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SYNTHETIC IMMUNOMODULATION WITH A CRISPR SUPER-
REPRESSOR IN VIVO

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims priority to U.S. Provisional Application No. 62/757,679, filed
November 8, 2018, and U.S. Provisional Application No. 62/899,584, filed September 12, 2019,

each of which is incorporated herein in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] This invention was made with government support under RO1 EB024562 awarded by
the National Institutes of Health and HR0011-16-23657 awarded by DARPA. The government

has certain rights in the invention.

REFERENCE TO A SEQUENCE LISTING SUBMITTED VIA EFS-WEB
[0003] The content of the ASCI text file of the sequence listing named
"112624 01135 ST25.txt" which is 48.4 kb in size was created on November 7, 2019 and

electronically submitted via EFS-Web herewith the application is incorporated herein by

reference in its entirety.

BACKGROUND

[0004] Compared to the common gene delivery methods, adeno-associated viral (AAV)
vectors possess a broad potential for therapeutic gene delivery due to their remarkable capacity
to target a variety of tissue types at high efficiency. AAV vectors are currently the prevalent type
of DNA viruses used in clinic. Long-term and stable expression of the transgene achieved with
AAV is necessary for the treatment of chronic diseases. However, it has been shown that AAV
vectors or the delivered transgenes evoke an adaptive immune response, which leads to the
production of antibodies and cytotoxic T cell response against cells expressing viral capsids or
the transgenes. Subsequently, this adaptive host immune response compromises the effective
expression of the transgene and have posed a major challenge in AAV-mediated gene therapy in

Vivo.
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[0005] In parallel, the Clustered, Regulatory Interspaced, Short Palindromic Repeats
(CRISPR)-Cas9 system is providing unprecedented opportunities for gene therapies through
facilitating gene editing and gene modulation. Although extremely promising, Cas9 protein from
Streptococcus Pyogenes (Sp-Cas9), the most common form of CRISPR studied so far, faces a
number of challenges for clinical translation including potential immune response and genomic
specificity. Recent studies on human samples hint to pre-existing humoral and cellular immune
response against Sp-Cas9 in a subset of patients tested, raising the notion that Cas9 protein can
also elicit cellular and humoral immune response in new patients. Moreover, it has been
demonstrated that temporal limitation of Cas9 expression inside the cells is beneficial towards
reducing the off-target activity of CRISPR in the genome. All together, these pieces of evidence
suggest that strategies to modulate adverse consequences of CRISPR and its delivery vehicle,

including AAV virus, on demand will be of great importance for the safety of clinical translation.

SUMMARY OF THE INVENTION

[0006] In a first aspect, provided herein is a synthetic repression system for repressing
myeloid differentiation primary response 88 (MyD88) expression in vivo comprising a single
amplicon comprising: (a) a guide RNA (gRNA) comprising (i) a guide sequence complementary
to a portion of MyD88 and (i1) an aptamer target site specific for an RNA binding protein; (b) a
nucleotide sequence encoding the aptamer RNA binding protein fused to one or more repression
domain; and (c) a nucleotide sequence encoding a multifunctional Cas nuclease; wherein the
single amplicon is packaged in a vector for DNA-based viral delivery. In some embodiments the
gRNA guide sequence is 14 nucleotides in length. In some embodiments, the gRNA guide
sequence targets within 100 base pairs (bp) upstream of TATA box region of MyD88. In some
embodiments, gRNA guide sequence is selected from the group consisting of SEQ ID NOs:1-4.
In some embodiments, the aptamer target site is an MS2 aptamer target site and the RNA binding
protein is bacteriophage MS2 coat protein. In some embodiments, the gRNA comprises the MS2
aptamer target site and the guide sequence is 14 nucleotides in length.

[0007] In some embodiments, the repression domain is selected from the group consisting of
a Kruppel associated box (KRAB) domain, methyl-CpG (mCpG) binding domain 2 (meCP2),
Switch independent 3 transcription regulator family member A (SIN3A), histone deacetylase

HDT1 (HDT1), n-terminal truncation of methyl-CpG-binding domain containing protein 2
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(MBD2B), nuclear inhibitor of protein phosphatase-1 (NIPP1), and heterochromatin protein 1
(HP1A). In some embodiments, the nucleotide of (b) encodes MS2 fused to at least two
repression domains. In some embodiments, the nucleotide sequence encoding MS2 fused to a
repression domain comprises a sequence selected from the group consisting of SEQ ID NOs:55,
59, 61, and 63.

[0008] In some embodiments, the system comprises a nucleotide sequence encoding a
multifunctional Cas nuclease fused to the aptamer RNA binding protein and a repression domain.
In some embodiments, the Cas nuclease is an S. aureus Cas9 nuclease or an S. pyrogenes Cas9
nuclease. In some embodiments, the vector is an AAV2/1 delivery vector.

[0009] In a second aspect, provided herein is a pharmaceutical composition comprising the
synthetic repression system described herein and a pharmaceutically acceptable delivery vehicle.

[0010] In a third aspect, provided herein is a method of treating a subject with septicemia
comprising administering to the subject with septicemia a therapeutically effective amount of a
composition comprising the synthetic repression system described herein. In some embodiments,
levels of immune related markers Icam-1, Tnfo, Ncf, 116, Ifn-a, Ifn-f, Ifn-y, and Stat4 are
reduced in the subject following administration. In some embodiments, the method additionally
comprises the step of monitoring the level of at least one immune related marker selected from
the group consisting of Icam-1, Tnfa, Ncf, 116, Ifn-a, Ifn-f, Ifn-y, and Stat4 and administering to
the subject additional doses of the synthetic repression system composition until the level of the
at least one immune related marker is reduced. In some embodiments, serum lactate is reduced in
the subject following administration.

[0011] In a fourth aspect, provided herein is a method of preventing an adverse immune
response in a subject comprising administering to the subject a therapeutically effective amount
of a composition comprising the synthetic repression system described herein prior to or
concurrently with administration of an AAV vector based gene therapy to the subject, wherein
the level of an immune related marker selected from the group consisting of Icam-1, Tnfa, Ncf,
16, Ifn-a, Ifn-p, Ifn-y, and Stat4 is reduced in the subject relative to subject who received the
AAYV vector based gene therapy but did not receive the therapeutic synthetic repression system
composition. In some embodiments, the subject previously received at least one AAV vector
based gene therapy. In some embodiments, the method additionally comprises the step of

monitoring the level of at least one immune related marker selected from the group consisting of
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Icam-1, Tnfo, Ncf, 116, Ifn-a, Ifn-f, Ifn-y, and Stat4 and administering to the subject additional
doses of the synthetic repression system composition until the level of the at least one immune
related marker is reduced.

[0012] In a fifth aspect, provided herein is a method of treating Waldenstrom
macroglobulinemia in a subject in need thereof comprising administering to a subject with
Waldenstrom macroglobulinemia a therapeutically effective amount of a composition
comprising the synthetic repression system described herein. In some embodiments, the method
additionally comprises administering to the subject a composition comprising a gRNA
configured to cleave MyD88 at L265 locus and a homology directed repair template encoding a
portion of wild-type MyD88 at the L265 locus, whereby levels of endogenous L265P mutant
MyD88 are reduced in the subject.

BRIEF DESCRIPTION OF DRAWINGS
[0013] FIGS. 1A-1H show CRISPR-based targeted Myd8S8 repression in vitro and in vivo

demonstrates efficacy in modulating host response against AAV-based gene therapies. (FIG.1A)
Top: Schematic representation of the gRNA binding sites targeted to the promoter of Myd88
locus; Bottom: Mouse Neuroblastoma (N2A) cell lines were transfected with MyD88 gRNA
pairs or mock gRNA control together with Cas9 nuclease and either MS2-KRAB or MS2-
HP1aKRAB cassettes. 72 hours post-transfection cells were treated with Lipopolysaccharides (.
coli LPS, serotype 0111:B4) at a concentration of 10 ug/ml to induce Myd88 expression. (FIG.
1B) gqRT-PCR analysis of Myd88 expression mRNA level post LPS treatment. Fold changes
were quantified relative to the expression level of cells receiving non-targeting Mockg RNA (N
= 4 independent transfections). (FIG. 1C) Schematic of experiments involving retro-orbital
injection of AAV-MyD88 or Mock repressors to Cas9 nuclease transgenic mice. (FIG. 1D) qRT-
PCR analysis of Myd88 expression level in lung, blood, and bone marrow of Cas9 transgenic
mice 3 weeks post retro-orbital injections of 1E+12 GC of AAV/Myd88 or AAV/Mock vectors
carrying MS2- HPla -KRAB or MS2-KRAB (N = 4-5 for injected groups and N = 2 for Not
Injected group). Fold changes are relative to universal control (FIGS. 1E and 1F) Fold-change in
the expression level of /cam-1 (FIG. 1E), and 7nfo (FIG. 1F) mRNAs relative to the universal
control. (N = 4-5 for injected groups and N = 2 for Not Injected group). Universal control is the

level of the desired transcript in the blood sample collected from a not injected mouse, which did
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not receive any AAV injection. **P <001 and *P <0.05 indicate statistical significance
measured by Students’ t-test. (FIG. 1G) Volcano plot showing significance versus expression of
differentially expressed genes between bone marrow samples collected from mice treated with
Myd88-Ms2-HP1aKRAB versus Myd88-MS2-KRAB. Points above the dotted line represent
genes significantly (adj. p-value <0.05) up and down regulated. Highly downregulated genes in
the presence of MS2-HP1aKRAB are a family of immunoglobulin heavy and light chains. (FIG.
1H) Analysis of anti-AAV1 IgG2A antibody measured by ELISA, reveals AAV1 specific
antibody is markedly repressed upon Myd88 pre-treatment. **P <0.01 and *P <0.05 indicate
statistical significance measured by Students’ t-test.

[0014] FIGS. 2A-2H show CRISPR-based modulation of host inflammatory response confers
protection following LPS-mediated septicemia. (FIG. 2A) Schematic of the experiments to
assess the protective effect of CRISPR mediated MyD88 repression in septicemia. 1E+12 GC of
AAYV vectors were injected to Cas9 expressing mice via retro-orbital injection and approx. 3
weeks later they were treated i.p. with LPS (Smg/kg). At 6 hours post LPS injection, the mice
were sacrificed. (FIGS. 2B-2D) Endogenous repression of inflammatory genes. qRT-PCR
analysis of in vivo Myd88 (FIG. 2B), Tnfo. (F1G. 2C), and lcam-1 (FIG. 2D) expression relative
to the universal control following LPS injection (N = 5-6 for injected groups and N = 2 for Not
Injected group). (FIG. 2E) Measurement of a panel of inflammatory cytokines in plasma and
lung using multiplex-ELISA assay; values are displayed in the heat maps as log base 10 of the
measured concentration. (FIG. 2F) Circulating L-lactate in plasma samples collected from mice 6
hours post LPS injection (N=4). (FIG. 2G) qRT-PCR analysis of in vivo Myd88 expression in
liver samples 6 hours post LPS injection. Fold change expression levels were quantified relative
to the universal control (N = 4-6 for Injected groups and N = 2 for Not Injected group). (FIG.
2H) Plasma concentration of Cholesterol, HDL, LDL and ALT (N = 3-4). "Universal control "is
the level of the transcript of interest in the blood sample collected from a Not Injected mouse,
which did not receive any AAYV injection. Note for 2B-D and 2C, data of “Not Injected” mouse
are also reported in Fig. 1D-F. **P <0.01 and *P <0.05 indicate statistical significance measured
by Students’ t-test.

[0015] FIGS. 3A-3B show aptamer-mediated CRISPR repression in vitro. (FIG. 3A)
Schematic of aptamer-mediated recruitment of repressor domains to CRISPR complex. (FIG.

3B) mRNA expression of targeted genes following aptamer-mediated recruitment of repressor
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domains to CRISPR complex in HEK293FT cells. Fold changes were quantified relative to
dCas9 only control group. N=3 independent transfections.

[0016] FIG. 4 shows in vivo analysis of AAV?2/1 tropism towards different tissues. AAV2/1-
GFP was delivered to CS7BL/6 mice via retro-orbital injection. GFP expression was assessed in
different tissues by qRT-PCR. Average fold change expression levels are indicated above each
group and are quantified relative to not injected mice (N=3 for not injected group and N=4-6 for
AAV-GFP group).

[0017] FIGS. 5A-5C show RNA-seq analyses of bone marrow samples collected from mice
treated with AAV- Myd88- MS2-HP1aKrab versus AAV- Myd88-MS2-Krab. (FIG. 5A) Scatter
plot comparing expression of genes (Fragments Per Kilobase of transcript per Million mapped
reads FPKM) in two replicates of bone marrows from Myd88-MS2-HP1aKRAB versus Myd88-
MS2-KRAB. MydSs, Il1b, Icaml, Tnfa and I/6 are highlighted in red and the most down
regulated genes in Myd88-Ms2-HP1a-KRAB groups as compared to MyD88-MS2-KRAB are
highlighted in Cyan. (FIG. 5B) GO enrichment Histogram comparing bone marrow samples
collected from mice treated with AAV- Myd88- MS2-HP1laKrab versus AAV- Myd88-MS2-
Krab. The top 20 significantly enriched terms in the GO enrichment analysis are displayed. *
demonstrates padj value <0.05 and significance. Note that pathways such as defense response to
bacteria, which are associated with Myd88 signaling are mostly down regulated when
HP1aKRAB was used. (FIG. 5C) Reactome Enrichment bar graph displaying the top 20 enriched
genes in the Reactome database comparing in the BM samples of Myd88- MS2-HP1aKRAB
versus Myd88-MS2-KRAB. * demonstrate significances padj value of <0.05 and significance.
[0018] FIG. 6 shows analysis of a set of immune-related transcripts following LPS injury.
gRT-PCR analysis of Ncf, Il6, Ifny, and I/ mRNA expression in Lung, Blood, and Bone
marrow quantified relative to the universal control following LPS injection (N = 5-6 for injected
groups and N = 2 for Not Injected group). Universal control is the level of the desired transcript
in a blood sample collected from a not injected Cas9 transgenic mouse. *P <0.05; significant
[0019] FIG. 7 shows an assessment of the level of a panel of immune related genes in lung
and bone marrow following LPS injection. qRT-PCR analysis of in vivo CD68 (Marcrophage
marker), Infa, Inff, CD4, Cxcll, and Stat4 relative to the universal control following LPS

injection in lung and bone marrow. (N = 5-6 for injected groups and N = 2 for Not Injected
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group). "Universal control" is the level of the transcript of interest in a blood sample collected
from a not injected Cas9 transgenic mouse. *P <0.05; significant

[0020] FIGS. 8A-8C show an assessment of the repression efficiency of a set of gRNAs
targeting a different region of MydS88 locus. (FIG. 8A) Schematic representation of the gRNA
binding sites targeted to the promoter of MydS88 locus. (FIG. 8B) N2A cells were transfected
with indicated gRNAs and other components of CRISPR machinery including MS2-HP1aKRAB
cassette. Levels of MydS88 repression were analyzed via qRT-PCR 3 days after transfections (N =
2). Fold changes are relative to the group that did not receive any gRNA (No Guide). (FIG. 8C)
gRT-PCR analysis of in vivo Myd88 expression 3 weeks post retro-orbital injection of AAV.
Gene expression fold-change was quantified relative to the universal control (N = 4-6 for
Injected groups and N = 2 for Not Injected group). Universal control is the level of the desired
transcript in a blood sample collected from a not injected Cas9 transgenic mouse. Note for (FIG.
8C) AAV-Mock-MS2-HP1aKRAB and AAV-Myd88set]-MS2-HP1aKRAB data are also
reported in Fig. 1D. *P <0.05; significant

[0021] FIG. 9 shows analysis of serum markers of tissue damage following LPS injury.
Serum Blood Urea Nitrogen (BUN), a marker of injury to kidney, was increased in serum after
LPS injury, and Myd88 repression prevented such increase. LPS treatment and Myd88 repression
did not have any significant effect on serum Lipase level, which generally indicates injury to the
pancreas. *P <0.05; significant

[0022] FIGS. 10A-10C show endogenous repression of Cxcr4. (FIG. 10A) Schematic
representation of the gRNA binding sites targeted to the promoter of Cxcr4 locus. (FIG. 10B)
Raw 264.7 cells were transduced with AAV-CXCR4 along with AAV-Cas9. Expression levels
of Cxcr4 mRNA was analyzed using qRT-PCR 5 days post transduction. Fold changes were
quantified relative to the expression level of cells receiving the same dosage of AAV-Mock. (N =
2). (FIG. 10C) gRT-PCR analysis of in vivo Cxcr4 expression in lung samples 3 weeks post
AAYV injections to Cas9 transgenic mice. Fold change expression levels were quantified relative
to mice receiving the same dosage of AAV-Mock. (N=4) *P <0.05; significant.

[0023] FIG. 11 shows the differences between MS2-HP1aKRAB and Cas9-HP1aKRAB. Data
shows similar level of repression using Cas9 plus MS2 fused Hpla-Krab repressor and Cas9

fused to HP1a-Krab.
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[0024] FIG. 12 shows repression of Myd88 and downstream cytokines followed by CRISPR
delivery to wild type mice.

[0025] FIG. 13 shows repression of Myd88 and downstream cytokines followed by CRISPR
delivery to wild type mice injected with LPS.

[0026] FIG. 14 shows a comparison of the repression efficiency of Cas9 with 14nt versus 20nt
gRNA guide sequences targeting different loci. Data shows similar level of repression using
Cas9+MS2-Hpla-Krab repressor in combination with 14 nt gRNA or 20ntgRNA.

[0027] FIG. 15 shows qRT-PCR analysis of in vivo Myd88 expression 24 hours post CRISPR
delivery. Mice received 2.5mg/kg LPS. Two hours post LPS injection mice received the CRISPR
synthetic repression system using pepjet. qRT-PCR analysis of Myd88 expression shows
decreased level of Myd88 in lung, liver, and bone marrow.

[0028] FIG. 16 shows IDEXX liver panel data. Mice received 2.5mg/kg LPS. Two hours post

LPS injection mice received the CRISPR synthetic repression system using pepjet.

INCORPORATION BY REFERENCE

[0029]  All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, and

patent application was specifically and individually indicated to be incorporated by reference.

DETAILED DESCRIPTION OF THE INVENTION

[0030] The present disclosure describes compositions and methods for repressing expression
of myeloid differentiation primary response 88 (MyD88) in vivo. The use of the compositions
and methods described herein is beneficial for treating or preventing the immune response
associated with administration of adeno-associated viral vectors and CRISPR gene editing
constructs. Further, the compositions and methods described herein are useful in treating or
preventing the aberrant immune response associated with septicemia.

[0031] The CRISPR synthetic repressor systems provided herein are configured to inhibit
transcription of MyD88. MyD88 is a key node in innate and adaptive immune responses, acting
as an essential adaptor molecule for a number of signaling pathways, including Toll-like receptor
(TLR) and Interleukin (IL)-1 family signal transduction. Developed using multifunctional Cas

nucleases and gRNA aptamers, the synthetic repressor systems modulate endogenous MyD88

-8-
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levels in vivo and contribute to immunomodulation of the innate and adaptive immune response of
the target cell. For example, by introducing into the target cell a multifunctional Cas nuclease along
with (1) a gRNA-MS2 aptamer binding target complex complementary to MyD88 and (ii) a
repression domain linked to MS2, the synthetic repressor system reduces transcription of MyD88
and downregulates signaling pathways associated with MyD88 function and implicated in the
cellular immune response against foreign substances, such as bacteria and viruses.

[0032] Accordingly, in some aspects provided herein is a synthetic repression system for
modulating in vivo expression of MyD88. In certain embodiments, the system comprises (a) a
guide RNA (gRNA) including (i) a guide sequence of 15 or less nucleotides (nt) in length that is
complementary to at least a portion of the MyD88 gene and (i1) an aptamer target site specific for
an RNA binding protein, (b) a nucleotide sequence encoding the aptamer RNA binding protein
fused to a repression domain, and (c) a nucleotide sequence encoding a multifunctional Cas
nuclease. In some embodiments, the gRNA nucleotide, the repression domain nucleotide, and the
Cas nuclease nucleotide comprise a single amplicon. In certain embodiments, the single
amplicon is packaged in a vector for DNA-based viral delivery.

[0033] In preferred embodiments, the CRISPR-based synthetic repression system is a single
amplicon that can be packaged for in vivo delivery into a mammalian cell using a delivery vector
such as an exosome, virus, viral particle, virus-like particle, or nanoparticle. In certain
embodiments, provided herein is a synthetic regulatory system comprising, in a single amplicon,
a multifunctional Cas nuclease, which is in some cases fused to a repression domain, and a
gRNA comprising a guide sequence of 14 nucleotides in length, wherein the synthetic regulatory
system modulates cleavage and/or transcription in a mammalian cell.

[0034] As used herein, a "guide RNA" (gRNA) refers to a nucleotide sequence including a
guide sequence that is complementary to at least a portion of a target gene and a scaffold sequence
providing secondary structure and a primary sequence (e.g., tractrRNA) to recruit the Cas nuclease
to the target gene. In some embodiments, the gRNA includes secondary structural elements, such
as, but not limited to, a hairpin loop, a tetraloop, a stemloop, and combinations thereof. Variations
of the gRNA sequence and structure are known in the art. One of skill in the art will recognized the
variability tolerance of the gRNA sequence applicable to Cas9 mediated repression that is suitable
for the disclosed synthetic repression system. A gRNA target gene also comprises a Protospacer

Adjacent Motif (PAM) located immediately downstream from the target site of the target gene.
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Examples of PAM sequence are known (see, e.g., Shah et al., RNA Biology 10 (5): 891-899, 2013).
In some embodiments, the PAM sequence is dependent upon the species of Cas nuclease used in
the architecture.

[0035] In some embodiments, the guide sequence of the gRNA that is complementary to at
least a portion of the target gene is a sequence of about 20 nucleotides (nt). In some embodiments,
the guide sequence of the gRNA that is complementary to at least a portion of the target gene is a
truncated guide sequence of 15 or less nucleotides (nt). In some embodiments, the gRNA includes
a 15-nt guide sequence, a 14-nt guide sequence, or a 13-nt guide sequence. Without being bound
by any particular mechanism, theory, or mode of action, the synthetic repression system
described herein exploits the ablation of Cas nuclease activity upon binding of the nuclease to a
gRNA with 14-nt guide sequence rather than a 20-nt guide sequence. By recruiting the Cas
complex to the target site of the target gene but inhibiting the nuclease activity, the Cas complex
will not cleave the target gene but will inhibit and repress expression of the target gene.
Additional recruitment of repression domains to the stalled Cas complex will augment the
repression of the target gene.

[0036] In certain embodiments, the gRNA is configured to target one or more endogenous
genes. By way of example, endogenous genes targeted for repression can include, without
limitation, growth factors, cytokines, genes involved in homology directed repair, genes involved
in non-homologous end joining (NHEJ), metabolic enzymes, cell cycle progression enzymes,
and genes involved in the pathways of wound healing and tissue repair. In a preferred
embodiment, the endogenous gene is MyD88. In some embodiments, the gRNA is configured to
target within 200 base pairs (bp) upstream or downstream of the transcription start site of
MyD88. In some embodiments, the gRNA is configured to target within 100 bp upstream of the
TATA box region in the MyD88 gene. In some embodiments, the guide sequence of the gRNA is
selected from the group consisting of SEQ ID NOs:1-4.

[0037] To improve gene repression effectiveness and scalability of the system, guide RNAs
(gRNAs) are in some cases engineered to comprise a hairpin aptamer target site specific for an
RNA binding protein. In some cases, the aptamer target site is appended to the tetraloop and stem
loop of a gRNA. RNA recognition motifs are known in the art, such as, but not limited to, the MS2
binding motif, the COM binding motif, or the PP7 binding motif to which certain proteins, MS2

coat protein, COM, or PP7, respectively, bind. In some cases, the aptamer target site is capable of
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binding to the dimerized MS2 bacteriophage coat proteins. PP7 is the RNA-binding coat protein
of the bacteriophage Pseudomonas. Like MS2, it binds a specific RNA sequence and secondary
structure. The PP7 RNA-recognition motif is distinct from that of MS2. Consequently, PP7 and
MS2 can be multiplexed to mediate distinct effects at different genomic loci simultaneously.
[0038] In some embodiments, the gRNA is expressed under the control of a RNA Pol II
promoter or an RNA Pol III promoter. Examples of pol III promoters include, but are not limited
to, U6 and H1 promoters. Examples of pol II promoters include, but are not limited to, the
retroviral Rous sarcoma virus (RSV) LTR promoter (optionally with the RSV enhancer), the
cytomegalovirus (CMV) promoter (optionally with the CMV enhancer), the SV40 promoter, the
dihydrofolate reductase promoter, the B-actin promoter, the phosphoglycerol kinase (PGK)
promoter, and the EFla promoter. In some cases, CRISPR-responsive promoters are used. As
used herein, the term "CRISPR-responsive promoter" encompasses eukaryotic promoters as well
as synthetic gene regulatory devices and circuits for regulated gene expression. In some
embodiments, a CRISPR-responsive promoter comprises a RNA Pol II promoter or an RNA Pol
III promoter. The CRISPR-responsive promoter can be a CRISPR-repressible promoter (CRP) or
a CRISPR-activatable promoter (CAP).

[0039] Standard Pol III promoters, such as U6 and HI, which have been used to express
gRNAs and short hairpin RNAs (shRNA), do not allow spatial or temporal control of
downstream genes. Spatial limitation of CRISPR gRNAs have several important benefits,
particularly with regards to human therapeutics: 1) limiting gRNA expression to tissue/cell type
of interest, which eliminates the concern that delivery tools distribute the CRISPR coding
cassette systematically; 2) avoiding germline mutations by eliminating concern over CRISPR
activity in germ cells; 3) differential gene editing/modulation in neighboring or cross-talking
cells: gRNA regulation by distinct cell type-specific promoters enables scientists to modulate the
expression of different set of genes in distinct cell types. Accordingly, in certain embodiments,
the CRISPR-based genetic circuit is configured to drive expression of a guide RNA (gRNA)
using a cell type-specific promoter. In some cases, a CRISPR-based genetic circuit is configured
to comprise an endogenous or cell type-specific promoter in place of a synthetic promoter. For
example, a synthetic RNA Pol II or Pol III promoter can be swapped with a cell type- or context-
specific promoter and interfaced with intracellular signaling, enabling multistep sensing and

modulation of cellular behavior. In some cases, a transcriptional repression cascade comprises
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two, three, or four interconnected CRISPR transcriptional repression circuits (NAND logic
gates).

[0040] A promoter, generally, is a region of nucleic acid that initiates transcription of a
nucleic acid encoding a product. A promoter may be located upstream (e.g., 0 bp to —100 bp,
=30 bp, =75 bp, or =90 bp) from the transcriptional start site of a nucleic acid encoding a
product, or a transcription start site may be located within a promoter. A promoter may have a
length of 100-1000 nucleotide base pairs, or 50-2000 nucleotide base pairs. In some
embodiments, promoters have a length of at least 2 kilobases (e.g., 2-5 kb, 2-4 kb, or 2-3 kb).
[0041] In certain embodiments, gRNA expression from RNA pol II promoters can be
modulated using Csy4 endoribonuclease-mediated cleavage. In some cases, multiple gRNAs are
placed in tandem from a single coding region processed by Csy4. In some cases, high ON/OFF
ratios are achieved by using a modified U6-driven 14-nt gRNA cassette, where 20-nt gRNA
target sites are inserted within both the U6 promoter site and body of the gRNA. This structure
forms a second generation kill switch which enables full destruction of the 14-nt gRNA cassette
upon expression of 20-nt gRNAs in vitro, in vivo, and ex vivo. In some cases, such kill switches
are expressed in vivo in, for example, in tissues that are frequent targets in gene therapy and are
tolerogenic immune environments. Additional embodiments of Cas-mediated kill switches
suitable for use in the synthetic repressor systems described herein are described in PCT
Publication No. WO 2019/005856, which is incorporated herein by reference in its entirety.
[0042] In some cases, the RNA binding protein (e.g., MS2, COM, or PCP) specific for the
aptamer target site incorporated in the gRNA is fused to a repression domain such as, for
example, a Kruppel associated box (KRAB) domain. Other suitable repression domains are
known in the art including, but not limited to, methyl-CpG (mCpG) binding domain 2 (meCP2),
Switch independent 3 transcription regulator family member A (SIN3A), histone deacetylase
HDT1 (HDT1), n-terminal truncation of methyl-CpG-binding domain containing protein 2
(MBD2B), nuclear inhibitor of protein phosphatase-1 (NIPP1), and heterochromatin protein 1
(HP1A). In some embodiments, the RNA binding protein is fused to KRAB and at least one
additional repression domain. In some embodiments, the RNA binding protein MS2 is fused to
KRAB and at least one additional repression domain. In some embodiments, MS2 is fused to
KRAB and HP1A. In some embodiments, MS2 is fused to KRAB and MECP2. In some
embodiments, MS2 is fused to MECP2, KRAB, and MBD2B. In some embodiments, MS2 is
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fused to MBD2B and HP1A. In some embodiments, the RNA binding protein - repression
domain fusion is encoded from an engineered nucleic acid.

[0043] In some embodiments, the RNA binding protein and at least one repression domain are
fused to a multifunctional Cas nuclease. In some embodiments, multifunctional Cas nuclease is
encoded from an engineered nucleic acid. For example, in certain embodiments, transcriptional
modifiers are fused to a multifunctional Cas nuclease to enable site-specific transcriptional
modifications. Various strategies can be used to engineer such fusion molecules. In some cases,
transcriptional modulators are directly fused to a multifunctional Cas nuclease. In other cases,
the modulator is fused to another RNA binding protein such as MS2 bacteriophage coat protein
in order to recruit the modulator to the Cas/gRNA/DNA complex.

[0044] In some cases, the multifunctional Cas nuclease is fused to a repression domain. In
other cases, repression is achieved without the use of any repression domain but, rather, through
Cas nuclease-mediated steric hindrance. The repression domain can comprise an RNA binding
protein (e.g., MS2) fused to a repression domain such as, for example, a Kruppel associated box
(KRAB) domain. Other suitable repression domains are described herein.

[0045] The components of synthetic repression systems described herein are preferably
provided in a single amplicon. In some cases, however, the components may be in the form of
two or more polynucleotide sequences. In such cases, a synthetic repression system can comprise
introducing into a single cell three cassettes comprising components of a CRISPR-based
synthetic repression system, where the first cassette comprises a nucleotide sequence encoding a
polypeptide of a multifunctional Cas9 nuclease, a second cassette comprises the gRNA construct,
and a third cassette encodes the RNA binding protein -repression domain fusion. In some
embodiments, the synthetic repression system comprises introducing into a single cell two
cassettes comprising components of a CRISPR-based synthetic repression system, where the first
cassette comprises a nucleotide encoding a polypeptide of a multifunctional Cas9 nuclease fused
to a repression domain and the second cassette comprises the gRNA construct. In some
embodiments, one or more of the cassettes may be under the control of an inducible promoter. In
some cases, it will be advantageous to fuse a multifunctional Cas9 nuclease to a reporter
polypeptide or other polypeptide of interest (e.g., a therapeutic protein). The reporter polypeptide
may be a fluorescent polypeptide such as near infrared fluorescent protein (iRFP) (to monitor

Cas9 protein dynamics).
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[0046] In some cases, an activator of the inducible promoter is provided by a cassette
comprising the safety construct, such as those described in PCT Publication No. WO
2019/005856, which is incorporated herein by reference in its entirety. Activators can mediate or
promote recruitment of polymerase machinery to the CRISPR-Cas complex. The activator can be
a zinc-finger protein fused to an activation domain such as a VP16 transcription activation
domain or VP64 transcription activation domain. In certain embodiments, orthogonally acting
protein-binding RNA aptamers such as MS2 are used for aptamer-mediated recruitment of an
activator to the CRISPR-Cas complex. For example, an MS2-VPR fusion protein can be used to
aid CRISPR-CAS/14-nt gRNA-mediated gene activation by means of aptamer-mediated
recruitment of an activator to the CRISPR-Cas complex. In the presence of an inducer, a safety
20-nt gRNA 1is expressed, resulting in destruction of the 14-nt gRNA cassette. The synthetic
regulatory circuit can be an engineered polynucleotide.

[0047]  Asused herein, the terms "engineered nucleic acid" and "engineered polynucleotide" are
used interchangeably and refer to a nucleic acid that has been designed and made using known in
vitro techniques in the art. In some embodiments, an engineered polynucleotide, also referred to as
a circuit herein, is a nucleic acid that is not isolated from the genome of an organism. In some
embodiments, the engineered polynucleotide is introduced to a cell, plurality of cells, an organ or
an organism to perform diverse functions (e.g., differentiation of cells, as sensors within cells,
program a cell to act as a sensor, and delivery of selective cell-based therapies).

[0048] In some embodiments, the engineered polynucleotide comprises one or more promoters,
such as an inducible promoter, constitutive promoter, or a tissue-specific or cell type-specific
promoter. Inducible promoters allow regulation of gene expression and can be regulated by
exogenously supplied compounds, environmental factors such as temperature, or the presence of a
specific physiological state, e.g., acute phase, a particular differentiation state of the cell, or in
replicating cells only. In some cases, the cell type specific promoter is a germ cell-specific
promoter such as, for example, aphosphoglycerate kinase 2 (Pgk2) promoter. Inducible promoters
and inducible systems are known and available from a variety of commercial sources, including,
without limitation, Invitrogen, Clontech, and Ariad. Many other systems have been described and
can be readily selected by one of skill in the art. Examples of inducible promoters regulated by
exogenously supplied promoters include the zinc-inducible sheep metallothionine (MT) promoter,

the dexamethasone (Dex) -inducible mouse mammary tumor virus (MMTV) promoter, the T7
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polymerase promoter system [WO 98/10088]; the ecdysone insect promoter [No et al, Proc. Natl.
Acad. Sci. USA, 93:3346- 3351 (1996)], the tetracycline-repressible system [Gossen et al, Proc.
Natl. Acad. Sci. USA, 89:5547-5551 (1992)], the tetracycline-inducible system [Gossen et al,
Science, 268: 1766- 1769 (1995), see also Harvey et al, Curr. Opin. Chem. Biol., 2:512-518
(1998)], the RU486- inducible system [Wang et al, Nat. Biotech., 15:239-243 (1997) and Wang et
al, Gene Ther., 4:432-441 (1997)] and the rapamycin-inducible system [Magari et al, J. Clin.
Invest., 100:2865-2872 (1997)]. Still other types of inducible promoters which may be useful in
this context are those which are regulated by a specific physiological state, e.g., temperature, acute
phase, a particular differentiation state of the cell, or in replicating cells only. Non-limiting
examples of control elements include promoters, activators, repressor elements, insulators,
silencers, response elements, introns, enhancers, transcriptional start sites, termination signals,
linkers and poly(A) tails. Any combination of such control elements is contemplated herein (e.g., a
promoter and an enhancer).

[0049] In some embodiments, the promoter is a lung specific promoter. Suitable lung specific
promoters are known in the art and include, but are not limited to an albumin promoter and a
human alpha-1 anti-trypsin promoter. In some embodiments, the promoter is a blood specific
promoter. In some embodiments, the promoter is a bone marrow specific promoter. In some
embodiments, the promoter is a macrophage specific promoter, such as CD11B. In some
embodiments the promoter is a B cell specific promoter, such as CD19. In some embodiments, the
promoter is a dendritic cell specific promoter, such as CD11C. In some embodiments, the promoter
is a T cell specific promoter, such as CD4 and CD8.

[0050] CRISPR systems belong to different classes, with different repeat patterns, sets of
genes, and species ranges. A CRISPR enzyme is typically a type I or IIl CRISPR enzyme. The
CRISPR system is derived advantageously from a type II CRISPR system. The type II CRISPR
enzyme may be any Cas enzyme. The terms “Cas” and “CRISPR-associated Cas” are used
interchangeably herein. The Cas enzyme can be any naturally-occurring nuclease as well as any
chimeras, mutants, homologs, or orthologs. In some embodiments, one or more elements of a
CRISPR system is derived from a particular organism comprising an endogenous CRISPR
system, such as Streptococcus pyogenes (SP) CRISPR systems or Staphylococcus aureus (SA)
CRISPR systems. The CRISPR system is a type II CRISPR system and the Cas enzyme is Cas9

or a catalytically inactive Cas9 (dCas9). Other non-limiting examples of Cas proteins include
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Casl, Cas1B, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8, Cas9 (also known as Csnl and Csx12),
CaslO, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Csc2, CsaS, Csn2, Csm2, Csm3, Csm4, CsmS5,
Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csbl, Csb2, Csb3, Csx17, Csx14, Csx10, Csx16,
CsaX, Csx3, Csx1, Csx15, Csfl, Csf2, Csf3, Csf4, homologues thereof, or modified versions
thereof. A comprehensive review of the Cas protein family is presented in Haft et al. (2005)
Computational Biology, PLoS Comput. Biol. 1:¢60. At least 41 CRISPR-associated (Cas) gene
families have been described to date.

[0051] It will be understood that the CRISPR-Cas system as described herein is non-naturally
occurring in a cell, i.e. engineered or exogenous to the cell. The CRISPR-Cas system as referred to
herein has been introduced in a cell. Methods for introducing the CRISPR-Cas system in a cell are
known in the art, and are further described herein elsewhere. The cell comprising the CRISPR-Cas
system, or having the CRISPR-Cas system introduced, according to the invention comprises or is
capable of expressing the individual components of the CRISPR-Cas system to establish a
functional CRISPR complex, capable of modifying (such as cleaving) a target DNA sequence.
Accordingly, as referred to herein, the cell comprising the CRISPR-Cas system can be a cell
comprising the individual components of the CRISPR-Cas system to establish a functional
CRISPR complex, capable of modifying (such as cleaving) a target DNA sequence. Alternatively,
as referred to herein, and preferably, the cell comprising the CRISPR-Cas system can be a cell
comprising one or more nucleic acid molecule encoding the individual components of the
CRISPR-Cas system, which can be expressed in the cell to establish a functional CRISPR
complex, capable of modifying (such as cleaving) a target DNA sequence.

[0052] In some embodiments, a synthetic CRISPR-based repression system as described
herein may be introduced into a biological system (e.g., a virus, prokaryotic or eukaryotic cell,
zygote, embryo, plant, or animal, e.g., non-human animal). A prokaryotic cell may be a bacterial
cell. A eukaryotic cell may be, e.g., a fungal (e.g., yeast), invertebrate (e.g., insect, worm), plant,
vertebrate (e.g., mammalian, avian) cell. A mammalian cell may be, e.g., a mouse, rat, non-
human primate, or human cell. A cell may be of any type, tissue layer, tissue, or organ of origin.
In some embodiments a cell may be, e.g., an immune system cell such as a lymphocyte or
macrophage, a fibroblast, a muscle cell, a fat cell, an epithelial cell, or an endothelial cell. A cell
may be a member of a cell line, which may be an immortalized mammalian cell line capable of

proliferating indefinitely in culture.
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[0053] To achieve endogenous repression of multiple genes, repression domains are included
in multiple gRNAs. In some cases, the gRNAs further comprise one or more aptamers such as
MS2, COM, or PP7 to which certain proteins (MS2 coat protein, COM, or PCP, respectively)
bind. The repression domain is fused to the aptamer binding protein and, thus, will be recruited
to the Cas9/gRNA complex to achieve repression of transcription of endogenous genes. PP7 is
the RNA-binding coat protein of the bacteriophage Pseudomonas. Like MS2, it binds a specific
RNA sequence and secondary structure. The PP7 RNA-recognition motif is distinct from that of
MS2. Consequently, PP7 and MS2 can be multiplexed to mediate distinct effects at different
genomic loci simultaneously.

[0054] In some cases, SMASh or another degradation/destabilization domain is fused to Cas9
nuclease or other protein fusion described herein. In general, destabilizing domains are small
protein domains that are unstable and degraded in the absence of ligand, but whose stability is
rescued by binding to a high-affinity cell-permeable ligand. Genetic fusion of a destabilizing
domain to a protein of interest results in degradation of the entire fusion. Addition of a ligand for
the destabilizing domain protects the fusion from degradation and, in this manner, adds ligand-
dependent stability to a protein of interest.

[0055] In some cases, a viral or plasmid vector system is employed for delivery of a synthetic
CRISPR-based repression system described herein. Preferably, the vector is a viral vector, such
as a lenti- or baculo- or preferably adeno-viral/adeno-associated viral vectors, but other means of
delivery are known (such as yeast systems, microvesicles, gene guns/means of attaching vectors
to gold nanoparticles) and are provided. In some embodiments, one or more of the viral or
plasmid vectors may be delivered via liposomes, nanoparticles, exosomes, microvesicles, or a
gene-gun. In certain preferred embodiments, CRISPR-based repression system or components
thereof (e.g., gRNAs) are packaged for delivery to a cell in one or more viral delivery vectors.
Suitable viral delivery vectors include, without limitation, adeno-viral/adeno-associated viral
(AAYV) vectors, lentiviral vectors, and Herpes Simplex Virus 1 (HSV-1) vectors. For example, a
synthetic CRISPR-based repression system can be introduced into one or more Herpes simplex
amplicon vectors.

[0056] In some embodiments, the synthetic CRISPR-based repression system is introduced
into one or more AAV vectors. In some embodiments, the AAV vector is a AAV2/1 vector. As

used herein, "AAV2/1 vector" refers to a recombinant adeno-associated viral vector including
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AAV2 inverted terminal repeats and AAV1 Rep and Cap genes. Other suitable AAV vectors are
known in the art, such as, but not limited to AAV1.

[0057]  Viral vectors and viral particles are commonly used viral delivery platforms for gene
therapy. Therefore, for faster clinical translation, CRISPR-based genetic circuits described herein
can be constructed using embedded kill switches and incorporated into Herpes simplex amplicon
vectors. Preferably, a single carrier vector is used to achieve transfection of all synthetic genetic
components to target cells. Without being bound to any particular theory or mode of action, it is
believed that the ability to control CRISPR functionality, by adding only cleaving 20-nt gRNAs,
provide an ideal safety kill switch mechanism due to the small DNA footprint of gRNA and
limited pay load capacity of viral particles. In some cases, a Herpes simplex viral (HSV) delivery
system is used for delivery of engineered polynucleotides. In other cases, non-viral particles can
be used for delivery. For example, controlled spatial transfection and/or destruction of CRISPR
genetic circuits is achieved by assembling and packaging of all CRISPR-based genetic circuit
elements in HSV-1 amplicon vectors having large payload capacity (150 kb) and capable of
infecting multiple target cells.

[0058] In another aspect, provided herein is a co-virus strategy, where the method comprises
introducing into a single cell two AAYV vectors. The first vector carries (1) a nucleotide sequence
encoding a fusion polypeptide of a Cas9 nuclease, and (ii)) a gRNA configured for gene
modulation as described herein. In some cases, the Cas9 nuclease is fused to a reporter
polypeptide. The reporter polypeptide may be a fluorescent polypeptide such as near infrared
fluorescent protein (iRFP) (to monitor Cas9 protein dynamics). The second vector is the “safety
vector” and carries a 20-nt controllable gRNA as described in PCT Publication No. WO
2019/005856, which is incorporated herein by reference in its entirety. To ensure that expression
of the Cas9-iRFP fusion polypeptide carried by the first virus occurs only in cells into which
both AAYV vectorss are introduced, expression of the fusion polypeptide is under the control of
an inducible promoter. In some cases, an activator of the inducible promoter is carried by the
safety virus. Activators can mediate or promote recruitment of the Pol II machinery to the
CRISPR-Cas complex. The activator can be a zinc-finger protein fused to an activation domain
such as a VP16 transcription activation domain or VP64 transcription activation domain. In
certain embodiments, orthogonally acting protein-binding RNA aptamers such as MS2 are used

for aptamer-mediated recruitment of an activator to the CRISPR-Cas complex. For example, the
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second virus (safety virus) can carry an MS2-VPR fusion protein that aids in CRISPR-CAS and
14-nt gRNA-mediated gene activation by means of aptamer-mediated recruitment of an activator
to the CRISPR-Cas complex. In the presence of an inducer, the safety 20-nt gRNA is expressed,
resulting in destruction of the 14-nt gRNA cassette.

[0059]  Applications of the CRISPR-based genetic circuits described herein include, without
limitation, in vivo CRISPR-based precision gene therapies for treating chronic and acute
conditions in a variety of cell types; a platform of CRISPR cell classifiers can be applied to
various cells, tissues, or organs for various therapeutic and/or preventative applications; and in
vivo interrogation of endogenous genes using CRISPR activators and repressors, including
CRISPR-mediated endogenous gene activation. By way of example, therapeutic applications
include, without limitation, treating septicemia in subject, preventing or treating an immune
response in a subject, and treating Waldenstrom macroglobulinemia.

[0060] In certain aspects, provided herein are methods for treating septicemia, methods for
treating or preventing an immune response in a subject, and methods for treating Waldenstrom
macroglobulinemia. The methods of treatment or prevention described herein include
administration to a subject in need thereof a pharmaceutical composition comprising a
therapeutically effective amount of the CRISPR-based synthetic repression system described
herein or the polynucleotides and vectors encoding the CRISPR-based synthetic repression
system described herein. As used herein, the term “pharmaceutical composition” refers to a
chemical or biological composition suitable for administration to a mammal. Such compositions
typically include the active agent and a pharmaceutically acceptable carrier. As used herein the
term “pharmaceutically acceptable carrier” includes saline, solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration. Supplementary active compounds can also be
incorporated into the compositions. Examples of compositions appropriate for such therapeutic
applications include preparations for parenteral, subcutaneous, transdermal, intradermal,
intramuscular, intracoronarial, intramyocardial, intraperitoneal, intravenous or intraarterial (e.g.,
injectable), or intratracheal administration, such as sterile suspensions, emulsions, and aerosols.
In some cases, pharmaceutical compositions appropriate for therapeutic applications may be in
admixture with one or more pharmaceutically acceptable excipients, diluents, or carriers such as

sterile water, physiological saline, glucose or the like. For example, compositions of the
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CRISPR-based synthetic repression system described herein can be administered to a subject as a
pharmaceutical composition comprising a carrier solution.

[0061] Formulations may be designed or intended for oral, rectal, nasal, systemic, topical or
transmucosal (including buccal, sublingual, ocular, vaginal and rectal) and parenteral (including
subcutaneous, intramuscular, intravenous, intraarterial, intradermal, intraperitoneal, intrathecal,
intraocular and epidural) administration. In general, aqueous and non-aqueous liquid or cream
formulations are delivered by a parenteral, oral or topical route. In other embodiments, the
compositions may be present as an aqueous or a non-aqueous liquid formulation or a solid
formulation suitable for administration by any route, e.g., oral, topical, buccal, sublingual,
parenteral, aerosol, a depot such as a subcutaneous depot or an intraperitoneal or intramuscular
depot. In some cases, pharmaceutical compositions are lyophilized. In other cases,
pharmaceutical compositions as provided herein contain auxiliary substances such as wetting or
emulsifying agents, pH buffering agents, gelling or viscosity enhancing additives, preservatives,
flavoring agents, colors, and the like, depending upon the route of administration and the
preparation desired. The pharmaceutical compositions may be formulated according to
conventional pharmaceutical practice (see, e.g., Remington: 7The Science and Practice of
Pharmacy, 20th edition, 2000, ed. A. R. Gennaro, Lippincott Williams & Wilkins, Philadelphia,
and FEncyclopedia of Pharmaceutical Technology, eds. J. Swarbrick and J. C. Boylan, 1988-
1999, Marcel Dekker, New York). For intravenous administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor EL® (BASF, Parsippany, N.J., USA) or
phosphate buffered saline (PBS). In all cases, a composition for parenteral administration must
be sterile and should be formulated for ease of injectability. The composition should be stable
under the conditions of manufacture and storage, and must be shielded from contamination by
microorganisms such as bacteria and fungi.

[0062] In some embodiments, solutions or suspensions used for parenteral, intradermal, or
subcutaneous application can include the following components: a sterile diluent such as water
for injection, saline solution, fixed oils, polyethylene glycols, glycerin, propylene glycol or other
synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants
such as ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic
acid (EDTA); buffers such as acetates, citrates or phosphates, and agents for the adjustment of

tonicity, such as sodium chloride or dextrose. The pH can be adjusted with acids or bases, such
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as hydrochloric acid or sodium hydroxide. The preparation can be enclosed in ampoules,
disposable syringes or multiple-dose vials made of glass or plastic. For convenience of the
patient or treating physician, the dosing formulation can be provided in a kit containing all
necessary equipment (e.g., vials of drug, vials of diluent, syringes and needles) for a course of
treatment (e.g., 7 days of treatment).

[0063]  Sterile injectable solutions can be prepared by incorporating the active compound in
the required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the active compound into a sterile vehicle, which contains a basic
dispersion medium and the required other ingredients from those enumerated above. In the case
of sterile powders for the preparation of sterile injectable solutions, typical methods of
preparation include vacuum drying and freeze drying, which can yield a powder of the active
ingredient plus any additional desired ingredient from a previously sterile-filtered solution
thereof.

[0064] The preferred route may vary with, for example, the subject’s pathological condition or
age or the subject's response to therapy or that is appropriate to the circumstances. The
formulations can also be administered by two or more routes, where the delivery methods are
essentially simultaneous or they may be essentially sequential with little or no temporal overlap
in the times at which the composition is administered to the subject.

[0065] Suitable regimes for initial administration and further doses or for sequential
administrations also are variable, may include an initial administration followed by subsequent
administrations, but nonetheless, may be ascertained by the skilled artisan from this disclosure,
the documents cited herein, and the knowledge in the art.

[0066] In some embodiments, compositions of the CRISPR-based synthetic repression system
described herein are administered to a subject in need thereof using an infusion, topical
application, surgical transplantation, or implantation. In an exemplary embodiments,
administration is systemic. In such cases, compositions of the CRISPR-based synthetic
repression system described herein can be provided to a subject in need thereof in a
pharmaceutical composition adapted for intravenous administration to subjects. Typically,
compositions for intravenous administration are solutions in sterile isotonic aqueous buffer. The

use of such buffers and diluents is well known in the art. Where necessary, the composition may
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also include a local anesthetic to ameliorate any pain at the site of the injection. Generally, the
ingredients are supplied either separately or mixed together in unit dosage form, for example, as
a cryopreserved concentrate in a hermetically sealed container such as an ampoule indicating the
quantity of active agent. Where the composition is to be administered by infusion, it can be
dispensed with an infusion bottle containing sterile pharmaceutical grade water or saline. Where
the composition is administered by injection, an ampoule of sterile water for injection or saline
can be provided so that the ingredients may be mixed prior to administration. In some cases,
compositions of the CRISPR-based synthetic repression system described herein are lyophilized
prior to administration.

[0067] In one embodiment, compositions of the CRISPR-based synthetic repression system
described herein are administered intravenously. For example, an agent of the present
technology may be administered via rapid intravenous bolus injection. In some embodiments,
the agent of the present technology is administered as a constant-rate intravenous infusion.

[0068] The agent of the present technology may also be administered orally, topically,
intranasally, intramuscularly, subcutaneously, or transdermally. In one embodiment, transdermal
administration is by iontophoresis, in which the charged composition is delivered across the skin
by an electric current.

[0069] Other routes of administration include intracranio-ventricular,
intracerebroventricularly or intrathecally. Intracerebroventricularly refers to administration into
the ventricular system of the brain. Intrathecally refers to administration into the space under the
arachnoid membrane of the spinal cord. Thus, in some embodiments, intracerebroventricular or
intrathecal administration is used for those diseases and conditions which affect the organs or
tissues of the central nervous system.

[0070] For systemic, intracerebroventricular, intrathecal, topical, intranasal, subcutaneous, or
transdermal administration, formulations of the agents of the present technology may utilize
conventional diluents, carriers, or excipients efc., such as those known in the art to deliver the
agents of the present technology. For example, the formulations may comprise one or more of
the following: a stabilizer, a surfactant, such as a nonionic surfactant, and optionally a salt and/or
a buffering agent. The agents of the present technology may be delivered in the form of an

aqueous solution, or in a lyophilized form.
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[0071] Therapeutically effective amounts of compositions of the CRISPR-based synthetic
repression system described herein are administered to a subject in need thereof. An effective
dose or amount is an amount sufficient to effect a beneficial or desired clinical result. With
regard to methods of the present invention, the effective dose or amount, which can be
administered in one or more administrations, is the amount of compositions of the CRISPR-
based synthetic repression system described herein sufficient to elicit a therapeutic effect in a
subject to whom the agent is administered. The dosage ranges described herein are exemplary
and are not intended to be limiting. Dosage, toxicity, and therapeutic efficacy of the agents of the
present technology can be determined by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD50 (the dose lethal to 50% of the population)
and the EDS0 (the dose therapeutically effective in 50% of the population). The dose ratio
between toxic and therapeutic effects is the therapeutic index and it can be expressed as the ratio
LD50/ED50.

[0072] The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such compounds lies preferably
within a range of circulating concentrations that include the ED50 with little or no toxicity. The
dosage may vary within this range depending upon the dosage form employed and the route of
administration utilized. For any agent of the present technology used in the methods described
herein, the therapeutically effective dose can be estimated initially from cell culture assays. A
dose can be formulated in animal models to achieve a circulating plasma concentration range that
includes the ICso (i.e., the concentration of the test compound which achieves a half-maximal
inhibition of symptoms) as determined in cell culture. Such information can be used to more
accurately determine useful doses in humans. Levels in plasma may be measured, for example,
by high performance liquid chromatography.

[0073] Typically, an effective amount of the compositions of the CRISPR-based synthetic
repression system described herein, sufficient for achieving a therapeutic or prophylactic effect,
ranges from about 1x10° genome copies (GC)/kilogram (kg) body weight to about 1x10** GC/kg
body weight. In some embodiments, the dosage ranges will be from about 1x10° GC/kg body
weight per day to about 1x10™* GC/kg body weight per day. For example dosages between about
1x10° GC/kg body weight to about 1x10* GC/kg body weight can be administered every day,
every two days or every three days or within the range of 1x10° GC/kg body weight to about
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1x10* GC/kg body weight every week, every two weeks or every three weeks. In one
embodiment, a single dosage of the agent of the present technology ranges from 1x10° GC/kg
body weight to about 1x10* GC/kg body weight. An exemplary treatment regimen entails
administration once per day or once a week. In therapeutic applications, a relatively high dosage
at relatively short intervals is sometimes required until progression of the disease is reduced or
terminated, or until the subject shows partial or complete amelioration of symptoms of disease.
Thereafter, the patient can be administered a prophylactic regimen. The schedule of doses is
optimized to maintain the therapeutic concentration at the target tissue, such as by single daily or
weekly administration, but also including continuous administration (e.g., parenteral infusion or
transdermal application).

[0074] The skilled artisan will appreciate that certain factors may influence the dosage and
timing required to effectively treat a subject, including but not limited to, the severity of the
disease or disorder, previous treatments, the general health and/or age of the subject, and the
presence of other diseases. Moreover, treatment of a subject with a therapeutically effective
amount of the therapeutic compositions described herein can include a single treatment or a
series of treatments.

[0075] In some aspects, provided herein are methods for treating septicemia in a subject.
Methods of treating septicemia include administering to a subject with or at risk for septicemia a
therapeutically effective amount of the compositions of the CRISPR-based synthetic repression
system described herein and specific for repression of MyD88. Due to its role in innate and
adaptive immunity, repression of MyD88 will result in reduction of the aberrant immune response
associated with septicemia. A subject treated with the compositions described herein may have a
reduction in the levels of immune related markers Icam-1, Tnfo, Ncf, and 116, Ifn-a, Ifn-B, Ifn-y,
and Stat4 as compared to the level of the immune related marker prior to treatment. In some
embodiments, the levels of immune related markers Icam-1, Tnfa, Ncf, and 116, Ifn-a, Ifn-f3, Ifn-
v, and Stat4 are compared to an internal or external control or reference standard. A subject
treated with the compositions described herein may have a reduction in the levels of lung and
blood serum cytokines as compared to the level of the cytokines prior to treatment. A subject
treated with the compositions described herein may have a reduction in serum lactate levels as

compared to the level measured prior to treatment.
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[0076] In some aspects, provided herein are methods for treating or preventing an adverse
immune response in a subject receiving an adeno-associated viral vector gene therapy or a
CRISPR-based gene therapy. Methods of preventing an adverse immune response in a subject
include administering to a subject a therapeutically effective amount of the compositions of the
CRISPR-based synthetic repression system described herein and specific for repression of MyD88
prior to administration of an AAV vector therapy to the subject. The compositions described herein
may be administrated prior to or at the same time as the AAV vector therapy. In some
embodiments, the subject has received or will receive multiple courses of an AAV vector therapy
treatment and the compositions described herein are administrated prior to, immediately after or
concurrently with the AAV vector treatment. A subject treated with the compositions described
herein may have a reduction in the levels of immune related markers Icam-1, Tnfa, Ncf, 116, Ifn-a,
Ifn-B, Ifn-y, and Stat4 as compared to the level of the immune related markers observed in a
subject who received the AAV vector therapy but not the compositions of the CRISPR-based
synthetic repression system described herein and specific for repression of MyD88. A subject
treated with the compositions described herein may have a reduction in the levels of lung and
blood serum cytokines as compared to the level of the immune related markers observed in a
subject who received the AAV vector therapy but not the compositions of the CRISPR-based
synthetic repression system described herein and specific for repression of MyD88.

[0077] In some embodiments, the methods of treatment include monitoring the level of at
least one immune related marker selected from the group consisting of Icam-1, Tnfa, Ncf, 116,
Ifn-a, Ifn-B, Ifn-y, and Stat4 and re-administering the compositions of the CRISPR-based
synthetic repression system described herein and specific for repression of MyD88 to the subject
until the level of the at least one marker decreases or returns to the level prior to the subject
receiving the AAV vector therapy or prior to the subject having septicemia.

[0078] In some aspects, provided herein are methods for the treatment of Waldanstrom
macroglobulinemia. Waldanstrom macroglobulinemia is a type of non-Hodgkin lymphoma
characterized by unchecked lymphocyte proliferation and macroglobulin production. Myd88
mutation L265P supports malignant growth through NF-xB signaling and its inhibition is
associated with decreased survival of cancer cells. Methods for treating Waldanstrom
macroglobulinemia in a subject include administering to a subject in need thereof the

compositions of the CRISPR-based synthetic repression system described herein and specific for
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repression of MyD88. In some embodiments, the CRISPR-based synthetic repression system
described herein represses endogenous, mutant MyD88 expression and is designed to use
homology directed repair (HDR) to correct the L265P mutation. In some embodiments, the
composition additionally includes gRNA specific for Cas nuclease cleavage near the L.265 locus of
MyD88 and includes an HDR template encoding the correct wild-type sequence at the L265 locus.
[0079]  So that the compositions, methods, and systems provided herein may more readily be
understood, certain terms are defined:

[0080]  As used in this specification and the appended claims, the singular forms “a,” “an,”

and “the” include plural references unless the context clearly dictates otherwise. Any reference to

“or” herein is intended to encompass “and/or” unless otherwise stated.

"non
2

[0081] The terms "comprising", "comprises" and "comprised of as used herein are synonymous

, "includes" or "containing

with "including ", "contains", and are inclusive or open- ended and do
not exclude additional, non-recited members, elements, or method steps. The phraseology and

terminology used herein is for the purpose of description and should not be regarded as limiting.

The use of "including," "comprising," "having," "containing," "involving," and variations thereof,
is meant to encompass the items listed thereafter and additional items. Use of ordinal terms such as
"first," "second," "third," etc., in the claims to modify a claim element does not by itself connote
any priority, precedence, or order of one claim element over another or the temporal order in which
acts of a method are performed. Ordinal terms are used merely as labels to distinguish one claim
element having a certain name from another element having a same name (but for use of the
ordinal term), to distinguish the claim elements.

[0082]  As used herein, the terms “synthetic" and "engineered" are used interchangeably and
refer to the aspect of having been manipulated by the hand of man.

[0083] As used herein, “modifying” (“modify”) one or more target nucleic acid sequences
refers to changing all or a portion of a (one or more) target nucleic acid sequence and includes the
cleavage, introduction (insertion), replacement, and/or deletion (removal) of all or a portion of a
target nucleic acid sequence. All or a portion of a target nucleic acid sequence can be completely or
partially modified using the methods provided herein. For example, modifying a target nucleic acid
sequence includes replacing all or a portion of a target nucleic acid sequence with one or more

nucleotides (e.g., an exogenous nucleic acid sequence) or removing or deleting all or a portion

(e.g., one or more nucleotides) of a target nucleic acid sequence. Modifying the one or more target
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nucleic acid sequences also includes introducing or inserting one or more nucleotides (e.g., an
exogenous sequence) into (within) one or more target nucleic acid sequences.

[0084]  Unless otherwise defined, all terms used in this disclosure, including technical and
scientific terms, have the meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs.

[0085]  Although this description refers to certain aspects or embodiments, such aspects or
embodiments are illustrative and non-exhaustive in nature. Having reviewed the present
disclosure, persons of ordinary skill in the art will readily recognize and appreciate that
numerous other possible variations or alternative configurations or aspects are possible and were

contemplated within the scope of the present disclosure.

Example 1

[0086] The embodiments described here demonstrate use of a CRISPR-based synthetic
repression system to repress endogenous MyD88 expression in vifro and in vivo.

[0087] The embodiment described here employs the notion of CRISPR Multifunctionality,
reported previously (see Dahlman, J. E. ef al. "Orthogonal gene knockout and activation with a
catalytically active Cas9 nuclease," Nature biotechnology 33, 1159 (2015), and Kiani, S. ef al.
"Cas9 gRNA engineering for genome editing, activation and repression," Nature methods 12,
1051 (2015), each of which is incorporated herein by reference). The ability to switch between
nuclease—dependent and -independent functions of a single Cas9 protein, offers exciting
possibilities to combine gene editing with epigenetic manipulations. Inventors previously
reported that truncation of guide RNA (gRNA) from 5’ end, enables the application of a nuclease
competent Cas9 protein for transcriptional modulation of genes. Liao ef al recently
demonstrated the utility of this system in vivo for transcriptional activation of genes. (Liao, H.-K.
et al. "In vivo target gene activation via CRISPR/Cas9-mediated trans-epigenetic modulation,"
Cell 171, 1495-1507. el415 (2017)). However, the wider utility of this concept for
transcriptional repression or simultaneous DNA cleavage/transcriptional modulation and in
clinically relevant conditions remain to be examined. This disclosure describes technologies that
exploit this notion in the context of safety and controllability of CRISPR-based in vivo therapies.
[0088] Myeloid differentiation primary response 88 (MyD88) is a key node in innate and

adaptive immune responses, acting as an essential adaptor molecule for a number of signaling
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pathways, including Toll-like receptor (TLR) and Interleukin (IL)-1 family signal transduction.
Given the central role of MyD88 signaling in innate and adaptive immunity, the inventors set out
to determine whether the inventors can achieve synthetic immunomodulation through regulation
of endogenous Myd8S levels in vivo.

[0089] The inventors previously reported enhanced CRISPR-based transcriptional repressors
in vitro developed by direct fusion of a set of modulators to catalytically dead Cas9 protein
(MeCP2, MBD2 or HP1a). The inventors first devised an experiment to determine the repression
domains from our previously reported candidates that can lead to efficient transcriptional
repression when fused to the MS2 coat protein (referred here to as MS2) and recruited to the
CRISPR complex by gRNA aptamer binding (FIG. 3A). Quantitative real time polymerase chain
reaction (QRT-PCR) analysis of a set of target genes in Human Embryonic Kidney 293
(HEK293FT) cells established that the MS2-HP1aKRAB [heterochromatin protein 1(HP1a)-
Kruppel associated box (KRAB)] enabled efficient repression across the genes the inventors
tested (FIG. 3B).

[0090] To translate these finding in vivo, the inventors set out to utilize nuclease competent
Streptococcus Pyogenes (Sp) -Cas9 protein and truncated 14nt gRNAs for transcriptional
repression of Myd88 in vivo. The inventors first examined MS2-HPlaKRAB-mediated
repression of endogenous mouse Myd8S8 level in vitro and compared the efficiency with
commonly used KRAB-based transcriptional repression. The inventors rationally designed two
14nt gRNAs that target within 100bp upstream of the TATA box region in the endogenous
mouse Myd88 locus or used a previously reported non-targeting mock gRNA as a control (Fig.
1A). qRT-PCR for Myd88 demonstrates the in vitro functionality of the gRNAs and superiority
of MS2-HP1aKRAB in repression of endogenous MydSS (Fig. 1B).

[0091] To test these repressors in vivo, the inventors pursued delivery through packaging
gRNAs and MS2-repression cassettes within Adeno-Associated Virus (AAV) vectors. AAV
serotypes have been used to deliver CRISPR in vivo, the most common serotype being AAVO,
which has high affinity to numerous parenchymal cell populations. Here, the inventors employed
AAV?2/1, which is a recombinant AAV vector consisting of AAV2 inverted terminal repeats,
and AAVI Rep and Cap genes. AAV1 has been shown to be effective in transduction of
components of the immune system and non-parenchymal cells such as dendritic cells, and

endothelial cells. Moreover, AAV1 capsid can induce MyD88 signaling as part of the pathways
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of immunity against AAVs in the host. Our assessment of AAV2/1 tissue affinity revealed the
highest expression in blood, lung and bone marrow (FIG. 4). Subsequently, the inventors
performed systemic delivery of AAV/Myd88 gRNA or control AAV/Mock gRNA with MS2-
HP1aKRAB or MS2-KRAB cassettes to Cas9 nuclease transgenic mice (Fig. 1C). To test
whether CRISPR mediated transcriptional repression of Myd88 can create physiologically
relevant effect on the immune response against AAV, the inventors specifically chose Cas9-
expressing mice as they enable us to eliminate potential confounding effects associated with
delivery of Cas9. Three weeks after injections, blood, lung, and bone marrow were harvested and
Myd88 expression was assessed by qRT-PCR (Fig. 1D). Compared to uninjected controls, AAV
vector delivery led to an increase in MydS88 across different tissues the inventors tested.
Treatment with CRISPR to repress endogenous Myd88 with HP1aKRAB led to a significant
reduction in the level of Myd88 in blood (~84%), lung (~75%) and bone marrow (~63%) as
compared to the mock gRNA treated group, in agreement with high affinity of AAV2/1 for these
tissues. Administration of the KRAB domain alone led to a less pronounced repression of Myd88
in lung (~52%), blood (~59%) and bone marrow (~34%), with slightly higher variation among
the animals tested (Fig. 1D and Table 1).

[0092] Table 1: Repression levels of MydS88, Icam-1, and Thfa were assessed by qRT-PCR in
lung, blood, and bone marrow 3 weeks post retro-orbital injection of AAV. Gene expression
fold-change was quantified relative to the universal control. The repression levels are reported as
percentage of fold change of AAV-Myd88 group divided by the fold change of AAV-Mock
group for each gene. NC=No Change

Lung Blood Bone Marrow
No LPS | Mean of repression | Mean of repression | Mean of repression

(%) + STD (%) + STD (%) + STD

Myd88-HPla- | Myd88 75% £+ 0.389 84% = 0.124 63% +0.227
KRAB Icam-1 74% + 0.1 88% =+ 0.05 61% +0.24
Tnfa 63% £ 0.19 58% = 0.09 57% +0.18

Myd88-KRAB | Myd88 52% £ 0.7 59% + 0.185 34% +0.276
Icam-1 NC +0.35 70% = 0.29 41% +0.21
Tnfa 37% £ 0.46 45% + 0.57 56% +0.19

[0093] To assess the potency of repression in altering the downstream gene regulatory

network, the inventors evaluated the levels of tumor necrosis factor- a (TNF-a) and intercellular
adhesion molecule-1 (ICAM-1), two signaling elements directly modulated by the MyD88
signaling pathway. Myd88 targeting with MS2-HP1a-KRAB led to a significant reduction in
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Icam-1 and TNFo expression across multiple tissues, whereas targeting with MS2-KRAB did not
lead to a similar consistent effect (FIGS. 1E-1F and Table 1).

[0094] To perform a systemic assessment of the repression efficiency of MS2- HP1aKRAB
system as compared to MS2-KRAB, the inventors performed next generation RNA sequencing
on the bone marrow of mice treated with these constructs. MS2-HP1aKRAB treated mice
expressed lower MyD88 levels compared to MS2-KRAB treated ones (FIG. 5A), which is
accompanied with changes in downstream signaling pathways such as ///f. Of note, GO
Enrichment analysis revealed that Myd88-MS2-HP1aKRAB treated mice had significant
downregulation of signaling pathways implicated in the immune and defense response against
foreign organisms and bacteria, which are pathways associated with Myd88 function (FIG. 5B).
Similarly, Reactome database revealed the TLR pathway as one of the highly significant
pathways that are downregulated in the presence of MS2-HP1aKRAB (FIG. 5C). This evidence
suggests that modulation of MydS88 and its downstream immune pathways is most effective with
the MS2- HP1a KRAB repressor in vivo.

[0095] Interestingly, volcano plotting of differentially expressed genes revealed the constant
region of heavy chain of immunoglobulin G1 and G2(/ghg! and Ighg2b) and other
immunoglobulin related heavy and light chain genes as most down-regulated with HP1la KRAB
relative to KRAB (Fig. 1G).

[0096]  Prior studies demonstrate that viral DNA stimulates TLR (i.e., TLR9), which in turn
activates MyD88 and initiates downstream signaling events leading to adaptive immunity, and
antibody production against AAVs. In light of prior evidence and the observed repression of the
immunoglobulin pathway, the inventors asked whether there was a decrease in AAV-specific
humoral response in Myd88 repressed groups. The inventors measured immunoglobulin G (IgG)
response against AAV1 capsid. Compared to the un-injected controls, the inventors detected an
11-fold increase in plasma IgG2a levels against AAV1 in AAV/Mock treated animals. However,
those who received AAV/Myd88 had significantly lower (60%) plasma IgG2a against AAV-1
(Fig. 1H). This finding presents an exciting opportunity to modulate humoral immunity against
AAYV, a significant challenge in current AAV-based gene therapies, with a tool inherently suited
to perform concurrent gene editing (nuclease competent CRISPR).

[0097] Having identified a more potent CRISPR repressor for transcriptional modulation of

MyDS&8, the inventors next asked whether this repression is sufficient to modulate downstream
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host response and confer protection when there is an augmented systemic transcriptional
response, such as in septicemia. Septicemia is a pressing medical issue due to the emergence of
antibiotic-resistance and rising longevity of patients suffering from chronic diseases. Moreover,
high mortality rate due to septicemia still remains a medical challenge following trauma in the
battlefield, highlighting the need for novel prevention strategies.

[0098] The inventors pre-treated Cas9 mice with AAV/Myd88-Ms2-HP1aKRAB or
AAV/Mock and three weeks later subjected them to systemic lipopolysaccharides (LPS) (from
Escherichia coli 0127:B8) treatment. Six hours following LPS treatment, the inventors harvested
lung, blood and bone marrow and assessed the transcript levels of Myd88 and major
inflammatory cytokines (Fig. 2A). The inventors observed significant repression of Myd88 in
lung (61%), blood (80%) and bone marrow (76%) compared to AAV/Mock-treated mice (Fig.
2B). In response to LPS, Myd88 repression prevented upregulation of a wide range of
inflammatory and immune-related markers that are directly or indirectly downstream of Myd88
signaling such as Icam-1, Tnfa, Ncf, and 116, Ifn-a, Ifn-p, Ifn-y, and Star4 (FIGS. 2C-2D, FIG. 6,
and FIG. 7). Analysis of serum and lung cytokine levels using a quantitative ELISA-based
chemiluminescent assay revealed lower level of cytokines in Myd88-repressed mice (Fig. 2E).
Additionally, serum lactate level, a systemic marker associated with septicemia and tissue
damage, was significantly lower when mice were pretreated with the AAV/Myd88 repression
cassette before LPS exposure, indicating a reduced systemic injury (Fig. 2F).

[0099] Next, the inventors explored Myd88 repression levels through targeting a different
region of the MydS88 promoter. The inventors constructed gRNAs targeting within 100bp
upstream of the transcription start site (Set 2) and detected superior in vitro efficacy compared to
the previous set of gRNAs (Set 1) (FIGS. 8A-8B). Strikingly, the new Myd88 gRNAs led to
superior repression in the liver and significant but less pronounced repression of Myd88 in blood,
lung and bone marrow when compared to previous set of gRNAs (FIG. 8C). This was also
observed following LPS injury (Fig. 2G), demonstrating a potential organ and cell type-specific
effect of gRNA target site within the endogenous promoters. Next, the inventors asked if this
CRISPR-based MyDS88 repression is sufficient to induce a patho-physiologically relevant
phenotype after LPS-induced damage. Analysis of serum markers of systemic inflammatory
response and tissue damage of the liver showed that pretreatment with CRISPR-Set 2 attenuates

the detrimental effects of LPS injection (Fig. 2H). In particular, high density lipoprotein (HDL)
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has been shown to increase following LPS treatment to eliminate systemic LPS to protect tissues
from damage and has been associated with MyD88 signaling. In accordance with this, the
inventors found that LPS induced an elevation in HDL, low density lipoproteins (LDL), and
cholesterol in mock-treated groups but not under MyD88 repression. In addition, MyD88
repression suppressed the elevation in Alanine Transaminase (ALT), a marker of hepatocyte
damage, and Blood Urea Nitrogen (BUN), a marker of acute kidney injury, which further
suggests that Myd88 repression could ameliorate liver and systemic tissue damage following
septicemia (FIG. 2H and FIG. 9). Finally, the inventors showed the extensibility of MS2-
HP1aKRAB super-repression for synthetic control of other immunologically relevant loci such
as CXCR4 in vitro and in vivo (FIGS. 10A-10C).

[00100] In summary, the inventors provide compositions, systems, and methods for synthetic
control of immune response in vivo using a newly developed CRISPR-based transcriptional
super-repressor against endogenous Myd88. The inventors show that this system is effective in
modulating layers of downstream signaling and can create a visible protective phenotype in vivo.
This notion is especially attractive in case of delivery using a less common AAV serotype
(AAV2/1) known to target smaller cellular populations iz vivo (e.g. non-parenchymal cells).
[00101] The inventors demonstrate that targeting the AMyd88 locus with AAV/CRISPR
generated less IgG2a against AAV1 and modulated general immunoglobulin expression patterns,
consistent with prior reports on failure of generation of antigen specific /gG2a response in
Myd88-/- animals. Additionally, AAV-1 was shown to be able to target dendritic cells, and
Myd88 signaling in these cells was important to mount adaptive immune response against
AAVs. The ability to control Myd88 levels using a CRISPR-based synthetic repressor is of
significance in light of the common challenges involved with AAV-based clinical gene therapies,
as this pathway has been demonstrated as a key node to induce humoral immunity against many
AAV serotypes and not just AAV2/1 in vivo. Employment of a nuclease competent Cas9 and a
truncated gRNA in this study opens up an opportunity for simultaneous application of CRISPR
for targeted gene editing while modulating the immune response, which makes CRISPR-
mediated gene repression superior to previously used systems such as shRNAs.

[00102] This strategy was also effective in modulating systemic inflammatory response against
(LPS)-induced endotoxemia. CRISPR-mediated endogenous repression of Myd88 prevented

upregulation of a wide range of inflammatory markers and conferred a protective phenotype.
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This notion is promising for the application of CRISPR-based transcriptional regulation as a
readily programmable tool for modulating inflammatory conditions and protecting against
septicemia. Finally, activating somatic mutation in Myd88 (L265P) is implicated in
Waldenstrom macroglobulinemia, a type of non-Hodgkin lymphoma characterized by unchecked
lymphocyte proliferation and macroglobulin production. Myd88 mutation supports malignant
growth through NF-kB signaling and its inhibition is associated with decreased survival of
cancer cells. The ability to systemically repress Myd88 (and CXCR4) as shown in this study, can

therefore present an exciting therapeutic opportunity for this group of patients.

Methods

[00103] AS2 Fusion repressors - To construct the MS2 fused transcriptional repressors, the
specific domains of interest were amplified from vectors previously published in our group and
subsequently cloned into pcDNA3-MS2-VP64 backbone (Addgene plasmid ID: 79371)!°. The
pcDNA3-MS2-VP64 vector was digested with Notl and Agel to remove the VP64 domain and
then the amplified repressors were cloned into this backbone via Gibson Assembly method.
[00104] U6-gRNA-MS?2 plasmids - To generate these plasmids, 14bp or 20bp spacers of
gRNAs were inserted into sgRNA-MS2 cloning backbone (Addgene plasmid ID: 61424) at Bbsl
site via golden gate reaction. All the gRNA sequences are listed below.

[00105] AAV vectors - Following cloning of the gRNAs into a U6-sgRNA-MS2 backbone, the
U6-gRNA encoding region was amplified from this vector and inserted within gateway entry
vectors using golden gate reaction. Using the same method, the repressor domain and a shefla
promoter were cloned into gateway entry vectors. The designed safety switch sgRNA sequence
was synthesized as gblocks (Integrated DNA Technologies) and inserted into a gateway entry
vector (Addgene plasmid ID #62084) digested with HindIII and Sphl. Further sub-cloning of all
these components into AAV backbone via LR reaction (Invitrogen) made the AAV vectors. All
the primers and gRNA sequences are listed below.

[00106] AAV packaging and purification - Constructed AAV vectors were digested by Smal
digest to test the integrity of ITR regions before virus production. Verified AAV vectors were
used to generate AAV2/1-Myd88, AAV2/1-CXCR4, AAV2/DJ-TTN, AAV2/DJ-Cas9, and
AAV2/1-Cas9 by PackGene® Biotech, LLC. The virus titers were quantified via Real-time
SYBR Green PCR at 1.5E+13 GC/ml against standard curves using linearized parental AAV
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vectors.

[00107] AVV2/1-Myd88 (SEQ ID NO:64)

CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCGTCGGGCGACCTTITGGTCGCCC
GGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTGCGGC
CGCACGCGTTGATATCAACTTTGTATAGAAAAGTTTTCCCATGATTCCTTCATATTTGCATATACGATA
CAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGT
GACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATA
TGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCT
GCGGGTCCTGCACTGTTITAGAGCTAGGCCAACATGAGGATCACCCATGTCTGCAGGGCCTAGCAAGT
TAAAATAAGGCTAGTCCGTTATCAACTTGGCCAACATGAGGATCACCCATGTCTGCAGGGCCAAGTGG
CACCGAGTCGGTGCTTTITTTGAATTCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACA
CCGCATACGTCAAAGCAACCATAGTACGCGCCCTGTATTTCCCATGATTCCTTCATATTTGCATATACG
ATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATA
CGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATC
ATATGCTTACCGTAACTTGAAAGTATTTCGATTITCTTGGCTTITATATATCTTGTGGAAAGGACGAAACA
CCGAAGCTTCGGGAGGGTTTTAGAGCTAGGCCAACATGAGGATCACCCATGTCTGCAGGGCCTAGCAA
GTTAAAATAAGGCTAGTCCGTTATCAACTTGGCCAACATGAGGATCACCCATGTCTGCAGGGCCAAGT
GGCACCGAGTCGGTGCTTTTITTTGAATTCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATITCA
CACCGCATACGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGACCCAAGTTTGTACAAAAAAGCAG
GCTAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGA
GGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGT
ACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTT
CTTTTTCGCAACGGGTTTGCCGCCAGAACACAGCTTAAGCTTGGTACCGAGCTCGGATCCACTAGTAA
CGGCCGCCAGTGTGCTGGAATTCTGCAGATATCCATCACACTGGCGGCCGCTCGAGCATGCATCTAGA
GGACAACTTTGTATACAAAAGTTGAGGCTGGATCCCGGTACCCTCGACACCTGCTGACAGGTCCACCA
TGGGACCTAAGAAAAAGAGGAAGGTGGCGGCCGCTGACTACAAGGATGACGACGATAAATCTAGAAT
GGCTTCTAACTTTACTCAGTTCGTTCTCGTCGACAATGGCGGAACTGGCGACGTGACTGTCGCCCCAAG
CAACTTCGCTAACGGGATCGCTGAATGGATCAGCTCTAACTCGCGTTCACAGGCTTACAAAGTAACCT
GTAGCGTTCGTCAGAGCTCTGCGCAGAATCGCAAATACACCATCAAAGTCGAGGTGCCTAAAGGCGCC
TGGCGTTCGTACTTAAATATGGAACTAACCATTCCAATTTTCGCCACGAATTCCGACTGCGAGCTTATT
GTTAAGGCAATGCAAAGTCTCCTAAAAGATGGAAACCCGATTCCCTCAGCAATCGCAGCAAACTCCGG
CATCTACGAGGCCAGCCCCAAGAAGAAGAGGAAGGTGAGTGGTGGAGGAAGTGGCGGGTCAGGGTC
GAGCCCCAAGAAAAAACGGAAAGTGGAGGCATCAATGAAGGAGGGAGAAAACAACAAACCCAGGGA
GAAAAGTGAAGGGAATAAGAGAAAAAGCTCCTTCTCTAACAGTGCAGACGATATCAAGTCCAAGAAA
AAGCGGGAGCAGTCTAATGACATTGCTAGGGGCTTCGAGAGAGGACTGGAGCCAGAAAAAATCATTG
GGGCAACCGACAGCTGCGGCGATCTGATGTTITCTCATGAAATGGAAGGACACAGATGAGGCCGACCT
GGTGCTCGCCAAAGAAGCTAACGTGAAGTGTCCCCAGATCGTCATTGCTTTTTACGAGGAAAGGCTCA
CCTGGCACGCATATCCTGAGGATGCCGAAAACAAGGAGAAGGAATCAGCTAAGAGCTCGGGAGGTGG
TTCGGGTGGCTCTGGATCAATGGACGCGAAATCACTTACGGCATGGTCGAGAACACTGGTTACGTTCA
AGGACGTGTTTGTGGACTTTACACGTGAGGAGTGGAAATTGCTGGATACTGCGCAACAAATTGTGTAT
CGAAATGTCATGCTTGAGAATTACAAGAACCTCGTCAGTCTCGGATACCAGTTGACGAAACCGGATGT
GATCCTTAGGCTCGAAAAGGGGGAAGAACCTTGGCTGGTATAGAAGAATTCGATCCCGCTTCAGTGCA
GGTGAATTCTACCACCCAGCTTAAGCTTGGTACCGAGCTCGGATCCACTAGTAACGGCCGCCAGTGTG
CTGGAATTCTGCAGATATCCATCACACTGGCGGCCGCTCGAGCATGCATCTAGAGGTACCCAGCTTTCT
TGTACAAAGTGGTAAGCTTGCCTCGAGCAGCGCTGCTCGAGAGATCTACGGGTGGCATCCCTGTGACC
CCTCCCCAGTGCCTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAAT
TAAGTTGCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATGGGGTGGAGGGGGGTGGTATGGA
GCAAGGGGCAAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGTCTATTGGGAACCAAGCTGGAGTGC
AGTGGCACAATCTTGGCTCACTGCAATCTCCGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCC
CGAGTTGTTGGGATTCCAGGCATGCATGACCAGGCTCAGCTAATTTTTGTTTTTTTGGTAGAGACGGGG
TTTCACCATATTGGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCAA
ATTGCTGGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTGTAGGTAACCACGTG
CGGACCGAGCGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCT
CACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAG
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CGAGCGCGCAGCTGCCTGCAGGGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTITCA
CACCGCATACGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTG
GTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTITTCGCTTITCTTICCCTTCCT
TTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTA
GTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCT
GATAGACGGTITITCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTG
GAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATT
GGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATT
TTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAAC
ACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTC
CGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGA
TACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGG
GAAATGTGCGCGGAACCCCTATTTGTTITATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGAC
AATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTC
GCCCITATTCCCITTITTIGCGGCATTTITGCCTTCCTGTTITTTGCTCACCCAGAAACGCTGGTGAAAGTAA
AAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATC
CTTGAGAGTTTITCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCG
GTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTT
GGTTGAGTACTCACCAGTCACAGAAAAGCATCTITACGGATGGCATGACAGTAAGAGAATTATGCAGTG
CTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAG
CTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAA
TGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAA
CTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAA
AGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGG
TGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTA
TCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTC
ACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCA
TTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGA
GTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTITCT
GCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAG
AGCTACCAACTCTITTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAG
TGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCC
TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGA
CCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAA
GGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGG
AAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTITTGTGATG
CTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTITTACGGTTCCTGGCCTTTT
GCTGGCCTTTTGCTCACATGT

[00108] AAV2/1-CXCR4 (SEQ ID NO:65)

CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCGTCGGGCGACCTTITGGTCGCCC

GGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTGCGGC

CGCACGCGTTGATATCAACTTTGTATAGAAAAGTTTTCCCATGATTCCTTCATATTTGCATATACGATA

CAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGT
GACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATA
TGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCA
TAAAAGTCCGGTTGTTTTAGAGCTAGGCCAACATGAGGATCACCCATGTCTGCAGGGCCTAGCAAGTT

AAAATAAGGCTAGTCCGTTATCAACTTGGCCAACATGAGGATCACCCATGTCTGCAGGGCCAAGTGGC
ACCGAGTCGGTGCTITTTTTITGAATTCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACAC
CGCATACGTCAAAGCAACCATAGTACGCGCCCTGTATTTCCCATGATTCCTTCATATTTGCATATACGA
TACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATAC
GTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCA
TATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACAC
CTCCGGTAACCACCAGTTTTAGAGCTAGGCCAACATGAGGATCACCCATGTCTGCAGGGCCTAGCAAG
TTAAAATAAGGCTAGTCCGTTATCAACTTGGCCAACATGAGGATCACCCATGTCTGCAGGGCCAAGTG
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GCACCGAGTCGGTGCTTTTTTTGAATTCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCAC
ACCGCATACGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGACCCAAGTTTGTACAAAAAAGCAGG
CTAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAG
GGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTA
CTGGCTCCGCCTTITITCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTC
TTTTTCGCAACGGGTTTGCCGCCAGAACACAGCTTAAGCTTGGTACCGAGCTCGGATCCACTAGTAAC
GGCCGCCAGTGTGCTGGAATTCTGCAGATATCCATCACACTGGCGGCCGCTCGAGCATGCATCTAGAG
GACAACTTTGTATACAAAAGTTGAGGCTGGATCCCGGTACCCTCGACACCTGCTGACAGGTCCACCAT
GGGACCTAAGAAAAAGAGGAAGGTGGCGGCCGCTGACTACAAGGATGACGACGATAAATCTAGAATG
GCTTCTAACTTTACTCAGTTCGTTCTCGTCGACAATGGCGGAACTGGCGACGTGACTGTCGCCCCAAGC
AACTTCGCTAACGGGATCGCTGAATGGATCAGCTCTAACTCGCGTTCACAGGCTTACAAAGTAACCTG
TAGCGTTCGTCAGAGCTCTGCGCAGAATCGCAAATACACCATCAAAGTCGAGGTGCCTAAAGGCGCCT
GGCGTTCGTACTTAAATATGGAACTAACCATTCCAATTTITCGCCACGAATTCCGACTGCGAGCTTATTG
TTAAGGCAATGCAAAGTCTCCTAAAAGATGGAAACCCGATTCCCTCAGCAATCGCAGCAAACTCCGGC
ATCTACGAGGCCAGCCCCAAGAAGAAGAGGAAGGTGAGTGGTGGAGGAAGTGGCGGGTCAGGGTCG
AGCCCCAAGAAAAAACGGAAAGTGGAGGCATCAATGAAGGAGGGAGAAAACAACAAACCCAGGGAG
AAAAGTGAAGGGAATAAGAGAAAAAGCTCCTTCTCTAACAGTGCAGACGATATCAAGTCCAAGAAAA
AGCGGGAGCAGTCTAATGACATTGCTAGGGGCTTCGAGAGAGGACTGGAGCCAGAAAAAATCATTGG
GGCAACCGACAGCTGCGGCGATCTGATGTTTCTCATGAAATGGAAGGACACAGATGAGGCCGACCTG
GTGCTCGCCAAAGAAGCTAACGTGAAGTGTCCCCAGATCGTCATTGCTTTTTACGAGGAAAGGCTCAC
CTGGCACGCATATCCTGAGGATGCCGAAAACAAGGAGAAGGAATCAGCTAAGAGCTCGGGAGGTGGT
TCGGGTGGCTCTGGATCAATGGACGCGAAATCACTTACGGCATGGTCGAGAACACTGGTTACGTTCAA
GGACGTGTTTGTGGACTTTACACGTGAGGAGTGGAAATTGCTGGATACTGCGCAACAAATTGTGTATC
GAAATGTCATGCTTGAGAATTACAAGAACCTCGTCAGTCTCGGATACCAGTTGACGAAACCGGATGTG
ATCCTTAGGCTCGAAAAGGGGGAAGAACCTTGGCTGGTATAGAAGAATTCGATCCCGCTTCAGTGCAG
GTGAATTCTACCACCCAGCTTAAGCTTGGTACCGAGCTCGGATCCACTAGTAACGGCCGCCAGTGTGC
TGGAATTCTGCAGATATCCATCACACTGGCGGCCGCTCGAGCATGCATCTAGAGGTACCCAGCTTTICTT
GTACAAAGTGGTAAGCTTGCCTCGAGCAGCGCTGCTCGAGAGATCTACGGGTGGCATCCCTGTGACCC
CTCCCCAGTGCCTCTCCTGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAATT
AAGTTGCATCATTTTGTCTGACTAGGTGTCCTTCTATAATATTATGGGGTGGAGGGGGGTGGTATGGAG
CAAGGGGCAAGTTGGGAAGACAACCTGTAGGGCCTGCGGGGTCTATTGGGAACCAAGCTGGAGTGCA
GTGGCACAATCTTGGCTCACTGCAATCTCCGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCC
GAGTTGTTGGGATTCCAGGCATGCATGACCAGGCTCAGCTAATTTTTGTTITTTTGGTAGAGACGGGGT
TTCACCATATTGGCCAGGCTGGTCTCCAACTCCTAATCTCAGGTGATCTACCCACCTTGGCCTCCCAAA
TTGCTGGGATTACAGGCGTGAACCACTGCTCCCTTCCCTGTCCTTCTGATTTTGTAGGTAACCACGTGC
GGACCGAGCGGCCGCAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTC
ACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGC
GAGCGCGCAGCTGCCTGCAGGGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCAC
ACCGCATACGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTG
GTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTITTCGCTTITCTTICCCTTCCT
TTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTA
GTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCT
GATAGACGGTITITCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTG
GAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATT
GGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATT
TTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCCCCGACACCCGCCAAC
ACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTC
CGGGAGCTGCATGTGTCAGAGGTTTITCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGA
TACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGG
GAAATGTGCGCGGAACCCCTATTTGTTITATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGAC
AATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTC
GCCCITATTCCCITTITTIGCGGCATTTITGCCTTCCTGTTITTTGCTCACCCAGAAACGCTGGTGAAAGTAA
AAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATC
CTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCG
GTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTT
GGTTGAGTACTCACCAGTCACAGAAAAGCATCTITACGGATGGCATGACAGTAAGAGAATTATGCAGTG
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CTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAG
CTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAA
TGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAA
CTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAA
AGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGG
TGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTA
TCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTC
ACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCA
TTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGA
GTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTITCT
GCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAG
AGCTACCAACTCTITTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAG
TGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCC
TGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGA
CCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAA
GGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGG
AAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTITTGTGATG
CTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTITTACGGTTCCTGGCCTTTT
GCTGGCCTTTTGCTCACATGT

[00109] AAV2/DJ-Cas9 and AAV/2/1 Cas9 (SEQ ID NO:66)

CCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACC
TTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGG
GTTCCTGCGGCCTCTAGAAATGTAGTCTTATGCAATACTCTTGTAGTCTTGCAACATGGTAACGATGAG
TTAGCAACATGCCTTACAAGGAGAGAAAAAGCACCGTGCATGCCGATTGGTGGAAGTAAGGTGGTAC
GATCGTGCCTTATTAGGAAGGCAACAGACGGGTCTGACATGGATTGGACGAACCACTGAATTGCCGCA
TTGCAGAGATATTGTATTTAAGTGCCTAGCTCGATACATAAAACCGGTGCCACCATGTACCCATACGA
TGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCGAAGCGTCCGACAAGAAGTACAGCATC
GGCCTGGACATCGGCACCAACTCTGTGGGCTGGGCCGTGATCACCGACGAGTACAAGGTGCCCAGCA
AGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCATCAAGAAGAACCTGATCGGAGCCCTGCT
GTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTGAAGAGAACCGCCAGAAGAAGATACACCAG
ACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGC
TTCTTCCACAGACTGGAAGAGTCCTTCCTGGTGGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTT
CGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAA
CTGGTGGACAGCACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTT
CCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCC
AGCTGGTGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAA
GGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCG
AGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGC
AACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACA
ACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCC
ATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCTATGAT
CAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGCCT
GAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACATTGACGGCGGAG
CCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACT
GCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGGCAGCATCCCC
CACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAA
GGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCA
GGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGA
GGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAAC
CTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCT
GACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAG
GCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACT
TCAAGAAAATCGAGTGCTTCGACTCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTG
GGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGG
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ACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTG
AAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCT
GGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGA
TTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCT
TTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAA
TCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTG
AAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCC
AGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCA
GCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTA
CCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGAT
GTGGACCATATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACAACAAGGTGCTGACCAGAAG
CGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTA
CTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAGTTCGACAATCTGACCAAGGCCGAG
AGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGA
TCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAATGACAAGCT
GATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGT
TTTACAAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGA
ACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACG
ACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTA
CAGCAACATCATGAACTTTTITCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTC
TGATCGAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTITGCCACCGTGCG
GAAAGTGCTGAGCATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGC
AAAGAGTCTATCCTGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTA
AGAAGTACGGCGGCTTCGACAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAG
GGCAAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCT
TCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCAT
CAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCG
AACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCAC
TATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGC
ACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAAT
CTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATA
TCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCG
ACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGG
CCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTG
GAGGCCAGCTAAGAATTCAGCGGCGCGCCTTCCCAAAACCCACCAAACTAAGTAACTGCTACTTCTCT
CAGCAACACCAAGATCAATGAAAGAGGCAAGGTGGGTCTTCGAGAAGACCTGCTTAATAAAAGATCT
TTATTTTCATTAGATCTGTGTGTTGGTTTTTTGTGTGGCGGCCGCAGGAACCCCTAGTGATGGAGTTGG
CCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGAGGL
TTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGGGGCGCCTGATGCGGTATTT
TCTCCTTACGCATCTGTGCGGTATTTCACACCGCATACGTCAAAGCAACCATAGTACGCGCCCTGTAGC
GGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGC
GCCCGCTCCTTTCGCTTTCTTCCCTTCCTTITCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAAT
CGGGGGCTCCCTITAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGT
GATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTITTITCGCCCTTTGACGTTGGAGTCCACGTTC
TTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTAT
AAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAAT
TTTAACAAAATATTAACGTTTACAATTTTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAG
TTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCATC
CGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGA
AACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTT
TCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTITATTTTTCTAAATA
CATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAA
GAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTITTTGCGGCATTTTGCCTTCCTGTTITTITG
CTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACAT
CGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTITCCAATGATGA
GCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTC
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GCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGAT
GGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACT
TCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTC
GCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCC
TGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAAC
AATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGC
TGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGAAGCCGCGGTATCATTGCAGCACTGGGGCC
AGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAA
ATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCA
TATATACTTTAGATTGATTTAAAACTTCATTTITTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATA
ATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATC
AAAGGATCTTCITGAGATCCTTITTTITCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTA
CCAGCGGTGGTTTGTTITGCCGGATCAAGAGCTACCAACTCTITTITCCGAAGGTAACTGGCTTCAGCAGA
GCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGC
ACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCT
TACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCG
TGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAG
AAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAG
GAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCAC
CTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAA
CGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGT

[00110] Cell culture for endogenous target repression - HEK293FT, Neuro-2a, and Raw 264.7
cell lines (purchased from ATCC) were maintained in Dulbecco’s modified Eagle’s medium
(DMEM - Life Technologies) with 10% fetal bovine serum (FBS - Life Technologies), 2mM
glutamine, 1.0 mM sodium pyruvate (Life Technologies) and 1% penicillin- streptomycin (Life
Technologies) in incubators at 37 °C and 5% COa.

[00111] Transfection of in vitro cultured cells - HEK293FT cells were seeded approximately
50,000 cells per well in 24-well plates and transfected the next day. HEK293FT cells were co-
transfected with plasmid DNAs encoding gRNA (10 ng), dCas9 (200 ng), MS2-fused repressor
(100 ng), puromycin resistant gene (50 ng), and Enhance Blue Fluorescent Protein (EBFP) as a
transfection control (25 ng). Polyethylenimine (PEI) (Polysciences) was used to transfect
HEK293FT cells. Transfection complexes were prepared according to manufacturer’s
instructions. Cells were treated with 0.5ug/ml puromycin (Gibco-life tech) at 24 hours post-
transfection. Cells were collected 72 hours post-transfection and total RNA was collected from
cells using RNAeasy Plus mini kit (Qiagen).

[00112] Neuro-2a cells were seeded approximately 50,000 cells per well in 24-well plates and
transfected the next day. Cells were co-transfected with plasmids encoding gRNA (100 ng), Cas9
nuclease (70 ng), and EBFP as a transfection control (25 ng), and a Puromycin resistance gene
(50ng). Plasmids were delivered to Neuro-2a cells with Lipofectamine LTX. Cells were treated

with 0.5ug/ml puromycin (Gibco-life tech) at 24 hours post-transfection. 5 days later, cells were
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treated with LPS at the concentration of 10ug/ml and after 5 hours total RNA was collected from
cells using RNAeasy Plus mini kit (Qiagen).

[00113] For CXCR4 repression, Raw 264.7 cells were seeded approximately 50,000 cells per
well in 24-well plates and transduced the next day. Cell culture media was removed and AAV
was added to the culture at 1E+9 GC/cell in 250 microliter media. Media was refreshed 12 hours
post-transduction. 5 days later, cells were treated with LPS at the concentration of 0.1ug/ml for 5
hours and then total RNA was collected using RNAeasy Plus mini kit (Qiagen).

[00114] Quantitative RT-PCR Analysis - Cells or tissues were lysed and RNA was extracted
using RNeasy Plus mini kit (Qiagen) or trizol (Life Technologies) followed by cDNA synthesis
using the High-Capacity RNA-to-cDNA Kit (Thermo Fisher) or iScript cDNA synthesis kit (Bio-
Rad). qRT-PCR was performed using SYBR Green PCR Master Mix (Thermo Fisher). All
analyses were normalized to 18s rRNA (ACt) and fold-changes were calculated against un-

transfected controls or Cas9 only groups for in vifro experiments and AAV-GFP injected group

~AACt
for in vivo experiments (2 ). Primer sequences for qPCR are listed below.

[00115] DNA isolation and real-time PCR For AAV genomic copies in tissues - DNA isolation
from tissues was performed using DNeasy blood and tissue kit (Qiagen) according to the
manufacturer’s protocol. qPCR reactions consist of 100ng template DNA from each sample and
primers and probes for viral inverted terminal repeats (ITRs) using Probe Based qPCR Master
Mix (IDT) according to the manufacturer's protocol. Data was normalized to mouse Acvr2b
control gene.

[00116] ELISA-based chemiluminescent assay - After harvesting mice, plasma samples were
collected and stored in one-time aliquots at -80 °C. Lung samples were lysed using 1x cell lysis
buffer (Cell Signaling) (ratio of 100 mg of tissue to 1 ml of buffer) followed by homogenization
and sonication of the lysed tissue. The assay was performed using the Q-Plex™ Mouse Cytokine
— Screen (16-Plex) kit (Quansys Biosciences) following the manufacturer’s protocol. Briefly,
samples or calibrators were added into wells of a 96 well plate arrayed with analyte specific
antibodies that capture GMCSF, IL-1q, IL-1p, IL-4, IL-5, IL-6, IL-12p70, IL-17, MCP-1, MIP-
la, RANTES, and TNFa. Plates were washed and biotinylated analyte specific antibodies were
added. After washing, streptavidin-horseradish peroxidase (SHRP) was added. Following an
additional wash, the amount of SHRP remaining on each location of the array was measured with

the addition of a chemiluminescent substrate.
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[00117] Antibody ELISA - Fifty microliter AAV particles diluted in 1x coating buffer (13 mM
sodium carbonate, 35 mM sodium bicarbonate buffer, pH 9.2) containing 2x 10°per viral
particles were added to each well in a Microlon® high protein binding 96-well plate (Greiner).
Wells were washed three times with 1x Tris Buffered Saline + Tween-20 (TBST, Bethyl) and
blocked with 1x Tris Buffered Saline + 1% BSA (Bethyl) for 1 hr. at RT. Wells were washed
three times with TBST. The standard curve was generated using purified mouse host IgG2a anti-
AAV1 (Fitzgerald) antibody in twofold dilutions in TBST + 1% BSA + 1:500 negative control
mouse serum, beginning from a concentration of 10,000 ng/ml AAV1 antibody. The standards
were added to the plate followed by the serum samples at a dilution of 1:500 and incubated for 1
hr. at RT. Wells were washed four times with TBST and then goat anti-mouse HRP antibody
was added at a concentration of 1:500 and incubated for 1 hr. at RT. Wells were washed four
times with wash buffer and TMB substrate was added to the wells. Reactions were terminated by
adding 0.18 M H2SO4 after development of the standard curve (15min). Finally, absorbance was
measured at 450 wavelengths using a plate reader (BioTek). Absorbance results were exported
and analyzed in Excel.

[00118] Lactate assay - Blood samples were collected using EDTA coated tubes. Samples
were centrifuged at 1,000 x g for 10 minutes. Plasma was collected and stored at -80°C. Lactate
assay was performed following the manufacturer’s protocol (L-Lactate Assay Kit, Cayman
Chemicals). Briefly, samples were deproteinated by adding 0.5 M MPA. After pelleting the
protein, supernatant was added to Potassium Carbonate and centrifuged at 10,000 x g for five
minutes at 4°C. Samples were diluted four-fold and added to the designated wells. Next, assay
buffer cofactor mixture, Fluorometric Substrate, and Enzyme Mixture were added to each well.
Plate was incubated for 20 minutes at RT and the fluorescence was measured using an excitation
wavelength of 530-540 nm and an emission wavelength of 585-595 nm. Absorbance results were
exported and analyzed in Excel according to the manufacturer’s protocol.

[00119] FExamination of liver injury after LPS injection - Plasma samples were sent to IDEXX
Laboratories to measure a panel of tissue injury markers including ALT, Cholesterol, LDL,
HDL, BUN, and Lipase.

[00120] Amnimals - All the experiments with animals were approved by the Institutional Animal
Care and Use Committee (IACUC) at Arizona State University and have been performed

according to institutional guidelines. All the experiments were performed on at least 3 mice of 6-
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8 weeks old per group. Both male and female were included in each experiment. The sample size
in each group is indicated in each figure legend. All mice were handled equally. Male C57BL/6
mice (JAX Stock number: 000664) were used for studying AAV2/1-GFP, tropism towards
different organs and AAV-CRISPR activation experiments. Both male and female Rosa26-Cas9
knockin mice (JAX Stock number 026179) were used for AAV-CRISPR repression experiments.
[00121] Retro-Orbital injections - AAV particles were delivered to mice through Retro-orbital
injection of the venous sinus. Animals were anesthetized with 3% isoflurane and virus particles
were injected to the left eye with 100 microliters of AAV solution (1E11 to 1E12 genome copy
per mouse for experiments with Cas9 expressing mice and a total of 1.01E+12 GC AAV-TTN
and AAV-Cas9 (100:1 ratio) for C57BL/6 mice).

[00122] Tissue harvest - Mice were euthanized via COz inhalation 3 weeks following injection.
Tissue samples taken from liver, spleen, lung, testis, bone marrow and blood were collected in
RLT (Life Technologies) or snap frozen for RNA analysis.

[00123] /n vivo LPS Induction - For LPS induction, mice were treated by intraperitoneal (i.p.)
injection of lipopolysaccharides (from Escherichia coli 0127:B8 (Sigma-Aldrich, St. Louis, MO,
USA) dissolved in phosphate-buffered saline (PBS) at a concentration of 50 mg/ml. Mice were
euthanized six hours post LPS injection via COz inhalation.

[00124] RNA Sequencing and Data Analysis - RNA was extracted from mice bone marrow
samples using RNeasy Plus mini kit (Qiagen) followed by globin mRNA depletion using
GLOBINclear™ Kit, mouse/rat kit (Thermofisher). None-directional library preparation were
performed at Novogene Corporation Inc. followed by RNA sequencing using Illumina Nova
Platform with paired-end 150 run (2x150 bases). Coverage was minimum 25 million reads per
sample. FASTQ files were then aligned to mouse genome sequence using STAR software and
uniquely mapped read counts were visualized with Integrative Genomics Viewer (IGV). Gene
expression level was calculated by the number of mapped reads. According to all gene
expression level (RPKM or FPKM) of each sample, correlation coefficient of sample between
groups was calculated. Readcount obtained from Gene Expression Analysis were used for
differential expression analysis and differential expression analysis of different groups was
performed using the DESeq2 R package. Hierarchical clustering analysis was carried out of
logl0 (FPKM+1) of union differential expression genes, within all comparison groups.

ClusterProfiler software was used for enrichment analysis, including GO Enrichment, DO
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Enrichment, KEGG Enrichment and Reactome Enrichment.
[00125] Statistical analysis - Statistical analyses are included in the figure legends. All of the
data are presented as the mean + SEM or mean + SD. N = number of individual transfections for
in vitro experiments an N= number of animals for in vivo experiments. Statistical analyses were
performed using prims 7 Software (GraphPad).the inventorsperformed two-tailed Student’s t-
test. A value of p < 0.05 was considered significant, represented as * (p < 0.05), ** (p < 0.01),

#E% (p <0.001) or n.s. (not significant).

[00126] Table 2: 14 nt guide sequences within gRNAs described herein - 5'-3'
Mouse Myd88-1 GCCTAGTCCATCCA (SEQ ID NO:1)
Mouse Myd88-2 CCACCGATCAAGGT (SEQ ID NO:2)
Mouse Myd88-3 GCGAGCGTACTGGA (SEQ ID NO:3)
Mouse Myd88-4 GTGGACGGCACCGG (SEQ ID NO:4)
Mouse Mock AGCTTAGGGATAAC (SEQ ID NO:5)
Mouse CXCR4-1 ATAAAAGTCCGGTT (SEQ ID NO:6)
Mouse CXCR4-2 TCCGGTAACCACCA (SEQ ID NO:7)

[00127] Table 3: 20 nt guide sequences within gRNAs described herein gRNAs - 5'-3'
Human SEL1L-1 GGCAGGAAGAGCAGCGGCGAGG (SEQ ID NO:)
Human SEL1L-5 GGGGGGCGGATACTGACCCG (SEQ ID NO:9)
Human SEL1L-7 GGATACTGACCCGAGGACGCCG (SEQ ID NO:10)
Human SYVNI1-10 | GGGCGCTGGGTTCCTGGTGAGT (SEQIDNO:11)
Human SYVN1-4 GGTTGCGGGCGTCGCAGGCA (SEQ ID NO:12)
Human SYVNI1-3 GGCACCGGCGTCTGAGGTCTC (SEQ ID NO:13)
Human NEATI-1 GGCGACAGGGAGGGATGCGCGCC (SEQID NO:14)
Human NEATI-2 GGCGCGCCTGGGTGTAGTTGT (SEQ ID NO:15)
Human NEATI-3 GGAAGTGGCTAGCTCAGGGCTTC (SEQ ID NO:16)
Human XIST-1 GGCAGCGCTTTAAGAACTGAA (SEQ ID NO:17)
Human XIST-2 GGACTGAAGATCTCTCTGCACTT (SEQ ID NO:18)
Human XIST-3 GGCCATATTTCTTACTCTCTCG (SEQ ID NO:19)
Human CXCR4 GCAGGTAGCAAAGTGACGCCGA (SEQ ID NO:20)

[00128] Table 4: Mouse qPCR primers - 5'-3'. IDT™ PRIMETIME™ predesigned qPCR

primer and probe kits are commercially available for the targets noted below and therefore the

sequences of these primers are not separately provided herein.

GFP-FW1.: CAACCACTACCTGAGCACCC (SEQ ID NO:21)

GFP-RVI: GTCCATGCCGAGAGTGATCC

(SEQ ID NO:22)
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Myd88 primer FW GTGAGGATATACTGAAGGAGCTG (SEQ ID NO:23)
Myd88 primer RV CTGTAAAGGCTTCTCGGACTC (SEQ ID NO:24)
Stat4-FW CCTGACATTCCCAAAGACAAAGC (SEQ ID NO:25)
Stat4-RV TCTCTCAGCACAGCATATGCAC (SEQ ID NO:26)
Cxcl1-FW GACCATGGCTGGGATTCACC (SEQ ID NO:27)
Cxcl1-RV CCAAGGGAGCTTCAGGGTCA (SEQ ID NO:28)
I[FNa-fw GGACT T TGGAT TCCCGCAGGAGA AG | (SEQ ID NO:29)
[FNa -RV GCTGCATCAGACAGCCT TGCAGGTC (SEQ ID NO:30)
IFN-y-PRIMETIME IDT:MM.PT.58.41769240

IFN-3-PRIMETIME IDT:MM.PT.58.30132453.G

Icam-1-FW CAATTTCTCATGCCGCACAG (SEQ ID NO:31)
Icam-1-RV AGCTGGAAGATCGAAAGTCCG (SEQ ID NO:32)
TNFa-FW AGGCTGCCCCGACTACGT (SEQ ID NO:33)
TNFa-RV GACTTTCTCCTGGTATGAGATAGCAAA | (SEQID NO:34)
NCF-FW GCTGCGTGAACACTATCCTGG (SEQ IDNO:35)
NCF-RV AGGTCGTACTTCTCCATTCTGTA (SEQ ID NO:36)
18S-FW GGCCGTTCTTAGTTGGTGGAGCG (SEQ ID NO:37)
18S-RV CTGAACGCCACTTGTCCCTC (SEQ ID NO:38)
CD68-FW TGCGGCTCCCTGTGTGT (SEQ ID NO:39)
CD68-RV TCTTCCTCTGTTCCTTGGGCTAT (SEQ ID NO:40)
CXCR4-PRIMETIME | IDT:MM.PT.58.41597935

CDS8-FW GCTCAGTCATCAGCAACTCG (SEQ ID NO:41)
CD8-RV TCACAGGCGAAGTCCATC (SEQ ID NO:42)
CD4-FW GAGAGTCAGCGGAGTTCTC (SEQ ID NO:43)
CD4-RV CTCACAGGTCAAAGTATTGTTG (SEQ ID NO:44)
IL6-PRIMETIME IDT: Mm.PT.58.100

IL1B-FW TCGCTCAGGGTCACAAGAAA (SEQ ID NO:45)
IL1B-RV CATCAGAGGCAAGGAGGAAAAC (SEQ ID NO:46)
[00129] Table 5: Human qPCR primers - 5'-3'

SEL1L-FW GTGGCTGTTGGAGTCGGTAT (SEQ ID NO:47)
SEL1L-RV ATTCACTCCCCACCCTCTCT (SEQ ID NO:48)
NEATI1-FW AGGTCAGGCAGAGGAAGTCA | (SEQ ID NO:49)
NEATI1-RV CTGCCTCCCGATACAACAAT (SEQ ID NO:50)
XIST-1-FW AGGTCAGGCAGAGGAAGTCA | (SEQ ID NO:51)
XIST-1-RV CTGCCTCCCGATACAACAAT (SEQ ID NO:52
SYVNI-FW ACCAGCATCCCTAGCTCAGA (SEQ ID NO:53)
SYVNI-RV TCCTCAGGCATCTCCTCTGT (SEQ ID NO:54)

[00130] MS2-krab-Mecp2 (SEQ ID NO:55), MS2 (SEQ ID NO:56), krab (SEQ ID NO:57),
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and Mecp2 (SEQ ID NO:58):
CCACCATGGGACCTAAGAAAAAGAGGAAGGTGGCGGCCGCTGACTACAAGGATG
ACGACGATAAATCTAGAATGGCTTCTAACTTTACTCAGTTCGTTCTCGTCGACA
ATGGCGGAACTGGCGACGTGACTGTCGCCCCAAGCAACTTCGCTAACGGGATC
GCTGAATGGATCAGCTCTAACTCGCGTTCACAGGCTTACAAAGTAACCTGTAGC
GTTCGTCAGAGCTCTGCGCAGAATCGCAAATACACCATCAAAGTCGAGGTGCC
TAAAGGCGCCTGGCGTTCGTACTTAAATATGGAACTAACCATTCCAATTTTCGC
CACGAATTCCGACTGCGAGCTTATTGTTAAGGCAATGCAAGGTCTCCTAAAAGA
TGGAAACCCGATTCCCTCAGCAATCGCAGCAAACTCCGGCATCTACGAGGCCA
GCCCCAAGAAGAAGAGGAAGGTGAGTGGTGGAGGAAGTGGCGGGTCAGGGTCGTC
CATGGACGCGAAATCACTTACGGCATGGTCGAGAACACTGGTTACGTTCAAGGACGTGIT
TGTGGACTTTACACGTGAGGAGTGGAAATTIGCTGGATACTGCGCAACAAATTIGTGTATCGA
AATGTCATGCTTGAGAATTACAAGAACCTCGTCAGTCTCGGATACCAGTTGACGAAACCGG
ATGTGATCCTTAGGCTCGAAAAGGGGGAAGAACCTIGGCTGGTATCGGGAGGTGGTTCG
GGTGGCTCTGGATCAAGCCCAAAGAAGAAACGGAAGGTGGAAGCCTCAGTGCAGGT
GAAAAGGGTGCTGGAAAAATCCCCCGGCAAACTCCTCGTGAAGATGCCCTTCCAGG
CTTCCCCTGGCGGAAAAGGTGAAGGGGGTGGCGCAACCACATCTGCCCAGGTCATG
GTCATCAAGCGACCTGGAAGGAAAAGAAAGGCCGAGGCTGACCCTCAGGCCATTCC
AAAGAAACGGGGACGCAAGCCAGGGTCCGTGGTCGCAGCTGCAGCAGCTGAGGCT
AAGAAAAAGGCAGTGAAGGAAAGCTCCATCCGCAGTGTGCAGGAGACTGTCCTGCC
CATCAAGAAGAGGAAGACTAGGGAGACCGTGTCCATCGAGGTCAAAGAAGTGGTCA
AGCCCCTGCTCGTGTCCACCCTGGGCGAAAAATCTGGAAAGGGGCTCAAAACATGC
AAGTCACCTGGACGGAAAAGCAAGGAGTCTAGTCCAAAGGGGCGCTCAAGCTCCGC
TTCTAGTCCCCCTAAAAAGGAACACCATCACCATCACCATCACGCCGAGTCTCCTAA
GGCTCCTATGCCACTGCTCCCACCACCTCCACCACCTGAGCCACAGTCAAGCGAAGA
CCCCATCAGCCCACCCGAGCCTCAGGATCTGTCCTCTAGTATTTGCAAAGAGGAAAA
GATGCCCAGAGCAGGCAGCCTGGAGAGTGATGGCTGTCCAAAAGAACCCGCCAAGA
CCCAGCCTATGGTGGCAGCCGCTGCAACTACCACCACAACCACAACTACCACAGTG
GCCGAAAAATACAAGCATCGCGGCGAGGGCGAACGAAAGGACATTGTGTCAAGCTC
CATGCCCAGACCTAACCGGGAGGAACCAGTCGATAGTAGGACACCCGTGACTGAGA
GAGTCTCATGA
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[00131] MS2-HP1A-krab (SEQ ID NO:59), MS2 (SEQ ID NO:56), HP1A (SEQ ID NO:60),
krab (SEQ ID NO:57)
CCACCATGGGACCTAAGAAAAAGAGGAAGGTGGCGGCCGCTGACTACAAGGATG
ACGACGATAAATCTAGAATGGCTTCTAACTTTACTCAGTTCGTTCTCGTCGACA
ATGGCGGAACTGGCGACGTGACTGTCGCCCCAAGCAACTTCGCTAACGGGATC
GCTGAATGGATCAGCTCTAACTCGCGTTCACAGGCTTACAAAGTAACCTGTAGC
GTTCGTCAGAGCTCTGCGCAGAATCGCAAATACACCATCAAAGTCGAGGTGCC
TAAAGGCGCCTGGCGTTCGTACTTAAATATGGAACTAACCATTCCAATTTTCGC
CACGAATTCCGACTGCGAGCTTATTGTTAAGGCAATGCAAGGTCTCCTAAAAGA
TGGAAACCCGATTCCCTCAGCAATCGCAGCAAACTCCGGCATCTACGAGGCCA
GCCCCAAGAAGAAGAGGAAGGTGAGTGGTGGAGGAAGTGGCGGGTCAGGGTCGTC
CAGCCCCAAGAAAAAACGGAAAGTGGAGGCATCAATGAAGGAGGGAGAAAACAAC
AAACCCAGGGAGAAAAGTGAAGGGAATAAGAGAAAAAGCTCCTTCTCTAACAGTGC
AGACGATATCAAGTCCAAGAAAAAGCGGGAGCAGTCTAATGACATTGCTAGGGGCT
TCGAGAGAGGACTGGAGCCAGAAAAAATCATTGGGGCAACCGACAGCTGCGGCGAT
CTGATGTTTCTCATGAAATGGAAGGACACAGATGAGGCCGACCTGGTGCTCGCCAA
AGAAGCTAACGTGAAGTGTCCCCAGATCGTCATTGCTTTTTACGAGGAAAGGCTCAC
CTGGCACGCATATCCTGAGGATGCCGAAAACAAGGAGAAGGAATCAGCTAAGAGCC
TCGGGAGGTGGTTCGGGTGGCTCTGGATCAATGGACGCGAAATCACTTACGGCATGGT
CGAGAACACTGGTTACGTTCAAGGACGTGTTIGTGGACTITACACGTGAGGAGTGGAAATT
GCTGGATACTGCGCAACAAATTGTGTATC GAAATGTCATGCTIGAGAATTACAAGAACCTC
GICAGTCTCGGATACCAGTTGACGAAACCGGATGTGATCCTIAGGCTCGAAAAGGGGGAA
GAACCTTGGCTGGTATGA

[00132] MS2-Mecp2-krab-MBD2B (SEQ ID NO:61), MS2 (SEQ ID NO:56), Mecp2 (SEQ ID
NO:58), krab (SEQ ID NO:57), MBD2B (SEQ DI NO:62)
CCACCATGGGACCTAAGAAAAAGAGGAAGGTGGCGGCCGCTGACTACAAGGATG
ACGACGATAAATCTAGAATGGCTTCTAACTTTACTCAGTTCGTTCTCGTCGACA
ATGGCGGAACTGGCGACGTGACTGTCGCCCCAAGCAACTTCGCTAACGGGATC
GCTGAATGGATCAGCTCTAACTCGCGTTCACAGGCTTACAAAGTAACCTGTAGC
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GTTCGTCAGAGCTCTGCGCAGAATCGCAAATACACCATCAAAGTCGAGGTGCC
TAAAGGCGCCTGGCGTTCGTACTTAAATATGGAACTAACCATTCCAATTTTCGC
CACGAATTCCGACTGCGAGCTTATTGTTAAGGCAATGCAAGGTCTCCTAAAAGA
TGGAAACCCGATTCCCTCAGCAATCGCAGCAAACTCCGGCATCTACGAGGCCA
GCCCCAAGAAGAAGAGGAAGGTGAGTGGTGGAGGAAGTGGCGGGTCAGGGTCGTC
CAGCCCAAAGAAGAAACGGAAGGTGGAAGCCTCAGTGCAGGTGAAAAGGGTGCTG
GAAAAATCCCCCGGCAAACTCCTCGTGAAGATGCCCTTCCAGGCTTCCCCTGGCGGA
AAAGGTGAAGGGGGTGGCGCAACCACATCTGCCCAGGTCATGGTCATCAAGCGACC
TGGAAGGAAAAGAAAGGCCGAGGCTGACCCTCAGGCCATTCCAAAGAAACGGGGA
CGCAAGCCAGGGTCCGTGGTCGCAGCTGCAGCAGCTGAGGCTAAGAAAAAGGCAGT
GAAGGAAAGCTCCATCCGCAGTGTGCAGGAGACTGTCCTGCCCATCAAGAAGAGGA
AGACTAGGGAGACCGTGTCCATCGAGGTCAAAGAAGTGGTCAAGCCCCTGCTCGTG
TCCACCCTGGGCGAAAAATCTGGAAAGGGGCTCAAAACATGCAAGTCACCTGGACG
GAAAAGCAAGGAGTCTAGTCCAAAGGGGCGCTCAAGCTCCGCTTCTAGTCCCCCTA
AAAAGGAACACCATCACCATCACCATCACGCCGAGTCTCCTAAGGCTCCTATGCCAC
TGCTCCCACCACCTCCACCACCTGAGCCACAGTCAAGCGAAGACCCCATCAGCCCAC
CCGAGCCTCAGGATCTGTCCTCTAGTATTTGCAAAGAGGAAAAGATGCCCAGAGCA
GGCAGCCTGGAGAGTGATGGCTGTCCAAAAGAACCCGCCAAGACCCAGCCTATGGT
GGCAGCCGCTGCAACTACCACCACAACCACAACTACCACAGTGGCCGAAAAATACA
AGCATCGCGGCGAGGGCGAACGAAAGGACATTGTGTCAAGCTCCATGCCCAGACCT
AACCGGGAGGAACCAGTCGATAGTAGGACACCCGTGACTGAGAGAGTCTCATCGGG
AGGTGGTTCGGGTGGCTCTGGATCAATGGACGCGAAATCACTTACGGCATGGTCGAGA
ACACIGGTTACGTTCAAGGACGIGTTTGIGGACTTTACACGTGAGGAGIGGAAATIGCIG
GATACTGCGCAACAAATTIGTGTATCGAAATGTCATGCTTGAGAATTACAAGAACCTCGICA
GICTCGGATACCAGTTGACGAAACCGGATGTGATCCTTAGGCTCGAAAAGGGGGAAGAAC
CTTGGCTGGTATCGGGAGGTGGTTCGGGTGGCTCTGGATCATCCCCCAAAAAGAAAC
GCAAGGTGAGGCATCTGCTCGCTATCTCGGTAACACTGTCGATCTGTCATCATT
CGATTTCCGCACTGGCAAGATGATGCCTTCTAAACTGCAGAAGAACAAACAGA
GGCTGAGAAATGACCCACTCAACCAGAATAAGGGAAAACCCGATCTGAACACC
ACACTCCCTATCCGGCAGACAGCTAGTATTTTCAAGCAGCCTGTGACTAAAGTC
ACCAACCACCCATCCAATAAGGTGAAATCTGACCCACAGAGGATGAATGAGCA
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GCCCAGACAGCTGTTTTGGGAAAAGCGCCTGCAGGGTCTCTCTGCAAGTGATG
TGACAGAGCAGATCATTAAGACTATGGAACTGCCAAAAGGACTCCAGGGAGTG
GGACCTGGGTCTAACGACGAGACTCTGCTCTCAGCTGTCGCAAGCGCACTGCA
TACCAGCTCCGCACCCATCACAGGACAGGTGAGTGCCGCTGTCGAGAAGAACC
CAGCCGTGTGGCTGAATACTTCACAGCCCCTCTGCAAGGCTTTCATCGTCACCG
ACGAGGATATTCGGAAGCAGGAGGAACGCGTGCAGCAGGTCCGAAAAATCCTG
GAAGACGCTCTCATGGCAGATATTCTGAGCAGAGCAGCCGACACCGAGGAAAT
GGATATTGAGATGGACTCCGGGGATGAAGCCTGAA

[00133] MS2-MBD2B-HP1A (SEQ ID NO:63), MS2 (SEQ ID NO:56), MBD2B (SEQ ID
NO:62), HP1A (SEQ ID NO:60)
CCACCATGGGACCTAAGAAAAAGAGGAAGGTGGCGGCCGCTGACTACAAGGATG
ACGACGATAAATCTAGAATGGCTTCTAACTTTACTCAGTTCGTTCTCGTCGACA
ATGGCGGAACTGGCGACGTGACTGTCGCCCCAAGCAACTTCGCTAACGGGATC
GCTGAATGGATCAGCTCTAACTCGCGTTCACAGGCTTACAAAGTAACCTGTAGC
GTTCGTCAGAGCTCTGCGCAGAATCGCAAATACACCATCAAAGTCGAGGTGCC
TAAAGGCGCCTGGCGTTCGTACTTAAATATGGAACTAACCATTCCAATTTTCGC
CACGAATTCCGACTGCGAGCTTATTGTTAAGGCAATGCAAGGTCTCCTAAAAGA
TGGAAACCCGATTCCCTCAGCAATCGCAGCAAACTCCGGCATCTACGAGGCCA
GCCCCAAGAAGAAGAGGAAGGTGAGTGGTGGAGGAAGTGGCGGGTCAGGGTCGTC
CTCCCCCAAAAAGAAACGCAAGGTGGAGGCATCTGCTCGCTATCTCGGTAACACTGTC
GATCTGTCATCATICGATTTCCGCACTGGCAAGATGATGCCTIC TAAACTGCAGAAGAACA
AACAGAGGCTGAGAAATGACCCACTCAACCAGAATAAGGGAAAACCCGATCTGAACACCA
CACTCCCTATCCGGCAGACAGCTAGTATTTTCAAGCAGCCTGTGACTAAAGTCACCAACCA
CCCATCCAATAAGGTGAAATC TGACCCACAGAGGATGAATGAGCAGCCCAGACAGCTGTT
TTGGGAAAAGCGCCTGCAGGGTCTCTCTGCAAGTGATGTGACAGAGCAGATCATTAAGAC
TATGGAACTGCCAAAAGGACTCCAGGGAGTGGGACCTGGGTCTAACGACGAGACTCTGCT
CTCAGCTGTCGCAAGCGCACTGCATACCAGCTCCGCACCCATCACAGGACAGGTGAGTG
CCGCTGTCGAGAAGAACCCAGCCGTGTGGCTGAATACTICACAGCCCCTCTGCAAGGCTT
TCATCGTCACCGACGAGGATATICGGAAGCAGGAGGAACGCGTGCAGCAGGTCCGAAAA
ATCCTGGAAGACGCTCTCATGGCAGATATICTGAGCAGAGCAGCCGACACCGAGGAAATG
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GATATTGAGATGGACTCCGGGGATGAAGCCTCGGGAGGTGGTTCGGGTGGCTCTGG
ATCAAGCCCCAAGAAAAAACGGAAAGTGGAGGCATCAATGAAGGAGGGAGAAAAC
AACAAACCCAGGGAGAAAAGTGAAGGGAATAAGAGAAAAAGCTCCTTCTCTAACA
GTGCAGACGATATCAAGTCCAAGAAAAAGCGGGAGCAGTCTAATGACATTGCTAGG
GGCTTCGAGAGAGGACTGGAGCCAGAAAAAATCATTGGGGCAACCGACAGCTGCGG
CGATCTGATGTTTCTCATGAAATGGAAGGACACAGATGAGGCCGACCTGGTGCTCGC
CAAAGAAGCTAACGTGAAGTGTCCCCAGATCGTCATTGCTTTTTACGAGGAAAGGCT
CACCTGGCACGCATATCCTGAGGATGCCGAAAACAAGGAGAAGGAATCAGCTAAGA
GCTGA

-49 -



CA 03119302 2021-05-07

WO 2020/097344 PCT/US2019/060285

CLAIMS

We claim:

1. A synthetic repression system for repressing myeloid differentiation primary response 88
(MyD88) expression in vivo comprising a single amplicon comprising:

(a) a guide RNA (gRNA) comprising (i) a guide sequence complementary to a portion of
MyD88 and (ii) an aptamer target site specific for an RNA binding protein;

(b) a nucleotide sequence encoding the aptamer RNA binding protein fused to one or
more repression domain; and

(¢) a nucleotide sequence encoding a multifunctional Cas nuclease;

wherein the single amplicon is packaged in a vector for DNA-based viral delivery.

2. The synthetic repression system of claim 1, wherein the gRNA guide sequence is 15 or

fewer nucleotides in length.

3. The synthetic repression system of claim 1, wherein the gRNA guide sequence targets

within 100 base pairs (bp) upstream of TATA box region of MyD88.

4. The synthetic repression system of claim 1, wherein gRNA guide sequence is selected

from the group consisting of SEQ ID NOs:1-4.

5. The synthetic repression system of claim 1, wherein the aptamer target site is an MS2

aptamer target site and the RNA binding protein is bacteriophage MS2 coat protein.

6. The synthetic repression system of claim 5, wherein the gRNA comprises the MS2

aptamer target site and the guide sequence is 15 or fewer nucleotides in length.

7. The synthetic repression system of claim 5, wherein the repression domain is selected
from the group consisting of a Kruppel associated box (KRAB) domain, methyl-CpG (mCpG)
binding domain 2 (meCP2), Switch independent 3 transcription regulator family member A

(SIN3A), histone deacetylase HDT1 (HDT1), n-terminal truncation of methyl-CpG-binding
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domain containing protein 2 (MBD2B), nuclear inhibitor of protein phosphatase-1 (NIPP1), and
heterochromatin protein 1 (HP1A).

8. The synthetic repression system of claim 7, wherein the nucleotide of (b) encodes MS2

fused to at least two repression domains.

9. The synthetic repression system of claim 8, wherein the nucleotide sequence encoding
MS?2 fused to a repression domain comprises a sequence selected from the group consisting of

SEQ ID NOs:55, 59, 61, and 63.

10.  The synthetic repression system of claim 1, wherein the system comprises a nucleotide
sequence encoding a multifunctional Cas nuclease fused to the aptamer RNA binding protein and

a repression domain.

11. The synthetic repression system of claim 1, wherein the Cas nuclease is an S. aureus

Cas9 nuclease or an S. pyrogenes Cas9 nuclease.

12.  The synthetic repression system of claim 1, wherein the vector is an AAV2/1 delivery
vector.
13. A pharmaceutical composition comprising the synthetic repression system of claim 1 and

a pharmaceutically acceptable delivery vehicle.

14. A method of treating a subject with septicemia comprising administering to the subject

with septicemia a therapeutically effective amount of the composition of claim 13.

15. The method of claim 14, wherein levels of immune related markers Icam-1, Tnfo, Ncf,

116, Ifn-a, Ifn-B, Ifn-y, and Stat4 are reduced in the subject following administration.

16. The method of claim 14, additionally comprising the step of monitoring the level of at

least one immune related marker selected from the group consisting of Icam-1, Tnfa, Ncf, 116, Ifn-
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a, I[fn-f, Ifn-y, and Stat4 and administering to the subject additional doses of the synthetic
repression system composition until the level of the at least one immune related marker is

reduced.

17.  The method of claim 14, wherein serum lactate is reduced in the subject following

administration.

18. A method of preventing an adverse immune response in a subject comprising
administering to the subject a therapeutically effective amount of the composition of claim 13
prior to or concurrently with administration of an AAV vector based gene therapy to the subject,
wherein the level of an immune related marker selected from the group consisting of Icam-1,
Tnfa, Ncf, 116, Ifn-a, Ifn-fB, Ifn-y, and Stat4 is reduced in the subject relative to subject who
received the AAV vector based gene therapy but did not receive the therapeutic synthetic

repression system composition.

19. The method of claim 18, wherein the subject previously received at least one AAV vector

based gene therapy.

20. The method of claim 18, additionally comprising the step of monitoring the level of at
least one immune related marker selected from the group consisting of Icam-1, Tnfa, Ncf, 116, Ifn-
a, I[fn-f, Ifn-y, and Stat4 and administering to the subject additional doses of the synthetic
repression system composition until the level of the at least one immune related marker is

reduced.
21. A method of treating Waldenstrém macroglobulinemia in a subject in need thereof
comprising administering to a subject with Waldenstréom macroglobulinemia a therapeutically

effective amount of the composition of claim 13.

22. The method of treatment of claim 21, additionally comprising administering to the

subject a composition comprising a gRNA configured to cleave MyD88 at L265 locus and a
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homology directed repair template encoding a portion of wild-type MyD88 at the L265 locus,
whereby levels of endogenous L265P mutant MyD88 are reduced in the subject.
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