor expression in
specific sensory neurons and glia cell types in peripheral ganglia by targeted local AAV

vector injection.

readrRNA and celREADR can be used for treatment of epilepsy which is currently
often treated by surgical resection of brain tissues. Epilepsy often results from aberrant
neural activities in certain neuronal cell types. That is, Epilepsy is characterized by hyper-
synchronized neural activity of pathological brain networks. Brain circuits comprise multiple
excitatory and inhibitory cell types, each making unique contribution in information
processing and excitation-inhibition balance. Neural activities in some cell types promote
while in other cell types suppress seizure at different phases of epilepsy (initiation,
maintenance). Using readrRNA and celIREADR for cell type specific modulation of brain
circuit activity through RNA sensor(s)-effector(s) (e.g. druggable GPCRs, ion channels etc) is
a promising approach to control and treat epilepsy. Thus, readrRNA and cellREADR can be

used for cell type-targeted modulation of neural activity to suppress and treat epilepsy.
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KITS

The present disclosure further provides kits comprising the compositions provided
herein and for carrying out the subject methods as provided herein. For example, in one
embodiment, a subject kit may comprise, consist of, or consist essentially of one or more of
the following: (i) a modular readrRNA molecule as provided herein; (i1) a CellREADR
system as provided herein; (iii) delivery systems comprising a modular readrRNA and/or
CellREADR system as provided herein; (iv) cells comprising a modular readrRNA and/or
CellREADR system and/or delivery system comprising a modular readrRNA and/or
CellIREADR system as provided herein; and/or (v) pharmaceutical compositions as provided

herein.

In other embodiments, a kit may further include other components. Such components
may be provided individually or in combinations and may provide in any suitable container
such as a vial, a bottle, or a tube. Examples of such components include, but are not limited
to, (i) one or more additional reagents, such as one or more dilution buffers; one or more
reconstitution selutions; one or more wash buffers; one or more storage buffers, one or more
control reagents and the like, (11) one or more control expression vectors or RNA
polynucleotides; (iii) one or more reagents for in vitro production and/or maintenance of the
of the molecules, cells, delivery systems etc. provided herein; and the like. Components
(e.g., reagents) may also be provided in a form that is usable in a particular assay, orin a
form that requires addition of one or more other components before use (e.g. in concentrate
or lyophilized form). Suitable bufters include, but are not limited to, phosphate buftered
saline, sodium carbonate buffer, sodium bicarbonate buffer, borate buffer, Tris buffer, MOPS
buffer, HEPES buffer, and combinations thereof. Kit components may also be provided
individually or in combinations, and may be provided in any suitable container, such as a
vial, a bottle, or a tube. In some embodiments, the kits disclosed herein comprise one or more

reagents for use in the embodiments disclosed herein.

In addition to above-mentioned components, a subject kit can further include
instructions for using the components of the kit to practice the subject methods. The
instructions for practicing the subject methods are generally recorded on a suitable recording
medium. For example, the instructions may be printed on a substrate, such as paper or plastic,
etc. As such, the instructions may be present in the kits as a package insert, in the labeling of
the container of the kit or components thereof (i.e., associated with the packaging or

subpackaging) etc. In other embodiments, the instructions are present as an electronic storage
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data file present on a suitable computer readable storage medium, e.g. CD-ROM, diskette,
flash drive, etc. In yet other embodiments, the actual instructions are not present in the kit,
but means for obtaining the instructions from a remote source, e.g. via the internet, are
provided. An example of this embodiment is a kit that includes a web address where the
instructions can be viewed and/or from which the instructions can be downloaded. As with

the instructions, this means for obtaining the instructions is recorded on a suitable substrate.

Another aspect of the present disclosure provides all that is described and illustrated
herein. The following Examples are provided by way of illustration and not by way of

limitation.
EXAMPLES

General Methods common to the below working examples

Plasmids: All constructs were generated using standard molecular cloning
procedures. Vector backbones were linearized using restriction digestion, and DNA fragment
inserts were generated using PCR or gBlock synthesis (IDT). Information on all plasmids is
included in Table 6. All sesRNA inserts are generated by gBlock synthesis (IDT), and

sesRNA sequences are included in Table 7.

Cell culture and Transfection: The HeLa cell line was obtained from A. Krainer
laboratory (Cold Spring Harbor Laboratory). Mouse neuroblastoma Neuro-2a (IN2a) cells
were purchased from Millipore-Sigma (Sigma, Cat. 89121404). The HEK293T and KPC1242
cell lines were obtained from D. Fearon laboratory (Cold Spring Harbor Laboratory).
HEK?293T, Hela and N2a cell lines were cultured in Dulbecco's Moditied Eagle Medium
(Corning, 10-013-CV) with 10% fetal bovine serum (FBS) (Gibco, Cat. 16000036) under 5%
CO2 at 37 °C. 1% penicillin—streptomycin were supplemented in the medium. Cells were
transfected with the Lipofectamine2000 (Invitrogen, Cat. 11668019) DNA transfection
reagent according to the manufacturer's instructions. For interferon treatment, medium
containing 1nM Recombinant Mouse IFN-f (R&D, Cat. 8234-MB) was used and changed
every 24 hours during the transfection process. For tetracycline treatment, medium containing
indicated tetracycline concentration was used 24 hours after transfection to replace the

tetracycline free medium and for 48 hours before analysis.

Animals: Wide type mice were purchased from Jackson Laboratory (C57BL/6J,
000664). Fezf2-CreER and Rosa26- LoxpSSTOLoxp-H2bGFP mice were described

previously. To label Fezf2+ cortical pyramidal neurons, 200mg/kg dose of tamoxiten
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(T56648, Sigma) was administered by intraperitoneal injection two days before AAV
injection.

ADAR1 Knockout cell line construction: ADARI1 Knockout cell line was generated
via CRISPR-Cas9 genome editing. The gRNAs were cloned into pSpCas9 (BB)-2A-puro
(pX459) (Addgene, Cat. 62988). The gRNA sequences were 5’
GGATACTATTCAAGTCATCTGGG 3” (gRNA1) and 5 GTTATTTGAGGCATTTGATG
3’ (gRNA2).

Briefly, ADAR1 knockout cells were generated with two gRINAs targeting exon 2,
which is shared by both ADAR1-p110 and ADAR1-p150 isoforms. HEK293T cells were
seeded into 6 well plates and transfected with lug plasmid mixture of pX459-gRNA1 and
pX459-gRNAZ using Lipofectamine 2000 (Thermo Fisher Scientific, Cat. 11668019). On the
next day, all the media containing transfection reagents was removed and replaced with fresh
medium supplemented with puromycin (final conc. 2ug/ml). Fresh medium with puromycin
replaced with old medium every two days for three times. The remaining cells after
puromycin selection was harvested with TrypLE (Gibco, Cat. 12605036) and distributed in
96-well plate with 1-2 cells each well. Expanded single clones were screened for ADARI
deficiency by western blot and disruption of the ADAR1 genomic locus was confirmed by

Sanger sequencing.

CellREADR efficiency for exogenous or endogenous transcripts: To assay
CellREADR efficiency with fluorescence reporter genes, HEK293T cells or HEK293T
ADARI1 knockout cells were first seeded in 24-well plates. After 24 hours, cells were co-
transfected with 1.5 ug plasmids in total. At 48 hours of post transfection, cells were
collected and prepared for FACS analysis. CellREADR efficacy was calculated as the ratio of
GFP+ to GFP+ + XFP+) from FACS data. For some controls (without CAG-tdT generated
tdTomato target RNA, thus no RFP+ cells), CellREADR efficiency was calculated as the

percent of GFP+ cells among all the counted cells.

sesRNA design: The following procedure is used for sesRNA design: 1) sesRNA is
complementary, i.e. anti-sense, to a specific cellular coding or non-coding RNA sequence; 2)
The optimal length of a sesRNA is 200-300 nucleotides; 3) readrRNA consists of a sesRNA
and efRNA arranged in a continuous translation reading frame; 4) One or more STOP codons
(TAG) are placed near the center of a sesRNA (ranging between ~80- 220 nucleotide from 5’
end); 5) find 5’-CCA-3’ sequences in the target RNA, which is complementary to a 5’-TGG-
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3’ sequence in sesRNA; then replace 5’-TGG-3 with 5’-TAG-3’, so that a mismatch A-C
will be introduced when sesRNA base pairs with the target RNA; 6) to ensure that there are
no other STOP codons in the sesRNA, all other TAG, TAA, TGA sequences in sesRNA are
converted to GAG, GAA, GGA, respectively; preferably the converted STOP codons are not
near (i.e. more than10bp from) the TAG defined in step 5; 7) there should be no ATG
(initiation codon) after TAG defined in step 5 to exclude the possibility of unintended
translation initiation; 8) sesRNAs can be directed to any region of a cellular transcript,
including exons, introns, UTR regions, or mature mRNA after splicing. 9) avoid sesRNA

with complex secondary structures.

A-to-I editing rate by CelIREADR: To evaluate the A-to-I editing rate, HEK293T
cells were seeded in 12-well plates. At 48-hour post transfection, cells were collected and
RNA was extracted. RNAs were purified with RNeasy Mini Kit (Qiagen Cat. 74106) and
converted to cDNA using PrimeScript™ RT Reagent Kit (Takara, RR037A). PCR products
covering the whole sesRNA region was generated with CloneAmp HiFi1 PCR Premix
(Takara, Cat. No. 639298), and purified with NucleoSpin Gel and PCR Clean-up kit (Takara,
Cat. No. 74061) for Sanger sequencing. Editing efficacy was calculated as the ratio of Sanger
peak heights G/(A + G).

Transcriptome-wide RNA-sequencing analysis: The readrRNACtr] or
readrRNAPCNA, readrRNAEEF1A1-CDS-expressing plasmids with the red fluorescent
protein (tdTomato) expression cassette were transfected into HEK293T cells. The RFP+ cells
were enriched by FACS sorting 48 h after transfection, and RN As were purified with RNeasy
Mini Kit (Qiagen Cat. 74106). To prepare the library, RNA samples were processed with the
TrueSeq Stranded mRNA library Prep kit (Illumina, 20020594) and TrueSeq RNA Single
Indexes (Illumina, 20020492). Deep sequencing analysis were performed in Illumina
NextSeq500 platform at Cold Spring Harbor Laboratory NGS Bioinformatics Center. FastQC
was applied to RNA-seq data to check the sequencing quality. All samples passed quality
check were mapping to reference genome (GRCh38-hg38). STAR (version 2.7.2) and RSEM
(version 1.3 2) 44 43 42 41 were used to annotate the genes. TPM values was calculated from
RSEM. For all genes with at least one of the libraries above zero reads, the average
expression values across biological replicates were compared between samples for detecting
differentially expressed genes, using DESeq232313131. Genes with adjusted p-values < 0.01

and Fold Change > 2 or < 0.5 were identified as significantly differentially expressed.
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Western blot: Primary antibodies against ADARI1 (Santa Cruz, sc-271854, 1:500),
GFP antibody (mAb Cat. 2956, 1:10000), B-Actin antibody (B-Actin (8H10D10) mAb Cat.
3700, 1:10000) were used in this study. Standard western blot protocols are employed.
Briefly, ~2 x 106 cells were lysed and an equal amount of each lysate was loaded for SDS—
PAGE. Then, sample proteins were transferred onto polyvinylidene difluoride membrane
(Bio-Rad Laboratories) and immunoblotted with primary antibodies against ADAR1 or GFP,
followed by secondary antibody incubation (1:10,000) and exposure.

Luciferase complementation assay: Forty-eight hours after transfection, HEK293T
cells expressing firefly luciferase gene were washed in PBS, collected by trituration and
transferred to 96-well plates. Promega Luciferase Assay System (Promega, E1500) was used.
Firefly luminescence was measured using SpectraMax Multi-Mode Microplate Readers

(Molecular Devices).

Flow cytometry analysis: Two days after transfection, cells were harvested with
TrypLE (Gibco,Cat. 12605036), distributed in 96- well round-bottom plate and centrifuged at
500 rpm for 1 min at 4°C. Supernatant was removed and cells were resuspended with 1%
PF A buffer and incubated at 4°C overnight or longer time. The cells were then resuspended
with 200ul Flow Cytometry Staining Buffer (Invitrogen, Cat. 00-4222-26) before analysis
using a LSR Fortessa (BD Biosciences). The Fortessa was operated by FACSDIVA (BD
Biosciences) software. Data analysis was performed with FlowJo 10 (FlowJo, LLC). For
sorting, cells were submitted to the same procedure as for flow cytometry analysis but

without 19 PFA treatment and processed using BD FACSAria (BD Biosciences).

gqRT-PCR: RNA was extracted and purified with RNeasy Mini Kit (Qiagen Cat.
74106). RNA was converted to cDNA using PrimeScript™ RT Reagent Kit (Takara,
RRO37A). qRT-PCR was performed with Taqgman probes on the QuantStudio 6 Flex real-
time PCR system. The housekeeping gene TBP was used for normalization. The gene probes
are purchased from Thermo Fisher Scientific. (Thermo Fisher Scientific EEF1A1:
Hs01591985, PCNA: Hs00427214, XIST: Hs00300535, ACTB: Hs03023943). The
housekeeping gene TBP (Thermo Fisher Scientific TBP: Hs00427620) was used for

normalization.

Immunohistochemistry: Four-week to ten-week old mice were anesthetized (using
Avertin) and intracardially perfused with saline followed by 4% paraformaldehyde (PFA) in

0.1 M PBS buffer. Following overnight fixation at 4°C, brains were rinsed three times and
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secticned 50um thick with a Leica 1000s vibratome. Sections were placed in blocking
solution containing 10% Normal Goat Serum (NGS) and 0.1% Triton-X100 in PBS1X for 1
hour, then incubated with primary antibodies diluted blocking solution overnight at 4 °C.
Anti-GFP (1:1000, Aves, GFP-1020); anti-CTIP2 (1:250, Abcam 18465) were used. Sections
were rinsed 3 times in PBS and incubated for 1 h at room temperature with corresponding
secondary antibodies (1:500, Life Technologies). Sections were dry-mounted on slides using

Fluoromount (Sigma, F4680) mounting medium.

Stereotaxic viral injection: Adult mice were anesthetized by inhalation of 2%
1sofluorane delivered with a constant air flow (0.4 L/min). Ketoprofen (5 mg/kg) and
dexamethasone (0.5 mg/kg) were administered subcutaneously as preemptive analgesia and
to prevent brain edema, respectively, prior to surgery, and lidocaine (2-4 mg/kg) was applied.
Mice were mounted in a stereotaxic headframe (Kopf Instruments, 940 series or Leica
Biosystems, Angle Two). Stereotactic coordinates were identified. An incision was made
over the scalp, a small burr hole drilled in the skull and brain surface exposed. A pulled glass
pipette tip of 20—-30 um containing the viral suspension was lowered into the brain; a 500 nl
volume of single or mixed viruses was delivered at a rate of 30 nl/min using a Picospritzer
(General Valve Corp); the pipette remained in place for 10 min preventing backflow, prior to
retraction, after which the incision was closed with nylon suture thread (Ethilon Nylon
Suture, Ethicon Inc. Germany) or Tissueglue (3M Vetbond), and animals were kept warm on

a heating pad until complete recovery.

Virus production: All adeno-associated viruses (AAVs) were packaged by
commercial vector company Vigene Inc. hSyn- Adar2-sesRNAFezf2-tTA2, TRE3g-mRuby3
TRE3g-eGFP was packaged as AAV-DIJ serotype. hSyn-Adar2- sesRNACtip2-tTA2 was

2

packaged as PHP .eb serotype.

Microscopy and Image Analysis: Cell imaging in tissue culture was performed on
ZEISS Axio Observer (CSHL St. Giles Advanced Microscopy Center). Imaging from serially
mounted brain sections was performed on a Zeiss LSM 780 or 710 confocal microscope
(CSHL St. Giles Advanced Microscopy Center) and Nikon Eclipse 90i fluorescence
microscope, using objectives X63 and x5 for embryonic tissue, and x20 for adult tissue, as
well as x5 on a Zeiss Axioimager M2 System equipped with MBF Neurolucida Software
(MBF). Quantification and image analysis was performed using Image J/FIJI software.

Statistics and plotting of graphs were done using GraphPad Prism 9.
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Statistics: Unpaired two-sided Student’s t-test was used for group comparison.
Statistical analyses were performed Prism 9 (GraphPad Software, Inc.). DESeq2 was used to

analyze statistical significance of transcriptome- wide RNA-seq data.

Any references, publications, online resource, patent and/or non patent literature

referred to herein is hereby incorporated by reference herein in its entirety.
Overview of Cell Type Access by Programmable RNA Sensing

Diverse cell types in multi-cellular organisms are obligatory intermediates through
which genomes construct and orchestrate organismal phenotypes. Deciphering the
organizational logic of this biological information flow and its alterations in diseases requires
methods that allow specific and comprehensive analysis of cell types across diverse species.
The following examples describe CelIREADR (Cell access through RNA sensing by
Endogenous ADAR), which couples the detection of a somatic cell type-defining RNA to the
translation of desired effector proteins, implemented through RNA editing mediated by
adenosine deaminase acting on RNA (ADAR). The following examples demonstrate that
CellREADR senses specific RNA sequences to translate reporter proteins in human and
mouse cell lines, and in distinct neuron types of mouse cerebral cortex when delivered by
viral vectors. This RNA- programmable technology highlights the potential for discovering,
monitoring, and editing animal cell types in ways that are specific, simple, versatile, and
general across organ systems and species, with broad applications in biology, medicine, and

biotechnology.
Example I. CellREADR design and validation in mammalian cells

RNA editing is a widespread and robust post-transcriptional mechanism essential to
the metazoan gene regulatory toolkit implicated in recoding, splicing, microRNA targeting,
and other RINA processing and cellular processes [20,21]. The most prevalent form of RNA
editing is adenosine-to-inosine (A -> I) conversion, catalyzed by ADARS; inosine is
recognized as guanosine (G) by the cellular machinery [21]. ADARSs recognize and are
recruited by stretches of base-paired double-stranded (ds) RNAs [20], thus can operate as a
sequence-guided base editing machine and have been harnessed for transcriptome editing
[22-26]. As ADARSs arc ubiquitous in animal cclls [27], CclIREADR is adaptablc as a singlc
and modular readrRNA molecule (Fig. 5a). The 5’ region of readrRNA contains a sensor
domain of ~300 nucleotides, which is complementary to and thus detects a specific cell type

RNA through sequence- specific base pairing. This sensor domain contains one or more
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ADAR-editable STOP codons that act as a translation switch; this region is called the sense-
edit-switch RNA (sesRNA). Downstream to the sesSRNA and in-frame to the STOP is
sequence coding for the self-cleaving peptide 2A, followed in- frame by an effector RNA
(efRNA) region coding for various effector proteins. The entire readrRNA is several kilobase,
depending on specific sensors and effectors, and thus is deliverable to cells through viral
vectors or liposome nanoparticles. In cells expressing the target RNA, sesSRNA forms a
dsRNA with the target, which recruits ADARSs to assemble an editing complex. At the
editable STOP codon, ADARs convert A to I, which pairs with the opposing C in the target
RNA. This A -> G substitution converts a TAG STOP codon to a TI(G)G tryptophan codon,
switching on translation of efRNA. The in- frame translation generates a fusion protein
comprising an N-terminal peptide, 2A, and C-terminal effector, which then self-cleaves
through 2A and releases the functional effector protein (Fig. 5a). readrRINA is expected to

remain inert in cells that do not express the target RNA.
Example 2. Operativity in Human Cells

A proof-of-principle version of CelIREADR was built and tested it in the human 293T
cell line. An expression vector (PGK-tdT) was used to express the tdTomato gene as an
exogenous target RNA and to label the transfected cells. Next, a READR vector
(READRtdT-GFP) expressing a readrRNA consisting of a 5” sensor region to tdT sequence
embedded with a TAG STOP codon (sesRNAtdT), a 2A coding sequence, and a 3’ coding
cassette for green fluorescence (GFP) was designed (Fig. 10a, b). Co-transfection of
READRtdT-GFP with PGK-tdT resulted in GFP expression in a subset of tdT+ cells (Fig.
10c, d). To substantiate this result, the GFP coding region of READR vector was replaced
with that of a tetracycline inducible transcription activator (tT'A2), which drove the
expression of a firefly luciferase gene (Luc) from the tetracycline response element (TRE)
promoter (Fig. 10e). Co-transfection of READRtdT-tTA2 and TRE Luc with PGK-tdT
resulted dramatic induction of luminescence compared to empty vector control (Fig. 10f). A
sparse and weak GFP or luciferase expression, respectively, was observed from READRtdT-
GFP alone or READRtdT-tTA2/TRE Luc when co- transfected with an empty PGK vector
(Fig. 10b-f), which may have resulted from occasional read-through of STOP codon in the

sesRNNA [28].
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Example 3. SPACERS

Figure 11 is data showing spacer sequences reduced the leakage of readrRNA in
accordance with one embodiment of the present disclosure. Inclusion of an in-frame spacer
region of approximately 600bp before the sesRNA virtually eliminated residual GFP
translation. Extended Data Figure 11 a is a schematic READRtdT-G'P vector in which a
spacer sequences is inserted before sesRNAtdT coding region. Figure 11 b is a representative
FACS analysis of GEP and RFP expression in 293T cells transfected with READRtdT-G'P
vector encoding viable length of spacers with (upper) or without (lower) tdT target RNA
expression, respectively. (Fig. 11a, b); longer spacers decreased the efficacy of readrRNA in
the presence of tdT target RNA (Fig. 11c¢), which shows the quantification of conversion ratio
calculated as percentage of GFP+ cells among RFP+ cells shown in Fig. 11b.

Example 4. Quantification

To more quantitatively characterize CellREADR efficiency, a BFP coding cassette
was inserted upstream of the sesRNAtdT region in READRtdT-GFP, which functioned as a
spacer as well as to label all READRtdT- GFP transfected cells along with CAG-tdT
transfected cells (Fig. 5b, ¢). CellREADR efficiency was calculated as the ratio of GFP+ cells
among RFP+ cells gated on BFP+ cells in FACS analysis. In the absence of tdT target RNA,
READRtdT-GFP showed no leaky GFP expression. In the presence of tdT RNA, the
efficiency of READRtdT-GFP was 15.2% (Fig 5S¢, d), while a control READR vector
expressing a sesRNACtrl with scramble coding sequence containing a STOP codon showed

no GFP translation.
Example 5. CellREADR efficiency correlates with target RNA levels

Next, it was examined whether CellREADR efficiency correlated with target RNA
levels. The efficiency of READRtdT-GFP increased with increasing amount of CAG-tdT
vector in 293T cell transfection (Fig. 12 a, b). A tetracycline inducible expression vector was
further designed in which a ChETA (a variant of light-gated channelrhodopsin-2) coding
sequence was fused to Blue Fluorescent Protein (BFP) and driven by TRE, thus BFP
fluorescence level indicated Cheta transcript level, which correlated to tetracycline
concentration in culture medium (Fig. Sc¢). Incrcasc of tetracycline concentration and BFP
expression levels increased READRCheta-GFP efficiency in a Cheta RNA dependent manner
(Fig. S5g and Fig. 12¢, d). With a constitutive promoter driven BFP-Cheta expression,
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READRCheta-GFP efficiency reached as high as 41.5% (Fig. 5g and Fig. 12 e, f). These
results indicated the target RNA level dependence and robustness of CellREADR.

Example 6. Role of ADAR proteins in CellREADR function

To examine the role of ADAR proteins in CellREADR function, an ADARI1 gene
knockout (KO) 293T cell line was generated using CRISPR (Fig. 14a, b). As ADARI1 is
highly expressed while ADAR?2 is barely expressed in 293T cells, ADAR1KO 293T
essentially represented an ADAR-null cell line. Removal of ADAR/ largely eliminated
READRtdT-GFP functionality (Fig. 5h, i, Fig. 14¢), which was rescued by exogenous
expression of either the p110 or p150 ADARI isoform (Fig.14d-f) as well as the ADAR2
protein (Fig. 5h, i). Overexpression of ADAR2 in wide type cells increased READRWT-GFP
efficiency by ~25-30% (Fig. 5h, i). Sanger sequencing confirmed A-to-1I/G editing at the
intended site that converted the TAG STOP codon to a TGG tryptophan codon (Fig. 5j, k).
Since ADAR expression can be induced by interferon stimulation [32, 33], it was further
confirmed that ADAR1-pl 10 and ADAR1-p150 ADAR were induced by interferon
stimulation in wild type 293T cells, and demonstrated that READRtdT- GFP efficiency
increased accordingly (Fig. 15).

Example 7. CellREADR function in wide range of cells

In addition to 293T cells, CellREADR functionality was demonstrated in several other
cell lines originated from different tissues or species, including human Hela, mouse N2a, and
mouse KPC1242 cell lines (Extended Data Fig. 16). Collectively, these results demonstrate
that by leveraging cell- endogenocus ADARs, CellREADR can couple the detection of a
cellular RNA to the translation of an effector protein in a way that is specific, efficient, and

robust.
Example 8 sesRNAs properties confer CelREADR programmability

As sesRNA 15 a key component of CellREADR, several properties of sesRINAs can be
employed using an ADAR?2 overexpression READR Adar2-tdT-GFP vector as a robust assay
(Fig. 6a). It was found that sesRINA of less than 100 nucleotides were largely ineffective,
while sesRNAs of increasing length positively correlated with the CellIREADR efficiency,
with an optimal length of 200-250nt (Fig. 6a).
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Example 9 Role of mismatches in programmability

In terms of sequence mismatch with target RNA, sesRNAs of ~200 nt tolerated up to
10 mismatches (5% of sequence length) or in-frame indels without major decrease of
READRAdar2-tdT-GFP efficiency (Fig. 6b and Fig. 17); this property confers flexibility for
sesRNA design (see Methods).

However, mismatches near the editing site significantly reduced CellREADR
efficiency (Fig. 17). To explore the effect of locations along target transcript on sesRNAs
design, an EF 1a-Cheta-tdT expression vector was used and tested 5 sesRINAs targeting the
promotor, different coding regions, and 3° UTRs, respectively. All 4 sesRINAs targeting the
transcript region exhibited robust efficiency, except the one targeting the promoter (Fig. 6¢).
Finally, it was examined whether inclusion of more STOP codons may further increase
sesRNA stringency (i.e. reduce basal translation in the absence of target RNA, Fig. 5d).
Using luciferase as a sensitive indicator of leaky translation (Fig. 6d), sesRNAs with two
STOP codons showed reduced leakage with comparable efficiency compared to those with
one STOP codon (Fig. 6¢), although 3 STOP codons significantly reduced the efficiency (Fig.
6f). Together, these results suggest strategies to enhance stringency, efficiency, and flexibility

of CelIREADR.

Example 10. CellREADR is inherently programmable

Built on Watson-Crick base-pairing, CellIREADR is inherently programmable,
conferring potential for intersectional targeting of two or more cellular RNAs for more
specific cell type definition. To explore this property, dual- or triple- sesRNA arrays were
designed that target different regions of the same transcript (Fig. 6g). All of the tested
sesRNA arrays exhibited robust CelREADR efficacy, comparable to that of a single sesRNA
(Fig. 6h, 1).

To examine the possibility for intersectional targeting of two target RNAs, a sesRNA
array is used consisting of tandemly arranged sesRNAtdT and sesRNACheta
(sesRNAtdT/Cheta) (Fig. 6j). Whereas single target RNA, tdTomato or Cheta, failed to
induce GFP or Luc expression with readrRNAtdT/Cheta, significant GFP expression or
increased luminescence were observed, respectively, when both tdTomato and Cheta vectors
were transfected (Fig. 6k-m). This result demonstrated the potential of intersectional cell type

targeting based on the programmability of CelIREADR.
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Example 11. Endogenous RNA sensing by CelREADR

Compared with synthetic genes expressing exogenous RNAs, endogenous genes often
have more complex genomic structures, including numerous exons, introns, and regulatory
elements; transcribed endogenous RNAs undergo multiple and elaborate post-transcriptional
steps such as splicing and chemical modifications before being processed as mature mRNAs.
To examine the capacity of CellREADR for targeting cell endogenous RNAs, EEF1A1 a
housekeeping gene highly expressed in 293T cells, was first selected and systematically
designed a set of sesRNAs targeting its various exons, introns, 5’ and 3° UTR, and mRNAs.
(Fig. 7a, b). These sesRNAs were effective in sensing all intended EEF1AT1 regions to switch
on efRNA translation; exons were better targets than UTRs and introns. Notably, sesRNAs
complementary to an mRNA region joined from two exons achieved comparable efficacy as
to those contained within exons, indicating that CellREADR acted on mRNAs as well as pre-
mRNAs (Fig. 7c). CellREADR efficacy to EEF1A1 RNAs increased with incubation time
after cell transfection (Fig. 18). Several other endogenous RNAs were further tested in 293T
cells, including a highly expressed ACTB, moderately expressed PCNA, and a long non-
coding RNA XIST. Robust CelREADR efficacy for all these RNAs (Fig. 7d) were observed.
Exogenous ADAR2 overexpression resulted in rather modest increase of CelIREADR
efficacy by about 30% (Fig. 7c, d). Together these results suggest that cell endogenous
ADARSs enable efficient and robust CelREADR functionality on cell endogenous RINAs.

Example 12. Effect of CellREADR on the levels of targeted transcripts

CellREADR did not alter the levels of targeted transcripts assayed by quantitative
PCR (gPCR) (Fig. 7e); this result also ruled out the possible effect of RNA interference
induced by readrRNAs. RN A-sequencing analysis was further performed to evaluate the
transcriptomic effects of CellREADR by comparing the transcriptome profiles of 293 T cells
expressing sesSRNAFEA or sesRNAPNA with those expressing a scrambled sesSRNACtrl.
Correlation analysis showed that sesSRNAEEF 1A or sesSRNAPCNA expression had no
significant impact on global transcriptome (Fig. 7f), and DESeq?2 analysis revealed no
significant differential gene expression between the sesSRNAFH 4 or sesRNAPNA and
sesRNA " group (Fig. 20), demonstrating that CellREADR had no significant effect on

cellular transcriptome.
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Example 13. Further Endogenous RNA sensing by Cel READR

Compared with synthetic genes expressing exogenous RNAs, endogenous genes often
have more complex genomic structures, including numerous exons, introns, and regulatory
elements; transcribed endogenous RNAs undergo multiple and elaborate post-transcriptional
steps such as splicing and chemical modifications before being processed as mature
mRNAs34. To examine the capacity of CellREADR for detecting cell endogenous RNAs,
one of skill in the art may select EEF1A1, a housekeeping gene highly expressed in 293T
cells, and systematically designed a set of sesRNAs targeting its various exons, introns, 5’
and 3’ UTR, and mRNAs (Fig. 7a, b). These sesRNAs were effective in sensing all intended
EEF1A1 regions to switch on efRNA translation; exons appeared to be better targets than
introns (Fig. 7¢). Notably, sesRNAs complementary to a mRNA region joined from two
spliced exons achieved comparable efficiency as to those contained within an exon,
indicating that sesRNA can be designed to target both pre-mRNA and mRNA sequence.
CellREADR efficacy to EEF1A1 RNAs increased with incubation time after cell transfection
(Fig. 18).

Example 14. Sensitivity

To examine the sensitivity of CellREADR to target RNA levels, several other
endogenous RNAs were further tested in 293T cells, including a highly expressed ACTB,
moderately expressed PCNA, and a long non-coding RNA XIST. One of skill in the art may
select several endogenous RNAs with expression ranging from high (ACTB, PCNA), modest
(TP53, XIST), to low (HER2, ARC) levels. Robust CellREADR efficacy for all these RNAs
(Fig. 7d) were observed. Exogenous ADAR2 overexpression resulted in rather modest
increase of CellREADR efficacy by about 30% (Fig. 7c, d). CellREADR was able to reliably
detect even low levels of ARC RNAs, although at much lower efficiency. Together these
results suggest that cell endogenous ADARS enable efficient and robust CellREADR

functionality on cell endogenous RNAs.
Summary of Examples 1-14.

The CellREADR was tested in human and mouse cell lines by building a reporter
RNA cditing assay in human 293 Tcclls, where the target RNA is made from an RFP
expression vector, the Sensor RNA is anti-sense to the RFP target, and is then follow by a
tTA transcription activator, which activates and amplifies GFP expression in the a third

vector. When transtected into the cell, sensor RNA pairs with RFP RNA, and ADAR is
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recruited to edit the STOP codon, switching on translation of tTA that activates GFP, thereby
turning the cell from red to green. The editing can also be quantified by Fluorescence
Activated Cell Sorting [FACS] assay, where the upper right quadrant is the RFP/GFP positive

cells.

This conversion is ADAR mediated as it did not happen in the ADAR1 KnockOut cell
line, which can be then rescued by expression Adar2. Sanger sequencing proved that it is

indeed due to an intended A-I (G) conversion that lifted the STOP codon.

This system also works in human Hela cells, and mouse N2a cells and on cell
endogenous RNAs. When different regions of the Efla gene and pre-mRINA were used as
targets, it was found that exons and coding regions are better sensing targets than intron and
untranslated regions. In addition, this worked for five other cellular RNAs including a non-
coding RNA.

Example 15 Targeting boarder zone cardiomyaocytes for treating myocardial infarction
Disease and clinical background

Myocardial infarction (MI) is one of the leading causes of mortality [1]. Epigenetic
State Changes Underlie Metabolic Switch in Mouse Post-Infarction Border Zone
Cardiomyocytes. The acute cessation of oxygen and metabolite supply causes drastic
hypoxia responses and metabolic changes. The oxygen shortage suppresses oxidative fatty
acid (FA) metabolism and activates anaerobic glycolysis to reduce the consumption of the
limited oxygen. This acute phase is followed by death of irreplaceable cardiomyocytes and
other cells in the ischemic region, immune responses and scar formation. The infarct zone
(IZ) consists of necrotic tissue, infiltrating fibroblasts and immune cells, which will
subsequently give rise to fibrous tissue. The remote myocardium (RM), distal from the infarct
zone, is less affected by the ischemia. Importantly, cardiomyocytes of the border zone (BZ)
surrounding the IZ are still viable, but severely affected by the ischemia, infiltrating immune
cells and fibroblasts of the neighboring infarct zone[1]. The BZ remodels
electrophysiologically and can be the origin of ventricular tachycardia, which is a common
cause of sudden cardiac arrest in patients after M1, which originates from the BZ.
Furthcrmore, BZ is morc susceptiblc to additional ischemic cpisodes[1]. Therefore, the BZ
may represent a highly strategic and effective therapeutic targets for MI. However, no current

therapies can specifically target the BZ.
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Target cells

The BZ is comprised of several different cell-types, including endothelial cells,
increased numbers of fibroblasts, infiltrating immune cells, and a small number of
cardiomyocytes[1]. All these cell types respond to the injury by inducing or repressing injury-
responsive gene programs. BZ cardiomyocytes appear to undergo a dedifferentiative process,
disassembling their sarcomeres, breaking down their sarcoplas- mic reticulum and
accumulating glycogen; they become hypertrophic and show decreased connectivity and
interaction with neighboring cardiomyocytes and the extracellular matrix [1,2]. Importantly,
the BZ cardiomyocytes have been specifically implicated in postinjury cardiac regeneration,
and cellular processes activated in the BZ are required for recovery after myocardial
infarction [1,2]. Therefore, BZ cardiomyocytes represent a key diseased cell type in MI and
likely a highly effective therapeutic target. However, no current therapeutic approaches can

achieve the specificity of diseased BZ cardiomyocytes.
Target genes

BZ of the ischemically injured ventricular wall is a transcriptionally discrete
compartment distinct from the RM [1,2]. Single cell transcriptome and epigenome analysis
demonstrated substantial alterations of gene expression profiles and programs in BZ
cardiomyocytes following MI. These alterations result from a switch from a MEF2-driven
homeostatic lineage-specific to an AP-1-driven injury-induced gene expression program.
This program is conserved between mouse and human [1,2]. Downregulated genes in BZ
cardiomyocytes include those involved in fatty acid metabolism, oxidative phosphorylation
and mitochondrial function [1,2]. Notably, BZ cardiomyocytes can be identified by a set of
marker genes conserved between mouse and human, including sparc, MYH7, ANKRD1,
DES, UCHLI1, JUN, and FOXP1 [2]. These well characterized markers and gene expression
changes provide a basis to leverage the CellREADR technology as a cell type specific
approach to treatment of MI by targeting BZ cardiomyocytes. NPPB, MYH7 were selected
as markers for targeting BZ cardiomyocytes. Fig. 22a illustrates our design of 7 RINA sensors
for exons and introns of the human NPPB RNA. Among these, 3 sensors showed significant
specificity and efficiency in human HEK 297 cells transfected with an expression vector
expressing human NPPB RNA (Figure 22b). These sensors are tested in iPS-derived human

cardiomyocytes, which show elevated NPPB expression as in the developing heart.
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Effector Expression

Cardiac regeneration is a plausible therapeutic approach to myocardial infarction and
requires multiple cell types to enable cardiomyocyte (CM) [3,4]. In the developing heart,
cardiac endothelial cells (CECs) and CMs are spatiotemporally coupled within a myovascular
growth niche, in which cycling CECs establish inductive microenvironments to promote CM
proliferation. This coupled myovascular expansion is dependent upon VEGF-VEGFR2
signaling, where CM-derived VEGF A (stimulate local vascular extension, which in turn
guide CM proliferation through angiocrines (e.g. Igf2, reelin)[4]. Following M1, the proper
myovascular growth niche is disrupted and CEC cycling is not enriched around cycling CMs
in the border zone. Restoring myovascular coupling can enhance regenerative capacity.
Increasing CEC density through exogenous overexpression of the master angiokine Vegfo

enhances CM proliferation and reduces scarring after MI, both signs of enhanced [3,4].

Thus, the precise site of VEGF is likely crucial to heart regeneration and therapeutics.
Several clinical trials use exogenous VEGFA to treat human cardiovascular disease
(NCTO03409627, NCT03370887 and NCT04125732), including using newer delivery
methods such as modified RNAs, newer generation viral vectors and more efficient plasmid
delivery systems [5]. However, broad overexpression and misexpression of VEGF A actually
impairs regeneration, with cardiac growth occurring away from the site of injury [3]. By
contrast, targeted overexpression of VEGFA in the border zone improves regeneration in
neonatal mice [4]. Although modified VEGFA mRNAs can be directly injected toward
injury site [5], the procedure requires open heart bypass surgery, for which many patients

cannot tolerate.

CellREADR enables VEGF A overexpression specifically in CM of the BZ using
non- or less invasive approaches. A CellREADR vector is generated in which VEGFA
protein translation is conditional to the detection of Nppb mRNA in cardiomyocytes of BZ
(Figure 22C). In this vector, PCAG-sesRNANPPP_VEGF A a ubiquitous promoter (PCAG)
transcribes a modular RNA consisting of a 5° Nppb mRNA sensor (sesRNANPPY) and a 3°
coding region for VEGFA. VEGFA translation is only initiated when sesRNANPP® hybridizes
with a cellular Nppb mRNA in BZ cardiomyocytes.

In one approach, this vector is packaged into the adeno-associated virus AAV9
serotype, which show strong tropism to the heart tissue [6] (but not to BZ CMs). AAV9-
PCAG-sesRNANPPP_VEGFA is delivered by intravenous injection, which preferentially
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infects heart tissue but indiscriminate to IZ, RZ, and BZ cardiomyocytes. However, only BZ

cardiomyocytes expressing Nppb mRNA can trigger the translation of VEGFA protein.

In another approach, sesRNANP* VEGFA RNAs are generated by i vitro
transcription and packaged into appropriate lipid nanoparticles (LNPs) or viral-like particles
(VLPs). These LNPs or VLPs are delivered by intravenous injection and enter heart tissue
cells broadly. However, only BZ cardiomyocytes can trigger the translation of VEGFA

protein, as described above.

Specific overexpression of VEGFA in BZ cardiomyocytes will restore local coupling
to CECs and appropriate myovascular growth niche, thereby stimulating functional

regeneration of cardiomyocytes to repair MI.
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Example 16 CellREADR therapy in Cancer

Example 16(a) CellREADR therapy in Glioblastoma Solid tumors

Glioblastomas (GBMs) are both the most common and malignant brain tumors in
adults [1]. For decades, therapeutic modalities for GBM entail a combination of
chemotherapy and radiation, which sometimes help to slow tumor growth, but the disease
almost always recurs and proves lethal. Over decades, the survival of patients diagnosed with
GBM has not significantly improved, and only about 5% of glioblastoma patients have a 5-
year survival rate [2]. Unfortunately, the recurrence rates of glioblastoma upon surgery are
very high. Beyond the traditional treatments, several emerging therapeutics appear promising.
One approach is using gene therapy to deliver therapeutic molecules with either viral (eg.
AAYV) or non-viral delivery (e.g. Lipid nanoparticles (LNPs)) into target cells to enact
specific antitumor effects. Another approach is the implementation of viral-immunotherapy
using oncolytic viruses to kill tumor cells due to cancer cell-specific viral replication. One of
the most challenging aspects in developing effective therapies for gliomas is the ability of

therapeutic agents to precisely target GBM cells with minimal effects on normal cells [3-5].

In recent years, single cell RNA sequencing studies of GBM have greatly advanced
our knowledge of this notorious disease. RN A biomarkers, somatic mutations, and
transcriptional profiles have been identified and characterized, which give unprecedented
accurate and comprehensive portrait of GBM at molecular and cellular resolution [6-10].
However, these RNA signatures are usually only used as diagnostic and prognostic
biomarkers to classify specific subtypes, or to predict outcome of treatments. It is imperative
to leverage these valuable datasets, especially the RNA biomarkers, to develop potentially

new and more effective therapeutic strategies.

A CellREADR-based therapeutic for GBM links the sesRNA with an efRNA for
precisc GBM targeting and ablation. A scsRNA is sclected basced on its complementarity to
an RNA that is specifically and/or highly expressed in GBM tumor cells. The CellREADR-
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empowered therapeutic approach implements RNA sensors to specifically recognize GBM
cells by detecting a highly expressing or cell-specific RNA biomarker(s), then to trigger

translation of an efRNA that encodes a protein that kills cancer cells or induces cell death.

RNA sensors targeting GBM cells. RNAs that are highly expressed in GBM tumor
cells are known in the art [refs. 6-15], examples of which include RNA expressed from the
SPARC gene and RNA expressed from theVIM gene [12]. An RNA sensor specific for a
GBM cell includes the following: ~200 nucleotides complementary to RNA expressed from
the SPARC gene containing a CCA subsequence or ~200 nucleotides complementary to RNA

expressed from the VIM gene containing a CCA subsequence [

Oncogene sensing and induction of cell death

Using CellREADR to detect HER2 target RNA in HEK293T Cells. Two sensors were

designed.

(C) Vector design for CellREADR-mediated and target RNA-dependent cell death
induction (Top). CAG promoter drives expression of BFP followed by sequences coding for
sesRINAtAT (sensor for tdT) and taCasp3-TEVp (activated Caspase3) as effector to induce
cell death. Bottom, cell apoptosis level measured by luminescence was increased in the cells
transfected with CellREADR vector and target RNA. The data shows a sensor RNA that
targets the HER2 oncogene in 293T cells as an example (Figure 23B). Taking advantage of
the programmability of CelIREADR, one of skill in the art will readily appreciate that sensors
for the intersectional targeting of two RINA markers also may be used to achieve higher
specificity [ 16]. Notably, a sensor also may be used for diagnostic purposes to identify the

presence of a specific cell type, or to monitor the progression of GBM in an animal model.

An efRNA can encode a protein effective in tumor elimination, for example, 1) a
“suicide” protein such as thymidine kinase or cytosine deaminase, (2) a cell death inducing
protein such as Caspase3, Caspase9, Bel, or GSDMs [17, 18], (3) a tumor suppressor protein
such as Rb, PTEN, and (4) a protein that increases anti-tumor immunity, such as Interferon )
[19]. Our data indicates, in principle, that a constitutively active Caspase3 (ta-Casp3) can
induce cell death efficiently within 24 hours in the presence of cancer specific RNA to which
the SES is targeted and to which the constitutively active Caspasc3 is opcratively linked

where target RNAs are present (exemplified as tdTom RNA in Figure 23C).

CellREADR is delivered using a DNA or an RNA vector [20]. The data has

demonstrated efficient neuronal system transduction with AAVs in rodents, monkey and
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human (Figure 23D for human samples). In addition, delivery may be accomplished using a
viral vector (from Adenovirus, AAV, a Lentivirus, or capsid engineered AAVs), LNPs, and

VLPs (Viral-like particles).
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Example 16(b) CellREADR therapy in pancreatic cancer solid tumor

Disease and clinical Backeround

Pancreatic ductal adenocarcinoma (PDAC), generally known as pancreatic cancer,
ranks the fourth leading cause of cancer-related deaths in the western world!. The 5-year
relative survival rate of PDAC is only 11%?. While the incidence of PDAC is displaying a
rising tendency every year, the mortality rate has not decreased significantly because of late
diagnosis, early metastasis, and limited reaction to chemotherapy or radiotherapy!. In the last
decade, immune checkpoint blockade (ICB) therapy becomes a promising cancer treatment,
but PDAC has no objective response to ICB therapy (e.g., anti-PD-1 blockade) alone®. A key
component of PDAC’s resistance to ICB is its acquired immune privilege, which is driven by
an immunosuppressive microenvironment, poor T cell infiltration, and a low mutational
burden® The development of new treatments including immunotherapy for PDAC is in

urgent need.

Target cells

Pancreatic ductal cancer cells are our target cells.

Target genes

In this example, two sets of genes are identified that produce RNAs prevalent in
pancreatic ductal cancer cells. The first set genes are upregulated in cancer cells compared to
normal ductal cells (e.g., AGR2 and GCNT3)*. AGR2 (Anterior Gradient 2, Protein
Disulphide Isomerase Family Member) is gene that encodes a member of the disulfide
isomerase (PDI) family of endoplasmic reticulum (ER) proteins that catalyze protein folding
and thiol-disulfide interchange reactions. The encoded protein has an N-terminal ER-signal
sequence, a catalytically active thioredoxin domain, and a C-terminal ER-retention sequence.
This protein plays a role in cell migration, cellular transformation and metastasis and is as a
pS3 inhibitor. As an ER-localized molecular chaperone, it plays a role in the folding,
trafficking, and assembly of cysteine-rich transmembrane receptors and the cysteine-rich
intestinal gylcoprotein mucin. This gene has been implicated in inflammatory bowel disease
and cancer progression. GCNT3 (Glucosaminyl (N-Acetyl) Transferase 3, Mucin Type) is a
protein coding gene. The encoded protein is a beta-6-N-acetylglucosamine-transferase that

catalyzcs thc formation of corc 2 and corc 4 O-glycans on mucin-typc glycoproteins. This sct
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of genes can distinguish malignant pancreatic ductal cells from normal ductal cells, but some

of them are also expressed in certain cell types in a few other normal tissues.

The second set of genes are generally specific expressed by ductal cells (e.g., PDX1,
CFTR, and AQP1). The protein encoded by the PDX1 gene (Pancreatic and Duodenal
Homeobox 1) is a transcriptional activator of several genes, including insulin, somatostatin,
glucokinase, islet amyloid polypeptide, and glucose transporter type 2. The encoded nuclear
protein is involved in the early development of the pancreas and plays a major role in
glucose-dependent regulation of insulin gene expression. The CFTR gene (CF
Transmembrane Conductance Regulator) encodes a member of the ATP-binding cassette
(ABQC) transporter superfamily. The encoded protein functions as a chloride channel, making
it unique among members of this protein family, and controls 1on and water secretion and
absorption in epithelial tissues. AQP1 Gene (Aquaporin 1 (Colton Blood Group)) encodes a
small integral membrane protein with six bilayer spanning domains that functions as a water
channel protein. This protein permits passive transport of water along an osmotic gradient.
This gene is a possible candidate for disorders involving imbalance in ocular fluid movement.
The set of genes PDX1, CFTR, and AQP1lare very specific to the pancreatic ductal cells, but

are expressed by both malignant can normal ductal cells.

Therefore, sesRNA are employed for the intersectional targeting of two target RNAs
from each set may be employed to achieve higher specificity. (Refs. 6-8). A sesRNA
complementary to the mRNA encoded by each gene is tested in PDAC cell lines (e.g,,
KPC1242, PANC-1). Other sesRNA also may be used to target cancer cell specific RNAs

expressed in a given patient’s tumor using a tumor transcriptional profile of that patient.

PDAC CellREADR efRNAs

In this example, two different strategies are set forth to treat PDAC using the
CellREADR system.

Strategy 1) Direct induction of cancer cell death or suppression of cancer cell
proliferation. For this purpose, an efRNA is based on one or more cell death inducing genes
(e.g., CASP3, DFNAS, GZMB, GZMA) and tumor suppressive genes (e.g., TP53 and
CDKN2A) The protein encoded by the Caspase 3 (CASP3) gene is a cysteine-aspartic acid
protease that plays a central role in the execution-phase of cell apoptosis. The protein

encoded by the Deafness, autosomal dominant, 5 (DFNAS5) gene is a novel apoptosis-
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inducing protein. Cleavage of DFNAS by caspase-3 during apoptosis mediates progression
to secondary necrotic/pyroptotic cell death. The protein encoded by granzyme B (GZMB)
gene is a member of the granzyme subfamily of proteins, part of the peptidase S1 family of
serine proteases. The encoded preproprotein is secreted by natural killer (NK) cells and
cytotoxic T lymphocytes (CTLs) and proteolytically processed to generate the active
protease, which induces target cell apoptosis. The protein encoded by granzyme A (GZMA)
gene is an abundant protease in the cytosolic granules of cytotoxic T-cells and NK-cells
which activates caspase-independent pyroptosis when delivered into the target cell through
the immunological synapse by catalyzing cleavage of gasdermin-B (GSDMB), releasing the
pore-forming moiety of GSDMB, thereby triggering pyroptosis and target cell death!. The
protein encoded by the Tumor Protein P53 (TP53) gene is a tumor suppressor protein
containing transcriptional activation, DNA binding, and oligomerization domains. The
encoded protein responds to diverse cellular stresses to regulate expression of target genes,
thereby inducing cell cycle arrest, apoptosis, scnescence, DNA repair, or changes in

metabolism?.

Scheme for intersectional targeting of cells expressing two target RNASs (e.g., PDX1
and PANC-1) using a dual-sensor READR PPXVPANC-1-CASP3 where each sesRNA in the dual-
sensor array contains an editable STOP and the effector RNA is a cell death inducing gene.
Only in the presence of both target RNA, where both stop codons are edited out, can the cell

death inducing gene be expressed.

Notably, limited by the efficiency of sesRNA sensor and the expression level of the
cell death inducing gene, it might be difficult to kill all cancer cells at once. Furthermore,
because of intra-tumor heterogeneity”*, subpopulations of cancer cells may not express the
target genes that are selected and thus may escape killing. Eventually, the escaped cancer
cells will outgrow and lead to recurrence of cancer. To overcome this limit, the immune

system also may be used to treat PDAC in the second strategy.

Strategy 2) Modification of tumor microenvironment to unlock immunotherapy. For
this purpose, pro-immune genes (e.g., IFNB, IFNG, TNFA, 1.2, 1IL12, IL15, CD40L) and
chemokine genes (e.g., CXCL9, CXCL10, CXCL11, CXCL16)is used as an efRNA_ In this
strategy, the targeted cancer cells are not directly killed, but express and secret cytokines and

chemokines to change immunosuppressive microenvironment into pro-immune

1 https://www.genecards.org/cgi-bin/carddisp.pl?’gene=TP53&keywords=TP53
2 https://www.genecards.org/cgi-bin/carddisp.pl?gene=TP53
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microenvironment. Chemokines attract anti-tumor immune cells (e.g., T cells, DCs, iNKT
cells) to infiltrate tumor niche, and cytokines enhance anti-tumor response of the infiltrated
immune cells. The infiltrated T cells will kill not only the CelIREADR targeted cancer cells,
but also the untargeted cancer cells to overcome the aforementioned limitation of direct
killing. In addition, immune checkpoint inhibitors (ICB) drugs (e.g., anti-PD1, anti-CTLA4)

can be used in combination to augment anti-tumor response.

One of skill in the art will appreciate that both strategies may be employed to further

augment anti-tumor efficiency.

CellREADR reagents can be delivered with DNA or RNA vectors, as described

elsewhere herein.

One of skill in the art will readily appreciate that by identifying an RNA expressed
preferentially or uniquely in a given type of cancer, CelREADR may be applied to a given

solid tumor type.
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10.1038/nrclinonc.2017.166

98

CA 03236236 2024-4-24



WO 2023/077135 PCT/US2022/079004

Example 16(c) CellREADR therapy in B-Cell Chronic Lymphocytic Leukemia

Disease and clinical Backeround

B-Cell Chronic Lymphocytic Leukemia (CLL) is the most common cause of leukemia in the

Western world and accounts for one-third of new cases of leukemia each year.

Target cells

B-Cell Chronic Lymphocytic Leukemia cells are the target cells.

Target genes
RRAS2 mRNA was found overexpressed in its wild type form in the human CLL samples

analyzed, which can be targeted with CellREADR [1-2].

CLL CellREADR efRNAs

In this example, two different strategies are set forth to treat B-Cell Chronic Lymphocytic
Leukemia (CLL) using the CellREADR system as described elsewhere herein.

Briefly, strategy 1) Direct induction of cancer cell death or suppression of cancer cell
proliferation. For this purpose, an efRNA is based on one or more cell death inducing genes
(e.g., CASP3, DFNAS, GZMB, GZMA, GSDMs) and tumor suppressive genes (e.g., TP53
and CDKNZ2A) directly linked to an SES of a readrRNA molecule or operatively linked to an
SES of a readrRNA molecule by a transactivator effector encoded by the readrRNA

Strategy 2) Modification of tumor microenvironment to unlock immunotherapy. For this
purpose, pro-immune genes (e.g., IFNB, IFNG, TNFA, 11.2, IL 12, TL15, CD40L) and
chemokine genes (e.g., CXCL9, CXCL10, CXCL11, CXCL16)is used as an efRNA. In
addition, immune checkpoint inhibitors (ICB) drugs (e.g., anti-PD1, anti-CTLA4) can be
used in combination to augment anti-tumor response.

One of skill in the art will appreciate that both strategies may be employed to further augment
anti-tumor efficiency.

CellREADR reagents can be delivered with DNA or RNA vectors, as described elsewhere

herein.

Reference:
1. Hortal, Alejandro M., et al. "Overexpression of wild type RRAS2, without oncogenic

mutations, drives chronic lymphocytic leukemia." Molecular cancer 21.1 (2022): 1-24.
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Example 16(d) CellREADR therapy in renal cell carcinoma

Disease and clinical Background

Renal cell carcinoma (RCC) is a kidney cancer that originates in the lining of the proximal
convoluted tubule, a part of the very small tubes in the kidney that transport primary urine.
RCC is the most common type of kidney cancer in adults, responsible for approximately 90—
95% of cases. RCC occurrence shows a male predominance over women with a ratio of 1.5:1.

RCC most commonly occurs between 6th and 7th decade of life.

Target cells

Renal cell carcinoma cells are the target cells.

Target genes

SLC6A3 mRNA was found overexpressed in its wild type form in the human renal cell
carcinoma samples analyzed?, which can be targeted with CellREADR system as described

elsewhere herein [1].

CLL CellREADR efRNAs

In this example, two different strategies are set forth to treat renal cell carcinoma using the
CellIREADR system as described elsewhere herein.

Briefly, strategy 1) Direct induction of cancer cell death or suppression of cancer cell
proliferation. For this purpose, an efRNA is based on one or more cell death inducing genes
(e.g., CASP3, DFNAS, GZMB, GZMA, GSDMs) and tumor suppressive genes (e.g., TP53
and CDKN2A) directly linked to an SES of a readrRNA molecule or operatively linked to an
SES of a readrRNA molecule by a transactivator effector encoded by the readrRNA.

Strategy 2) Modification of tumor microenvironment to unlock immunotherapy. For this
purpose, pro-immune genes (e.g., [FNB, IFNG, TNFA, IL2, IL12, TL.15, CD40L) and
chemokine genes (e.g., CXCL9, CXCL10, CXCL11, CXCL16)is used as an efRNA. In
addition, immune checkpoint inhibitors (ICB) drugs (e.g., anti-PD1, anti-CTLA4) can be
used in combination to augment anti-tumor response.

One of skill in the art will appreciate that both strategies may be employed to further augment

anti-tumor efficiency.
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CellREADR reagents can be delivered with DNA or RNA vectors, as described elsewhere
herein.

Reference:

1. Hansson, Jennifer, et al. "Overexpression of Functional SLC6A3 in Clear Cell Renal Cell
CarcinomaSLCO6A3 in Clear Cell Renal Cell Carcinoma." Clinical Cancer Research 23.8
(2017): 2105-2115.

Example 16(e) CelREADR therapy in ovarian cancer

Disease Background

Ovarian cancer is the most lethal gynecologic malignancy in women, with 21,290 estimated

new cases and 14,180 estimated deaths in 2014 in the US alone.

Target cells

Ovarian canccer cells arc the target cclls.

Target genes
CLDN3, CLDN4, or HER2 mRNA were found overexpressed in the human ovarian cancer

analyzed®, which can be targeted with CellREADR [1].

CLL CellREADR efRNAs

In this example, two different strategies are set forth to treat Ovarian cancer using the
CellREADR system as described elsewhere herein.

Briefly, strategy 1) Direct induction of cancer cell death or suppression of cancer cell
proliferation. For this purpose, an efRNA 1s based on one or more cell death inducing genes
(e.g., CASP3, DFNAS5, GZMB, GZMA, GSDMs) and tumor suppressive genes {(e.g., TP53
and CDKN2A) directly linked to an SES of a readrRNA molecule or operatively linked to an
SES of a readrRNA molecule by a transactivator effector encoded by the readrRNA.

Strategy 2) Modification of tumor microenvironment to unlock immunotherapy. For this
purpose, pro-immune genes (e g., IFNB, IFNG, TNFA, IL.2 11.12, T1.15, CD40L) and
chemokine genes (e.g., CXCL9, CXCL10, CXCL11, CXCL16)is used as an efRNA. In
addition, immune checkpoint inhibitors (ICB) drugs (e.g., anti-PD1, anti-CTLA4) can be
used in combination to augment anti-tumor response.

One of skill in the art will appreciate that both strategies may be employed to further augment

anti-tumor efficiency.
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CellREADR reagents can be delivered with DNA or RNA vectors, as described elsewhere
herein.
Reference:

1. Honda, Hiroshi, et al. "Regulation of the CLDN3 gene in ovarian cancer cells." Cancer
biology & therapy 6.11 (2007): 1733-1742.

Example 16(f) CellREADR therapy in small cell lung cancer

Disease and clinical Background

Small cell lung cancer (SCLC) is associated with rapid cell growth, early metastatic
spread, and a complete lack of target-based therapies. Consequently, the current treatment of
SCLC with chemotherapy, radiotherapy, and surgery is associated with a dismal 5-yr survival
rate of 6%. Comprehensive genome sequencing of SCLC tumors has revealed a high
mutational load in this disease, with most tumors possessing inactivating mutations or

deletions of the tumor suppressors RB/ and 7P53 but few actionable oncogene targets.

Target cells

SCLC cancer cells are the target cells.

Target genes

In this example, as most SCLC tumors can be classified into one of three lineages
based on the expression of POU2F3, ASCL1, or NEUROD1. POU2F3, ASCLI1, or
NEURODI1 will be used as target gene according to the disease genotype of patients [1-2].

SCLC CellREADR efRINAS

In this example, two different strategies are set forth to treat SCL.C using the
CellREADR system as described elsewhere herein.

Briefly, strategy 1) Direct induction of cancer cell death or suppression of cancer cell
proliferation. For this purpose, an efRNA is based on one or more cell death inducing genes
(e.g., CASP3, DFNAS, GZMB, GZMA) and tumor suppressive genes (e.g., TP53 and
CDKNZ2A) directly linked to an SES of a readrRNA molecule or operatively linked to an SES
of a readrRNA molecule by a transactivator effector encoded by the readrRNA.

Strategy 2) Modification of tumor microenvironment to unlock immunotherapy. For this

purpose, pro-immune genes (e.g., IFNB, IFNG, TNFA, TL2 1L 12, TL.15, CD40L) and
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chemokine genes (e.g., CXCL9, CXCL10, CXCL11, CXCL16)is used as an efRNA. In
addition, immune checkpoint inhibitors (ICB) drugs (e.g., anti-PD1, anti-CTLA4) can be
used in combination to augment anti-tumor response.

One of skill in the art will appreciate that both strategies may be employed to further augment
anti-tumor efficiency.

CellREADR reagents can be delivered with DNA or RNA vectors, as described elsewhere

herein.

Reference

1. George J, Lim JS, Jang SJ, Cun Y, Ozretic L, Kong G, Leenders F, Lu X, Fernandez-
Cuesta L, Bosco G, et al. 2015. Comprehensive genomic profiles of small cell lung

cancer. Nature 524: 47-53.

2. Huang, Y .-H. ct al. POU2F3 is a mastcr regulator of a tuft ccll-like variant of small ccll
lung cancer. Genes Dev. 32, 915-928 (2018).

Example 16(g) CellREADR therapy in CellREADR therapy in breast cancer

Disease and clinical Background

Breast cancer is a disease in which cells in the breast grow out of control. There are
different kinds of breast cancer. Receptors for female hormone estrogen, progesterone and

human epidermal growth factor are often overexpressed in breast cancer.

Target cells

Breast cancer cells are the target cells.

Target genes
In this example, estrogen receptor (ER), progesterone receptor (PR) and human

epidermal growth factor (HER2) will be the target genes for breast cancer cells depending on

cancer types [1].

SCLC CellREADR efRNAs

In this example, two different strategies are set forth to treat SCLC using the
CellREADR system as described elsewhere herein.
Briefly, strategy 1) Direct induction of cancer cell death or suppression of cancer cell

proliferation. For this purpose, an efRNA is based on one or more cell death inducing genes
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(e.g., CASP3, DFNAS, GZMB, GZMA) and tumor suppressive genes (e.g., TP53 and
CDKN2A) directly linked to an SES of a readrRNA molecule or operatively linked to an SES
of a readrRNA molecule by a transactivator effector encoded by the readrRNA.

Strategy 2) Modification of tumor microenvironment to unlock immunotherapy. For this
purpose, pro-immune genes (e.g., IFNB, IFNG, TNFA, 1L.2, IL 12, TL.15, CD40L) and
chemokine genes (e.g., CXCL9, CXCL10, CXCL11, CXCL16)is used as an efRNA. In
addition, immune checkpoint inhibitors (ICB) drugs (e.g., anti-PD1, anti-CTLA4) can be
used in combination to augment anti-tumor response.

One of skill in the art will appreciate that both strategies may be employed to further augment
anti-tumor efficiency.

CelIREADR reagents can be delivered with DNA or RNA vectors, as described elsewhere

herein.

Reference
1. Igbal, Nida, and Naveed Igbal. "Human epidermal growth factor receptor 2 (HER2) in
cancers: overexpression and therapeutic implications." Molecular biology international 2014

(2014).

Example 16(h) CellREADR therapy in liver cancer

Disease and clinical Backeround

Liver cancer, comprising 75%~85% cases of hepatocellular carcinoma (HCC), is
predicted to be the sixth most commonly diagnosed cancer and the fourth leading cancer

related deaths worldwide in 2018.

Target cells

Liver cancer cells are the target cells.

Target genes
In this example, Glypican-3 (GPC3) and Granulin-epithelin precursor (GEP) are the

target genes for liver cancer cells depending on cancer types [1].

CellREADR efRNASs

In this example, two different strategies are set forth to treat liver cancer using the

CellREADR system as described elsewhere herein.
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Briefly, strategy 1) Direct induction of cancer cell death or suppression of cancer cell
proliferation. For this purpose, an efRNA is based on one or more cell death inducing genes
(e.g., CASP3, DFNAS5, GZMB, GZMA) and tumor suppressive genes (e.g., TP53 and
CDKNZ2A) directly linked to an SES of a readrRNA molecule or operatively linked to an SES
of a readrRNA molecule by a transactivator effector encoded by the readrRNA.

Strategy 2) Modification of tumor microenvironment to unlock immunotherapy. For this
purpose, pro-immune genes (e.g., [FNB, IFNG, TNFA, IL2, IL12, IL.15, CD40L) and
chemokine genes (e.g., CXCL9, CXCL 10, CXCL11, CXCL16)is used as an efRNA. In
addition, immune checkpoint inhibitors (ICB) drugs (e.g., anti-PD1, anti-CTLA4) can be
used in combination to augment anti-tumor response.

One of skill in the art will appreciate that both strategies may be employed to further augment
anti-tumor efficiency.

CellREADR reagents can be delivered with DNA or RNA vectors, as described elsewhere

hercin.

Reference
1. Yip, Chi Wai, et al. "Granulin-epithelin precursor interacts with heparan sulfate on liver

cancer cells." Carcinogenesis 35.11 (2014): 2485-2494.

Example 17 In vivo CAR T therapy for B cell malignancies

Disease and clinical Background

Chimeric antigen receptor (CAR) T cells have emerged as a potent therapeutic
approach for patients with certain haematological cancers, with multiple CAR T cell products
currently approved by the FDA for those with relapsed and/or refractory B cell malignancies
(1). However, in order to achieve the desired level of effectiveness, patients need to
successfully receive the CAR T cell infusion in a timely fashion. This process entails
apheresis of the patient’s T cells, followed by ex vivo CAR T cell manufacture. While
awaiting infusion, most patients will also receive a course of pre-CAR T cell
lymphodepletion, which has emerged as an important factor in enabling durable responses

(1). The laborious CAR T preparation procedure increases cost and risk to patients.

The use of allogeneic CAR T cells from donors has many potential advantages over
autologous approaches, such as the immediate availability of cryopreserved batches for

patient treatment, possible standardization of the CAR T cell product, time for multiple cell
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modifications, redosing or combination of CAR T cells directed against different targets, and
decreased cost using an industrialized process (2). However, allogeneic CAR T cells may
cause life- threatening graft-versus-host disease and may be rapidly eliminated by the host

immune system (2).

To overcome the disadvantage of ex vivo CAR T cells production, lipid nanoparticles
(LNPs) based delivery system has been tested for in vivo producing CAR T cells and at least
has shown promising progress in a pre-clinical cardiac injury model, in which the T cells
orientated transfection was mediated and enhanced by decorating the LNPs with anti-CD35
antibody (CD5-targeting LNPs) (3). However, as CD5 is not solely expressed by CD3+ T
cells and LNPs naturally accumulate in liver, unwanted CAR expression in CD3- cells was

observed (3), which may reduce therapeutic efficacy and generate side effects.

The CellREADR system is also applicable to CD3+ T cell specific in vivo CAR
expression using a sesRNA that targets RNA expressed from the CD3-epsilon gene.

Target cells

In this example, T cells are prepared for i vivo CAR T generation using
CELLREADR.

Target genes

CD3 is a T cell specific marker. It associates with the T- cell receptor (TCR) to
generate an activation signal in T lymphocytes including both the cytotoxic T cell (CD8+ T
cells) and T helper cells (CD4+ T cells). As the binding of CD3 by antibody will interfere
normal T cell activation, it’s not a feasible target for antibody mediated LNPs delivery. With
the RNA-sensing advantage of the CellREADR system, CD3+ T cell specitic in vivo CAR
expression is achieved by using sesRNA targeting (complementary to) the CD3E RNA and
leaving the CD3 protein unaltered for proper T cell activation. sesRNA sensors may include
the following the human CD3epsilon RNA (sesRNAP’F) [where CD3E Homo sapiens CD3
epsilon subunit of T-cell receptor complex (CD3E), mRNA locus NCBI reference is
NM 000733, and has coordinates Chromosome 11: 118,304,730-118,316,175 forward strand,
from GRCh38; transcript ID is ENST00000528600.1;

The ability of each sesRINA sensor to limit CAR expression in the human Jurkat T
cell line only in T cells is determined. In the same manner, RNA sensors for CD8A or CD4
RNAs arc asscssed for their ability to limit CAR cxpression in cytotoxic T ccll (CD8+ T
cells) or T helper cells (CD4+ T cells) accordingly.
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CAR T efRNA

Currently, four CAR T cell products (tisagenlecleucel, axicabtagene ciloleucel,
lisocabtagene maraleucel, brexucabtagene autoleucel) have been approved by the FDA for
patients with B-NHL, all of which are directed against CD19. In this example, four anti-
CDI19-CAR constructs are described. A selected sesRNAPE is used to limit anti-CD19-
CAR expression in CD3+ cells by generating PCAG-sesRNA*E~(CD19-CAR) construct.
The PCAG-sesRNAP3E-CD19-CAR plasmid or in vitro transcribed mRNA is delivered by
CD5-targeting LNPs through i.v. injection to enhance T cell orientated uptake. The T cells
transfected by LNPs express anti-CD19-CAR and can then kill malignant B cells to extend
patient survival. This in vivo CAR T therapy will be a safer and more effective treatment with
shorter timeline, decreased cost, off-the-shelf (no need to customize individual or allogeneic
CAR T cells for different patients) and without graft-versus-host risk. In addition, this system
can be easily adapted for any i vivo CAR T cell productions for treating other diseases by
changing the CAR component accordingly. Figure 24 illustrates a schematic of in vivo CAR
T therapy for B cell malignancies. a. LNPs packed CelREADR CD19-CAR construct to
target CD3" cells. b. i.v. infusion of LNP cargos to patients. ¢. in vivo transfection of T cells
to kill malignant B cells through CD19-CAR.

References

1. Amini, L., Silbert, SK., Maude, SL. ez al. Preparing for CAR T cell
therapy: patient selection, bridging therapies and lymphodepletion. Nat Rev Clin
Oncol 19, 342-355 (2022).

2. Depil, S., Duchateau, P., Grupp, S.A. ef al. ‘Off-the-shelf’ allogeneic
CAR T cells: development and challenges. Nar Rev Drug Discov 19, 185-199 (2020).

3. Rurik J.G., Tombéacz, 1., Amir Yadegari, A. etal. CAR T cells
produced in vivo to treat cardiac injury. Science 375, 91-96 (2022).

Example 18
Hepatocytes restricted-expressing of UTG1A1 for Crigler-Najjar syndrome treatment
Disease and clinical background

Crigler-Najjar Syndrome (CNS) is a rare hereditary disease found in children in which
bilirubin processed by the liver cannot be changed into its water-soluble form (conjugated

bilirubin). It is caused by the absence or decreased activity of UDP-glucuronosyltransferase
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(UGT1A1)(SEQ ID NO:149 , an enzyme required for glucuronidation of unconjugated
bilirubin in the liver and is responsible for transforming bilirubin into a substance that can be
eliminated by the body. UGT1A1 deficiency can result in significant neurological damage
and death if not treated in timel. There are two forms of Crigler-Najjar syndrome. Type 1
disease is associated with severe jaundice and neurologic impairment due to bilirubin
encephalopathy that can result in permanent neurologic sequelae. Type 2 disease is associated
with a lower serum bilirubin concentration and affected patients survive into adulthood
without neurologic impairment. Phototherapy (control bilirubin and its neurotoxic effects),
orthotropic liver transplantation, liver cell transplantation are traditional treatments for CNS.
With promising reports of gene therapy in small animal models, gene therapy approaches are
expected to continue in preclinical research for devel oping safe and effective treatment of
CNS 2,3. Gene transfer vectors using recombinant viruses, such as Adenovirus have been
applied successfully in transferring UGT1A1 gene to the liver of Gunn rat model of CNS.
Clinical trials (cg. NCT0322319, NCT03466463) for gence transfer of functional UGT1A1 for
Crigler-Najjar Syndrome also showed potential as new treatment. However, all the current
gene therapies face the challenge to restrict therapeutic agents (UGT1A1 functional gene)
expressed to specific tissue or hepatocytes, which should increase therapeutic etficacy as well

as reduce side effects.
Target cells and genes

Hepatocytes (HCs), hepatic stellate cells (IISCs), Kupffer cells (KCs), and liver
sinusoidal endothelial cells (LSECs)—spatiotemporally cooperate to shape and maintain liver
functions. Hepatocytes, the major parenchymal cells in the liver, play pivotal roles in
metabolism, detoxification, and protein synthesis. Hepatocytes are the main cell types
expressing UGT1Algene, and the target cells in gene therapy (4). Hepatocytes cells have
several specific RNA markers conserved between mouse and human, including Apoa2
(Apolipoprotein A-2), AHSG (Alpha 2-HS Glycoprotein), Albumin (Alb). These specific
markers provide a basis to leverage the CelIREADR technology as a cell type specific
approach to treat Crigler-Najjar syndrome by specifically targeting Hepatocytes and
expressed the functional UGT1A1. 6, 7 and 10 sesRNAs were seleted for mouse Apoa2,
Ahsg and Alb RNA, respectively, in AML12, a mouse liver cell line. In this manner, sensors
were identified that show significant specificity and efficiency in AML cells for all three
genes (Figure 25A. to 25F.). CellREADR that contains the specific sensor will achieve

restricted payload expression in hepatocytes.
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EfRINA and vector

A functional UGT1A1 gene, which is about 800bp is incorporated in a CellREADR
vector. As with other gene therapy methods, viral vectors (eg. AAV, Adenovirus, Lentivirus),
lipid nanoparticles (LNPs) or viral-like particles (VLPs) are used as delivery vector by
intravenous injection. Two strategies arc used for expressing functional UGT1A1 gene as an
efRNA (Figure 25QG). Strategy I is to directly express the UGT1A1 gene from singular
CellREADR vector. Strategy Il is to use binary tTA2/TRE3g vector to provide amplification
of UGTTA1 gene expression. Viral vectors including AAV, Adenovirus and Lentivirus, lipid
nanoparticles (LNPs) or viral-like particles (VLPs) are used as delivery vector by intravenous
injection.

Notably, in many monogenic diseases, the genetic mutation affects human health by
disrupting specific somatic cell types in specific organs. Although here an example of using
CelIREADR for treatment of Crigler-Najjar syndrome is illustrated by providing normal
mRNA and protein to hepatocytes, 1.€., cell specific genetic complementation, one of skill in
the art will appreciate that similar strategies can be applied to treat other monogenic diseases

where genetic mutation affect specific somatic cell types.
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Example 19(a) - Infectious Diseases Cell type targeted treatment of AIDS

Disease and clinical background

Acquired immunodeficiency syndrome (AIDS) is a condition in which progressive
failure of the immune system allows life-threatening opportunistic infections and cancers to

thrive!l. The human immunodeficiency viruses (HIV) cause AIDS. HIV can infect a variety of
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immune cells such as CD4™ T cells, macrophages, and microglial cells. Based on the tropism,
HIV viruses are classified as CCR35-tropic (R5), CXCR4-tropic (X4), or dual tropic (R5/X4)
strains. RS viruses are able to replicate in monocyte—macrophages (aka M-tropic), and X4
strains replicate preferentially in T cells (aka T-tropic)®.

Current HIV treatment consists of a three-drug oral daily antiretroviral regimen,
consisting of two nucleoside analogue reverse transcriptase inhibitors combined with a third
drug, either an integrase inhibitor, a non-nucleoside reverse transcriptase inhibitor, or a
protease inhibitor’. With the present treatment regimens, patients cannot be cured, but are
expected to have normal life expectancy if they stick to the treatment’. However, drug fatigue
is one of the challenges for implementation of current treatment*.

Target cells

HIV-infected CD4" T cells and macrophages are targeted by CellREADR system by
sensing the viral RNA.

Targcet genes

HIV RNA genome contains 10 genes (gag, pol, env, iaf, rev, nef, vif, vpr, asp and vpu
(HIV-1) or vpx (HIV-2))’. Among them, env codes for a protein called glycoprotein (gp)160
that is cleaved into two by a cellular protease to form gp120 and gp41. gp120 and gp41 form
the HIV spike which allows the virus to attach to target cells and fuse the viral envelope with
the target cell's membrane®. env is our initial target gene to identify HIV-infected cells. Eight
to ten RNA sensors are optimized for specificity and efficiency in HEK293T cells transfected
with env gene. RNA sensors for the remaining nine HIV genes/RNAs are also optimized for

specificity and efficiency in HEK293T cells transfected with exv gene.

efRNA genes

Similar to current HIV treatment, reverse transcriptase, integrase or protease which
participates in HIV viral replication is inhibited by expressing neutralizing nanobody, a small
engineered antibody derivative. However, the inhibition is specifically directed to an HIV-
infected cell using the RNA sensor sesRNA*". Compared to the broad and non-specific
inhibition in current treatment that aftect all cells in the body, CellREADR guided nanobody
expression displays less toxicity and side effects while more effectively suppressing HIV
replication in the infected cells. In light of the durability of gene therapy, CelREADR-guided
nanobody AIDS treatment overcomes the pill fatigue of current drug treatment.

Since a pre-clinical model has shown that anti-CD5 antibody anchored lipid

nanoparticles (CD5-targeting LNPs) can enhance T cells orientated transfection’, CD5-
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targeting LNPs are used to deliver CellREADR-guided nanobody product (mnRNA or DNA
plasmid) to target T cells. Similarly, CD68 (highly expressed by monocytes and tissue
macrophages®) antibody anchored LNPs are used to orient and enhance macrophage delivery
of CelIREADR guided nanobody.

In a broad context, CellREADR treatment of HIV is only one example, and similar
strategy can be applied to the treatment of many latent infections (e.g. Epstein Bar virus
infection, Herpes, Zika, COVID19, Ebola). The general approach is to develop RNNA sensors
that can detect infected cells and then remove these cells by expressing proteins that 1)
trigger programmed cell death, 2) label cell surface for immune killer cells.

As another example for treating latent infection, CellIREADR is used for treatment of
COVIDI19 using a sensor for Spike mRNA. 15 sesRNAs were provided targeting Spike
mRNA, and tested in HEK cells, 3 out of 15 sesRNAs showed promising results that
responded to Spike mRINA cxpression (Figure 26).
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Example 19(b) - Infectious Diseases - Cell type targeted treatment of hepatitis C

Disease and clinical background

Hepatitis C is a liver infection caused by the hepatitis C virus (HCV). Hepatitis C is
spread through contact with blood from an infected person. For some people, hepatitis Cis a
short-term illness, but for more than half of people who become infected with the hepatitis C
virus, it becomes a long-term, chronic infection. Chronic hepatitis C can result in serious,
even life-threatening health problems like cirrhosis and liver cancer. There is no vaccine for

hepatitis C.!

Target cells
HCYV infected hepatocytes are targeted by CellREADR system by sensing the viral

RNA.

Target genes

HCYV belongs to the family Flaviviridae, whose genome consists of a positive-
stranded RNA molecule of about 9.6 kilobases and encodes a large polyprotein precursor
(about 3000 amino acids). This precursor protein is cleaved by the host and viral proteinase to
generale at least 10 proteins: the core (C), envelope 1 (E1), E2, p7, nonstructural (NS) 2,
NS3, NS4A, NS4B, NS5A, and NS5B.27

CDS of the core protein (c) is our initial target gene to identify HCV-infected cells.
Eight to ten RNA sensors are optimized for specificity and efficiency in HEK293T cells
transfected with HCV ¢ gene. RNA sensors for the remaining CDS for the polyprotein
precursor are also optimized for specificity and efficiency in HEK293T cells transtected with

individual CDS.

efRNA genes
As C, E1 and E2 are important for HCV viral particle packaging??, neutralizing

nanobodies against C, E1 or E2 are expected to block HCV packaging, and will be used as
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efRNA to be loaded after the RNA sensor sesRNA¢. Compared to the broad and non-specific
anti-viral treatment that affect all cells in the body, CelREADR guided nanobody expression
displays less toxicity and side effects while more effectively suppressing HCV replication in

the infected cells.

Since lipid nanoparticles (LNPs) spontaneously enrich in liver, LNPs are ideal for the
delivery of CellREADR guided nanobody to hepatocytes. Liver-tropical AAVs can be used
to deliver CellREADR guided nanobody to hepatocytes as well”.

References:

1. https:.// www.cdc.gov/hepatitis/hcv/index.htm

2. De Francesco R (1999). "Molecular virology of the hepatitis C virus". J
Hcepatol. 31 (Suppl 1): 47-53.

3. Kato N (2000). "Genome of human hepatitis C virus (HCV): gene organization,
sequence diversity, and variation". Microb. Comp. Genom. 5 (3): 129-51.

4. Marti C, Renina N, Erhua Z, et. al. (2022), “Novel human liver-tropic AAV variants
define transferable domains that markedly enhance the human tropism of AAV7 and

AAVS8”. Molecular Therapy: Methods & Clinical Development. 24: 88-101.

Example 19(c) - Infectious Diseases - Cell type targeted treatment of hepatitis B

Disease and clinical background

Hepatitis B virus (HBV) 1s a partially double-stranded DNA virus, a species of the
genus Orthohepadnavirus and a member of the Hepadnaviridae family of viruses. This virus
causes the disease hepatitis B. Despite there being a vaccine to prevent Hepatitis B, HBV
remains a global health problem. Hepatitis B can be acute and later become chronic, leading
to other diseases and health conditions. In addition to causing hepatitis, infection with HBV
can lead to cirrhosis and hepatocellular carcinoma. It has also been suggested that it may

increase the risk of pancreatic cancer.

Target cells
HBYV infected cells are targeted by CelIREADR system by sensing the viral RNA.
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Target genes
There are four known genes encoded by the genome called C, P, S, and X. The core

protein is coded for by gene C (HBcAg), and its start codon is preceded by an upstream in-
frame AUG start codon from which the pre-core protein is produced. HBeAg is produced by
proteolytic processing of the pre-core protein. The DNA polymerase is encoded by gene P.
Gene S is the gene that codes for the surface antigen (HBsAg). The HBsAg gene is one long
open reading frame but contains three in frame "start" (ATG) codons that divide the gene into
three sections, pre-S1, pre-S2, and S. Because of the multiple start codons, polypeptides of
three different sizes called large, middle, and small (pre-S1 + pre-S2 + S, pre-S2 + S, or S)
are produced. The genes HBV-C, HBV-P, HBV-S, HBV-X are the target genes by
CellREADR.

efRNA genes
Neutralizing nanobodies against HBV-C, HBV-P, HBV-S, HBV-X are expected to

block HCV packaging, and will be used as efRNA to be loaded after the RNA sensor
sesRNA. Compared to the broad and non-specific anti-viral treatment that affect all cells in
the body, CellREADR guided nanobody expression displays less toxicity and side effects
while more effectively suppressing HBV replication in the infected cells. CelREADR

reagents can be delivered with DNA or RNA vectors, as described elsewhere herein.

Example 19(d) - Infectious Diseases - Cell type targeted treatment of Coronavirus
disease 2019

Disease and clinical background

Coronavirus disease 2019 (COVID-19) is a contagious disease caused by a virus, the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The disease quickly spread
worldwide, resulting in the COVID-19 pandemic.

Target cells
SARS-CoV-2 infected cells are targeted by CelIREADR system by sensing the viral

RNA.
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Target genes
Open Reading Frame 1a (ORF 1a), Open Reading Frame 1b (ORF1a) and Spike genes of

SARS-CoV-2 are the target gene for CellREADR system.

efRNA genes
Neutralizing nanobodies against Spike protein are expected to block SARS-CoV-2

packaging and will be used as efRNA to be loaded after the RNA sensor sesRNA.
Neutralizing nanobodies against RNA-dependent RNA polymerase (RdRp) are expected to
block SARS-CoV-2 replication. These nanobodies are efRNA gene of CellREADR system.
CellREADR reagents can be delivered with DNA or RNA vectors, as described elsewhere

herein.

Example 20 — CellREADR as RNA-base diagnostics

Clinical Background

As an RNA sensor that is coupled to the production of an effector protein upon the
detection of a target RNA, CellREADR has the inherent ability to detect RNAs indicative of
disease states or viral infection from tissues and body fluids, which then triggers the
translation of an enzyme or other effector proteins that generate visualizable and quantifiable
signals (fluorescence, chemical reaction products) for diagnostics. Therefore, CellREADR

has very wide applications in diagnostics based on RNA markers.

For example, currently there are two main types of diagnostic tests for the SARS-
CoV-2 virus that causes COVID-19: nucleic acid amplification tests (NAATSs) and antigen
tests. NAATS, such as PCR-based tests, are most often performed in a laboratory. They are
typically the most reliable tests for people with or without symptoms. Antigen tests are rapid
tests which produce results in 15-30 minutes. They are less reliable than NAATS, especially
for people who do not have symptoms. Self-tests, or at-home tests, are usually antigen tests

that can be taken anywhere without having to go to a specific testing site!.

As SARS-CoV-2 is an RNA virus, PCR-based tests have to use cDNA as template to
amplify the viral nucleic acid, which adds one reverse transcription step to prepare cDNA.
Furthermore, PCR has to be done in a thermocycler in the lab. These disadvantages call for
the development of novel nucleic acid test technologies. As CellREADR directly recognizes

RNA sequence, there’s no need to prepare cDNA, which saves time and could be carried out
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as an easier test. To demonstrate this feasibility, we have developed an in vitro
transcription/translation (IVT) CelREADR system for RNA detection and diagnostics
(Figure 27).

Samples

Virus infected / contaminated samples (e.g., cell lysates, tissue biopsy, body fluids).

Target genes

As CellREADR directly recognizes RNA sequence, the entire RNA virus genome is
potential target (e.g., SARS-CoV-2 genomic RNA, hepatitis C virus genomic RNA, influenza
virus genomic RNA). For DNA viruses, the viral genes that are transcribed into mRNA are

potential targets, too (c.g., E1, E2, E4, ES, E6, and E7 of papillomavirus).

Payload reporter genes and expected outcome

The firefly luciferase has been tested as an effector label in the IVT cellREADR
system in test tubes (Figure 27) and showed a robust and specific readout for the target RNA
as proof of principle. Additional effector labels include other types of luciferases, [3-
galactosidase, chloramphenicol acetyltransferase (CAT), horseradish peroxidase (HRP). The
5> UTR of sensor-effector gene is modified to enhance in virro translation efficiency (e.g.,
RNA G-quadruplexes (RG4) structure?). The assay is carried out as a one step of 30°C
incubation. Alternatively, the incubation takes place at room temperature.

In summary, the IVT cellREADR technology generates a quicker and easier nucleic
acid test for infectious disease and diseased cells and tissues. Importantly, it has the potential
to be carried out even at home. Furthermore, this assay is scalable and can be performed for

many samples in parallel, such as in 96 or 384 well plates.

Reference

1. CDC Guideline; COVID-19 Testing: What You Need to Know, Updated Sept.
28, 2022 https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/testing html
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2. Varshney, D., Spiegel, J., Zyner, K. et al. The regulation and functions of
DNA and RNA G-quadruplexes. Nat Rev Mol Cell Biol 21, 459-474 (2020).
https://doi.org/10.1038/s41580-020-0236-x

TABLE 6 Plasmids encoding (i) targeted exogenous transcripts for proof of principle
experiments (ii) readrRNA or (iii) genes responsive to (but not physically linked) to encode

effector genes, e.g., transactivators are described herein.

117

CA 03236236 2024-4-24



Constructs (backbone}

Note on construct

pCAG-tdTom

Addgene# 83029

pCAG-BFP-sesRNA-2a-eGFP

Backbone from Addgene# 100844, Gcamp6s was
replaced with BFP-sesRNA-2a-
eGFP

pTRE-BFP-2a-Cheta-pPGK-puro-2a-rtTA

Backbone from Addgene# 71782, BFP-2a-Cheta
was inserted after TRE
elements

pCAG-BFP-2a-Cheta

Backbone from Addgene# 100844, Gcampb6s was
replaced with BFP-2a Cheta

pCAG-mCherry-sesRNA-2a-eGFP

Backbone from Addgene# 100844, Gcamp6s was
replaced with mCherry-
sesRNA-2a-eGFP

pCAG-tdTom
pCAG-3pacer(2.1kb)-2a-sesRNA-2a- from plasmids#5 spacer sequence was from
eGFP CasRx coding regions of Addgene# 109049,

2.1kb from ATG start

pCAG-ADAR2-sesRNA-2a-eGFP

from plasmids#5, ADAR2 sequence was from
Addgene# 117929

pCAG-tdTom

pCAG-ClipF-sesRNA-2a-eGFP

from plasmids#5, ClipF sequence was from
Addgene# 174554

pCAG-ADAR2-sesRNA-2a-eGFP

pCAG-BFP-sesRNA-2a-eGFP

pEFla-Cheta-tdTom Addgene# 37756
from plasmids#8, ffLuc sequence was from
pCAG-BFP-sesRNA-2a-ffLuc Addgenet 71394

pEF1la-Cheta-tdTom

pCAG-BFP-sesRNA-2a-fflLuc

pEFla-Cheta-tdTom

pCAG-BFP-sesRNA-2a-eGFP

pEFla-Cheta-tdTom

pEFla-Cheta

From Addgene# 37756, Cheta-tdTom was
replaced with Cheta

pCAG-tdTom

pCAG-BFP-sesRNA-2a-eGFP

pCAG-BFP-sesRNA-2a-ffLuc

pCAG-BFP-sesRNA-2a-eGFP

CAG-ClipF-sesRNA-tTA

Backbone from Addgene# 112668 rtTA was
replaced with ClipF-sesRNA-tTA

pAAV-hSyn-mCherry-sesRNA-2a-
smFlag-2a-tTA2

smFlag from Addgene #59756

pAAV-TRE 3g-mNeonGreen

pAAV-TRE39-GCaMP6s

GCaMP6s from Addgene #100844

pAAV-TRE3g-ChRger2-eY FP

ChRger2-eY FP from Addgene #127239

pAAV-TRE3g-eGFP

TRE3g backbone was kindly gifted from Nelson
lab at Brandeis University
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0AAV-hSyn-ClipF-sesRNA-2a-smFlag-

ClipF sequence was from Addgene# 174554

tTA?2
TRE3g backbone was kindly gifted from Nelson
PAAV-TRE3g-mNeonGreen ) lab at Brandeis L)J(n?versity
PKG<tdTom
CAG-sesRNA-2a-eGFP
PKG-Empty
PKG-tdTom
CAG-sesRNA-2a-tTA2
TRE3g backbone was kindly gifted from Nelson
TRE3g-ffluc ) lab at Brandeis L)J,n?versity

pCAG-spacer-sesSRNA-2a-eGFP

Spacer sequence was from CasRx coding
regions of Addgene# 109049, different length
was used from ATG start as indicated

pCAG-tdTom

pCAG-BFP-sesRNA-2a-tTA2

TRE3g-eGFP

pCAG-BFP-sesRNA-2a-Cas9-2a-eGFP

Cas9 from addgene# 62988

pCAG-BFP-sesRNA-2a-tcaCasp3-TEVp

tcaCasp3-TEVp from addgene# 45580

pTRE-BFP-2a-Cheta-pPGK-puro-2a-ntTA

pCAG-BFP-2a-Cheta

pCAG-mCherry-sesRNA-2a-eGFP

From addgene# 117928, GFP coding region was

CMV-ADARI1-p110 deleted
CMV-ADAR1-p150 From addgene# 1179d2e7létggp coding region was

pCAG-BFP-2a-TargetGene

Target Gene was amplified from mice genomic
DNA, Cheta was used as a
control. Details in Extended Data Fig.10

pCAG-mCherry-sesRNA-2a-eGFP

pPAAV-hSyn-mCherry-sesRNA-2a-
smFlag-2a-tTA2

pAAV-TRE3g-mNeonGreen

pAAV-hSyn-ADAR2-2a-sesSRNA-tTA2

pAAV-TRE3g-mRuby3

pAAV-TRE3g-eGFP

pAAV-hSyn-mCherry-sesRNA-2a-
smFlag-2a-tTA2

pAAV-hSyn-ClipF-sesRNA-2a-smFlag-

FIpO from previous study (Matho et al Nature

Flip® 2011)
pAAV-hSyn-ClipF-sesRNA-2a-smV5-
tTA2 smV>5 from addgene # 71817
UGT1A1 gene as effector

ATGGCTCGCACAGGGTGGACCAGCCCCATTCCCCTATGTGTTTCTCTGCTGCTGACCTGTGGCTTTGCTGAGGC
AGGGAAGCTGCTGGTAGTGCCCATGGATGGGAGTCACTGGTTCACCATGCAGTCGGTGGTGGAGAAACTTAT
CCTCAGGGGGCATGAGGTGGTTGTAGTCATGCCAGAGGTGAGTTGGCAACTGGGAAAATCACTGAATTGCAC
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AGTGAAGACTTACTCAACCTCATACACTCTGGAGGATCTGGACCGGGAATTCATGGATTTCGCCGATGCTCAA
TGGAAAGCACAAGTACGAAGTTTGTTTTCTCTATTTCTGAGTTCATCCAATGGTTITTITTTAACTTATTTTITTCGC
ATTGCAGGAGTTTGTTTAATGACCGAAAATTAGTAGAATACTTAAAGGAGAGTTCTTTTGATGCGGTGTTTCTT
GATCCTTTTGATGCCTGTGGCTTAATTGTTGCCAAATATTTCTCCCTCCCCTCTGTGGTCTTCGCCAGGGGAATA
GCTTGCCACTATCTTGAAGAAGGTGCACAGTGCCCTGCTCCTCTTTCCTATGTCCCCAGAATTCTCTTAGGGTTC
TCAGATGCCATGACTTTCAAGGAGAGAGTACGGAACCACATCATGCACTTGGAGGAACATTTATTTTGCCAGT
ATTTTTCCAAAAATGCCCTAGAAATAGCCTCTGAAATTCTCCAAACACCTGTCACAGCATATGATCTCTACAGCC
ACACATCAATTTGGTTGTTGCGAACAGACTTTGTTTITGGACTATCCCAAACCCGTGATGCCCAATATGATCTTC
ATTGGTGGTATCAACTGCCATCAGGGAAAGCCATTGCCTATGGAATTTGAAGCCTACATTAATGCTTCTGGAG
AACATGGAATTGTGGTTTTCTCTTTGGGATCAATGGTCTCAGAAATTCCAGAGAAGAAAGCTATGGCAATTGC
TGATGCTTTGGGCAAAATCCCTCAGACAGTCCTGTGGCGGTACACTGGAACCCGACCATCGAATCTTGCGAAC
AACACGATACTTGTTAAGTGGCTACCCCAAAACGATCTGCTTGGTCACCCGATGACCCGTGCCTTTATCACCCA
TGCTGGTTCCCATGGTGTTTATGAAAGCATATGCAATGGCGTTCCCATGGTGATGATGCCCTTGTTITGGTGATC
AGATGGACAATGCAAAGCGCATGGAGACTAAGGGAGCTGGAGTGACCCTGAATGTTCTGGAAATGACTTCTG
AAGATTTAGAAAATGCTCTAAAAGCAGTCATCAATGACAAAAGTTACAAGGAGAACATCATGCGCCTCTCCAG
CCTTCACAAGGACCGCCCGGTGGAGCCGCTGGACCTGGCCGTGTTCTGGGTGGAGTTITGTGATGAGGCACAA
GGGCGCGCCACACCTGCGCCCCGCAGCCCACGACCTCACCTGGTACCAGTACCATTCCTTGGACGTGATTGGT
TTCCTCTTGGCCGTCGTGCTGACAGTGGCCTTCATCACCTTTAAATGTTGTGCTTATGGCTACCGGAAATGCTT
GGGGAAAAAAGGGCGAGTTAAGAAAGCCCACAAATCCAAGACCCATTGA (SEQ ID NO: 148)

VEGFA Coding Sequence as effector

ATGGCGGCTTCTCAGGCGGTGGAGGAAATGCGGAGCCGCATGGETTCTGGGGGAGTTTGGGGTTCGCAATGT
CCATACTACTGACTTTCCCGGTAACTATTCCGGTTATGATGATGCCTGGGACCAGGACCGCTTCGAGAAGAATT
TCCGTGTGGATGTAGTACACATGGATGAAAACTCACTGGAGTTTGACATGGTGGGAATTGACGCAGCCATTG
CCAATGCTTTTCGACGAATTCTGCTAGCTGAGGTGCCAACTATGGCTGTGGAGAAGGTCCTGGTGTACAATAA
TACATCCATTGTTCAGGATGAGATTCTTGCTCACCGTCTGGGGCTCATTCCCATTCATGCTGATCCCCGTCTTTT
TGAGTATCGGAACCAAGGAGATGAAGAAGGCACAGAGATAGATACTCTACAGTTTCGTCTCCAGGTCAGATG
CACTCGGAACCCCCATGCTGCTAAAGATTCCTCTGACCCCAACGAACTGTACGTGAACCACAAAGTGTATACC
AGGCATATGACATGGATCCCCCTGGGGAACCAGGCTGATCTCTTTCCAGAGGGCACTATCCGACCAGTGCATG
ATGATATCCTCATCGCTCAGCTGCGGCLTGGCCAAGAAATTGACCTGCTCATGCACTGTGTCAAGGGCATTGG
CAAAGATCATGCCAAGTTTTCACCAGTGGCAACAGCCAGTTACAGGCTCCTGCCAGACATCACCCTGCTTGAG
CCCGTGGAAGGGGAGGCAGCTGAGGAGTTGAGCAGGTGCTTCTCACCTGGTGTTATTGAGGTGCAGGAAGT
CCAAGGTAAAAAGGTGGCCAGAGTTGCCAACCCCCGGLCTGGATACCTTCAGCAGAGAAATCTTCCGGAATGA
GAAGCTAAAGAAGGTTGTGAGGCTTGCCCGGGTTCGAGATCATTATATCTGTAAGAAAGATTTGCTGGCTGC
GGTGGCTCACACCTGTAATCCCAGCACTTTGGGAGGLTGAGGCGGGTGGATCACGAGGTCAGGAGATCGAG
ACCATCCTGGCTAA (SEQ ID NO:149)

119

CA 03236236 2024-4-24



WO 2023/077135 PCT/US2022/079004

Table 7
ses+D42+ Target | sesRNA sequence SEQID
A1:D3+A1 | gene NO:
:C7
tdT tdToma | ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG | SEQID
to GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG | NO:1
CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACG
GGGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTG
TAGATCAGCGTGCCGTCCTGCAGGG
Ctrl Not AGGCAAGCCCTACGAGGGCACCCAGACCATGAGAATCAAGGT | SEQID
Target | GGTCGAGGGCGGCCCTCTCCCCTTCGCCTTCGACATCCTGGCT | NO:2
ACTAGCTTCCTCTACGGCAGCAAGACCTTCATCAACCACACCCA
GGGCATCCCCGACTTCTTCAAGCAGTCCTTCCCTGAGGGCTTC
ACATGGGAGAGAGTCACCACATA
Cheta Cheta | AGCCCTCGGGGAAGGACAGCTTCTTGTAATCGGGGATGTCGG | SEQID
CGGGGTGCTTCACGTACGCCTTGGAGCCGTACAGGAACTGGG | NO:3
GGGACAGGATGTCCCAGGCGAAGGGCAGGGGGCCGCCCTTG
GTCACCTTCAGCTTAGCGGTCTGGGTGCCCTCGTAGGGGCGGC
CCTCGCCCTCGCCCTCGATCTCGAACTCGTGGCCGTTCATGGA
GCCCTCCATGCGCACCT
25nt-tdT | tdToma | CCTCCCAGCCCATAGTCTTCTTCTA SEQ ID
to NO:4
50nt-tdT | tdToma | GCTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTAC SEQID
to GGGGCCG NO:5
100nt-tdT | tdToma | TCAGCACGCCGTCGCGGGGGTACAGGCGCTCGGTGGAGGCCT | SEQID
to CCCAGCCCATAGTCTTCTTCTGCATTACGGGGCCGTCGGGGGG | NO:6
GAAGTTGGTGCCGCA
150nt-tdT | tdToma | GGGCCTGGTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGT | SEQID
to ACAGGCGCTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTG | NO:7
CATTACGGGGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTT
CACCTTGTAGATCAGCGTGCCGT
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250nt-tdT | tdToma | CCATGTAGATGGTCTGGAACTCCACCAGGTAGTGGCCGCCGTC | SEQID
to CTTCAGCTTCAGGGCCTGGTGGATCTCGCCCTTCAGCACGCCG | NO:147
TCGCGGGGGTACAGGCGCTCGGTGGAGGCCTCCCAGCCCATA
GTCTTCTTCTGCATTACGGGGCCGTCGGGGGGGAAGTTGGTG
CCGCGCATCTTCACCTTGTAGATCAGCGTGCCGTCCTGCAGGG
AGGAGTCCTGGGTCACGGTCACCAGACCGCCGTCCTG

400nt-tdT | tdToma | TGTCCAGCTTGGTGTCCACGTAGTAGTAGCCGGGCAGTTGCAC | SEQID
to GGGCTTCTTGGCCATGTAGATGGTCTGGAACTCCACCAGGTAG | NO:9
TGGCCGCCGTCCTTCAGCTTCAGGGCCTGGTGGATCTCGCCCT
TCAGCACGCCGTCGCGGGGGTACAGGCGCTCGGTGGAGGCCT
CCCAGCCCATAGTCTTCTTCTGCATTACGGGGCCGTCGGGGGGE
GAAGTTGGTGCCGCGCATCTTCACCTTGTAGATCAGCGTGCCG
TCCTGCAGGGAGGAGTCCTGGGTCACGGTCACCAGACCGCCG
TCCTCGAAGTTCATCACGCGCTCCCACTGGAAGCCCTCGGGGA
AGGACAGCTTCTTGTAATCGGGGATGTCGGCGGGGTGCTTCA
CGTACGCCTTGGAGCG

Imm-A- | tdToma | ACTCCACCAGGTAGTGGCCGCCGTCCGTCAGCTTCAGGGCCTG | SEQID
tdT to GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG | NO:10
CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCGGCATTACG
GGGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTG
TAGATCAGCGTGCCGTCCTGCAGGG

1Imm-B- | tdToma | ACTCCACCAGGTAGTGGCCGCCGTCCTTCTGCTTCAGGGCCTG | SEQID
tdT to GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG | NO:11
CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCTTTACGG
GGCCGTCGGGGGEGGAAGTTGGTGCCGCGCATCTTCACCTTGT
AGATCAGCGTGCCGTCCTGCAGGG

2mm-A- | tdToma | ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG | SEQID
tdT to GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG | NO:13
CTCGGTGGAGGCCTCCCATCCCATAGTCTTCTTCTGCGTTACGG
GGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTGT
AGATCAGCGTGCCGTCCTGCAGGG
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2mm-B-
tdT

tdToma
to

PCT/US2022/079004

ACTCCACCAGGTAGTGGCCGCCGTCCTTCTGCTTCAGGGCCTG
GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG
CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCTTTACGG
GGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTGT
AGATCAGCGTGCCGTCCTGCAGGG

SEQID
NO:14

4Amm-A-
tdT

tdToma
to

ACTCCACCAGGTAGCGGCCGCCGTCCTTCAGCTTCAGGGCCTG
GTGGATCTCGCCCTTCAGCACGCCGTCGTGGGGGTACAGGCG
CTCGGTGGTGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACGG
GGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTCT
AGATCAGCGTGCCGTCCTGCAGGG

SEQID
NO:15

4mm-B-
tdT

tdToma
to

ACTCCACCAGGTAGTGGCCGCCGTCCTTCGGCTTCAGGGCCTG
GTGGATCTCGCCCTTCAGAACGCCGTCGCGGGGGTACAGGCG
CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACG
GGGCCGTAGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTG
TAGAGCAGCGTGCCGTCCTGCAGGG

SEQID
NO:16

10mm-A-
tdT

tdToma
to

ACTCCACCAGGTGGTGGCCGCCGTCCTTCATCTTCAGGGACTG
GTGGATCTCGCCCTTCAGCACGCCGTCGAGGGGGTACAGGCG
CGCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCGGCATTACG
GGGACGTCGGGGGGGAAGTTGGTGCTGCGCATCTTCACATTG
TAGATCATCGTGCCGTCCTGCAGGG

SEQID
NO:17

10mm-B-
tdT

tdToma
to

ACTCCACCAGGTAGTGGCCGACGTCCTTCAGCTTCAGGTCCTG
GTGGATCTCGCCCTTCCGCACGCCGTCGCGGTGGTACAGGCGC
CCGGTGGAGGTCTCCCAGCCCATAGTCTTCTTCTTCATTACGGG
GCCATCGGGGGGTAAGTTGGGGCCGCGCATCTTCACCTTGTA
GATCAGTGTGCCGTCCTGCAGGG

SEQID
NO:18

20mm-tdT

tdToma
to

ACTCCACCAGGCAGTGGCCGACGTCCTTCGGCTTCAGGTCCTG
GCGGATCTCGCCCTTCCGCACGCCGCCGLCGGTGGTACAGGLG
CTCAGTGGAGGTCTCCCAGCCCATAGTCTTCATCTTCATTACGG
GGCCGTCGCGGGGTAAGTTGGGGCCGCCCATCTTCACGTTGT
AGATCAGTGTGCCGACCTGCAGGG

SEQID
NO:19
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Int-insert | tdToma | ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG | SEQID
in frame to GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG | NO:20
CTCGGTGCGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACG
GGGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTG
TAGATCAGCGTGCCGTCCTGCAGGG

Int-delin | tdToma | ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG | SEQID
frame to GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG | NO:22
CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACG
GGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTGT
AGATCAGCGTGCCGTCCTGCAGGG

mm (TGC- | tdToma | ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG | SEQID

TAG) to GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG | NO:23
CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACG
GGGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTG
TAGATCAGCGTGCCGTCCTGCAGGGC

mm (TGT- | tdToma | ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG | SEQID
TAG) to GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG | NO:24
CTCGGTGGAGGCCTCCCAGCCCATGGTCTTCTTCTGCATTACG
GGGCCGTCGGGGGGGAAGTTGGTAGCGCGCATCTTCACCTTG
TAGATCAGCGTGCCGTCCTGCAGGGAGGAGTCCTGGGTCACG
GTCACCAGACCGCCGTCCTCGAAGTTCATCACGCGCTCCCACT

Promotor | Promot | AGTTTTAAACAGAGAGGAATCTTTGCAGCTAATGGACCTTCTA | SEQID
orof | GGTCTGGAAAGGAGTGGGAATTGGCTCCGGTGCCCGTCAGTG | NO:25
plasmid | GGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTAGGGGG
AGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCG
GGGAAAACTGGGAAAGTGAAGTCGTGTACTGGCTCCGCCTTT
TTCCCGAGGGTGGGGGAGAACCGTATAT

123
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tdT2

tdToma
to

PCT/US2022/079004

AGCCCTCGGGGAAGGACAGCTTCTTGTAATCGGGGATGTCGG
CGGGGTGCTTCACGTACGCCTTGGAGCCGTACAGGAACTGGEG
GGGACAGGATGTCCCAGGCGAAGGGCAGGGGGCCGCCCTTG
GTCACCTTCAGCTTAGCGGTCTGGGTGCCCTCGTAGGGGCGGL
CCTCGCCCTCGCCCTCGATCTCGAACTCGTGGCCGTTCATGGA
GCCCTCCATGCGCACCT

SEQID
NO:29

WPRE

WPRE
of
plasmid

CGGGGAGGCGGCCCAAAGGGAGATCCGALCTCGTCTGAGGGC
GAAGGCGAAGACGCGGAAGAGGCCGCAGAGCCGGCAGCAG
GCCGCGGGAAGGAAGGTCCGCTAGATTGAGGGCCGAAGGGA
CGTAGCAGAAGGACGTCCCGCGCAGAATCCAGGTGGCAACAT
AGGCGAGCAGCCAAGGAAAGGACGAGGATTTCCCCGACAACA
CCACGGAATTGTCAGTGCCCAACAGCCGAGCCCCTGTCCAGCA
GCGGGCAAGGCAGGCGGCGATGAGTTCCGCCGTGGCAATAG
GGAGGGG

135

2TAG

tdToma
to

ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG
GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG
CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACG
GGGCCGTCGGGGGGGAAGTTGGTAGCGCGCATCTTCACCTTG
TAGATCAGCGTGCCGTCCTGCAGGGAGGAGTCCTGGGTCACG
GTCACCAGACCGCCGTCCTCGAAGTTCATCACGCGCTCCCACT

30

3TAG

tdToma
to

ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG
GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGETACAGGLG
CTCGGTAGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACGG
GGCCGTCGGGGGGGAAGTTGGTAGCGCGCATCTTCACCTTGT
AGATCAGCGTGCCGTCCTGCAGGGAGGAGTCCTGGGTCACGG
TCACCAGACCGCCGTCCTCGAAGTTCATCACGCGCTCCCACT

31

CA 03236236 2024-4-24

124




WO 2023/077135 PCT/US2022/079004

tdT1-tdT2 CDS ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG | 136
GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGCG
CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACG

GGGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTG
TAGATCAGCGTGCCGTCCTGCAGGGCTTCCTCTACGGCAGCAA
GACCTTCATCAACCACACCCAGGGCATGGATGTCGGCGGGGT

GCTTCACGTACGCCTTGGAGCCGTACAGGAACTGGGGGGACA
GGATGTCCCAGGCGAAGGGCAGGGGGCCGCCCTTGGTCACCT
TCAGCTTAGCGGTCTGGGTGCCCTCGTAGGGGCGGLCCTCGCC
CTCGCCCTCGATCTCGAACTCGTGGCCGTTCATGGAGCCCTCC

ATGCGCACCT

WPRE- WPRE- | ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG | 137
Cheta Cheta | GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGLG
CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACG
GGGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTG
TAGATCAGCGTGCCGTCCTGCAGGGCTTCCTCTACGGCAGCAA
GACCTTCATCAACCACACCCAGGGCATGGATGTCGGCGGGGT
GCTTCACGTACGCCTTGGAGCCGTACAGGAACTGGGGGGACA
GGATGTCCCAGGCGAAGGGCAGGGGGCCGCCCTTGGTCACCT
TCAGCTTAGCGGTCTGGGTGCCCTCGTAGGGGCGGCCCTCGCC
CTCGCCCTCGATCTCGAACTCGTGGCCGTTCATGGAGCCCTCC

ATGCGCACCT
tdT1- CDS ACTCCACCAGGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTG | 138
Cheta GTGGATCTCGCCCTTCAGCACGCCGTCGCGGGGGTACAGGLG

CTCGGTGGAGGCCTCCCAGCCCATAGTCTTCTTCTGCATTACG
GGGCCGTCGGGGGGGAAGTTGGTGCCGCGCATCTTCACCTTG
TAGATCAGCGTGCCGTCCTGCAGGGCTTCCTCTACGGCAGCAA
GACCTTCATCAACCACACCCAGGGCATGCGCAGGTAGTGTCCC
AACAACCCCCAACAATTTTTACTCATCAGATCAATAATCGTGTG
ACCTACGGTGGAGCCATAGACGCTCAGGACGCCAAAACCTTC
GGGCCCCAAAATGAAGAGAATTAGGAACATACCCCAGCTCAC
GAAAAACAGCCATGCCATGCCGGTCACGACCTGGCGGCACCG
ACCCTTTGGCACAGT

CA 03236236 2024-4-24
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WPRE- CDS CGGGGAGGCGGCCCAAAGGGAGATCCGACTCGTCTGAGGGC | 139
tdT-Cheta GAAGGCGAAGACGCGGAAGAGGCCGCAGAGCCGGCAGCAG
GCCGCGGGAAGGAAGGTCCGCTAGATTGAGGGCCGAAGGGA
CGTAGCAGAAGGACGTCCCGCGCAGAATCCAGGTGGCAACAT
AGGCGAGCAGCCAAGGAAAGGAAATCAAGGTGGTCGAGGGC
GGCCCTCTCCCCTTCGCCTTCGACATCCTGGCTACACTCCACCA
GGTAGTGGCCGCCGTCCTTCAGCTTCAGGGCCTGGTGGATCTC
GCCCTTCAGCACGCCGTCGCGGGGGTACAGGCGCTCGGTGGA
GGCCTCCCAGCCCATAGTCTTCTTCTGCATTACGGGGCCGTCG
GGGGGGAAGTTGGTGCCGCGCATCTTCACCTTGTAGATCAGC
GTGCCGTCCTGCAGGGCTACGGCAGCAAGACCTTCATCAACCA
CACCCAGGGCATGCGCAGGTAGTGTCCCAACAACCCCCAACAA
TTTTTACTCATCAGATCAATAATCGTGTGACCTACGGTGGAGCC
ATAGACGCTCAGGACGCCAAAACCTTCGGGCCCCAAAATGAA
GAGAATTAGGAACATACCCCAGCTCACGAAAAACAGCCATGC
CATGCCGGTCACGACCTGGCGGCACCGACCCTTTGGCACAGT

EEF1A1-3' EEF1IALl | CTTCAGTCTCCACCCACTCAGTGTGGGGAAACTCCATCGCATA | 140

UTR AAACCCCTCCCCCCAACCTAAAGACGACGTACTCCAAAAGCTC
GAGAACTAATCGAGGTGCCTGGACGGCGCCCGGTACTCCGTA
GAGTCACATGAAGCGACGGCTGAGGACGGAAAGGCCCTTTTC
CTTTGTGTGGGTGACTCACCCGCCCGLTCTCCCGAGCGLLGCG
TCCTCCATTTTG

EEF1A1-5' EEF1A1 | CTCATAGGGTGTACACTAGCCACTACACTTATTTCTTATGTCAT | 141
UTR GGCAAATAGTCAACTTTCACTGCCCAGTCATTTTAACCCACGTT
TCAACATGCACATCCCAGTAATTTAGAAACATTTTGTTTCCAAA
GATTCACTTAACATTGGTTTAGCAACAGGAAGCTTTCTATGCA
ACACAAGGACTCAGTTTTTGGCCTGTTTTAGTGACAGGCAATC
AGCAACATGCTGCATTTCTCTCCAGTGTTGT

126
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EEF1A1-
intron

EEF1A1

PCT/US2022/079004

GTAAGGATTAAGAGTCGTTACTTGGTTACTAAAACACAAACTC
CAGCTTCAATTTCCTTGTCCCCAGCCCTTAATTAGCAGTTTCCAC
TTTACAACTCCAAGTCCAAAGTGATTTTAGTCACTTTGGGTTAC
AGAAGCAACCAAAAATCAAACTTTTATAAGTCGGATCTTAACT
ATGAACATCCAAATCTACTCACTAGCAATACGATTACAGAAGT
CACCAAAAGC

142

EEF1A1-
Exon3

EEF1A1

GTTAGCACTTGGCTCCAGCATGTTGTCACCATTCCAACCAGAA
ATTGGCACAAATGCTACTGTGTCGGGGTTGTAGCCAATTTTCTT
AATGTAAGTGCTGACTTCCTTAACAATTTCCTCATATCTCTTCTG
GCTGTAGGGTAGCTCAGTGGAATCCATTTTGTTAACACCGACA
ATGAGTTGTTTCACACCCAGTGTGTAAGCCAGAAGGGCATGCT
CTCGGGTCTGCCCATTCTTGGAGATACCAGC

40

EEF1A1-
Exon5

EEF1A1

AGTGAAGCCAGCTGCTTCCATTGGTGGGTCATTTITGCTGTCA

CCAGCAACGTTGCCACGACGAACATCCTTGACAGACACATTCT
TGACATTGAAGCCCACATTGTCCCCAGGAAGAGCTTCACTCAA
AGCTTCATGGTGCATTTCGACAGATTTTACTTCCGTTGTAACGT
TGACTAGAGCAAAGGTGACCACCATACCGGGTTTGAGAACAC

CAGTCTCCACTCGGCCAACAGGAACAGTACCAAT

41

EEF1Al-eie

EEF1A1

GTCTGTCTCATATCACGAACAGCAAAGCGACCTATTAAAAAAA
AAGTTAATTATTACCCAAAGTACTGTTCAGTTGTATTTTTCATCT
TTAACACAACTTTTTTACATTTAAGTAGTCATCCTTACCCAAAG
GTGGATAGTCTGAGAAGCTCTCAACACACATAGGCTTGCCAG
GAACCATATCAACAATGGCAGCATCACCAGACTTCAAGAATTG
AGGGCCATCTTCCAGCTTTTTACCAGAACGGC

42

CA 03236236 2024-4-24
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EEF1IA1-CDS | EEF1A1l | GCCATCTTCCAGCTTTTTACCAGAACGGCGATCAATCTTTTCCT | 43
TCAGCTCAGCAAACTTGCATGCAATGTGAGCCGTGTGGCAATC
CAATACAGGGGCATAGCCGGCGCTTATTTGGCCTAGATGGTTC
AGGATAATCACCTGAGCAGTGAAGCCAGCTGCTTCCATTIGGTG
GGTCATTTTTGCTGTCACCAGCAACGTTGCCACGACGAACATC
CTTGACAGACACATTCTTGACATTGAAGCCCAC

ACTB ACTB GGGTCATCTTCTCGCGGTTGGCCTTGGGGTTCAGGGGGGCCT | 143
CGGTCAGCAGCACGGGGTGCTCCTCGGGAGCCACACGCAGCT
CATTGTAGAAGGTGTGGTGCCAGATTITTCTCCATGTCGTCCCA
GTTGGGGACGATGCCGTGCTCGATAGGGTACTTCAGGGGGAG
GATGCCTCTCTTGCTCTGGGCCTCGTCGCCCACATAGGAATCCT
TCTGACCCATGCCCACCATCACGC

ACTB-CDS ACTB CTGGGTGCCAGGGCAGTGATCTCCTTCTGCATCCTGTCGGCAA | 144
TGCCAGGGTACATGGTGGTGCCGCCAGACAGCACTGTGTTGG
CGTACAGGTCTTTGCGGATGTCCACGTCACACTTCATGATGGA
GTTGAAGGTAGTTTCGTAGATGCCACAGGACTCCATGCCCAGG
AAGGAAGGCTGGAAGAGTGCCTCAGGGCAGCGGAACCGCTC
ATTGCCAATGGTGATGACCTGGCCGTCAGGCAGCTCG

XIST XIST AAAATATGGAGGACGTGTCAAGAAGACACTAGGAGAAAGTAT | 145
AGAATTGAAAAAAATATTTTATGGAATTTAGGTGATITTTITAA
AGAAATACGCCATAAAGGGTGTTAGGGGACTAGAAAATGTTC

TAGAAAGAACCCCAAGTGCAGAGAGATCTTCAGTCAGGAAGC

TTCCAGCCCCGAGAGAGTAAGAAATATGGCTGCAGCAGCGAA

TTGCAGCGCTTTAAGAACTGAA

PCNA PCNA | CTGGTGAGGTTCACGCCCATGGCCAGGTTGCGGTCGCAGCGG | 146
GAGGTGTCGAAGCCCTCAGACCGCAGGGTGAGCTGCACCAAA
GAGACGTAGGACGAGTCCATGCTCTGCAGGTTTACACCGCTG
GAGCTAATATCCCAGCAGGCCTCGTTGATGAGGTCCTTGAGTG
CCTCCAACACCTTCTTGAGGATGGAGCCCTGGACCAGGLGCGC
CTCGAAC

128
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Ctip2-sesl

Ctip2

PCT/US2022/079004

GAAGCGCAGGCTGCCGTTCTCAGAGGAATGTTCCGACGATGT
GGCGAAAGGCGACTGGCGCGCATCCGTGAAGCCCAGGAATG
GGTCCTTCATGAAGTGGCGCGATGCTGCGTAGCCCACGAGCC
ACTGCGAGTACACGTTCTCAGATGGGATGAGGGCGGCAGGTA
GCAGCTCCAGGTCTTTCTCCACCTTGATGCGCTTGGCCGCGTG
CAGCGCGGGACCACCGAGCCCAGGGCTGGGCAGCGGTGCTG
GCTTGCGTGGGAAGAGAGCTGGAAAGGGCTCTGCGCCTGGC
GCGAAGGCCCCGCCGCGCCCGTTCACTGCACCCGGTGCALCCC
GCGTCCCCACAGCCAACAGCTCCGGCATCACCCGTGTLGLCTG
CACGCTT

56

Ctip2-ses?2

Ctip2

CACCGCAGCGGCTCTGTTACCGGACAACTCACACTGGCATCCA
AAGGGAGCCTCCATCTGACCCTCACCCTGAGTCCCGETCGLCCG
AGATGGGGCGTGCACCACAGCAAGGCAGCGGGAAACAGGGT
AGGAGAACGCCCAGGGCACGCAGAGGGGAAGTAATCACGGA
GGTGGGAGGGTGGGAAGAGGAGGCAGCTATGGGGGCCATC
GATGGCAGCTGGGCAGGCCTGCACGGCCCTGGAGAAAAAACA
AT

57

Ctip2-ses3

Ctip2

ACATTAAGAATCGGTCTGTTCCCAGGAGTTCTGTCTCCAAGGT
CACACCATGTCTGGGAAGGAAAACTGTTCCTTCACGCAAATGC
TCGCAGCAACTTCCCAGTACCCTTTATCCTTGTGTAGCCACCTG
CCTCGCTCTCTACACTGCAGAGACTGATGAAGCACTGTGAGCC
AGGGCCATGGAGCAGGAGAAGGGCTGCTTTCACGGAACCACA
GTCAGCAAGACATCGGGGATTACGTGATTTCCAGCGAGGGTT
CAAGTATCGAGTCCATAAGAAAGGTGAGTCC

59

Ctip2-ses4

Ctip2

TTCCGACGATGTGGCGAAAGGCGACTGGCGCGCATCCGTGAA
GCCCAGGAATGGGTCCTTCATGAAGTGGCGCGATGCTGCGTA
GCCCACGAGCCACTGCGAGTACACGTTCTCAGATAGGATGAG
GGCGGCAGGTAGCAGCTCCAGGTCTTTCTCCACCTTGATGCGC
TTGGCCGCGTGCAGCGCGGGACCACCGAGCCCAGGGCT

60

CA 03236236 2024-4-24
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Ctip2-ses5 Ctip2 TGCAATGTTCTCCTGCTTGGGACAGATGCCTTTCGTGGGGGAC | 61
AGGAGGTGGTCATCTTCATCAGGGGTGACCTGGATCCCGATCT
CCACTAGCTCAGATACTCTCCTGAGCTCAGAGCGAGAGGAGG
GAGGTAGACTGCTCTTGTCCAGGACCTTGTCGTAGCAGGGGC
CCAGGCCTCCACACTGTTTCTTCTTGTGCTCTATAAAAACCAGG
ATGTCCCCCAGCGGGAAGTTCATCTGACACTGGCCACAGGTGA
GGAGATCAGGGTCGGGGCCTCCCACCATCAGCCCCAGGCTGC
TAGGCTCCTCTATCTCCAGACCCTCGTCTTCCTCGAGGATGGTA
GC

Ctip2-ses6 Ctip2 TTCCGACGATGTGGCGAAAGGCGACTGGCGCGCATCCGTGAA | 62
GCCCAGGAATGGGTCCTTCATGAAGTGGCGCGATGCTGCGTA
GCCCACGAGCCACTGCGAGTACACGTTCTCAGATAGGATGAG
GGCGGCAGGTAGCAGCTCCAGGTCTTTCTCCACCTTGATGCGC
TTGGCCGCGTGCAGCGCGGGACCACCGAGCCCAGGGCTTTTG
TGGTCATCTTCATCAGGGGTGACCTGGATCCCGATCTCCACTG
GCTCAGATACTCTCCTGAGCTCAGAGCGAGAGGAGGGAGGTA
GACTGCTCTTGTCCAGGACCTTGTCGTAGCAGGGGCCCAGGCC
TCCACACTGTTTCTTCTTGTGCTCTATAAAAACCAGGATGTCCC
CCAGCGGGAAGTTCATCTGACACTGGCC

Ctip2-ses? Ctip2 AGTCCTCCAGAAATATACAGATGCATTGTGCCCGCCCGGCACA | 63
CAGGAAAGGAAGAACACCGACTGAGACATAGGAGAAGGGTG
TCAAAATATTGTTTGGTCAGAAAAGAAACAAAAAGGGACAAA
GGAAATAAACTGAGAAGCAAAACAAAATAGGGATAGGCGGG
GGGCAAACTGAAATTGAAATTGAGAATTCAAACTAAGCAGGG
AGGGGTGCTATCCCTGGGAGGGATCCACTGCCCGCCTCGAGC
AGGCCTGGCAAGGCCTCTGCTCCTTACAGCCTTTGATAAAAAT
AATAAA

130

CA 03236236 2024-4-24



WO 2023/077135 PCT/US2022/079004

Ctip2-ses8 Ctip2 GAGCTTGCTCGCCTGCGAGCACGCATGGTCGCACAGCTGGCA | 64
CTTGTAGGGCTTCTCGCCCGTGTGGCTGCGCCGGTGCACGATG
AGATTGCTCTGGAACTTGAAGGTCTTGCCGCAGAACTCACAGG
ACTTGCTCTTGGCAGGCGGCTGCGGTGGCGGTGTGCCCGCAG
GCATGGGTGGCAGCGGTGGCGTGCTGAGGAACGGGGACTTG
GGACTGGGCTGGAAAGGGTTCAGCAGCCGGTGCATAGGGTT
GCCACGGCCTGGGGACACGGGCGGCGGLGTGGAGCTGTTGC
CGGCCAGTTCTCGCAGCCGCCGGGAGAAGTCCATGGCAGGAG
AGTCTATGGCCATGGGGTTCAGGCGCATGACTCGGTCGAAGG
CACTGGGGTGCTGGGCCACGAGCCCCATCTCCTCTGCACTGAG
GCGGTGTGGGTCCAAGTGATGGCGTAGCGGTGGGCTGAAGA
GCGGTGGCGTACCTAGCAAGCGGCCCTCACCGAAGCCAGGGT
GGTCCCGCAGGATGGGGCCCGTCATGCGCAGCAGGTTGAAAG
GATTGCTGTCCCCCAGGAAATTCATGAGTGGGGACTGCGCCAC
GGTCTCCGGCCCGAGCGGTGGCGGGATGGTGAGCCTGGGCG
TGAGCGAGGTGCTGGCCGGCCCAGGCTCCAGGTAGATTCGGA
AGCCATGTGTGTTCTGTGCGTGCTGCAGCAGGAACCAGGCGC
TGTTGAAGGGCTGCTTGCATGTTGTGCAAATGTAGCTGGAAG
GCTCATCTTT

Fezf2-sesl Fezf2 CGCAGCCAGGCTGGCCAGTTTGGCGTTCTCCAGCAGAAAAAG | 65
CTTGGGGTGAGCAGCCAGGGAAGTGGGGGCCTGTGCGTTGA
GGAGGCCGGATAGGAAAAGGTGGCCTCCGAGGAGCTCCGAA
GGTGGGTAAGCGGTGGAGTCCAGGTAGTTGAAGTAGTAGAG
AGAGCCGCTGGCAGGCAGCCCCAC

Fezf2-ses2 Fezf2 GAACTTGTCCGCAGCCAGGCTGGCCAGTTTGGCGTTCTCCAGC | 66
AGAAAAAGCTTGGGGTGAGCAGCCAGGGAAGTGGGGGCCTG
TGCGTTGAGGAGGCCGGATAGGAAAAGGTGGCCTCCGAGGA
GCTCCGAAGGTAGGTAAGCGGTGGAGTCCAGGTAGTTGAAGT
AGTAGAGAGAGCCGCTGGCAGGCAGCCCCACAGCCTG

131
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Fezf2-ses3 Fezf2 GCACCTAGTCGGCCCGGTCACCCATTTGCATTCAAAGGAACAG | 67
AAGCAGAACAAAGTGCACCCAAGGGTACCAAATTACCGCCCA
TTAACCCGGCGCGCAAAGGAACCCACCAGCTATTGCCCTAGGA
CTATGAAAGGGGGAAGAAGGGGGAGGCTGTACAAAGGAAAG
GAGAAGGGGTAGAAGAAAGGAGTCTCAAATTAACACTCCCAG
CCCTTCCCTAGACCCAGGCCTTCGCCACGCGTGCTGGGAACTG
GGCACTGAAAGAGCAAAGTGAAAGAGGGCCGGAAGAACCAC
CTCGCTTTTACCTCTTTCCCCCACCGCCAAGGAGATGCGTTCCG
AGCCATGCAGCGTGTCTCTTCTGTCACATTTTG

Fezf2-ses4 Fezf2 CTTGCCGCACACTTCGCAGGTGAAGTTITTITGGGTTTGCTGTCA | 68
GTAGAGCCCCCCGGGAGTTTGCTGTGGCTCTTGACTCCCCCTC
GTTCAGCTGTCAAGGCCGAGTTCTCCTTCAGCACCTGCTCCAGT
GGCGCATGCAAGCGCTCCTTATGGGGATAGGAAGCTGGGTGG
GGGAACTTGTCCGCAGCCAGGCTGGCCAGTTTGGCGTTCTCCA
GCAGAAAAAGCTTGGGGTGAGCAGCCAGGGAAGTGGGGGCC
TGTGCGTTGAGGAGGCCGGATAGGAAAAGGTGGCCTCCGAG
GAGCTCCGAAGGTAGGTAAGCGGTGGAGTCCAGGTAGTTGAA
GTAGTAGAGAGAGCCGCTGGCAGGCAGCCCCACAGCCTGGTT
GATGACCTGCGGTTTGATGACCCTGCCGGCGGGCAGCGCAGA
AGGCGCGAGGCCCAGTTCGGCCTTGCAGCACACGCCACAGTT
GGTTTTGCACAAGCCGCTGGCGCCGCACACTGGGGCCCCACC
GCCGCTGCCTCCTCCTCCACCGLLGLCCGLLCGGAGGLTGLTC
TTCCAGAACTCCGAGTAACTGAGCAGCGTCTTGGACGGCACCT
CGTAGCCGAGAGGCTGGAGAGGGATCATACAGGGCAGCGGC
GAGCAGAGGTTGAGCAGTTTCTTGCTCTGGCTGCTGTCTGCCT
CGAACGCAGCAGGCCGGGGCTCGAAAGGCGCTCGGGGCTCG
GACGTCTTGGCCATGATGCGCTCGATAGAGAAAGC

132
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SesRNA_ID

Example#

sesRNA sequence

seq id
no

human-
NPPB-Ses1

Example-
15-

AGGGATGTCTGCTCCACCTGCAGCTCCGACAGTTTGCCCTGCAAATGG
TTGCGCTGCTCCTGTAACCCGGACGTTTCCAAGTCCGAGGCTGAACCG
GGGCTGCCCAGCGGGTAGGAACGACCTCCCAGGAAAGCCAGATGCAA
GAAGAGCAGGAGCAGGAGCGCCCGGGAAGGTGCTGTCTGGGGATCC
ATCTCTCTGGAGGGACTGCGGAGGCTGCTGCTGLTG

77

human-
NPPB-Ses2

Example-
15

TCCGGTCCATCTTCCTCCCAAAGCAGCCAGACCCTTGCACCATCTTGGG
GCTTCGTGGTGCCCGCAGGGTGTAGAGGACCATTTTGCGGTGCCCACG
GATGCCCTCGGTAGCTACCTCCCGGGACTTCCAGACACCTGTGGGACG
GGGGCTCTCCTGGAGGGGCTCCAGGGATCTCTGCTCCACCTGCAGCTC
CGACAGTTTGCCCTGCAAATGGTTGCGCTGCT

78

Human-
VIM-sesl

example-
16

GGCAATCACGGTGGCCGCACAGACCTACAGGACAGCCCCGCCATCLCC
GCCCCCGAGGGACCATCCCTTTGTCTCGCTCCCTCCACCGCCTTCCCCTC
CTTCCTTCTCCCGCCCGGTGATTGGCAGCCTGCCAGAAGGGGCAGGAA
ACTTTCTGAAAGTTTGGAGGACTAGCTCTCATTGTGCCCAAGGGCCTTC
AACTGCACACAAAGTGGTAGTTTTAAGAAATCTGTAACTGGAAACGGA
GCGTCCTTGGGCAATGTGTGGGGACAGAGGAGGAAATGCGAACTGCA
AGGTCTGGGT

79

Human-
SPARC-
sesl

example-
16

TTTCGGGGACCAGATGTGATCAGCGACCTCCGTGGGACTGGGAAACTC
AGCTTTGGACTCAGGGCAAAGAGCTATGAGGGGAGAAGCCCATTTCC
AGCTGGAGAACTCTCCTTCCTACCACACACATGGATGGCCTAGAAACC
GATCTTGCCCAGATCCCAGGGGACTGAGTGCCACAGTTTCCCACTTGTT
AAGTCAAAGCCGTGATTTCCTTCATAGCCCACTGAGGACCCCACCCTGCA
TTTCTGCTGGAAGGAGCCTCATGGAGGCTGTCCTCGTGCCCCAGGCCC
AGGCAGCCAAG

80

Human-
HER2-ses1

example-
16

TGGCCACCCCATCCAAACTCACTCCAAGTCATGCCACCTCAGACAGGGA
GAAGCCTGACTGAAGGACCCCTCCGCCCATGTCCCTTGCACACTGCAG
GTTTAACAGCAGGAGAAAGCTTGCGTGCTTAGGAAGTAGAGGGATTTC
AGGGGAAAGGCTTCTTCTGACTAGGCCCACCCTGTGCATTCAGAGGCT
GCCCCAGCOTGCCAGCCCTGGGRAGCTCGCCCGCCAGTACAGGGTGTT
GGCTGGCAAAGAAAGGCTTCCTTTGTCCCAAAGGCACAACTCAGGGCA
AAGGGGTAAAA

81

Human-
CD3E-sesl

example-
17

AGGGAAGGGAGTGAAGAGCACAAAGAAATATCCTGGCAAGAGGGCA
GGCCAGCTGTGAGGGTGGGACTACTGATGATGCTTCAAAGGAAGAGG
AAGCAGCAATATTTTAGGACTGGGTACCAGCAGAGAAGGCAGGGAGG
AGGGAGCGGGGGATCAGGCTAGAGGGCGCGAGTTCACCATGAGGCT
GAGGAACGATTCTCTCTCGTGGGGTCCAAGACTAGCCCAGGAAACAG
GGAGTCGCAGGGGGACTGGAGAGGAGACCTGGGCCAGCGGGAGGCA
GTGTTCTCCAGAGGGTCAGAT

82

mouse-
Apoa2-
Sesl

example-
18

GAAGTTTCACTCCTTCCGCATTTATTGGAGAAAACAGGCAGAAGGTTG
GGAGAGGGGCTCTACCGGTGGCCAGTGGAGCAGCTGGGGTGGGAAG
ACTGGGCCTAGCACATCTCACTTAGCCGCAGGAGCCGGTTTCTCCTCAA
GGTTCATTCAACTGCTGAAGAAGTTCACCAGACTAGTTCCTGCTGTCCT
GACAAGGGGTGTCAGCTGCTCGTGTGTCTTCTCAAAGTATGC

83

mouse-
Ahsg-Ses3

example-
18

CACTGGGTGTGCATCACCCTGAACTGGCCGTCTTGTTTCAGGATGTGG
AAGTCACAGTCTCCCTCCACCGCGTGCTCAGTCAGCTGCCTCACAGAAC
AGTTTGCCAGCGGGGTGGGGTCCAAAGCATAGCAAGTGGTCTCCAGT
GTGTCAACTTCCATCTCATACACCACTCCGAAGGGCCGCCGAGACCACA
CCTTGACTTTGTCGATCTCATTCAAGACCTGTTTGAATCCCTCAAGAAG
A

84
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mouse-
Ahsg-ses8

example-
18
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GAACTGTGGTGGCTGGGCAGCTCCCACCCACCCACCCACCCACCAACC
AACCACAAGGCAGCACTCACGTGCTCAGTCAGCTGCCTCACAGAACAG
TTTGCCAGCGGGGTGGGGTCCAAAGCATAGCAAGTGGTCTCCAGTGT
GTCAACTTCCATCTCATACACCACTCCGAAGGGCCGCTGTGGAGCCGG
ACAGAAGGGAGAGGTGAGCAAACGCCCTGCTCCGCTGATCCAATGCA
TCGCACCTAGTGTGT

85

mouse-Alb-
ses4d

example-
18

GATGTCTTCTGGCAACTTCATGCAAATAGTGTCCCATACAGGTGGTTGG
GTTTTCCTTACAGGAGGTGCACATGGCCTCAGCCTCTGGCCTTTCAAAT
GGTGGCAGGCTAGGGTTGTCATCTTTGTGTTGCAGGAAACATTCGTTT
CTTTCGGGCTCTTGTTTTGTACAGCAGTCAGCCAGTTCACCATAGTTTTC
ACGGAGGTTTGGAATGGCACACAACTTATCTCCAAAAAGAGTGTGAAG
GGATTTGTCACAGTTGGLGGCAGALT

86

mouse-Alb-
ses6

example-
18

GGTGTCTTCTTGAATATTCATACAAGAACGTGCCCAGGAAGACATCCTT
GGCCTCAGCATAGTTCTTGCACACTTCCTGGTCCTCAACAAAATCAGCA

GCAATGGCAGGCAGATCAGCAGGCATAGTGTCATGCTCCACCTCACTA

CGACAGTGGGCTTITCTTCAACAGTGGTTTATCGCAGCAAGTCTGCAGTT
TGCTGGAGATACTCGCCTGGTTTTCACACATGTACTTGGCAAGTTCCGC

CCTGTCATCTGCGCATTCCAGCAGGT

87

Human-
APOA2-
sesl

example-
18

TTCTCTGCAATTGAAGCCGAATCTGCCCTAATCCCCACCCCTGGGTTCA
GACTTCTGTGGGACCTCTCATCTTCCCTTCTTTCTCTCCACAGTTCCACA
GCCCCTGAACCCCTTGCCCTGAGACTTACTTAGCCTCGGCCTGAAGCTC
TGGGCTCTGGACCTTCTCCATCAGGTCCTTGCCATAGTCAGTCACGGTC
TGGAAGTACTGAGAAACCAGGCTCTCCACACGTGGCTCCTTTGCCTGTC
TCCGAA

88

Human-
AHSG-sesl

example-
18

GAGCTGCCAGTAACACATGGGAGTCTGGGGGTGAGCCAGCTGGAGGG
AGTCCAGGTGCGCCAAGTGGAGGGGACGGAGGTGCATCTGGGTCCAL
CACGGGTGTGGGGACTGCTTCATTAGCACCTTCTGGTTGGGGCTGTGA
GCTCACGGGCTGTGTTTGGAACACCATGCAGGTCACTGCAACCTCTGC
CCCACCAAGCTTCTCACAGAGTGTTGCCTTACAAAAGCCATATTGCTTT
TCTGCCAGCAGGTTACACTTGGCTGCCTCTGTGGCCTCTTGAGCAACAC
AGTCAGTGCCAG

89

Human-
ALB-sesl

example-
18

TTTACTAGATTAAAAAACATTGAAATAGGCCGGGCGCGGTGGCTCACT
CCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGCAGATCACGATGT
CAGGAGATTGAGACCATCCTGGCACACGGTGAAACCCCATCTCTACTA
AAAATACAAAAGATTAGCCGGGCGGGATGGCGGGCGCCTGTAGTCCC
AGCTACTCGGGAGGCTGAGGCAGGAGAATAGCGTGAACCCGGGAGG
CGGAGTTTGCAGGGAGCCGAGATTGCGCCACTGCACTCCAGCCTGGG
CGACAGAGCGAGACCC

a0

HIV-ENV-
sesl

example-
19

TTATATCCTCATGCATCTGTTCTACCATGTCATTTTITCCACATGTGAAAA
TTTTCTGTCACATTITACCAATACTACTTCTTGTGGGTTGGGGTCTGTAGG
TACACAGGCATGTGTGGCCCAAACATTATGTACCTCTGTATCATATGCT
TTGGCATCTGGTGCACAAAATAGAGTGGTGGTTGCTTCCTTCCACACA
GGTACCCCATAATAGACTG

91

COVID19-
Spike-ses1

example-
19

GGAGAACCCTGGACCTGAATTCGTAGTTTACTGCGCAACTACTCATAAT
GACACTGTTTTITATCTGTAATGGGTTCAGGGTAGTAATAGGAACTGCCT
GTGAACTTCCATTCTCCATCATCTTGAACAAAATATCCAGCTTTAGGTGC
GAATCCTCTATCACCAGAAATGCAAAGTCCAGGACTCACATTITGCGGTT
GTAAAGGATATTAGCACATAGCTGAAGTGTATAAAATAGAAGCCATAA
GGCGCATTCTGGACAAGAGAGAATATATGATTACCATTGCCACAGAAA
TTAATACGCGTGGTTTGGCTCTTAACGCACTCATTGACCTTTTCTATGGC
CTGAGCAGCACTAACTTTAATGGCGCGCCAGAGGGCAGAGGAAG

92
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Spike-ses2
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19
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GGAGAACCCTGGACCTGAATTCCAAAGTCCAGGACTCACATTTGCGGT

TGTAAAGGATATTGGCACAGAGCTGAAGTGTATAAAATATAAGCCAGA
AGGCGCATTCTGGACAAGAGATAATATAGGATTACCATTGCCACAGAA
ATTAATACGCGTGGTTITAGCTCTTAACGCACTCATTGACCTTTTCTTATG

GCCTGAGCAGCACTAACTTTAATAAGCGTACTATCACTAAGTTGCTTGG
ATATATACGCATTAAGTGCAGTGAACCTGCCATTAATAAGACGATCTAT
CTGGGCTTTTGCTTCTACAGCCTCAAGCCGAGTGGCGCGCCAGAGGGC
AGAGGAAG

93

COVID19-
Spike-ses3

example-
19

GGAGAACCCTGGACCTGAATTCGGAGGCGGTTTGCATATTATCCAAGA
GGTTATTAACCTCATTAAGAATGGCATTAACATTAACACAGAAAGAGC
CATACTCAACCAACTGCTGCCTGCATGCAGTGTTATCACCACAGACAAA
TGCAGCACAATCTATAGTCACCTTTAGAGATCTAGTTTGAATGAACTCC
TCGTGGTGCCCAATAGTAAAATTGGTTGGTATTTGCATCTCATAGAATC
CATCAACGGATTGGACACTATCATTAACTTTCCAGGAGGCGCGCCAGA
GGGCAGAGGAAG

94

COVID19-
Spike-ses4

example-
19

GGAGAACCCTGGACCTGAATTCCACACAAATTGGGGGTTTTACATCCG
TGTGCCAAAACCCTATAAGCTTATTACCATTAGTGTTAGGCTTACAATC
AGTGTAAGGGAACAGACAAATGGTATACTGGCACACGGAGGCCATTA
TAACACCATTATATAGCTCTATTACAACGGTATAGGAAGTATAGCCAAA
CAAACTACCTATAACTATAGTAGGAAAATATGCAGTTGCACCGGATGG
CGTACTTGTCTTAAGGTTCTGCACCTTCGCAAATATGCCATCATTAAACT
GACTGAAATAGGGTGGTTGAAACCACGACAAGCTAACGGCGCGCCAG
AGGGCAGAGGAAG

95

COVID19-
Spike-ses5

example-
19

GGAGAACCCTGGACCTGAATTCGCCAGCACCCATACGGAGATCACAAT
TAGGAAGCGCCTCATCCGTGCGGTTATCAGCATTAACAACACAACCCA
AATAACTATCAAAGTAATTAAGTAGGTTCTCCTCACGGGAAATATTATT
GCTAAAAACATAGCTACAATTTATATTACGATAGAGCAGAGCCGGTTC
GGGTGCATCTTTGTGAAATGCAGCAGAAACACGGCCACTATAACAGCT
CCTTATCGTATAAGTCTTGTTAGTGGTAAGATCACGAAAACCGGCGCG
CCAGAGGGCAGAGGAAG

96

COVID19-
Spike-ses6

example-
19

GGAGAACCCTGGACCTGAATTCAATGCATCAGCATTAACATTAAGCGT

GAAATTTCGCTTTAACACACAAATTGGGGGTTTTACATCCGTGTGCCAA
AACCCTATAAGCTTATTACCATTAGTGTTAGGCTTACAATCAGTGGAAG
GTAACAGACAAATGGTATACTAGCACACTGAGGCCAATTATAACACCA

TTATATAGCTCTATTACAACGGTATAGGAAGTATAGCCAAACAAACTAC
CTATAACTATAGTAGGAAAATATGCAGTTGCACCGGATGGCGTACTTG

TCTTAAGGTTCTGCACCTTCGCAAATATGCCATCATTAAACTGACTGGC

GCGCCAGAGGGCAGAGGAAG

97

COVID19-
Spike-ses7

example-
19

GGAGAACCCTGGACCTGAATTCGCAGTTAACCTGCCATTAATAAGACG
ATCTATCTGGGCTTTTGCTTCTACAGCCTCAAGCCGAGTTAGAATTTCTT
GTAAAGAAGCACTAATAGCACCAAACCTGTTAGAAAGTGGATTTAGTA
AGTTATTGAGTGCTTCAGCATTTGCATTAACAACGGACTAGATCTTACC
TAAAGCAGAATTGGTTGCATCAAACCCATCCTAGATAGCACCCAGCGC
ATTGTTAAAAGCACTAGCAATCATCTTITTIGGTTCTCACTAAGCACATTCA
TAGTGACACCTAAACCATTAATTCTATATGGAACACTTAAACTAAATGG
CACACCGGCAGCTGCTGACCACGGTGGCGCGCCAGAGGGCAGAGGAA
G

98

COVID19-
Spike-ses8

example-
19

GGAGAACCCTGGACCTGAATTCGCTTTTGCTTCTACAGCCTCAAGCCGA
GTTAGAATTTCTTGTAAAGAAGCACTAATAGCACCAAACCTGTTAGAAA
GTGGATTTAGTAAGTTATTGAGTGCTTCAGCATTTGCATTAACAACGGA
CTGGATCTTACCTAAAGCAGAATTGGTTGCATCAAACCCATCCTAGATA

99
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GCACCCAGCGCATTGTTAAAAGCACTAGCAATCATCTTTTAGTTCTCAC
TAAGCACATTCATAGTGACACCTAAACCATTAATTCTATATGGAACACT
TAAACTAAATGGCACACCGGCAGCTGCTGACCACGGTGGGAACATAGC
TGCCGCAGTAGCACCGQATTGTGGGCGCGCCAGAGGGCAGAGGAAG

COVID19-
Spike-ses9

example-
19

GGAGAACCCTGGACCTGAATTCAGTTGCATATTATCCAAGAGGTTATTA
ACCTCATTAAGAATGGCATTAACATTAACACAGAAAGAGCCATACTCA
ACCAACTGCTGCCTGCATGCAGTGTTATCACCACAGACAAATGCAGCA
CAATCTATAGTCACCTTTGGAGATCTAGTTGGAATGAACTCCTCATAGT
GCCCAATAGTAAAATTGGTTGGTATTTGCATCTCATATAATCCATCAAC
GGATTAGACACTATCATTAACTAACATCGGAGTGTATGGCTCAAATGTA
GTTAACCGAGAGCCAGTAGAAACTGATCGGTCAGCCCTGCGTGATTTT
GAAGGCGCGCCAGAGGGCAGAGGAAG

100

COVID19-
Spike-
sesl10

example-
19

GGAGAACCCTGGACCTGAATTCGAGGAAATATTATGTATCACAATACT
GTCCTGGTGTCCTCCATACTCATCACAACAATTTCCAAAATCTAACTCCT
CCTTAAAGTCGGGTGGATTAGGTATTGAAGTGTTCAAGAAAACTTCAG
GTGCCAAAAGTTGCTTGGATATATACGCATTAAGTGCAGTTAACCTGCC
ATTAATAAGACGATCTATCTAGGCTTTTGCTTCTACAGCCTCAAGCCGA
GTTAGAATTTCTTGTAAAGAAGCACTAATAGCACCAAACAAACTTAAAC
TAAATGGCACACCGGCAGCTGLCTGACCACGGTGGGAACATAGCTGCC
GCAGTAGCAAAACCGTCTGGCAGTCTCGAGCTTATAGTAACACCCTGC
ATTAATGCACTAGCAACTTGTAGTTGCGGCGCGCCAGAGGGCAGAGG
AAG

101

COVID19-
Spike-
sesll

example-
19

GGAGAACCCTGGACCTGAATTCGAGGAAATATTATGTATCACAATACT
GTCCTGGTGTCCTCCATACTCATCACAACAATTTCCAAAATCTAACTCCT
CCTTAAAGTCGGGTGGATTAGGTATTGAAGTGTTCAAGAAAACTTCAG
GTGCCAAAAGTTGCTTGGATATATACGCATTAAGTGCAGTTAACCTGCC
ATTAATAAGACGATCTATCTAGGCTTTTGCTTCTACAGCCTCAAGCCGA
GTTAGAATTTCTTGTAAAGAAGCACTAATAGCACCAAACAAAAAGGTG
TCGAGAAGAGGAGAACAATATGCTAAATGTTGTTCTCGTCTCCTCGAC
ACCAAACTTAAACTAAATGGCACACCGGCAGCTGCTGACCACGGETGGEG
AACATAGCTGCCGCAGTAGCAAAACCGTCTGGCAGTCTCGAGCTTATA
GTAACACCCTGCATTAATGCACTAGCAACTTGTAGTTGCGGCGCGCCA
GAGGGCAGAGGAAG

102

COVID19-
Spike-
sesl?2

example-
19

GGAGAACCCTGGACCTGAATTCGAGGAAATATTATGTATCACAATACT
GTCCTGGTGTCCTCCATACTCATCACAACAATTTCCAAAATCTAACTCCT
CCTTAAAGTCGGGTGGATTAGGTATTGAAGTGTTCAAGAAAACTTCAG
GTGCCAAATCGACAAAGCCAACATCAGATAATTTGACCTTGTCAAATAA
CAAATCCTCTATAGCAGAAAAACTCATCCGTGCGGTTATCAGCATTAAC
AACACAACCCAAATAACTATCAAAGTAATTAAGTAGGTTCTCCTCACGG
GAAATATTATTGCTAAAAACATAGCTACAATTTATATTACGATAGAGCA
GAGCAAACCATTTAACAATATATTAGCAAAAATTTGGCAGCGATCATTA
ACAAGGCAGGTATCATGTAAATGGTTTTITGCCAAAGACGCCAGCATCA
TTAAAGCCATACCTCCTATTCCAAGACGAGGGGTTATGGGGCGCGCCA
GAGGGCAGAGGAAG

103

COVID19-
Spike-
sesl3

example-
19

GGAGAACCCTGGACCTGAATTCGAGGAAATATTATGTATCACAATACT
GTCCTGGTGTCCTCCATACTCATCACAACAATTITCCAAAACGTATAAGT
CTTGTTAGTGGTAAGATCACGAAAACCATTCAAATTACCATTAACATCA
TACAGAAGGGTTTGCCAGCTATTATAATAGTCAAACCTTATGTGGATCA
GCATTGCCACAATTATCTTCTAAAACACCTAAGCCTTCACAATGGTCAC
AAAGCCTACTTCGGGGTACAGCAAACTTATCAACTGAAATACTACCAA
AGCACCTGCCATACACTTITAGAAGCATCGATATTATTACAAAACAAACT

104
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CTCAGCCTGAACATAACGTAACAGGCTGCTTAAATAAAAAGGTGTCGA
GAAGAGGAGAACAATATGCTAAATGTTGTTCTCGTCTCCTCGACACCA
AAGCTCTGGGTCTTACATTTTATTTCACTGGTATAACTACTAGCACAATC
AACAGCACTAGTAATAAAACAAATTGGQGGGTTTTACATCCGTGTGCCA
AAACCCTATAAGCTTATTACCATTAGTGTTAAAAACTTCAACGGTCTCA
GTGCTAATGCTTGGAGCACTAACATTAGCACCGTTGGCGCGCCAGAGG
GCAGAGGAAG

COVID19-
Spike-
sesl4

example-
19

GGAGAACCCTGGACCTGAATTCGTCTTGTTAGTGGTAAGATCACGAAA
ACCATTCAAATTACCATTAACATCATACAGAAGGGTTTGCAAACCCTTA
TGTGGATCAGCATTGCCACAATTATCTTCTAAAACACCTAAGCCTTCAC
AATGGTCACCCAAATTAGCAGTCTGCAGAAATCCAGAGTTACCAAGCT
GTAAATCAACTTGCCTACTTCGGGGTACAGCAAATAAAGTCTTACGCTC
CCAGTTGAGAGGGGAGGGGACTGACCTAGCAGTAAGCCACTCCTCTAT
AAAAAGCTTATTACCATTAGTGTTAGGCTTACAATCAGTGGAAGGTAA
CAGACAAATGGTATACTAGCACACTGAGGCCAATTATAACACCATTATA
TAGCTCTATTACAACGGTATAGGAAGTATAGCCAAACAAACTACCTATA
ACTATAGTAGGAAATATAACCACGACAAGCTAACTGAGTTAGTTCCCG
TAAGAGCGAGGTTTCTAAACTTAGAACCATCGACCGGGAAAAGCTGGA
TACATCTAAAATCACCAATATACCCTAAACAAGAGGGCAAAAATAGAA
TAAACACGAACAGCGGCGCGCCAGAGGGCAGAGGAAG

105

COVID19-
Spike-
sesl5

example-
19

GGAGAACCCTGGACCTGAATTCATATTATGTATCACAATACTGTCCTGG
TGTCCTCCATACTCATCACAACAATTTCCACACAAATTCTTAAACCATTT
ATCTAACTCCTCCTTAAAGTCGGGTGGATTAGGTATTGAAGTGTTCAAG
AAAACTAAATATCCAGCTTTAGGTGCTAATCCTCTATCACCAGAAATGC
AAAGTCCAGGACTCACATTTGCGAAAAAGGTGTCGAGAAGAGGAGAA
CAATATGCTAAATGTTGTTCTCGTCTCCTCGACACCAAAGCATTCTGGA
CAAGAGATAATATAGGATTACCATTGCCACAGAAATTAATACGCGTGG
TTTAGCTCTTAACGCACTCATTGACCTTTTCTTATGGCCTGAGCAGCACT
AACTTTAATAAGAAAGTGGAAGAGGAGAACAATAGGCTAACTGTTGTT
CTCGTCTCCCACTTTAAACTGCTGCCTGCATGCAGTGTTATCACCACAG
ACAAATGCAGCACAATCTATAGTCACCTTTAGAGATCTAGTTITGAATGA
ACTCCTCGTGGTGCCCAATAGTAAAATTGGTTGGTATTTGCATCTCATA
AAATTGTTAGTGGTAAGATCACGAAAACCATTCAAATTACCATTAACAT
CATACAGAAGGGTTTGCCAGCTAAAACCAGTAACCACTTCAGTATTAG
GCAACTGCAAATCTGTGGAACATGTGGTACCACTATTAAAAACGTCAT
GTTGGTTTTTGCCAAAGACGCCAGCATCATTAAAGCCATACCTCCTATT
CCAAGACGAGAAAGGCGCGCCAGAGGGCAGAGGAAG

106

Human-
CFOS-sesl

Example-
21

AAAGCATGCGGTAAGAAACTTAGGGAAGAAACTATGAGAGTACTTCTT
AGGGTGAGACTCAGAGTCTGAGTTGGGATGGAATGGGCTTGGAGCCA
GGGCTCCCAGTTACGGATGTGCAGCCAGCCCCATCAGTAGCTTCATCCT
CTGTACTGGGCTCCTGCATCTCCGGGGLCTGCTTCCCACCCAGCCCCCAC
ATTCCCAGGAAGAGTACGCTAGAGTTCCTCACCTGTTCCACCTTGCCCC
TCCTGCCAATGCTCTGCGCTCGGCCTCCTGTCATGGTCTTCACAACGCC
AGC CCTGGA

107

Human-
CFQOS-ses2

Example-
21

GATCCTCAGCAAGAGAACAAAGAAGAGCCCAGTCTGAAAGCATGCGG
TAAGAAACTTAGGGAAGAAACTATGAGAGTACTTCTTAGGGTGAGACT
CAGAGTCGGAGTTGGGATGGAATGGGCTTAGAGCCAGGGCTCCCAGT
TACGGTTGTGCAGCCAGCCCCATCAGTGGCTTCATCCTCTGTACTGGGC
TCCTGCATCTCCGGGG
CTGCTTCCCACCCAGCCCCCACATTCCCAGGAAGAGTACGCT

108
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ACTGGGAACAATACACACTCCATGCGTTTTGCTACATCTCCGGAAGAG
GTAAGGACTCGAGTCCACACATGGATGCTTTCAAGTCCTCGAGGCCCA
CAGCCTGGTGTGTTTCACGCACAGATAAGGTCLCTCCCTAGGTCTACAG
GAACCCTCTAGGGAAGATGTGTTTCTCCTCTCTGTAATGCACCAGCTCG
GGCAGTAGCACTTGTGGGTGCCGGCTGCCTCCCCTTCCCTGCCCCCTCA
CAGGGCCAGCAGCGTGGGTGAGCTGAGCGAGTCAGAGGAAGGCTCAT
TGCTG CTGCTG

109

Human-
KCNA1-
sesl

Example-
21

TTAACCTCAGTAATACTTTATCTTTACTATTGGAGGCATGTCACATGGA
GTCCATGTTGTCTACTTACATCTGCTGCATGAACAGTCCCAAAACAGTG
CGCTGAAGAGAAGAAAGGTGCTTCTGCAAGGTTTGGAGAGGAGACAA
CTTTGACCTAGCCGGCTGGCTTGGCGCAGGGGCGGTGCGGAGTCAGC
GGAGAGCCCGAGTGGGAATGCGGCAGGTCGTCTTTGCAGTGCCLCTGG
CGGGAGCCGCGEGC

110

mouse-
vGAT-sesl

example-
21

CCTGGTCCTTGGAGCCAGAGGGETGGCAGAGGAGCGCCGLCCAGCGCTGA
TAATGAATGTCTCCCTCGACGGGAGCTTCTGCGCCCTCGTCTCCGCAGG
GCTCGCCTTCCGATITCAGGATGTCCATCTGCAGGCCCTGGCGATGCTC
AAAGTCGAGATCGTCGCAGTGCGCGAAGCCCACCGCTTCCTCATCGGT

AGCCGCCTGAAACCCCATCCTAGCAAACATGCCGCTCACCTTGGCCTGG
GACTTGTTGGACACGGAGGTGGCCACATTGGTCAGCTTGCTGCGGAGC
AGGGTGGCCA

111

mouse-
vGAT-ses2

example-
21

TCCTCTGCGTTGGTTCGGTGGGCCTCGATGAGACCCTCGAGTGAATGC

ACGAAGCCGGACACGCTGCAGATGCCGCCGATGACGAAGATGGCCAC
ATCGAAGAAGACCTAGTGCCACAGCAGCTTGCGCCAGAGAAGGCGCA

AGTAGAAGAGGCTGGGCAGCAGGAAGCAGAGGCCGGCGLCTGTGAG

GCTGCCCGTGAGGCCCATGAGCAGCGCGAAGTGTGGCACGGAGATGG
CCATGAGCAGCGTG

112

mouse-
vGAT-ses3

example-
21

AAACGGAAGGAAGCCACAAAGGAAGAAAATACTCAGACGCTTTAGGT
AGTAGACACAGGGTCTTGGGGAACGGAGACGAGGTGTAGATATAGGT
TTGGAAATAAGAACTACATAGAAGAAGACTAGAGTTGGGAAACCCTA
AGATGGGTGTTAAATGGGATCT GCAGAGAGGATCAGAATAGAGACCC
CTCCAACCCACAAGCCCTACGCTGCAGGAAGCCTAAACCGCAGGTCTC
TAGAAACTGAGGAGAGGGGAGGGCCAAAAGCTGCGCAATATGGTTTC
TAATTTAC

113

mouse-
vGAT-sesd

example-
21

GTTTCTGCGGTGCAGCCGGGATTTCCAGCAAGAGGAGCTAGTCTTCGC
AGCTTCGTACTGCGGAGTCCCTCTACCATAGACGTTCCTATGTACCTGT
ATCTGTATGTGTCCAACAGAGCTGCACCAGCCAAGTAGGTGCTGTCTG

CTTTAGTGTGTGTGTGCGTGTGCGTGCGTGTGCGTGCATGTGTGTGTG

CTCACGAGTTAAGATTAAGCTAATGCAGAGGCACTTGCTGTGTAAAGG
TATTGCTGCTATTGCAGTGTCTTGTGGTATAGTCAAGTGCATTTAGGGT
AACCCTGCGAACTATAAATAGATGCACGTCATATGCCTGTTTGTTAGTG
AGGAAGGGGACCGTGTCTAGCCCTGTCCGCGTGCACGACTTCTGTTTG
TGTCACGAG

114

mouse-
vGAT-sesb

example-
21

GCOEGCGEGCGEEGECAGGAGAAAAGGACAGAAGGGETCTGGGGACGCEO
GCGGGCGCGCGTCAAGGCAGCGAGGACTGCTATCTCCGLTGGGTCTC
CGCGCGGCGCCCCAGOGCACTCTGGCTCATGACCCTCGCGCCTGACGT
TCGAGGCTAGCCCCGGTCACGACAGTCTGGCTCTTGGTAGGACCGGCC
CGAGAGGCGACGAGTGCACTGCAGAGCTOGGTGCGGGETGCCAGLTEG
GCTGCGGAGGGCGGCGGCGACGGCAGCGTCAGAACAGCTACGLCGAG
GC

115

mouse-
VGAT-ses6

example-
21

TATACATTTCATCTTATTCACCACGAGCACACCACACGCACAGTATACA
GTTCCACGACCGGATACATTGCACAAGATGAGTTTGGGTTCCTGAAAA

116
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CCGGCAGGCAAACGGGGCCCCTGCCGCGGCTTCTCCAGAGTGAAGTC
GCCCGCCCGAAATAGATTTCCCGGTCAACCTTTCAGGCCGCAAGGTTG
AAATGTCCAGGGCATGGGGAGCGLCTCTTGCTAGAAATGGCTGGACGC
TGTAGATTCCAAGCACTGGCTGGCTGTGAAATGGCCCCACCCCACCCTC
AAGGTCAAGTTTCCAAGCCTGCGAACTTTCCCTCCCTTCCCACCCCCGTC
GTTGACAGGAGCCAAAATTTGGTGG

RAT-vGAT-
sesl

example-
21

GGCCACATCGAAGAAGACCTGGTGCCACAGCAGCTTGCGCCAGAGAA
GACGCAAGTGGAAGAGGCTGGGCAGCAGGAAGCAGAGGCCGGECTCC
CGTGAGGCTGCCCGTGAGGCCCATGAGCAGCGCGAAGTGTAGCACGT
AGATGGCCATGAGCAGCGTGAAGACCACCAGCGCGCAGCGCAGCGTC
AGCCCCCAGGACTTAAGGCGACCGTCGCCACCGTAGCAGGCGGGGAA
GAAGGCACGACTGCCTTCCTG

117

RAT-vGAT-
ses2

example-
21

ATGGCCATGAGCAGCGTGAAGACCACCAGCGCGCAGCGCAGCGTCAG
CCCCCAGGACTTAAGGCGACCGTCGCCACCGTACCAGGCGGGGAAGA

AGGCACGACTGCCTTCCTAGAAGAGAGACTTCTCCAGCACTTCGACGG

CCGCGAAGAAGGGCAACGGGTACGACAGCAGCGCLTTGGCCALCCAGG
AAGATCTTGACCACGGCGCGG

118

RAT-vGAT-
ses3

example-
21

GACCAGGACTTCTGCGACACGGGCAGCCCCGGGAAACTGTTGTACATG
AGGTTGCCGCTCACCACTACGTACAAGATACACGTCATCACCAGCTCGA
TGATCTAGGCCACATTGACCACGCGGCCGCCCAGCGTGGGGAATCGA
GGAGCGCAGCACGCGTTAGCTATCGCCACATACGAGTCCCTCACGCGC
ACCACCTCACCA

119

RAT-vGAT-
sesd

example-
21

CGTCCCCGCAGGGCTCGCCTTCCGATTTCAGGATGTCCATCTGCAGGCC
CTGGCGGTGCTCAAAGTCGAGATCGTCGCAGTGCGCGAAGCCCACCGL
CTCCTCATCCGTAGCCGCCTGAAACCCCATCCTAGCGAACATGCCGCTC
ACCTTGGCCTGGGACTTGTTGGACACAGAGGTGGLCACGTTGGTCA

120

Monkey-
vGAT-sesl

example-
21

CATGAGCAGCGTGAAGACGACAAGCGCGCAGCGCAGCGTCAGCCCCC
AGGACTTCAGGCGCCCGTCGCCGCCGTAGCAGGCCGGGAAAAAGGCG
CGGCTGCCTTCCTGGAAGAGCGACTTCTCCAGAACCTCGACAGLCGGCLEG
AAGAATAGCAGAGGATAGGACAACAGCGCCTTGGCCACCAGAAAGAT
GTTGACCACGGCGCGGATGGAGCCAGGCAGGTTATCCGTGATTACCTC
CTTGGTCTCGTCGGCCCAGGTGAGGTAGGCGACGAGTGCGAAGAGGC
CCTTGAGCACGCAGGCGGCGATGTGCGTCCAGTTCATCATGCAGTGGA
ACTCGCTGGG

121

Monkey-
VGAT-ses2

example-
21

AACTTGACCTTCTCCCAGGCCCAGTCGCGTGCCCGCGATAGACAGTGG
GCTATGACTAGGATATTGATGACGAAGTAGGCCAGAGTGCACAGCAG
ACTGAACTTGGACACGGCCTTGAGGTTCTTAAGGAAGGCGCAAGGCA
GGAGCACGGCCGTGGCGATAATGGACCAGGACTTCTGCGACACGGGC
AGCCCCGGGAAGCTGTTGTACATGAGGTTGCCACTCACCACCACGTAC

122

Human-
vGAT-sesl

example-
21

GGCCACATCGAAGAAGACCTGGTGCCACAGCAGCTTGCGCCAGAGAA
GGCGCAAGTGGAAGAGGCTGGGCAGCAGGAAGCAGAGGLCCGGCGECC
TGTGAGGCTGCCCGTGAGGCCCATGAGCAGCGCGAAGTGTAGCACGT
AGATGGCCATGAGCAGCGTGAAGACCACCAGCGCGCAGCGCAGCGTC
AGCCCCCAGGACTTAAGGCGACCGTCGCCTCCATAGCAGGCGGGGAA
GAAGGCGCGACTGCCTTCCTG

123

Human-
vGAT-ses2

example-
21

AAAGGACTTCAGGCGCCCGTCGCCGCTGTAGCAGGCCGGGAAAAAGG
CGCGGCTGCCTTCCTGGAAGAGCGACLTTCTCCAGCACCTCGALCAGCGG
CAAAGAATAGCAGAGGATAGGACAACAGCGCCTTGGCCACCAGAAAG
ATGTTGACCACGGCGCGGATGGAGCCOGGCAGGTTATCCGTGATGAC
CTCCTTGGTCTCGTC
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Human- example- CAGGATGTGAAAGTCTTCCAGAAGAAATTCTTGCAGCCAGCTTTGCGT 125
SST-sesl 21 TCTCGGGGTGCCATAGCCGGGTTTGAGTTAGCAGATCTCTGCAGCTCA
AGCCTCATTTCATCCTGCTCAGCAGCCTAGGACAGATCTTCAGGTTCCA
GGGQCATCATTCTCCGTCTGGTTGGGTTCAGACAGCAGCTCTGCCAAGA
AGTACTTGGCCAGTTCCTGCTTCCCCGCGGCAGCAGCCAGGGACTTCT

GCAGAAACGGACGGAGTCTGGGGTCCGAGGGAGCGCCGGTGACACA
GCCCAGGGCCAGGACGGTGGACAGCGCAGCCAGCGCGCACTGGAGG

CGGCAGGACAGC
Human-PV- | example- CTTTCAGCCACCAGAGTGGAGAGTTCGTCAACCCCAATTTTGCCGTCCC | 126
sesl 21 CATCTTTGTCTCCAGCAGCCATCAGCATCTTGGTTTCTTTAGCAGACAG

GTCTCTGGCATCTGGGGAGAAGCCTTTTAGGATGAATCCCAGCTCATC
CTCCTCGATGAAGCCACTTTTGTCCTTGTCCAGCATGTGGAACACCTTCT
TCACATCATCCGCACTCTTTTTCTTCAGGCCGACCATTTAGAAGAACTTT
TTGTGGTCGAAGGAGTCGGTAGCGCTAAAGGCTCCCACCGCCTTCTTG
ATGTCCTCAGCGTTCAGCAAGTCTGTCATCGAC

Human-PV- | example- [ AAGAAGGCGCGCGGACCTGCTACCACTCCTGCACCGCCAGGCCAGGG | 127
ses2 21 GTCCGCOGGGATCCCAGGGGCTGCGGCCAGGGCACGAGGGAAGGGGC
CACCTCTAGGATTTAGGGGGCACTGGCGTCACCAGCTGGGTCTGGAAA
GTCCACCTGCCGTCAAGGACACGCAGGAGGTGCGCCGTCTCAGATLCTG
GGAACCTTGGCGGATGTCCTGCCGCGTGGGGGAAGATCC

Human-PV- | example- GTGTGCAGAGGTGACGTGTTCAAGGTCACAGCTGGCAAGGGGCAGAG | 128
ses3 21 AAGGAGCAGAGCATGGGGGTCTGGGCTTTACACTCAGGCAGCGGATG
TTTATGAAGCACCTGCTCTGTGTGGGGTATTGGCTAGATACTGGGGCT
GGAAGGATGAATGCAACCCAATCCCTAGTTTTAAGTTTTACATCCACTT
ATATGTTGGATGTAAGTAGGTAGAACGTGAAGATTCTAGACAGAAGGT
ACCCTTGCGAAGGGACCTAGTTTTAAAAAAATTAGCTAACAAATACATA
TATAACATTTACTCTGTGCCAGACACTGTTCTAGGCACTTTACATATTAA

CACATCT
Human-CR- | example- | CCACTCCTGTCTGTGTCGTACTTCCGCCAAGCCTCCATAAACTCGGCGC | 129
sesl 21 TGGAGCCCACGTGCTGCCTGAAGCACAGAAGGAAGTTCTCTTCGGTTG

GCAGGATCTGCGCCAGCTCTGCCATCTCGATTTTCCCATCTGAGTTTTTA
TCATACTTCTGCATGAACTCCTTCATCTTTTCTCCAAAGTTGTCACTCTTT
GACATCATGCCAGAGCCTTTCCTTGCCTTCTCCAGCTCTTAGAAAAAGT
TTTCTAGCTCTTTACCTTCAATATACCCATTTCCGTCTGCGTCAAAGTGC
TTCCATATTTCCAGGAACTGGGACGCCAGTCAGCTCGGCCAGGTGCAGG
GAAGGGGGCTGCTGCTGCGGGCCAGCC

Human-CR- | example- CCGCTTCTATCCTTGTCGGAAAATGTGAAGATCGCGTTAAACTCCTCTG | 130
ses? 21 AGGTCAGCTTCATGCCCGGAAATTTAAGCAGGAAGTTTTCCTGGACAG
GCAGGAGTCGGGACATCTCTGAGAGGCCCAATTTGCCATCCCCGTTCA
AGTCAAACATCCGTAGTATGGTTTGGGTGTATTCCTAGAGCTTGGGCTC
ATCGTACGGCCGGTTCGCCTTCTTCAGCAGGTCTGACAGGAATCCCTTG
AGCTCATTGGCTTCGATTCAGCCACTCCTGTCTGTGTCGTACTTCCGCCA
AGCCTCCATAAACTCGGCGCTGGAGCCCACGTGCTGCCTGAAGCACAG
AAGGAAGTTCTCTGGCGLCGCCAGCTACTAACTTCAGCCTG

Human- example- GTAAAAATGGACGAATACGGCCGGGCGTGGTGGCTCACGCCTGTGTT 131
NAV1.7- 22 CCCAGCACTTTGGGAGGCCAAGGTGGGCAGAACACAACGTCAGGAGA
sesl TCGAGACCATCCTGGCTAACACGGTGAATCCCCGTCTCTACGAAAAATA

CAAAAACAAAATTAGCCAGGTGTAGTGGCGGGTACCTGTAGTCCCAGC
TACCCTGGAGGCTGAGGTGGGAGAATGGCGTGAACCCGGGAGGCGG
AGCTTGCAGGGAGCCAAAATCGCGCCACGGCACTCCAGCCTGGGCAA
CAGAGGGAGACTCTGT
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Human-
NAV1.8-
sesl

example-
22

PCT/US2022/079004

GTTAGAGAAATAAAACTGTATTGGCCAGGCGCTGTGGCTCACGCCTGT
AATCGCAGCACTTTGGGAGGCCGAGGCGGGCAGATTACGAGGTCAGG
AGATCGAGACCATCCTGGCGAACGCGGTGAAACCCCGTCTCTACTAAA
AATACAAAAAATTAGCCGGGCGECCTTAGCGGGQCACCTGTAGTTCCAGC
TACTCCGGAGGCTGAGGCGGGAGAATGGCGTGAACCCGGGAGGLGEG
AGCTTGCAGGGAGCCGAGATCGCGTCACTGCACTCCAGTCTGGGTGAC
AGAGCAAGACTTCGT

132

Human-
TRPV1-sesl

example-
22

AAGGCAAACCAAAAAGGGGAAAAAGGATATAAAAGCTGCCCCTCAGT
CGAGGTGACTGTCCAGAAAAGCAATGTAACAGGGACAGTGGAGGGCG
TGTGTCCCCATTCTGTCCCCACCCTGTCTATAGACACCATCGAGAAAGT
CACCCTCCTACTCCCAGACCACTAGCTTCTCTGCCTGCTCGGGAGCTCG
GGAGGCAGGAGCCTGGTGGGGACGGAGGGAGGTGGAGGCAGGGGT
GTAGACAGCCCCTCTAAGGGAAAAGGTGGCCTCACACTCCCCAGAAGT
CAGCCAGCCTGTGGC

133

Human-
FABP7-sesl

example-
22

AATGGTTCTCTTTGGGGGCTGGGAGCCTTGGCTCAGGCCTGTAATCCC
AGCACTCTGGGAGGCCGAGGCAGCAGGCGGGAGCATCACTTTGAGCT
CAAGAGCTGTAGGCCAGCCTGGGCAACATAGCGAAATCCCATCTCTAC
AAAAATACAAAAAAATGAGCCCGGCGTTGGTGGCTTGCACCTGTGGTC
CCAGCTACTTAGGAGGCTGAGGTTGGAGAATCGCTTGAGCCCAGGAA
GCAGAGGTTGCAGTGAGCCAAGAGTGCACCCCCTGCACTCCAGTCTGG
GTGACACAGCAAGA

134

Human-
ALDH1L1-
sesl

example-
22

GAAAUACUGCUUCAGGACAUCGGAGAUCAAGGCCAAGUAGGAGUC
CCAGCCAGGCCUGGUCUGGGUCCAGGGUCAGCAGCUGGGGUCAGU
GGUCACUUAGUGGCUGGGUGUAGGACCCAGGCUGUGGUGGGGUC
AGGGUAUGUCAUGGGUCACUUGUAGUCAGGUCCAAGACUGAAGCC
UGGCUGGCAUUGGGUGUUGAGUGUUGGAGUUGAUUCUAGGGCCA
GGCUGCAGCUUCCCCACGGAGGGAGACUGGCUUUCCUUAACAAACU
ACACCUCUGUGCCUGGCCAGGCCUACAAGCC
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TABLE 5. (continued-2) SesRNA encompassed herein

Figure | sesRNA |Targetgene| sesRNA | Length| Stop sesRNA sequence
Index name position Codon
|[extended | Fezf2-sesl| Mouse- Exonl 189 1 |ggsagssagact %cca tttg% ttctcca
t
Data Fig. 9 Fezf2 : g %gggé cé %g g ggg%
- dEaact R
agagccgctggcaggcagcccca
" SACETgTeCgCagceaggrrgaecagttiagc |
'mgédg Fezf2-ses2 | Mouse- Fezf2 Exonl 204 %%Cc:tc aCC cg ggg% %CC& % %
%% égg acaéz
gaga g %gt gcag aggccg
- d cacctagtc cCce tcacccattt cattc
g:tteang;dg Fezf2-ses3 | Mouse- Fezf2 S'UR 372 2 gaa aaga gg % acaaa cagccaa

gg caaa ta % ccatta C §§c Cg
a gaacccacca ceota

i
§%§t§§%° e
gcgt ccgagccatgcagcgtg ctct tc

E‘g‘g@dg Fezf2-sesd | Mouse- Fezi2 [ Exonl 753 2 [Et gt %ca tagagggcgggég gg
ol | | % tgcgsggggﬁ Eagg gga %g%
g§ gaég tgg cC ag %% g
o %%Eésegcgc o
..
SR i gg% i
gt gthcha aac CC a aa § ag
tttctt ctsc C
ggggcagg ggg % ga §
ctggga gcttggc atgatgcg %cga%ggag
M A b e e %éﬁga%s§§3a§§cgczggcc dadtteacers
é%%éﬁ%ggac gEleact C%§§°3ggg§§%§§§§
il %%ég §%%§g?
ShE i g%%c ccgzcé
e
Fiiaains attégtcgtcagagaggssa%
gatgg%gggégtégggaa g
Eotidgtanateerent iRt el
%tggcgaac gggce tgagac cct%:J
gxatangichlu 3;2::3‘1; JMouse- PixnD1]  exonl 294 1 g%%gg?gggggg % acgc ;Cagga %C‘;a;%t
gg%%%§cc S Cagtar ettt
SEEE
S seeRs

CA 03236236 2024-4-24

142a



[Extended Rorb- | Mouse-Rorb | exond 393 acgatctcagaca % a
iz s s e
t%g%ﬁ tgagg%tgg gg 3§S§3atca§at%
ccc tatqt geggtcte 52
Pt datgccddeagts gggg
s858 % ggcata §ct 135
EEEEE gacatcc
geEt 3 J
Extended | VGAT- | Mouse- vGAT| Exonl | 300 gotogteottggagecaga age
Data Fig.12| sesRNA . . g cgdcacact gccg%ggtggggg% gtg% g
g gacSiEres gat fccate %ccc
gcgat ctcaaa% g £ §
i e
R
Extended Tied- Rat-Tled4 exonl5 194 atgagaa acctt % § %% g
Data Fig-13] - seshNA 85c§§ggtg cgt %g% % tgccgctE§§§
ST §tgt geeatcadggpocaatetac
Bxtended VGAT-  |Rat-vGAT exon2 255 1 ccm
Data Fig.15| sesRNA §% c§§ g% 2 3 §Caa§%%§ § %%
cga
cgcage céc acttaa
§ il . il i aaé
Sgadtgdottacey 99cggggaag
Fig. 5, FOXP2-1- |Human- . 264 1 taa ctct tCLccaacatattct
| [ e
Data Fig. %gt% Sgatc %ttg% tcg
16 acctgca gactc acac %t% g% £¢
%gaaaaS%S%cgcg gtcttca aadgrac
Fig. 5, FOXP2-2- | Human- ' cDs ¢ 579 > ccattt Cadacctccat ccaté'——T‘
Bxtended | sesRNA [FOXP2-2 % deeacs E%Egg’éggtga Sc §
e ct@ § i fe g?a%g e g§g
i %%g%tt fsECitetagtaryssceet
ggacttaagcc
Fig. 5 VGAT- |Human- VGAT |Exon2 __ [202 1 acttca % Cccg ctg ag
o T
g.
i ccagcaggg il
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Table 8 Differential Gene Expression

PCT/US2022/079004

Gene# Gene Name tmmune/interferon Fold Change {Log2)
Response Related?
OAS2 2.5 -Oligoadenylate Synthetase 2 Yes 2.36
OASL 2'-5-Oligoadenylate Synthetase 1 Yes 1.83
APOLE Apdtipoprotein Lo Na 1.83
IEI27 interferon Algha induribie Protein 37 Yas 1.82
OAS3 25 Oligoadenylate Synthetase 3 Yes 1.81
MX2 MX Dynamin Like GTPase 2 Yes 1.8
XAF1 XIAP Associated Factor 1 Yes 1.75
interferon induced Protain With
{FIT3 Tetratricopeptide Repeats 3 Yes 1.53
DDX6OL DExD/H-Box 60 Like Yes 1.5
iFl44 Interferon induced Protein 44 Yes 1.45
Radicat 5-Adenosyl Methionine Domain
RSAD2 Containing ¥ Yes 1.43
Peoly{ ADP-Ribose) Polymerase Family
PARPLO Member 10 Mo 1.4
tnterferon induced Protein With
IFIT1 Tetratricopeptide Repeats i Yes 1.4
TRIMZ2 Tripartite Motif Containing 22 Yes 1.33
1F144L interferon induced Protein 44 Like Yes 1.29
LRRC37A Leucine Rich Repeat Containing 37A No 1.27
interferon induced With Helicase C Domain
{FiHL 1 Yes 1.21
BST2 interfersn Stimulated Positive
BISPR Regulator Yes 1.21
interferon induced Protein With
IFIT2 Tetratricopeptide Repeats 2 Yes 1.21
UBAY Ubiquitin Like Modifier Activating Enzyme 7 Mo 1.1¢9
CMPK2 Cytiding/Uridine Monophosphate Kinase 2 No 1.19
1SG15 15615 Uhiquitin Like Maodifier Yes 1.19
DDX58 DExD/H-Box Halicase 58 Yes 1.19
SAMDS Sterile Alpha Motif Demain Containing 9 No 1.18
CQASL 2'-5'-Oligoadenylate Synthetase Like Yes 1.15
LOC1008968724 POEADIP Pseudogenea 2 No 1.15
DDXE0 DExY/ H-Box Helicase 50 Yes 1.14
Paly{ ADP-Ribose) Palymerase Family
PARPS Member 9 Yes 1.12
MX1 MX Dynamin Like GTPase 1 Yes 1.06
PTBP2 Polypyrimidine Tract Binding Protein 2 No 1.04
{F16 interferan Alpha Inducible Pratein b Yes 1.04
EPSTil Epithelial Stromal Interaction 1 MNo 1.03
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OTHER EMBODIMENTS

One skilled in the art will readily appreciate that the present disclosure is well adapted
to carry out the objects and obtain the ends and advantages mentioned, as well as those
inherent therein. The present disclosure described herein are presently representative of
preferred embodiments, are exemplary, and are not intended as limitations on the scope of the
present disclosure. Changes therein and other uses will occur to those skilled in the art which
are encompassed within the spirit of the present disclosure as defined by the scope of the

claims.

No admission is made that any reference, including any non-patent or patent
document cited in this specification, constitutes prior art. Any discussion of the references
states what their authors assert, and the applicant reserves the right to challenge the accuracy
and pertinence of any of the documents cited herein. All references cited herein are fully
incorporated by reference, unless explicitly indicated otherwise. The present disclosure shall
control in the event there are any disparities between any definitions and/or description found

in the cited references.

Other embodiments are within the following claims.
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CLAIMS

l.

CA 03236236 2024-4-24

A modular RNA molecule, comprising;:

a. a5’ region comprising a sensor domain comprising a stretch of consecutive
nucleotides that is complementary to a corresponding stretch of consecutive
nucleotides of a cellular RNA, wherein said sensor domain comprises a stop

codon editable by ADAR; and

b. a3 region comprising a domain encoding a protein, wherein said protein

coding domain is downstream of and in-frame with said sensor domain,

wherein, upon introduction of said modular RNA into a cell comprising an Adar
enzyme, said stretch of consecutive nucleotides of said sensor domain and said
corresponding nucleotide stretch of said cellular RNA form an RNA duplex
comprising said stop codon, wherein said stop codon comprised in said RNA duplex

is edited by ADAR in said cell, thereby to permit translation of said protein.

The modular RNA molecule of claim 1, wherein said stretch of consecutive
nucleotides of said sensor domain is able to form an RNA duplex with at least a

portion of an mRNA.

The modular RNA molecule of claim 1, in which said protein coding region encodes

an effector protein.

The modular RNA molecule of claim 1 in which said molecule further comprises
consecutive nucleotides encoding a self-cleaving 2A peptide positioned between said

sensor domain and said effector domain.

The modular RNA molecule of claim 4, in which said self-cleaving 2A peptide is
selected from the group consisting of one or more of T2A peptide, P2A peptide, E2A
peptide, and F2A peptide.
A composition comprising:
a) a first nucleic acid comprising a modular RNA molecule comprising: (i) a
sensor domain comprising a stretch of consecutive nucleotides that is
complementary to a corresponding stretch of consecutive nucleotides of a

cellular RNA, wherein said sensor domain comprises a stop codon editable by

ADAR; and (ii) a first protein-coding domain encoding an effector protein,
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15.
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wherein said first protein-coding region is downstream of and in-frame with

said sensor domain, and
b) a second nucleic acid comprising a second protein coding domain.

The composition of claim 6, wherein said first and second nucleic acids comprise a

single nucleic acid molecule.

The composition of claim 6, wherein said first and second nucleic acids comprise two

nucleic acid molecules.

The composition of claim 6, wherein said first and second nucleic acid are covalently

linked.

The composition of claim 6, wherein said second protein coding domain is comprised

within a gene comprising a transcription control element, optionally, a promoter.
The composition of claim 10, wherein said effector protein binds to said gene.

The composition of claim 6, wherein expression of said second protein coding domain

is modulated by said effector protein.

The composition of claim 6, wherein the first protein-coding domain encodes a

transcriptional activator.

The composition of claim 6, wherein the first protein-coding domain encodes a DNA

recombinase.

The composition of claim 6, wherein the first protein-coding region encodes a cell
killing protein selected from the group consisting of: thymidine kinase (TK) and
cytosine deaminase (CD) , a programmed cell death protein selected from the group
consisting of CASP3, CASP9, BCL, GSDME, GSDMD, GZMA and GZMB, a neural
activating protein selected from the group consisting of: ChR2 and DREADD-M3Dq,
an immunity enhancer protein selected from the group consisting of IFNB, IFNG,
TNFA, IL2, 112, IL15 and CD40L, a physiological editing protein selected from the
group consisting of NaChBac and Kir2.1, a protein synthesis inhibition protein
including ricin, a neural inhibitor protein selected from the group consisting of
DREADD-hM4D, NpHR and GtACR1, a protein involved in neural cell fate such as
NEUROD, a protein involved with cell regeneration including Epidermal growth

factors.
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A nucleic acid delivery vehicle comprising the modular RNA molecule of claim 1 or

the composition of claim 6.

A delivery vehicle according to claim 16, selected from the group consisting of a
nanoparticle, a liposome, a vector, an exosome, a micro-vesicle, a gene-gun, and a

Selective Endogenous encapsulation for cellular Delivery (SEND) system.
The delivery vehicle of claim 16, comprising a viral vector.

The delivery vehicle according to claim 18, in which the viral vector is selected from
the group consisting of adeno-associated virus (AAV), adenovirus, retrovirus,

lentivirus, herpes virus, vesicular stomatitis virus.

The modular RNA molecule of claim 1, wherein said modular RNA molecule is

encoded by a DNA vector.

The composition of claim 6, wherein said modular RNA molecule is encoded by a

DNA vector.

The delivery vehicle of claim 16, wherein said modular RNA molecule is encoded by

a DNA vector.

A pharmaceutical composition comprising the modular RNA molecule of claim 1, the
composition of claim 6, or the delivery vehicle of claim 16, and a pharmaceutically

acceptable carrier, excipient and/or diluent.

A cell comprising the modular RNA molecule of claim 1, the composition of claim 6,

or the delivery vehicle of claim 16.
A cell according Lo claim 24, wherein the cell is a mammalian cell.

A kit comprising the modular RNA molecule of claim 1, the composition of claim 6,

or the delivery vehicle of claim 16, and packaging therefore.

A method of introducing a modular RNA or a nucleic acid composition encoding said
modular RNA, or a delivery vehicle comprising said modular RNA or said nucleic
acid composition encoding said modular RNA, into a selected cell of a mammal, the

method comprising:

contacting a cell of said mammal with said modular RNA molecule, said nucleic acid
composition encoding said modular RNA, or said delivery vehicle comprising said

modular RNA or said nucleic acid composition encoding said modular RNA, under
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conditions which permit said cell of said mammal to comprise said modular RNA or
said delivery vehicle comprising said modular RNA or said nucleic acid composition

encoding said modular RNA, |

wherein said modular RNA is according to claim 1, said nucleic acid composition 1s

according to claim 6, and said delivery vehicle is according to claim 16.

A method of eliciting ADAR editing of a stop codon to allow expression of an in-
frame, downstream encoded protein in a cell of a mammal comprising a selected

target cellular RNA, the method comprising

introducing into said cell of said mammal a modular RNA molecule under conditions
in which said modular RNA is comprised in said cell, said modular RNA comprising
(1) a 5’ region comprising a sensor domain comprising a stretch of consecutive
nucleotides that is complementary to a corresponding stretch of consecutive
nucleotides of said selected cellular RNA, wherein said sensor domain comprises a
stop codon editable by ADAR; and (ii) a 3’ region comprising a domain encoding an
effector protein, wherein said protein coding region is downstream of and in-frame

with said sensor domain,

wherein upon introduction of said modular RNA molecule to said mammal, an RNA
duplex is formed in said cell between said stretch of consecutive nucleotides of said
sensor domain and said corresponding stretch of consecutive nucleotides of said
cellular RNA, wherein said RNA duplex comprises said ADAR-editable stop codon,
and wherein ADAR edits said stop codon comprised in said RNA duplex, thereby

permitting translation of said protein, and

wherein said protein is produced in said mammal.

29.

CA 03236236 2024-4-24

A method for treating a disease or disorder in a mammal, the method comprising:

providing an agent, said agent comprising a modular RNA molecule according to
claim 1 or a nucleic acid composition according to claim 6 or a delivery vehicle is

according to claim 16; and

administering said agent to said mammal in a therapeutically effective amount to

permit translation of said effector protein in selected cells of said mammal, thereby to
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produce said protein in said cells, wherein production of said protein in said cells

provides for treatment of said disease or disorder in said mammal.

The method of claim 29, wherein said agent comprises said composition of claim 6 or
said delivery vehicle of claim 16 1s administered and said first protein coding region
encoding said effector protein comprised in said agent encodes a transactivator
protein that activates expression of said second protein coding region, and wherein
expression of said second protein coding region in said selected cells is

therapeutically effective in treating said disease or disorder.
The method of claim 27, 28, or 29, wherein said cell is a cancer cell.
The method of claim 31, wherein said cancer cell is a metastatic cancer cell.

The method of claim 31, wherein said selected cell RNA encodes HER2, and wherein
said sensor domain comprising said stretch of consecutive nucleotides is
complementary to a corresponding stretch of consecutive nucleotides of said HER2
cell RNA.

The method of claim 33, wherein said protein coding domain of said modular RNA
encodes a protein selected from the group consisting of CASP3, CASP9, BCL,
GSDME, GSDMD, GZMA and GZMB.

The method of claim 27, 28 or 29, wherein said mammal is infected with a pathogen
and wherein said selected cell RNA is expressed by said pathogen in said selected
cell.

The method of claim 29, wherein said mammal comprises a defective protein encoded
by and expressed from a cellular RNA, and

wherein said modular RNA molecule comprises

a stretch of consecutive nucleotides of said sensor domain complementary to a
corresponding stretch of consecutive nucleotides of said cellular RNA encoding said
defective protein, and

a protein coding domain encoding an effector protein that is a wild type functional
protein of said defective protein, and

wherein upon introduction of said agent to said mammal said stretch of consecutive
nucleotides of said sensor domain of said modular RNA molecule forms a duplex

with said corresponding stretch of consecutive nucleotides of said cellular RNA, said
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duplex is edited by ADAR in said cell and said wild type functional protein is
produced in said mammal.

The method of claim 29, wherein a selected cell comprises a border zone (BZ) cell
surrounding an infarct zone of cardiac tissue, and wherein said selected cell RNA is
selected from the group consisting of: NPPB, MYH7, ANKRDI, DES, UCHL1, JUN,
and FOXP1 RNA.

The method of claim 37, wherein said protein coding domain of said modular RNA

encodes VEGFA.

The method of claim 30, wherein said protein coding region of said modular RNA
encodes a transactivator, and wherein said select cell of said mammal further

comprises a VEGFa gene under the control of said transactivator.
The method of claim 37, said selected cell RNA is a NPPB RNA.

The method of claim 29, wherein said mammal is human and is afflicted with
glioblastoma, wherein said selected cell is a cancerous glioblastoma cell, wherein said
selected cell RNA is a SPARC and/or a VIM RNA, and wherein said modular RNA
molecule comprises a sensor domain comprising a stretch of consecutive nucleotides
complementary to a stretch of consecutive nucleotides of said selected cell SPARC

and/or VIM RNA and said protein coding domain comprises caspase.

The method of claim 41,, wherein said modular RNA molecule comprises two tandem
in-frame sensor domains, the first of said two tandem in-frame sensor domains
comprising a stretch of consecutive nucleotides complementary to a stretch of
consecutive nucleotides of said selected cell SPARC RNA, and the second of said two
tandem in-frame sensor domains comprising a stretch of consecutive nucleotides
complementary to a stretch of consecutive nucleotides of said selected cell VIM
RNA, wherein a first RNA duplex forms between a said modular RNA molecule and
said selected cell SPARC RNA and a second RNA duplex forms between a said
modular RNA molecule and said selected cell VIM RNA, and wherein said effector
protein is expressed only in the presence of both said SPARC RNA and said VIM
RNA

The method of claim 41, wherein said protein coding domain of said modular RNA

molecule is selected from the group consisting of: a suicide gene coding region, a cell
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death inducing gene coding region, a tumor suppressor gene coding region, and a

gene enhancing anti-tumor immunity coding region.

The method of claim 43, wherein said protein coding domain of said modular RNA
molecule comprises a coding region of a gene encoding a protein that enhances anti-

tumor immunity or encoding Interferon 3.

The method of claim 43, wherein said protein coding domain of said modular RNA
molecule comprises a protein coding region of a suicide gene, wherein the suicide
gene is selected from the group consisting of thymidine kinase and cytosine

deaminase.

The method of claim 43, wherein said protein coding domain of said modular RNA
molecule comprises a protein coding region of a cell death inducing gene, wherein the
cell death inducing gene is selected from the group consisting of Caspase3, Caspase9,

Bcl 2 and GSDMs.

The method of claim 43, wherein said protein coding domain of said modular RNA
molecule comprises a protein coding region of a tumor suppressor gene, wherein the

tumor suppressor gene is selected from the group consisting of Rb and PTEN.

The method of claim 29, wherein said patient is afflicted with Diffuse large B cell
lymphoma (B NHL), wherein the efRNA encodes an antiCD19-CAR and the sesRNA
is CD3E.

The method of claim 48, wherein the PCAG-sesRNACP3E-CPI-CAR blaomid or in vitro
transcribed mRNA is delivered by CD5-targeting LNPs through i.v. injection to
enhance T cell orientated uptake.

The method of claim 29, wherein said patient is afflicted with Crigler-Najjar
Syndrome (CNS), wherein the SES targets are directed against RNNA transcribed by
Apoa2 (Apolipoprotein A-2), AHSG (Alpha 2-HS Glycoprotein) and Albumin (Alb)
genes, and the efRNA encodes functional UGT1A1 gene.

A method of detecting expression of a protein in a cell, the method comprising:

a) introducing into said cell a modular RNA molecule under conditions in which
said modular RNA is comprised in said cell, said modular RNA comprising (i) a 5’
region comprising a sensor domain comprising a stretch of consecutive nucleotides
that is complementary to a corresponding stretch of consecutive nucleotides of said

selected cellular RNA, wherein said sensor domain comprises a stop codon editable
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by ADAR; and (ii) a 3’ region comprising a domain encoding said protein, wherein

said protein coding region is downstream of and in-frame with said sensor domain,

wherein upon introduction of said modular RNA molecule to said cell, an RNA
duplex is formed in said cell between said stretch of consecutive nucleotides of said
sensor domain and said corresponding stretch of consecutive nucleotides of said
cellular RNA, wherein said RNA duplex comprises said ADAR-editable stop codon,
and wherein ADAR edits said stop codon comprised in said RNA duplex, thereby
permitting translation of said protein, and wherein said protein is produced in said

cell; and
b) detecting said protein in said cell.

The method of claim 27 or 28, wherein said cell type is a cell having a mutation in a
single gene that results in a monogenic disorder, and wherein the protein coding

region of the modular RNA molecule encodes a wild type protein.

The method of claim 29, wherein said disease or disorder is a monogenic disorder
selected from the group consisting of: muscular dystrophy, cystic fibrosis, congenital
deafness, Duchenne muscular dystrophy, familial hypercholesterolemia,
Hemochromatosis, Neurofibromatosis type 1 (INF1), Sickle cell disease and Tay-
Sachs disease and wherein the protein coding region of the modular RNA molecule

encodes a wild type protein.

The method of claim 27 or 28, wherein upon translation, the effector protein is

functional in said cell.

The method of claim 27 or 28, wherein upon translation, the ettector protein is

secreted from the cell.
A method for detecting the presence of a virus in a sample in vifro, the method
comprising:

(1) providing an agent, said agent comprising a modular RNA molecule according to
claim 1; wherein said sensor domain comprises a stretch of consecutive nucleotides
that is complementary to a corresponding stretch of consecutive nucleotides of a viral

RNA or DNA, and wherein said effector protein encodes a label,

(2) incubating said agent with said sample, wherein said label is expressed in the

presence of said viral DNA or RNA.
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57. The method of claim 45, wherein said suicide gene is cytidine kinase and comprises
the sequence of SEQ ID NO:150.

58. The method of claim 45, wherein said suicide gene is thymidine kinasel and

comprises the sequence of SEQ ID NO:151.

59. The method of claim 46, wherein said cell death inducing gene is caspase 3 and

comprises the sequence of SEQ ID NO:152.

60. The method of claim 46, wherein said cell death inducing gene is caspase 9 and

comprises the sequence of SEQ ID NO:153

61. The method of claim 46, wherein said cell death inducing gene is BCL2 and
comprises the sequence of SEQ ID NO:154

62. The method of claim 46, wherein said cell death inducing gene is GSDMD and
comprises the sequence of SEQ ID NO:155.
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FIG. 1A

The Dearth of Cell type Technology is a Bottleneck in Modern Biology and Medicine

Muscle =%

... g;nm@;
‘ﬂbjperm__g,r--- :/

MA BRAIN Initiative
It?ELLN I‘H"BMHP ? CuIIComut
ATLAS
Organ
Networks
0 &
Qg a2 LR
A, 1423 -
t MY B q - -
cz.‘q_q,\qzi} [ 7aaq / Cellular
a\\ ] DA Networks
" ANELE IS o
- - -

Y Need to manitor & manipulate every cell
type to discover their roles in tissue
architecture and system function across
levels of biclogical organization

CA 03236236 2024-4-24

% Need cell type technologies that are:

» specific,

» comprehensiva,
» oasy,

> fast & scalable,
» economic, and

» general across species, including humans



2/51

HUMAN
©
ATLAS

mmun BloMuinwuler

BRAIN Initiative
Cell Census
Network

CA 03236236 2024-4-24



3/51

FIG. 1C
CellREADR design and implementation in mammalian cells
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FIG. 1D
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FIG. 1E

ladder

reter

CA 03236236 2024-4-24



CA 03236236 2024-4-24

6/51

FIG. 2
Striving for a paradigm shift in cell type technology: from germline DNA to somatic RNA
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FIG. 3B
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FIG. 4
CellREADR properties
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FIG. 5A
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FIG. 5C
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FIG. 5F
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FIG. 5J
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FIG. 6A Properties of sesRNA
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FIG. 6C
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FIG. 6G

FIG. 6H

5 —

Dual Sensor d

18/51

—t Cheta tdT  WPRE

EFla g PA .
TTT T
—wADARZ GFP

5

Qﬁm@%@ 3
Triple Sensor a
o _|cAG MMZ Sam"

dba




FIG. 6l

FIG. 6J

CA 03236236 2024-4-24

19/51

02X,

0154 -%-

E;iiﬂrl ]

Cell Conversion Ratio

e al T Y Y r
da c¢c-b ba o-b-a
sesRNA
—
WPRE pA CAG Cheta WPRE

RNATN Cheta / RNA2
STDPﬁ U STOP

sesRNA T Cheta



FIG. 6K

CA 03236236 2024-4-24

k Ctrl Cheta
—

20/51

tdT Cheta & tdT  Cheta-tdT
\ /

GFP

RFP

FIG. 6L

0.Co 1



21/51

FIG. 6M
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FIG. 7C

FIG.7D
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FIG. 7E
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FIG. 7F
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FIG. 8A
Endogenous RNA sensing with CellREADR
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FIG. 8D
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FIG. 8F Transcriptome
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FIG. 8G Differential Gene Expression FIG, 84 Global Editing
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Fig. 10 Design and test of singular and binary CellREADR vectors
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Fig. 10 continued
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Fig. 11 Spacer sequences reduced the leakage of readrRNA
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Fig. 12 CellREADR efficiency correlates with the expression level of target RNA
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Fig. 13 CelREADR enables RNA sensing dependent gene editing and cell ablation
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Fig. 14 ADARI1 is necessary for CelREADR in 293T cells.
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Fig. 14 (continued)

Fig. 14 C (2)
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Fig. 14 (continued)
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Fig. 14 (continued)
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Fig. 14 (continued)
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Fig. 16 CellREADR operates in multiple human and mouse cell lines
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Fig. 18 Time dependent CelIREADR editing
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Fig. 20 Differential gene expression
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FIG. 21 (Continued)
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