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DISEASE BY TARGETING MAPT GENE
Technical Field

The present invention relates to methods for treating Alzheimer’s disease by
targeting the human microtuble-associated protein tau (MAPT) gene, and the like.
More particularly, the present invention relates to methods and agents for treating or
preventing Alzheimer’s disease by suppressing expression of human MAPT gene by
using a guide RNA targeting a particular sequence of human MAPT gene and a fusion
protein of a transcription inhibitor and a CRISPR effector protein, and the like.
Background Art

Tau protein is a microtubule-binding protein that is mainly expressed in the nervous
system. It promotes polymerization of tubulin, stabilizes microtubules, and contributes
to the construction and maintenance of nerve axons. Tau protein is a product of a
single gene named MAPT (microtubule-associated protein tau) located on
chromosome 17 in humans, and six kinds of isoforms are expressed in the human brain
by alternative splicing. All of these isoforms are known to lose binding ability to mi-
crotubule and self-aggregate when excessively phosphorylated. Self-assembly of Tau
protein is involved in pathologies such as Alzheimer’s disease (hereinafter to be
referred to as AD) and frontotemporal dementia with Parkinsonism linked to
chromosome (hereinafter to be referred to as FTDP-17). Aggregates of phosphorylated
tau are generated in nerve cells in the brain and contribute to many neurodegenerative
diseases.

Thus, a neurodegenerative disease accompanied by aggregation and intracellular ac-
cumulation of tau and considered to involve tau aggregation process in the onset of the
disease is called Tauopathy.

A plurality of therapeutic strategies has been proposed to treat AD (non-patent
document 1), and the gene therapy approach has been attracting attention as one of the
strategies.

As a gene therapy targeting MAPT, for example, WO2018/102665 Al discloses an
invention directed to a genetic modulator of a MAPT gene, comprising a DNA-binding
domain that binds to a target site of at least 12 nucleotides in the MAPT gene; and a
transcriptional regulatory domain or nuclease domain.

On the other hand, a system using a combination of Cas9 with deactivated nuclease
activity (dCas9) and a transcription activation domain or transcription repression

domain has been developed in recent years, in which expression of a target gene is
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controlled through targeting of the protein to the gene by using guide RNA and without
cleaving DNA sequence of the gene (patent document 1, which is incorporated herein
by reference in its entirety). Its clinical application is expected (non-patent document 2,
which is incorporated herein by reference in its entirety). However, a problem exists in
that a sequence encoding a complex of dCas9, guide RNA and a co-transcription
repressor exceeds the capacity of the most common viral vectors (e.g., AAV), which
represent the most promising method for gene delivery in vivo (non-patent document
3, which is incorporated herein by reference in its entirety).
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Summary of Invention
Technical Problem

Accordingly, it is one object of the present invention to provide novel therapeutic ap-
proaches to tauopathy (particularly, AD).

This and other objects, which will become apparent during the following detailed de-
scription, have been achieved by the inventors’ discovery that the expression of human
MAPT gene (Gene ID:4137) can be strongly suppressed by using a guide RNA
targeting a particular sequence of human MAPT gene and a fusion protein of a tran-
scription repressor and a nuclease-deficient CRISPR effector protein.

Solution to Problem

The present inventors have found that the expression of human MAPT gene can be
strongly suppressed by a single AAV vector carrying a base sequence encoding the
fusion protein and a base sequence encoding the guide RNA, using a compact
nuclease-deficient CRISPR effector protein and a compact transcription repressor.

Thus, the present invention provides:

[1] A polynucleotide, comprising the following base sequences:

(a) a base sequence encoding a fusion protein of a nuclease-deficient CRISPR
effector protein and a transcription repressor, and

(b) a base sequence encoding a guide RNA targeting a continuous region of 18 to 24
nucleotides in length in a region set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97
in the expression regulatory region of human MAPT gene.

[2] The polynucleotide of [1], wherein the base sequence encoding the guide RNA
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comprises the base sequence set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97, or
the base sequence set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97 in which 1 to
3 bases are deleted, substituted, inserted, and/or added.

[3] The polynucleotide of [1] or [2], comprising at least two different base sequences
encoding the guide RNA.

[4] The polynucleotide of any of [1] to [3], wherein the transcriptional repressor is
selected from the group KRAB, MeCP2, SIN3A, HDT1, MBD2B, NIPP1, and HP1A.
[5] The polynucleotide of [4], wherein the transcriptional repressor is KRAB.

[6] The polynucleotide of any of [1] to [S], wherein the nuclease-deficient CRISPR
effector protein is dCas9.

[7] The polynucleotide of [6], wherein the dCas9 is derived from Staphylococcus
aureus.

[8] The polynucleotide of any of [1] to [7], further comprising a promoter sequence for
the base sequence encoding the guide RNA and/or a promoter sequence for the base
sequence encoding the fusion protein of the nuclease-deficient CRISPR effector
protein and the transcriptional repressor.

[9] The polynucleotide of [8], wherein the promoter sequence for the base sequence
encoding the guide RNA is selected from the group U6 promoter, SNR6 promoter,
SNRS52 promoter, SCR1 promoter, RPR1 promoter, U3 promoter, and H1 promoter.
[10] The polynucleotide of [9], wherein the promoter sequence for the base sequence
encoding the guide RNA is U6 promoter.

[11] The polynucleotide of any of [8] to [10], wherein the promoter sequence for the
base sequence encoding the fusion protein of the nuclease-deficient CRISPR effector
protein and the transcriptional repressor is a ubiquitous promoter or a neuron specific
promoter.

[12] The polynucleotide of [11], wherein the ubiquitous promoter is selected from the
group EFS promoter, CMV promoter and CAG promoter.

[13] A vector comprising a polynucleotide of any of [1] to [12].

[14] The vector of [13], wherein the vector is a plasmid vector or a viral vector.

[15] The vector of [14], wherein the viral vector is selected from the group adeno-
associated virus (AAYV) vector, adenovirus vector, and lentivirus vector.

[16] The vector of [15], wherein the AAV vector is selected from the group AAV1,
AAV2, AAV6, AAVT, AAVSE, AAV9, Anc80, AAV,MTP, AAVs:sMTP, AAV-BI1,
AAVM41, and AAVrh74.

[17] The vector of [16], wherein the AAV vector is AAVO.

[18] A pharmaceutical composition comprising a polynucleotide of any of [1] to [12]
or a vector of any of [13] to [17].

[19] The pharmaceutical composition of [18] for treating or preventing Alzheimer’s
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disease.

[20] A method for treating or preventing Alzheimer’s disease, comprising admin-
istering a polynucleotide of any of [1] to [12], or a vector of any of [13] to [17], to a
subject in need thereof.

Advantageous Effects of Invention

According to the present invention, the expression of the human MAPT gene can be
suppressed and, consequently, the present invention is expected to be able to treat
tauopathy including AD.

A more complete appreciation of the invention and many of the attendant advantages
thereof will be readily obtained as the same become better understood by reference to
the following detailed description when considered in connection with the ac-
companying drawings.

Brief Description of Drawings

[Fig. 1] Fig. 1 shows the relative sa sgRNA location to ‘UCSC Genome Browser on
Human Dec. 2013 (GRCh38/hg38) Assembly; chromosome 17: 45,887,381-
45,962,898

[Fig. 2] Fig. 2 shows the results of evaluating the sa sgRNA for reducing MAPT
mRNA levels between chromosome 17: 45,887,381- 45,962,898 (UCSC Genome
Browser on Human Dec. 2013 (GRCh38/hg38) Assembly), within regions defined in
Fig. 1.

[Fig. 3] Fig. 3 shows the results of evaluating the sa sgRNA efficacy for reducing
MAPT mRNA levels between chromosome 17: 45,887,381~ 45,962,898 (UCSC
Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly), within regions
defined in Fig.1.

Description of Embodiments

The embodiments of the present invention are explained in detail below.

1. Polynucleotide

The present invention provides a polynucleotide comprising the following base
sequences (hereinafter sometimes to be also referred to as “the polynucleotide of the
present invention”):

(a) a base sequence encoding a fusion protein of a nuclease-deficient CRISPR
effector protein and a transcription repressor, and

(b) a base sequence encoding a guide RNA targeting a continuous region of 18 to 24
nucleotides (i.e., 18 to 24 contiguous nucleotides) in length in a region set forth in SEQ
ID NO: 54, 55, 56, 57, 68 or 153, or 97 in the expression regulatory region of human
MAPT gene. The region set forth in SEQ ID NO: 97
(CAGCTCCGGCACCAACAGCAGCGCCGCTGCCACCGCCCACCTTCTGCCGC
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CGCCACCACAGCCACCTTCTCCTCCTCCGCTGTCCTCTCCCGTCCTCGCCTC
TGTCGACTATCAGGTAAGCGCCGCGGCTCCGAAATCTGCCTCGCCGTCCGC
CTCTGTGCACCCCTGCGCCGCCGCCCCTCGCCCTCCCTCTCCGCAGACTGGG
GCTTCGTGCGCCGGGCATCGGTCGGGGCCACCGCAGGGCCCCTCCCTGCCT
CCCCTGCTCGGGGGCTGGGGCCAGGGCGGCCTGGAAAGGGACCTGAGCAA
GGGATGCACGCACGC) comprises the regions set forth in SEQ ID NOs: 54, 55, 56
and 57.

The polynucleotide of the present invention is introduced into a desired cell and
transcribed to produce a fusion protein of a nuclease-deficient CRISPR effector protein
and a transcription repressor, and a guide RNA targeting a particular region of the ex-
pression regulatory region of the human MAPT gene. These fusion protein and guide
RNA form a complex (hereinafter the complex is sometimes referred to as
“ribonucleoprotein; RNP”’) and cooperatively act on the aforementioned particular
region, thus suppressing transcription of the human MAPT gene. In one embodiment
of the present invention, the expression of the human MAPT gene can be suppressed
by, for example, not less than about 40%, not less than about 50%, not less than about
60%, not less than about 70%, not less than about 75%, not less than about 80%, not
less than about 85%, not less than about 90%, not less than about 95%, or about 100%.

(1) Definition

In the present specification, “the expression regulatory region of human microtubule-
associated protein tau (MAPT) gene” means any region in which the expression of
human MAPT gene can be suppressed by binding RNP to that region. That is, the ex-
pression regulatory region of human MAPT gene may exist in any region such as the
promoter region, enhancer region, intron, and exon of the human MAPT gene, as long
as the expression of the human MAPT gene is suppressed by the binding of RNP. In
the present specification, when the expression regulatory region is shown by the
particular sequence, the expression regulatory region includes both the sense strand
sequence and the antisense strand sequence conceptually.

In the present invention, a fusion protein of a nuclease-deficient CRISPR effector
protein and a transcription repressor is recruited by a guide RNA into a particular
region in the expression regulatory region of the human MAPT gene. In the present
specification, the “guide RNA targeting ...” means a “guide RNA recruiting a fusion
protein into ...”.

In the present specification, the “guide RNA (to be also referred to as ‘gRNA’)” is an
RNA comprising a genome specific CRISPR-RNA (to be referred to as “crRNA”).
crRNA is an RNA that binds to a complementary sequence of a targeting sequence
(described later). When Cpf1 is used as the CRISPR effector protein, the “guide RNA”

refers to an RNA comprising an RNA consisting of crRNA and a specific sequence
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attached to its 5’-terminal (for example, an RNA sequence set forth in SEQ ID NO:
101 in the case of FnCpf 1). When Cas9 is used as the CRISPR effector protein, the
“guide RNA” refers to chimera RNA (to be referred to as “single guide RNA
(sgRNA)”) comprising crRNA and trans-activating crRNA attached to its 3’-terminal
(to be referred to as “tracrRNA”) (see, for example, Zhang F. et al., Hum Mol Genet.
2014 Sep 15; 23(R1): R40-6 and Zetsche B. et al., Cell. 2015 Oct 22; 163(3): 759-71,
which are incorporated herein by reference in their entireties).

In the present specification, a sequence complementary to the sequence to which
crRNA is bound in the expression regulatory region of the human MAPT gene is
referred to as a “targeting sequence”. That is, in the present specification, the
“targeting sequence” is a DNA sequence present in the expression regulatory region of
the human MAPT gene and adjacent to PAM (protospacer adjacent motif). PAM is
adjacent to the 5’-side of the targeting sequence when Cpf1 is used as the CRISPR
effector protein. PAM is adjacent to the 3’-side of the targeting sequence when Cas9 is
used as the CRISPR effector protein. The targeting sequence may be present on either
the sense strand sequence side or the antisense strand sequence side of the expression
regulatory region of the human MAPT gene (see, for example, the aforementioned
Zhang F. et al., Hum Mol Genet. 2014 Sep 15; 23(R1): R40-6 and Zetsche B. et al.,
Cell. 2015 Oct 22; 163(3): 759-71, which are incorporated herein by reference in their
entireties).

(2) Nuclease-deficient CRISPR effector protein

In the present invention, using a nuclease-deficient CRISPR effector protein, a tran-
scriptional repressor fused thereto is recruited to the expression regulatory region of
the human MAPT gene. The nuclease-deficient CRISPR effector protein (hereinafter
to be simply referred to as “CRISPR effector protein”) to be used in the present
invention is not particularly limited as long as it forms a complex with gRNA and is
recruited to the expression regulatory region of the human MAPT gene. For example,
nuclease-deficient Cas9 (hereinafter sometimes to be also referred to as “dCas9”) or
nuclease-deficient Cpfl (hereinafter sometimes to be also referred to as “dCpf1”) can
be included.

Examples of the above-mentioned dCas9 include, but are not limited to, a nuclease-
deficient variant of Streptococcus pyogenes-derived Cas9 (SpCas9; PAM sequence:
NGG (Nis A, G, T or C. hereinafter the same)), Streptococcus thermophilus-derived
Cas9 (StCas9; PAM sequence: NNAGAAW (W is A or T. hereinafter the same)),
Neisseria meningitidis-derived Cas9 (NmCas9; PAM sequence: NNNNGATT), or
Staphylococcus aureus-derived Cas9 (SaCas9; PAM sequence: NNGRRT (R is A or G.
hereinafter the same)) and the like (see, for example, Nishimasu et al., Cell. 2014 Feb
27; 156(5): 935-49, Esvelt KM et al., Nat Methods. 2013 Nov; 10(11):1116-21, Zhang
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Y. Mol Cell. 2015 Oct 15; 60(2):242-55, and Friedland AE et al., Genome Biol. 2015
Nov 24; 16:257, which are incorporated herein by reference in their entireties). For
example, in the case of SpCas9, a double mutant in which the 10th Asp residue is
converted to Ala residue and the 840th His residue is converted to Ala residue
(sometimes referred to as “dSpCas9”) can be used (see, for example, the afore-
mentioned Nishimasu et al., Cell. 2014). Alternatively, in the case of SaCas9, a double
mutant in which the 10th Asp residue is converted to Ala residue and the 580th Asn
residue is converted to Ala residue (SEQ ID NO: 102), or a double mutant in which the
10th Asp residue is converted to Ala residue and the 557th His residue is converted to
Ala residue (SEQ ID NO: 103) (hereinafter any of these double mutants is sometimes
to be referred to as “dSaCas9”) can be used (see, for example, the aforementioned
Friedland AE et al., Genome Biol. 2015, which is incorporated herein by reference in
its entirety).

In addition, in one embodiment of the present invention, as dCas9, a variant obtained
by modifying a part of the amino acid sequence of the aforementioned dCas9, which
forms a complex with gRNA and is recruited to the expression regulatory region of the
human MAPT gene, may also be used. Examples of such variants include a truncated
variant with a partly deleted amino acid sequence. In one embodiment of the present
invention, as dCas9, variants disclosed in W02019/235627 and W02020/085441,
which are incorporated herein by reference in their entireties, can be used. Specifically,
dSaCas9 obtained by deleting the 721st to 745th amino acids from dSaCas9 that is a
double mutant in which the 10th Asp residue is converted to Ala residue and the 580th
Asn residue is converted to Ala residue (SEQ ID NO: 104), or dSaCas9 in which the
deleted part is substituted by a peptide linker (e.g., one in which the deleted part is sub-
stituted by GGSGGS linker (SEQ ID NO: 105) is set forth in SEQ ID NO: 106, and
one in which the deleted part is substituted by SGGGS linker (SEQ ID NO: 107) is set
forth in SEQ ID NO: 108, etc.) (hereinafter any of these double mutants is sometimes
to be referred to as “dSaCas9[-25]"), or dSaCas9 obtained by deleting the 482nd to
648th amino acids from dSaCas9 that is the aforementioned double mutant (SEQ ID
NO: 109), or dSaCas9 in which the deleted part is substituted by a peptide linker (one
in which the deleted part is substituted by GGSGGS linker is set forth in SEQ ID NO:
110) may also be used.

Examples of the above-mentioned dCpf1 include, but are not limited to, a nuclease-
deficient variant of Francisella novicida-derived Cpfl (FnCpfl; PAM sequence: NTT),
Acidaminococcus sp.-derived Cpfl (AsCpfl; PAM sequence: NTTT), or Lach-
nospiraceae bacterium-derived Cpfl (LbCpfl; PAM sequence: NTTT) and the like
(see, for example, Zetsche B. et al., Cell. 2015 Oct 22; 163(3):759-71, Yamano T et al.,
Cell. 2016 May 5; 165(4):949-62, and Yamano T et al., Mol Cell. 2017 Aug 17;
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67(4):633-45, which are incorporated herein by reference in their entireties). For
example, in the case of FnCpf1, a double mutant in which the 917th Asp residue is
converted to Ala residue and the 1006th Glu residue is converted to Ala residue can be
used (see, for example, the aforementioned Zetsche B et al., Cell. 2015, which is in-
corporated herein by reference in its entirety). In one embodiment of the present
invention, as dCpf1, a variant obtained by modifying a part of the amino acid sequence
of the aforementioned dCpf1, which forms a complex with gRNA and is recruited to
the expression regulatory region of the human MAPT gene, may also be used.

In one embodiment of the present invention, dCas9 is used as the nuclease-deficient
CRISPR effector protein. In one embodiment, the dCas9 is dSaCas9, and, in a
particular embodiment, the dSaCas9 is dSaCas9[-25].

A polynucleotide comprising a base sequence encoding a CRISPR effector protein
can be cloned by, for example, synthesizing an oligoDNA primer covering a region
encoding a desired part of the protein based on the cDNA sequence information
thereof, and amplifying the polynucleotide by PCR method using total RNA or mRNA
fraction prepared from the cells producing the protein as a template. In addition, a
polynucleotide comprising a base sequence encoding a nuclease-deficient CRISPR
effector protein can be obtained by introducing a mutation into a nucleotide sequence
encoding a cloned CRISPR effector protein by a known site-directed mutagenesis
method to convert the amino acid residues (e.g., 10th Asp residue, 557th His residue,
and 580th Asn residue in the case of SaCas9; 917th Asp residue and 1006th Glu
residue in the case of FnCpf1, and the like can be included, but are not limited to these)
at a site important for DNA cleavage activity to other amino acids.

Alternatively, a polynucleotide comprising a base sequence encoding nuclease-
deficient CRISPR effector protein can be obtained by chemical synthesis or a com-
bination of chemical synthesis and PCR method or Gibson Assembly method, based on
the cDNA sequence information thereof, and can also be further constructed as a base
sequence that underwent codon optimization to give codons suitable for expression in
human.

(3) Transcriptional repressor

In the present invention, human MAPT gene expression is repressed by the action of
the transcriptional repressor fused with the nuclease-deficient CRISPR effector protein.
In the present specification, the “transcriptional repressor” means a protein having the
ability to repress gene transcription of human MAPT gene or a peptide fragment
retaining the function thereof. The transcriptional repressor to be used in the present
invention is not particularly limited as long as it can repress expression of human
MAPT gene. It includes, for example, Kruppel-associated box (KRAB), MBD2B, v-
ErbA, SID (including chain state of SID (SID4X)), MBD2, MBD3, DNMT family
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(e.g., DNMTI1, DNMT3A, DNMT3B), Rb, MeCP2, ROM2, LSD1, AtHD2A, SET1,
HDAC11, SETDS, EZH2, SUV39H1, PHF19, SALI, NUE, SUVR4, KYP, DIMS,
HDACS, SIRT3, SIRT6, MESOLO4, SET8, HST2, COBB, SET-TAF1B, NCOR,
SIN3A, HDT1, NIPP1, HP1A, ERF repressor domain (ERD), and variants thereof
having transcriptional repression ability, fusions thereof and the like. In one em-
bodiment of the present invention, KRAB is used as the transcriptional repressor.

A polynucleotide comprising a base sequence encoding a transcriptional repressor
can be constructed by chemical synthesis or a combination of chemical synthesis and
PCR method or Gibson Assembly method. Furthermore, a polynucleotide comprising a
base sequence encoding a transcriptional repressor can also be constructed as a codon-
optimized DNA sequence to be codons suitable for expression in human.

A polynucleotide comprising a base sequence encoding a fusion protein of a tran-
scriptional repressor and a nuclease-deficient CRISPR effector protein can be prepared
by ligating a base sequence encoding the CRISPR effector protein to a base sequence
encoding the transcriptional repressor directly or after adding a base sequence
encoding a linker, NLS (nuclear localization signal)(for example, a base sequence set
forth in SEQ ID NO: 111 or SEQ ID NO: 112), a tag and/or others. In the present
invention, the transcriptional repressor may be fused with either N-terminal or C-
terminal of the nuclease-deficient CRISPR effector protein. As the linker, a linker with
an amino acid number of about 2 to 50 can be used, and specific examples thereof
include, but are not limited to, a G-S-G-S linker in which glycine (G) and serine (S) are
alternately linked and the like. In one embodiment of the present invention, as the
polynucleotide comprising a base sequence encoding a fusion protein of a nuclease-
deficient CRISPR effector protein and a transcriptional repressor, the base sequence set
forth in SEQ ID NO: 113, which encodes SV40 NLS, dSaCas9, NLS and KRAB as a
fused protein, can be used.

(4) Guide RNA

In the present invention, a fusion protein of nuclease-deficient CRISPR effector
protein and transcription repressor can be recruited to the expression regulatory region
of the human MAPT gene by guide RNA. As described in the aforementioned “(1)
Definition”, guide RNA comprises ctRNA, and the crRNA binds to a complementary
sequence of the targeting sequence. crRNA may not be completely complementary to
the complementary sequence of the targeting sequence as long as the guide RNA can
recruit the fusion protein to the target region, and may comprise a base sequence of the
targeting sequence in which at least 1 to 3 bases are deleted, substituted, inserted and/
or added.

When dCas9 is used as the nuclease-deficient CRISPR effector protein, for example,

the targeting sequence can be determined using a published gRNA design web site
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(CRISPR Design Tool, CRISPR direct, etc.). To be specific, from the sequence of the
target gene (i.e., human MAPT gene), candidate targeting sequences of about 20 nu-
cleotides in length for which PAM (e.g., NNGRRT in the case of SaCas9) is adjacent
to the 3’-side thereof are listed, and one having a small number of off-target sites in
human genome from among these candidate targeting sequences can be used as the
targeting sequence. The base length of the targeting sequence is 18 to 24 nucleotides in
length, preferably 20 to 23 nucleotides in length, more preferably 21 to 23 nucleotides
in length. As a primary screening for the prediction of the off-target site number, a
number of bioinformatic tools are known and publicly available, and can be used to
predict the targeting sequence with the lowest off-target effect. Examples thereof
include bioinformatics tools such as Benchling (https://benchling.com), and COSMID
(CRISPR Off-target Sites with Mismatches, Insertions, and Deletions) (Available on
https://crispr.bme.gatech.edu on the internet). Using these, the similarity to the base
sequence targeted by gRNA can be summarized. When the gRNA design software to
be used does not have a function to search for off-target site of the target genome, for
example, the off-target site can be searched for by subjecting the target genome to
Blast search with respect to 8 to 12 nucleotides on the 3’-side of the candidate
targeting sequence (seed sequence with high discrimination ability of targeted nu-
cleotide sequence).

In one embodiment of the present invention, in the region existing in the
GRCh38/hg38 of human chromosome 17 (Chr 17), the region of
?45,887,381-45,962,898” can be the expression regulatory region of the human MAPT
gene. Therefore, in one embodiment of the present invention, the targeting sequence
can be 18 to 24 nucleotides in length, preferably 20 to 23 nucleotides in length, more
preferably 21 to 23 nucleotides in length, in the regions of "45,887,381-45,962,898”
existing in the GRCh38/hg38 of human chromosome 17 (Chr 17).

In one embodiment of the present invention, a base sequence encoding crRNA may
be the same base sequence as the targeting sequence. For example, when the targeting
sequence set forth in SEQ ID NO: 57 (GAGCAAGGGATGCACGCACG) is in-
troduced into the cell as a base sequence encoding crRNA, crRNA transcribed from the
sequence is GAGCAAGGGAUGCACGCACG (SEQ ID NO:114) and is bound to
CGTGCGTGCATCCCTTGCTC (SEQ ID NO: 115), which is a sequence com-
plementary to the base sequence set forth in SEQ ID NO: 57 and is present in the ex-
pression regulatory region of the human MAPT gene. In another embodiment, a base
sequence which is a targeting sequence in which at least 1 to 3 bases are deleted, sub-
stituted, inserted and/or added can be used as the base sequence encoding crRNA as
long as guide RNA can recruit a fusion protein to the target region. Therefore, in one

embodiment of the present invention, as a base sequence encoding crRNA, the base
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sequence set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97, or the base sequence
set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97 in which 1 to 3 bases are deleted,
substituted, inserted and/or added can be used.

When dCpf1 is used as the nuclease-deficient CRISPR effector protein, a base
sequence encoding gRNA can be designed as a DNA sequence encoding crRNA with
particular RNA attached to the 5’-terminal. Such RNA attached to the 5’-terminal of
crRNA and a DNA sequence encoding said RNA can be appropriately selected by
those of ordinary skill in the art according to the dCpf1 to be used. For example, when
dFnCpf1 is used, a base sequence in which SEQ ID NO:116; AATTTCTACTGTT
GTAGAT is attached to the 5’-side of the targeting sequence can be used as a base
sequence encoding gRNA (when transcribed to RNA, the sequences of the underlined
parts form base pairs to form a stem-loop structure). The sequence to be added to the
5’-terminal may be a sequence generally used for various Cpf1 proteins in which at
least 1 to 6 bases are deleted, substituted, inserted and/or added, as long as gRNA can
recruit a fusion protein to the expression regulatory region after transcription.

When dCas9 is used as the CRISPR effector protein, a base sequence encoding
gRNA can be designed as a DNA sequence in which a DNA sequence encoding known
tracrRNA is linked to the 3’-terminal of a DNA sequence encoding crRNA. Such
tracrRNA and a DNA sequence encoding the tracrRNA can be appropriately selected
by those of ordinary skill in the art according to the dCas9 to be used. For example,
when dSaCas9 is used, the base sequence set forth in SEQ ID NO: 117 is used as the
DNA sequence encoding tracrRNA. The DNA sequence encoding tractrRNA may be a
base sequence encoding tracrRNA generally used for various Cas9 proteins in which at
least 1 to 6 bases are deleted, substituted, inserted and/or added, as long as gRNA can
recruit a fusion protein to the expression regulatory region after transcription.

A polynucleotide comprising a base sequence encoding gRNA designed in this way
can be chemically synthesized using a known DNA synthesis method.

In another embodiment of the present invention, the polynucleotide of the present
invention may comprise at least two different base sequences encoding a gRNA. For
example, the polynucleotide can comprise at least two different base sequences
encoding the guide RNA, wherein the at least two different base sequences are selected
from a base sequence comprising a sequence set forth in SEQ ID NO: 54, 55, 56, 57,
68, 153 or 97.

(5) Promoter sequence

In one embodiment of the present invention, a promoter sequence may be operably
linked to the upstream of each of a base sequence encoding fusion protein of nuclease-
deficient CRISPR effector protein and transcriptional repressor and/or a base sequence
encoding gRNA. The promoter to be possibly linked is not particularly limited as long
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as it shows a promoter activity in the target cell. Examples of the promoter sequence
possibly linked to the upstream of the base sequence encoding gRNA include, but are
not limited to, U6 promoter, SNR6 promoter, SNR52 promoter, SCR1 promoter, RPR1
promoter, U3 promoter, H1 promoter, and tRNA promoter, which are pol 111
promoters, and the like. In one embodiment of the present invention, U6 promoter can
be used as the promoter sequence for the base sequence encoding the guide RNA. In
one embodiment of the present invention, when a polynucleotide comprises two or
more base sequences respectively encoding a guide RNA, a single promoter sequence
may be operably linked to the upstream of the two or more base sequences. In another
embodiment, when a polynucleotide comprises two or more base sequences re-
spectively encoding a guide RNA, a promoter sequence may be operably linked to the
upstream of each of the two or more base sequences, wherein the promoter sequence
operably linked to each base sequence may be the same or different.

As the aforementioned promoter sequence possibly linked to the upstream of the base
sequence encoding fusion protein, a ubiquitous promoter or neuron-specific promoter
may be used. Examples of the ubiquitous promoter include, but are not limited to, EF-
la promoter, EFS promoter, CMV (cytomegalovirus) promoter, hTERT promoter, SRa
promoter, SV40 promoter, LTR promoter, CAG promoter, RSV (Rous sarcoma virus)
promoter, and the like. In one embodiment of the present invention, EFS promoter,
CMYV promoter or CAG promoter can be used as the ubiquitous promoter. Examples of
the neuron-specific promoter include, but are not limited to, neuron-specific enolase
(NSE) promoter, human neurofilament light chain (NEFL) promoter. The afore-
mentioned promoter may have any modification and/or alteration as long as it has
promoter activity in the target cell.

In one embodiment of the present invention, U6 is used as a promoter for a base
sequence encoding the guide RNA, and CMYV promoter can be used as the promoter
sequence for the base sequence encoding the fusion protein.

(6) Other base sequence

Furthermore, the polynucleotide of the present invention may further comprise
known sequences such as polyadenylation (polyA) signal, Kozak consensus sequence
and the like besides those mentioned above for the purpose of improving the
translation efficiency of mRNA produced by transcription of a base sequence encoding
a fusion protein of nuclease-deficient CRISPR effector protein and transcription
repressor. For example, polyadenylation signal in the present invention may include
hGH polyA, bGH polyA, 2x sNRP-1 polyA (see US7557197B2, which is incorporated
herein by reference in its entirety), and so on. In addition, the polynucleotide of the
present invention may comprise a base sequence encoding a linker sequence, a base

sequence encoding NLS and/or a base sequence encoding a tag. Futhermore, the
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polynucleotide of the present invention may comprise an intervening sequence. A
preferred example of the intervening sequence is a sequence encoding IRES (Internal
ribosome entry site), 2A peptide. The 2A peptide is a peptide sequence of around 20
amino acid residues derived from virus, is recognized by a protease present in the cell
(2A peptidase), and is cleaved at the position of 1 residue from the C terminal.
Multiple genes linked as one unit by 2A peptide are transcribed and translated as one
unit, and then cleaved by 2A peptidase. Examples of the 2A peptidase include F2A
(derived from foot-and-mouth disease virus), E2A (derived from equine rhinitis A
virus), T2A (derived from Thosea asigna virus), and P2A (derived from porcine
teschovirus-1).

(7) Exemplified embodiments of the present invention

In one embodiment of the present invention, a polynucleotide is provided
comprising:

a base sequence encoding a fusion protein of a nuclease-deficient CRISPR effector
protein and a transcriptional repressor,

a promoter sequence for the base sequence encoding the fusion protein of the
nuclease-deficient CRISPR effector protein and the transcriptional repressor,

one or two base sequences respectively encoding a guide RNA, wherein the one or
two base sequences are selected from a base sequence comprising a sequence set forth
in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97, or the base sequence comprising a
sequence set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97, in which 1 to 3 bases
are deleted, substituted, inserted, and/or added, and

a promoter sequence for the base sequence encoding the gRNA,

wherein the nuclease-deficient CRISPR effector protein is dSaCas9 or dSaCas9[-25],

wherein the transcriptional repressor is selected from the group KRAB, MeCP2,
SIN3A, HDT1, MBD2B, NIPP1, and HP1A,

wherein the promoter sequence for the base sequence encoding the fusion protein is
selected from the group EFS promoter, CMV promoter and CAG promoter, and

wherein the promoter sequence for the base sequence encoding the gRNA is selected
from the group U6 promoter, SNR6 promoter, SNR52 promoter, SCR1 promoter,
RPR1 promoter, U3 promoter, and H1 promoter.

In one embodiment of the present invention, a polynucleotide is provided
comprising:

a base sequence encoding a fusion protein of a nuclease-deficient CRISPR effector
protein and a transcriptional repressor,

CMYV promoter for the base sequence encoding the fusion protein of the nuclease-
deficient CRISPR effector protein and the transcriptional repressor,

one or two base sequences respectively encoding a guide RNA, wherein the one or
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two base sequences are selected from a base sequence comprising a sequence set forth
in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97, or a base sequence comprising a
sequence set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97 in which 1 to 3 bases
are deleted, substituted, inserted, and/or added, and

U6 promoter for the base sequence encoding the guide RNA,

wherein the nuclease-deficient CRISPR effector protein is dSaCas9, and

wherein the transcriptional repressor is KRAB.

2. Vector

The present invention provides a vector comprising the polynucleotide of the present
invention (hereinafter sometimes referred to as “the vector of the present invention™).
The vector of the present invention may be a plasmid vector or a viral vector.

When the vector of the present invention is a plasmid vector, the plasmid vector to be
used is not particularly limited and may be any plasmid vector such as cloning plasmid
vector and expression plasmid vector. The plasmid vector is prepared by inserting the
polynucleotide of the present invention into a plasmid vector by a known method.

When the vector of the present invention is a viral vector, the viral vector to be used
is not particularly limited and examples thereof include, but are not limited to,
adenovirus vector, adeno-associated virus (AAV) vector, lentivirus vector, retrovirus
vector, Sendaivirus vector and the like. In the present specification, the “virus vector”
or “viral vector” also includes derivatives thereof. Considering the use in gene therapy,
AAV vector is preferably used for the reasons such that it can express transgene for a
long time, and it is derived from a non-pathogenic virus and has high safety.

A viral vector comprising the polynucleotide of the present invention can be prepared
by a known method. In brief, a plasmid vector for virus expression into which the
polynucleotide of the present invention has been inserted is prepared, the vector is
transfected into an appropriate host cell to allow for transient production of a viral
vector comprising the polynucleotide of the present invention, and the viral vector is
collected.

In one embodiment of the present invention, when AAYV vector is used, the serotype
of the AAV vector is not particularly limited as long as expression of the human
MAPT gene in the target can be activated, and any of AAV1, AAV2, AAV3, AAV4,
AAVS, AAV6, AAVT, AAVS, AAV9, AAVrh.10 and the like may be used (for the
various serotypes of AAV, see, for example, WO 2005/033321 and EP2341068 (A1),
which are incorporated herein by reference in their entireties). Examples of the variants
of AAYV include, but are not limited to, new serotype with a modified capsid (e.g., WO
2012/057363, which is incorporated herein by reference in its entirety) and the like.
For example, in one embodiment of the present invention, a new serotype with a

modified capsid improving infectivity for muscle cells can be used, such as AAVsg;
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MTP, AAV;:xMTP, AAV-B1, AAVM41, AAVS1_P1, and AAVS10_P1, and the like
(see Yu et al., Gene Ther. 2009 Aug;16(8):953-62, Choudhury et al., Mol Ther. 2016
Aug;24(7):1247-57, Yang et al., Proc Natl Acad Sci U S A. 2009 Mar
10;106(10):3946-51, and W0O2019/207132, which are incorporated herein by reference
in their entireties).

When an AAV vector is prepared, a known method such as (1) a method using a
plasmid, (2) a method using a baculovirus, (3) a method using a herpes simplex virus,
(4) a method using an adenovirus, or (5) a method using yeast can be used (e.g., Appl
Microbiol Biotechnol. 2018; 102(3): 1045-1054, etc., which is incorporated herein by
reference in its entirety). For example, when an AAV vector is prepared by a method
using a plasmid, first, a vector plasmid comprising inverted terminal repeat (ITR) at
both ends of wild-type AAV genomic sequence and the polynucleotide of the present
invention inserted in place of the DNA encoding Rep protein and capsid protein is
prepared. On the other hand, the DNA encoding Rep protein and capsid protein
necessary for forming virus particles are inserted into other plasmids. Furthermore, a
plasmid comprising genes (E1A, E1B, E2A, VA and E4orf6) responsible for the helper
action of adenovirus necessary for proliferation of AAV is prepared as an adenovirus
helper plasmid. The co-transfection of these three kinds of plasmids into the host cell
causes the production of recombinant AAV (i.e., AAV vector) in the cell. As the host
cell, a cell capable of supplying a part of the gene products (proteins) of the genes re-
sponsible for the aforementioned helper action (e.g., 293 cell, etc.) is preferably used.
When such cell is used, it is not necessary to carry the gene encoding a protein that can
be supplied from the host cell in the aforementioned adenoviral helper plasmid. The
produced AAV vector is present in the nucleus. Thus, a desired AAV vector is
prepared by destroying the host cell with freeze-thawing, collecting the virus and then
subjecting the virus fraction to separation and purification by density gradient ultracen-
trifugation method using cesium chloride, column method or the like.

AAY vector has great advantages in terms of safety, gene transduction efficiency and
the like, and is used for gene therapy. However, it is known that the size of a polynu-
cleotide that can be packaged in AAV vector is limited. For example, in one em-
bodiment of the present invention, the entire length including the base length of a
polynucleotide comprising a base sequence encoding a fusion protein of dSaCas9 and
miniVR or microVR, a base sequence encoding gRNA targeting the expression
regulatory region of the human MAPT gene, and EFS promoter sequence or CK8
promoter sequence and U6 promoter sequence as the promoter sequences, and ITR
parts is about 4.85 kb, and they can be packaged in a single AAV vector.

3. Pharmaceutical composition

The present invention also provides a pharmaceutical composition comprising the
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polynucleotide of the present invention or the vector of the present invention
(hereinafter sometimes referred to as “the pharmaceutical composition of the present
invention”). The pharmaceutical composition of the present invention can be used for
treating or preventing tauopathy including AD.

The pharmaceutical composition of the present invention comprises the polynu-
cleotide of the present invention or the vector of the present invention as an active in-
gredient, and may be prepared as a formulation comprising such active ingredient (i.c.,
the polynucleotide of the present invention or the vector of the present invention) and,
generally, a pharmaceutically acceptable carrier.

The pharmaceutical composition of the present invention is administered par-
enterally, and may be administered topically or systemically. The pharmaceutical com-
position of the present invention can be administered by, but are not limited to, for
example, intravenous administration, intraarterial administration, subcutaneous admin-
istration, intraperitoneal administration, or intramuscular administration.

The dose of the pharmaceutical composition of the present invention to a subject is
not particularly limited as long as it is an effective amount for the treatment and/or
prevention. It may be appropriately optimized according to the active ingredient,
dosage form, age and body weight of the subject, administration schedule, admin-
istration method and the like.

In one embodiment of the present invention, the pharmaceutical composition of the
present invention can be not only administered to the subject affected with tauopathy
including AD but also prophylactically administered to subjects who may develop
tauopathy including AD in the future based on the genetic background analysis and the
like. The term “treatment” in the present specification also includes remission of
disease, in addition to the cure of diseases. In addition, the term “prevention” may also
include delaying the onset of disease, in addition to prophylaxis of the onset of disease.
The pharmaceutical composition of the present invention can also be referred to as “the
agent of the present invention” or the like.

4. Method for treatment or prevention of DMD or BMD

The present invention also provides a method for treating or preventing tauopathy
including AD, comprising administering the polynucleotide of the present invention or
the vector of the present invention to a subject in need thereof (hereinafter sometimes
referred to as “the method of the present invention”). In addition, the present invention
includes the polynucleotide of the present invention or the vector of the present
invention for use in the treatment or prevention of tauopathy including AD. Fur-
thermore, the present invention includes use of the polynucleotide of the present
invention or the vector of the present invention in the manufacture of a pharmaceutical

composition for the treatment or prevention of tauopathy including AD.
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The method of the present invention can be practiced by administering the afore-
mentioned pharmaceutical composition of the present invention to a subject affected
with tauopathy including AD, and the dose, administration route, subject and the like
are the same as those mentioned above.

Measurement of the symptoms may be performed before the start of the treatment
using the method of the present invention and at any timing after the treatment to
determine the response of the subject to the treatment.

The method of the present invention can improve the functions of the skeletal muscle
and/or cardiac muscle of the subject. Muscles to be improved in the function thereof
are not particularly limited, and any muscles and muscle groups are exemplified.

5. Ribonucleoprotein

The present invention provides a ribonucleoprotein comprising the following
(hereinafter sometimes referred to as “RNP of the present invention”):

(c) a fusion protein of a nuclease-deficient CRISPR effector protein and a tran-
scription repressor, and

(d) a guide RNA targeting a continuous region of 18 to 24 nucleotides in length in a
region set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97 in the expression
regulatory region of human MAPT gene.

As the nuclease-deficient CRISPR effector protein, transcription repressor, and guide
RNA comprised in the RNP of the present invention, the nuclease-deficient CRISPR
effector protein, transcription repressor, and guide RNA explained in detail in the
above-mentioned section of “1. Polynucleotide” can be used. The fusion protein of
nuclease-deficient CRISPR effector protein and transcription repressor to be comprised
in the RNP of the present invention can be produced by, for example, introducing a
polynucleotide encoding the fusion protein into the cell, bacterium, or other organism
to allow for the expression, or an in vitro translation system by using the polynu-
cleotide. In addition, guide RNA comprised in the RNP of the present invention can be
produced by, for example, chemical synthesis or an in vitro transcription system by
using a polynucleotide encoding the guide RNA. The thus-prepared fusion protein and
guide RNA are mixed to prepare the RNP of the present invention. Where necessary,
other substances such as gold particles may be mixed. To directly deliver the RNP of
the present invention to the target cell, tissue and the like, the RNP may be en-
capsulated in a lipid nanoparticle (LNP) by a known method. The RNP of the present
invention can be introduced into the target cell, tissue and the like by a known method.
For example, Lee K., et al., Nat Biomed Eng. 2017; 1:889-901, WO 2016/153012,
which are incorporated herein by reference in their entireties, and the like can be
referred to for encapsulation in LNP and introduction method.

In one embodiment of the present invention, the guide RNA comprised in RNP of the
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present invention targets continuous 18 to 24 nucleotides in length, preferably 20 to 23
nucleotides in length, more preferably 21 to 23 nucleotides in length, in the region of
?45,887,381-45,962,898” existing in the GRCh38/hg38 of human chromosome 17
(Chr 17).

6. Others

The present invention also provides a composition or kit comprising the following
for suppression of the expression of the human MAPT gene:

(e) a fusion protein of a nuclease-deficient CRISPR effector protein and a tran-
scription repressor, or a polynucleotide encoding the fusion protein, and

(f) a guide RNA targeting a continuous region of 18 to 24 nucleotides in length in a
region set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97 in the expression
regulatory region of human MAPT gene, or a polynucleotide encoding the guide RNA.

The present invention also provides a method for treating or preventing tauopathy
including AD, comprising administering the following (e) and (f):

(e) a fusion protein of a nuclease-deficient CRISPR effector protein and a tran-
scription repressor, or a polynucleotide encoding the fusion protein, and

(f) a guide RNA targeting a continuous region of 18 to 24 nucleotides in length in a
region set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97 in the expression
regulatory region of human MAPT, or a polynucleotide encoding the guide RNA.

The present invention also provides use of the following (e) and (f):

(e) a fusion protein of a nuclease-deficient CRISPR effector protein and a tran-
scription repressor, or a polynucleotide encoding the fusion protein, and

(f) a guide RNA targeting a continuous region of 18 to 24 nucleotides in length in a
region set forth in SEQ ID NO: 54, 55, 56, 57, 68, 153 or 97 in the expression
regulatory region of human MAPT gene, or a polynucleotide encoding the guide RNA,

in the manufacture of a pharmaceutical composition for the treatment or prevention
of tauopathy including AD.

As the nuclease-deficient CRISPR effector protein, transcription repressor, guide
RNA, as well as polynucleotides encoding them and vectors in which they are carried
in these inventions, those explained in detail in the above-mentioned sections of “1.
Polynucleotide”, “2. Vector” and “5. Ribonucleoprotein™ can be used. The dose, ad-
ministration route, subject, formulation and the like of the above-mentioned (e) and (f)
are the same as those explained in the section of “3. Pharmaceutical composition”.

Other features of the invention will become apparent in the course of the following
descriptions of exemplary embodiments which are given for illustration of the

invention and are not intended to be limiting thereof.

Examples



19

WO 2022/009987 PCT/JP2021/025974

[0071]

[0072]

[0073]

[0074]
[0075]

The examples describe the use of a fusion protein of dCas9 with a transcriptional
repressor to suppress gene expression, in the defined expression regulatory region of
human MAPT gene that leads to the selective suppression of human MAPT gene ex-
pression. The example also describes the definition of a specific genomic region that
confers selective suppression of the human MAPT gene without minimally affecting
the expression of other genes. The method of the present invention to suppress human
MAPT gene expression represents a novel therapeutic or preventive strategy for the
tauopathy including AD as described and illustrated herein.

Example 1

(1) Experimental Methods

Cell Culture and Transfection

SK-N-AS (American Type Culture Collection) cells were seeded 24 hours prior to
transfection in 12-well plates at a density of 100,000 cells per well and cultured in
DMEM media supplemented with 10% FBS and 2 mM fresh L-glutamine, 1 mM
sodium pyruvate and non-essential amino acids. Cells were transfected with 1000 ng
sgRNA containing px601-CMV-dSaCas9-KRAB-P2A-Puro (modified from
GenScript) plasmid using 3.0 pl of TransIT-VirusGEN (Mirus Bio), according to man-
ufacturer’s instructions.

For gene expression analysis, the transfected cells were harvested at 72 h after
transfection and lysed in RLT buffer (Qiagen) to extract total RNA using RNeasy kit
(Qiagen).

Gene expression analysis

For Tagman analysis, 1.5 pug of total RNA was used to generate cDNA using
TagMan High-Capacity RNA-to-cDNA Kit (Applied Biosystems) in 20 pl volume.
The generated cDNA was diluted 10-fold and 3.33 pul was used per Tagman reaction.
The Tagman primers and probes for the MAPT and HPRT gene were obtained from
Applied Biosystems. Tagman reaction was run using Tagman gene expression master
mix (ThermoFisher) in ThermoFisher QuantStudio 5 Real-Time PCR System and
analyzed using QuantStudio 5 analysis software.

Tagman probe product IDs:

MAPT: Hs00902193_m1 (FAM-MGB)

HPRT: Hs99999909_m1 (VIC PL)

Tagman qPCR condition:

Step 1; 50°C 2 min

Step 2; 95°C 2 min

Step 3; 95°C 1 sec

Step 4; 60°C 20 sec

Repeat Steps 3 and 4; 45 times
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Selection of sgRNA Sequence

The location of the guide RNA target sites relative to the MAPT gene is shown in
Fig. 1. The selected guide RNA sequences (Table 1) or control sgRNA guide
sequences (Table 2) were fused with the tracer RNA sequence to form single-molecule
guide RNA (sgRNA) sequences, and were cloned into
px601-CMV-dSaCas9-KRAB-P2A-Puro (modified from GenScript). The sgRNA ex-
pression is driven by the hU6 promoter, and the vector expresses the puromycin gene
under a CMV/P2A promoter to facilitate tracking and selection of the sgRNA ex-
pressing cells. Three control sgRNA guides (Table 2) were selected from the Human
CRISPR Knockout Pooled Library (Sanjana N. E. et al, Nature Methods, 11(8), p.783,
2014).

(2) Results

Suppression of MAPT gene expression by the RNP

The suppression of MAPT transcript by the ninety-six sgRNAs are shown (Fig. 2),
where MAPT transcript expression was normalized to the mRNA levels of the HPRT
gene. Detected MAPT expression levels after transfection with control sgRNA guides
were set to 1.0. sgRNA# 54, 55, 56, 57, and 68 showed >90% suppression (Fig. 2).
The experiments detailed were conducted at least three times, and the mean-fold sup-
pression values and standard deviations are shown.

Table 1 List of sa sgRNA guides (with NNGRRT PAM sequence) within "UCSC
Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly; chromosome 17:
45,887,381- 45,962,898".
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[0084]  Table 2 List of control sgRNA guide sequences.
[0085] [Table 2]
SEQ ID No. Control Guide Sequence
98 1 ACGGAGGCTARGCGTCGCAR
99 2 CGCTTCCGCGGCCCGTTCAA
100 3 GTAGGCGCGCCGCTCTCTAC
[0086] Example 2
(1) Experimental Methods
Cell Culture and Transfection
SK-N-AS (American Type Culture Collection) cells were seeded 24-72 hours prior to
transfection in 12-well plates at a density of 75,000-200,000 cells per well and cultured
in DMEM media supplemented with 10% FBS and 2 mM fresh L-glutamine, 1 mM
sodium pyruvate and non-essential amino acids. Cells were transfected with 1000 ng
sgRNA containing px601-CMV-dSaCas9-KRAB-P2A-Puro (modified from
GenScript) plasmid using 3.0 pl of TransIT-VirusGEN (Mirus Bio), according to man-
ufacturer’s instructions. 24-36 hours following transfection, transfected cells were
enriched by puromycin selection (1.5 pg/ml in DMEM). Cells were harvested at 72 h
after transfection and lysed in RLT buffer (Qiagen) to extract total RNA using RNeasy
kit (Qiagen).
[0087]  Gene expression analysis

For Tagman analysis, max 1.5 pg of total RNA was used to generate cDNA using
TagMan High-Capacity RNA-to-cDNA Kit (Applied Biosystems) in 10 pl volume.
The generated cDNA was diluted 10-fold and 3.33 ul was used per Tagman reaction.
The Tagman primers and probes for the MAPT and HPRT gene were obtained from
Applied Biosystems. Tagman reaction was run using Tagman gene expression master
mix (ThermoFisher) in ThermoFisher QuantStudio 5 Real-Time PCR System and
analyzed using QuantStudio 5 analysis software.

Tagman probe product IDs:

MAPT: Hs00902193_m1 (FAM-MGB)

HPRT: Hs99999909_m1 (VIC PL)

Tagman qPCR condition:

Step 1; 50°C 2 min

Step 2; 95°C 2 min

Step 3; 95°C 1 sec

Step 4; 60°C 20 sec

Repeat Steps 3 and 4; 45 times
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Selection of sgRNA Sequence

The location of the guide RNA target sites relative to the MAPT gene is shown in
Fig. 1. The selected guide RNA sequences (Table 3) were fused with the tracer RNA
sequence to form single-molecule guide RNA (sgRNA) sequences, and were cloned
into px601-CMV-dSaCas9-KRAB-P2A-Puro (modified from GenScript). The sgRNA
expression is driven by the hU6 promoter, and the vector expresses the puromycin
gene under a CMV/P2A promoter mechanism to facilitate tracking and selection of the
sgRNA expressing cells. Three control sgRNA guides (Table 2) were selected from the
Human CRISPR Knockout Pooled Library (Sanjana N. E. et al, Nature Methods,
11(8), p.783, 2014).

(2) Results

Suppression of MAPT gene expression by the RNP

The suppression of MAPT transcript by the additional thirty-eight sgRNAs are
shown (Fig. 3), where MAPT transcript expression was normalized to the mRNA
levels of the HPRT gene. Detected MAPT expression levels after transfection with
control sgRNA guides were set to 1.0. sgRNA# 123, 127 and 132 showed close to 80%
suppression whereas 113 and 106 showed 70% suppression. The experiments detailed
were conducted at least three times, and the mean -fold suppression values and
standard deviations are shown.

Table 3 List of sa sgRNA guides (with NNGRRT PAM sequence) within "UCSC
Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly; chromosome 17:
45,887,381- 45,962,898".
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According to the present invention, the expression of MAPT gene in human cells can
be suppressed. Thus, the present invention is expected to be extremely useful for the
treatment and/or prevention of AD.

Where a numerical limit or range is stated herein, the endpoints are included. Also,
all values and subranges within a numerical limit or range are specifically included as
if explicitly written out.

As used herein the words “a” and “an” and the like carry the meaning of “one or
more.”

Obviously, numerous modifications and variations of the present invention are
possible in light of the above teachings. It is, therefore, to be understood that, within
the scope of the appended claims, the invention may be practiced otherwise than as
specifically described herein.

All patents and other references mentioned above are incorporated in full herein by
this reference, the same as if set forth at length.

This application is based on US provisional patent application No. 63/049,736 (filing
date: July 9, 2020), and US provisional patent application No. 63/212,429 (filing date:
June 18, 2021), both filed in US, the contents of which are incorporated in full herein.



