MUSCLE TARGETING COMPLEXES AND USES THEREOF FOR TREATING
DYSTROPHINOPATHIES

RELATED APPLICATIONS
[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application Serial No. 63/220016, entitled “MUSCLE TARGETING COMPLEXES AND
USES THEREOF FOR TREATING DYSTROPHINOPATHIES”, filed on July 9, 2021, and
to U.S. Provisional Application Serial No. 63/316466, entitled “MUSCLE TARGETING
COMPLEXES AND USES THEREOF FOR TREATING DYSTROPHINOPATHIES”, filed
on March 4, 2022; the contents of each of which are incorporated herein by reference in their

entirety.

FIELD OF THE INVENTION
[0002] The present application relates to targeting complexes for delivering molecular
payloads (e.g., oligonucleotides) to cells and uses thereof, particularly uses relating to

treatment of disease.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING
[0003] The contents of the electronic sequence listing (D082470055WO00-SEQ-COB.xml;
Size: 1,054,275 bytes; and Date of Creation: July 7, 2022) are herein incorporated by reference

in their entirety.

BACKGROUND OF INVENTION
[0004] Dystrophinopathies are a group of distinct neuromuscular diseases that result from
mutations in the gene encoding dystrophin. Dystrophinopathies include Duchenne muscular
dystrophy, Becker muscular dystrophy, and X-linked dilated cardiomyopathy. The DMD gene
(“DMD”), which encodes dystrophin, is a large gene, containing 79 exons and about 2.6
million total base pairs. Numerous mutations in DMD, including exonic frameshift, deletion,
substitution, and duplicative mutations, are able to diminish the expression of functional
dystrophin, leading to dystrophinopathies. Several agents that target exons of human DMD
have been approved by the U.S. Food and Drug Administration (FDA), including casimersen,

viltolarsen, golodirsen, and eteplirsen. Of these, viltolarsen and golodirsen target exon 53.



SUMMARY OF INVENTION
[0005] According to some aspects, the disclosure provides complexes that target muscle cells
for purposes of delivering molecular payloads to those cells, as well as molecular payloads that
can be used therein. In some embodiments, complexes provided herein are particularly useful
for delivering molecular payloads that increase or restore expression or activity of functional
dystrophin protein. In some embodiments, complexes comprise oligonucleotide based
molecular payloads that promote expression of functional dystrophin protein through an in-
frame exon skipping mechanism or suppression of stop codons, such as by facilitating skipping
of DMD exon 53. In some embodiments, molecular payloads provided herein are useful for
facilitating exon skipping in a DMD sequence, such as skipping of DMD exon 53.
Accordingly, in some embodiments, complexes provided herein comprise muscle-targeting
agents (e.g., muscle targeting antibodies) that specifically bind to receptors on the surface of
muscle cells for purposes of delivering molecular payloads to the muscle cells. In some
embodiments, the complexes are taken up into the cells via a receptor mediated internalization,
following which the molecular payload may be released to perform a function inside the cells.
For example, complexes engineered to deliver oligonucleotides may release the
oligonucleotides such that the oligonucleotides can promote expression of functional
dystrophin protein (e.g., through an exon skipping mechanism, such as by facilitating skipping
of DMD exon 53) in the muscle cells. In some embodiments, the oligonucleotides are released
by endosomal cleavage of covalent linkers connecting oligonucleotides and muscle-targeting
agents of the complexes. Complexes and molecular payloads provided herein can be used for
treating subjects having a mutated DMD gene, such as a mutated DMD gene that is amenable
to exon 53 skipping.
[0006] According to some aspects, complexes comprising an anti-transferrin receptor 1 (TfR1)
antibody covalently linked to an oligonucleotide configured for inducing skipping of exon 53
in a DMD pre-mRNA are provided herein, wherein the oligonucleotide comprises a region of
complementarity that is complementary with at least 8 consecutive nucleotides of any one of
SEQ ID NOs: 224, 206, 209, 212, 277, 214, 207, 208, 205, 160-204, 210, 211, 213, 215-223,
225-276, and 278-334.
[0007] In some embodiments, the oligonucleotide comprises a region of complementarity that
is complementary with at least 8 consecutive nucleotides of any one of SEQ ID NOs: 212, 224,
and 209.



[0008] In some embodiments, the oligonucleotide comprises a region of complementarity that
is complementary with at least 8 consecutive nucleotides of any one of SEQ ID NOs: 206, 277,
and 205.
[0009] In some embodiments, the oligonucleotide comprises a region of complementarity that
is complementary with at least 8 consecutive nucleotides of any one of SEQ ID NOs: 206, 224,
and 209.
[00010] In some embodiments, the oligonucleotide comprises a region of
complementarity that is complementary with at least 8 consecutive nucleotides of any one of
SEQ ID NOs: 214, 207, and 208.
[00011] In some embodiments, the oligonucleotide comprises a region of
complementarity that is complementary with at least 8 consecutive nucleotides of any one of
SEQ 1D NOs: 212, 206, and 209.
[00012] In some embodiments, the oligonucleotide comprises a region of
complementarity that is complementary with at least 8 consecutive nucleotides of any one of
SEQ ID NOs: 214, 207, and 205.
[00013] In some embodiments, the oligonucleotide comprises a region of
complementarity that is complementary with at least 8 consecutive nucleotides of any one of
SEQ ID NOQOs: 277, 214, and 208.
[00014] In some embodiments, the anti-TfR1 antibody comprises:

(i) a heavy chain complementarity determining region 1 (CDR-H1) of SEQ ID NO: 33,
a heavy chain complementarity determining region 2 (CDR-H2) of SEQ ID NO: 34, a heavy
chain complementarity determining region 3 (CDR-H3) of SEQ ID NO: 35, a light chain
complementarity determining region 1 (CDR-L1) of SEQ ID NO: 36, a light chain
complementarity determining region 2 (CDR-L2) of SEQ ID NO: 37, and a light chain
complementarity determining region 3 (CDR-L3) of SEQ ID NO: 32;

(ii) a CDR-HI of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 8, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(iii) a CDR-HI of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 20, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(iv) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 24, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;



(v) a CDR-H1 of SEQ ID NO: 51, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ
ID NO: 50;

(vi) a CDR-H1 of SEQ ID NO: 64, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ
ID NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of
SEQ ID NO: 50; or

(vii) a CDR-H1 of SEQ ID NO: 67, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ
ID NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of
SEQ ID NO: 50.

[00015] In some embodiments, the anti-TfR1 antibody comprises:

(i) a heavy chain variable region (VH) comprising an amino acid sequence at least 85%
identical to SEQ ID NO: 76; and/or a light chain variable region (VL) comprising an amino
acid sequence at least 85% identical to SEQ ID NO: 75;

(i1) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 69;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(iii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 71;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(iv) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 72;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(v) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(vi) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 75;

(vii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO:
76; and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(viii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO:
77; and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 78;-

(ix) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 79;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80; or

(x) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 77;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80.
[00016] In some embodiments, the anti-TfR1 antibody comprises:

(i) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;



(11) a VH comprising the amino acid sequence of SEQ ID NO: 69 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(111) a VH comprising the amino acid sequence of SEQ ID NO: 71and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(iv) a VH comprising the amino acid sequence of SEQ ID NO: 72 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(v) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 74;

(vi) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;

(vii) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL
comprising the amino acid sequence of SEQ ID NO: 74;

(viii) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL
comprising the amino acid sequence of SEQ ID NO: 78;

(ix) a VH comprising the amino acid sequence of SEQ ID NO: 79 and a VL comprising
the amino acid sequence of SEQ ID NO: 80; or

(x) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: 80.

[00017] In some embodiments, the anti-TfR1 antibody is a Fab fragment, a Fab’
fragment, a F(ab')2 fragment, an scFv, an Fv, or a full-length IgG.

[00018] In some embodiments, the anti-TfR1 antibody is a Fab fragment.
[00019] In some embodiments, the anti-TfR1 antibody comprises:

(1) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 90;

(ii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 97; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(ii1) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 98; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

- (iv) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID

NO: 99; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ

ID NO: 85;



(v) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 89;

(vi) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 90;

(vii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 89;

(viil) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 93;

(1x) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 103; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQID NO: 95; or

(x) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 95.
[00020] In some embodiments, the anti-TfR1 antibody comprises:

(1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(ii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 97; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(ii1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 98; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(iv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 99; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(v) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 89;

(vi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(vii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a
light chain comprising the amino acid sequence of SEQ ID NO: 89;

(viii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a



light chain comprising the amino acid sequence of SEQ ID NO: 93;

(ix) a heavy chain comprising the amino acid sequence of SEQ ID NO: 103; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95; or

(x) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95.
[00021] In some embodiments, the anti-T{fR1 antibody does not specifically bind to the
transferrin binding site of the transferrin receptor 1 and/or the anti-TfR1 antibody does not
inhibit binding of transferrin to the transferrin receptor 1.
[00022] In some embodiments, the oligonucleotide is complementary to at least 4
consecutive nucleotides of a splicing feature of the DMD pre-mRNA.
[00023] In some embodiments, the splicing feature is an exonic splicing enhancer (ESE)
in exon 53 of the DMD pre-mRNA, optionally wherein the ESE comprises a sequence of any
one of SEQ ID NOs: 689-715.
[00024] In some embodiments, the splicing feature is a branch point, a splice donor site,
or a splice acceptor site, optionally wherein the splicing feature is across the junction of exon
52 and intron 52, in intron 52, across the junction of intron 52 and exon 53, across the junction
of exon 53 and intron 53, in intron 53, or across the junction of intron 53 and exon 54 of the
DMD pre-mRNA, and further optionally wherein the splicing feature comprises a sequence of
any one of SEQ ID NOs: 685-688 and 716-718.
[00025] In some embodiments, the oligonucleotide comprises a sequence
complementary to any one of SEQ ID NOs: 160-334 or comprises a sequence of any one of
SEQ ID NOs: 335-684, wherein each thymine base (T) may independently and optionally be
replaced with a uracil base (U), and each U may independently and optionally be replaced with
aT.
[00026] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 574, 556, 559, 562, 627, 564, 557, 558, and 555, wherein each thymine base (T)
may independently and optionally be replaced with a uracil base (U), and each U may
independently and optionally be replaced with a T.
[00027] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 562, 574, and 559, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.
[00028] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 556, 627, and 555, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.



[00029] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 556, 574, and 559, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.
[00030] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 564, 557, and 558, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.
[00031] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 562, 556, and 559, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.
[00032] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 564, 557, and 555, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.
[00033] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 627, 564, and 558, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.
[00034] In some embodiments, the oligonucleotide comprises one or more
phosphorodiamidate morpholinos, optionally wherein the oligonucleotide is a
phosphorodiamidate morpholino oligomer (PMO).

[00035] In some embodiments, the anti-TfR1 antibody is covalently linked to the
oligonucleotide via a cleavable linker, optionally wherein the cleavable linker comprises a
valine-citrulline sequence.

[00036] In some embodiments, the anti-TfR1 antibody is covalently linked to the
oligonucleotide via conjugation to a lysine residue or a cysteine residue of the antibody.
[00037] According to some aspects, oligonucleotides that target DMD are provided
herein, wherein the oligonucleotide comprises a region of complementarity to any one of SEQ
ID NOs: 160-334, optionally wherein the region of complementarity comprises at least 15
consecutive nucleosides complementary to any one of SEQ ID NOs: 160-334.

[00038] In some embodiments, the oligonucleotide comprises a region of
complementarity to any one of SEQ ID NOs: 212, 224, and 209.

[00039] In some embodiments, the oligonucleotide comprises a region of
complementarity to any one of SEQ ID NOs: 206, 277, and 205.

[00040] In some embodiments, the oligonucleotide comprises a region of

complementarity to any one of SEQ ID NOs: 206, 224, and 209.



[00041] In some embodiments, the oligonucleotide comprises a region of

complementarity to any one of SEQ ID NOs: 214, 207, and 208.

[00042] In some embodiments, the oligonucleotide comprises a region of
complementarity to any one of SEQ ID NOs: 212, 206, and 209.

[00043] In some embodiments, the oligonucleotide comprises a region of
complementarity to any one of SEQ ID NOs: 214, 207, and 205.

[00044] In some embodiments, the oligonucleotide comprises a region of
complementarity to any one of SEQ ID NOs: 277, 214, and 208.

[00045] In some embodiments, the oligonucleotide comprises at least 15 consecutive

nucleosides of any one of SEQ ID NOs: 335-684, optionally wherein the oligonucleotide
comprises a sequence of any one of SEQ ID NOs: 335-684, wherein each thymine base (T)
may independently and optionally be replaced with a uracil base (U), and each U may
independently and optionally be replaced with a T.

[00046] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 574, 556, 559, 562, 627, 564, 557, 558, and 555, wherein each thymine base (T)
may independently and optionally be replaced with a uracil base (U), and each U may
independently and optionally be replaced with a T.

[00047] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 562, 574, and 559, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.
[00048] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 556, 627, and 555, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.
[00049] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 556, 574, and 559, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.
[00050] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 564, 557, and 558, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.
[00051] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 562, 556, and 559, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.



[00052] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 564, 557, and 555, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.

[00053] In some embodiments, the oligonucleotide comprises a sequence of any one of
SEQ ID NOs: 627, 564, and 558, wherein each T may independently and optionally be
replaced with a U, and each U may independently and optionally be replaced with a T.

[00054] According to some aspects, methods of delivering an oligonucleotide to a cell
are provided herein, the method comprising contacting the cell with a complex disclosed herein
or with an oligonucleotide disclosed herein.

[00055] According to some aspects, methods of promoting the expression or activity of
a dystrophin protein in a cell are provided herein, the method comprising contacting the cell
with a complex disclosed herein or with an oligonucleotide disclosed herein in an amount
effective for promoting internalization of the oligonucleotide to the cell, optionally wherein the

cell is a muscle cell.

[00056] In some embodiments, the cell comprises a DMD gene that is amenable to
skipping of exon 53.
[00057] In some embodiments, the dystrophin protein is a truncated dystrophin protein.

BRIEF DESCRIPTION OF THE DRAWINGS
[00058] FIG. 1 shows data illustrating that conjugates containing anti-TfR1 Fab (3M12
VH4/V«3) conjugated to a DMD exon-skipping oligonucleotide resulted in enhanced exon
skipping compared to the naked DMD exon skipping oligo in Duchenne muscular dystrophy

patient myotubes.

[00059] FIG. 2 shows data illustrating that conjugates containing anti-TfR1 Fab (3M12
VH4/V«3) conjugated to DMD exon 53-skipping oligonucleotides facilitated skipping of exon

53 in Duchenne muscular dystrophy patient myotubes.

DETAILED DESCRIPTION OF INVENTION
[00060] Aspects of the disclosure relate to a recognition that while certain molecular
payloads (e.g., oligonucleotides, peptides, small molecules) can have beneficial effects in
muscle cells, it has proven challenging to effectively target such cells. Accordingly, as
described herein, the present disclosure provides complexes comprising muscle-targeting
agents covalently linked to molecular payloads in order to overcome such challenges. In some

embodiments, the complexes are particularly useful for delivering molecular payloads that
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modulate (e.g., promote) the expression or activity of dystrophin protein (e.g., a truncated
dystrophin protein) or DMD (e.g., a mutated DMD allele). In some embodiments, complexes
provided herein may comprise oligonucleotides that promote expression and activity of
dystrophin protein or DMD, such as by facilitating in-frame exon skipping and/or suppression
of premature stop codons. For example, complexes may comprise oligonucleotides that induce
skipping of exon(s) of DMD RNA (e.g., pre-mRNA), such as oligonucleotides that induce
skipping of exon 53. In some embodiments, synthetic nucleic acid payloads (e.g., DNA or
RNA payloads) may be used that express one or more proteins that promote normal expression
and activity of dystrophin protein or DMD.

[00061] Duchenne muscular dystrophy is an X-linked muscular disorder caused by one
or more mutations in the DMD gene located on Xp21. Dystrophin protein typically forms the
dystrophin-associated glycoprotein complex (DGC) at the sarcolemma, which links the muscle
sarcomeric structure to the extracellular matrix and protects the sarcolemma from contraction-
induced injury. In patients with Duchenne muscular dystrophy, the dystrophin protein is
generally absent and muscle fibers typically become damaged due to mechanical
overextension. Mutations in the DMD gene are associated with two types of muscular
dystrophy, Duchenne muscular dystrophy and Becker muscular dystrophy, depending on
whether the translational reading frame is lost or maintained. Becker muscular dystrophy is a
clinically milder form of Duchenne muscular dystrophy, and is characterized by features
similar to Duchenne muscular dystrophy. In some embodiments, exon skipping induced by
oligonucleotides (e.g., delivered using complexes provided herein) can be used to restore the
reading frame of a mutated DMD allele resulting in production of a truncated dystrophin
protein that is sufficiently functional to improve muscle function. In some embodiments, such
exon skipping converts a Duchenne muscular dystrophy phenotype into a milder Becker
muscular dystrophy phenotype.

[00062] Further aspects of the disclosure, including a description of defined terms, are

provided below.

L Definitions

[00063] Administering: As used herein, the terms “administering” or “administration”
means to provide a complex to a subject in a manner that is physiologically and/or (e.g., and)
pharmacologically useful (e.g., to treat a condition in the subject).

[00064] Approximately: As used herein, the term “approximately” or “about,” as

applied to one or more values of interest, refers to a value that is similar to a stated reference
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value. In certain embodiments, the term “approximately” or “about” refers to a range of values
that fall within 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or
less in either direction (greater than or less than) of the stated reference value unless otherwise
stated or otherwise evident from the context (except where such number would exceed 100%
of a possible value).

[00065] Antibody: As used herein, the term “antibody” refers to a polypeptide that
includes at least one immunoglobulin variable domain or at least one antigenic determinant,
e.g., paratope that specifically binds to an antigen. In some embodiments, an antibody is a full-
length antibody. In some embodiments, an antibody is a chimeric antibody. In some
embodiments, an antibody is a humanized antibody. However, in some embodiments, an
antibody is a Fab fragment, a Fab' fragment, a F(ab")2 fragment, a Fv fragment or a scFv
fragment. In some embodiments, an antibody is a nanobody derived from a camelid antibody
or a nanobody derived from shark antibody. In some embodiments, an antibody is a diabody.
In some embodiments, an antibody comprises a framework having a human germline
sequence. In another embodiment, an antibody comprises a heavy chain constant domain
selected from the group consisting of IgG, 1gG1, 1gG2, IgG2A, 1gG2B, IgG2C, IgG3, IgG4,
IgAl, IgA2, IgD, IgM, and IgE constant domains. In some embodiments, an antibody
comprises a heavy (H) chain variable region (abbreviated herein as VH), and/or (e.g., and) a
light (L) chain variable region (abbreviated herein as VL). In some embodiments, an antibody
comprises a constant domain, e.g., an Fc region. An immunoglobulin constant domain refers
to a heavy or light chain constant domain. Human IgG heavy chain and light chain constant
domain amino acid sequences and their functional variations are known. With respect to the
heavy chain, in some embodiments, the heavy chain of an antibody described herein can be an
alpha (o), delta (A), epsilon (€), gamma (y) or mu (u) heavy chain. In some embodiments, the
heavy chain of an antibody described herein can comprise a human alpha (o), delta (A), epsilon
(g), gamma (y) or mu (i) heavy chain. In a particular embodiment, an antibody described
herein comprises a human gamma 1 CH1, CH2, and/or (e.g., and) CH3 domain. In some
embodiments, the amino acid sequence of the VH domain comprises the amino acid sequence
of a human gamma (y) heavy chain constant region, such as any known in the art. Non-limiting
examples of human constant region sequences have been described in the art, e.g., see U.S. Pat.
No. 5,693,780 and Kabat E A et al., (1991) supra. In some embodiments, the VH domain
comprises an amino acid sequence that is at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, or at
least 99% identical to any of the variable chain constant regions provided herein. In some

embodiments, an antibody is modified, e.g., modified via glycosylation, phosphorylation,
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sumoylation, and/or (e.g., and) methylation. In some embodiments, an antibody is a
glycosylated antibody, which is conjugated to one or more sugar or carbohydrate molecules.
In some embodiments, the one or more sugar or carbohydrate molecule are conjugated to the
antibody via N-glycosylation, O-glycosylation, C-glycosylation, glypiation (GPI anchor
attachment), and/or (e.g., and) phosphoglycosylation. In some embodiments, the one or more
sugar or carbohydrate molecule are monosaccharides, disaccharides, oligosaccharides, or
glycans. In some embodiments, the one or more sugar or carbohydrate molecule is a branched
oligosaccharide or a branched glycan. In some embodiments, the one or more sugar or
carbohydrate molecule includes a mannose unit, a glucose unit, an N-acetylglucosamine unit,
an N-acetylgalactosamine unit, a galactose unit, a fucose unit, or a phospholipid unit. In some
embodiments, an antibody is a construct that comprises a polypeptide comprising one or more
antigen binding fragments of the disclosure linked to a linker polypeptide or an
immunoglobulin constant domain. Linker polypeptides comprise two or more amino acid
residues joined by peptide bonds and are used to link one or more antigen binding portions.
Examples of linker polypeptides have been reported (see e.g., Holliger, P., et al. (1993) Proc.
Natl. Acad. Sci. USA 90:6444-6448; Poljak, R. I., et al. (1994) Structure 2:1121-1123). Still
further, an antibody may be part of a larger immunoadhesion molecule, formed by covalent or
noncovalent association of the antibody or antibody portion with one or more other proteins or
peptides. Examples of such immunoadhesion molecules include use of the streptavidin core
region to make a tetrameric scFv molecule (Kipriyanov, S. M., et al. (1995) Human Antibodies
and Hybridomas 6:93-101) and use of a cysteine residue, a marker peptide and a C-terminal
polyhistidine tag to make bivalent and biotinylated scFv molecules (Kipriyanov, S. M., et al.
(1994) Mol. Immunol. 31:1047-1058).

[00066] Branch point: As used herein, the term “branch point” or “branch site” refers
to a nucleic acid sequence motif within an intron of a gene or pre-mRNA that is involved in
splicing of pre-mRNA into mRNA (i.e., removing introns from the pre-mRNA), and can be
referred to as a splicing feature. A branch point is typically located 18 to 40 nucleotides from
the 3’ end of an intron, and contains an adenine but is otherwise relatively unrestricted in
sequence. Common sequence motifs for branch points are YNYYRAY, YTRAC, and
YNYTRAY, where Y is a pyrimidine, N is any nucleotide, R is any purine, and A is adenine.
During splicing, the pre-mRNA is cleaved at the 5’ end of the intron, which then attaches to
the branch point region downstream through transesterification bonding between guanines and

adenines from the 5 end and the branch point, respectively, to form a looped lariat structure.

13



[00067] CDR: As used herein, the term "CDR" refers to the complementarity
determining region within antibody variable sequences. A typical antibody molecule
comprises a heavy chain variable region (VH) and a light chain variable region (VL), which
are usually involved in antigen binding. The VH and VL regions can be further subdivided into
regions of hypervariability, also known as “complementarity determining regions” (“CDR”),
interspersed with regions that are more conserved, which are known as “framework regions”
(“FR”). Each VH and VL is typically composed of three CDRs and four FRs, arranged from
amino-terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3,
CDR3, FR4. The extent of the framework region and CDRs can be precisely identified using
methodology known in the art, for example, by the Kabat definition, the IMGT definition, the
Chothia definition, the AbM definition, and/or (e.g., and) the contact definition, all of which
are well known in the art. See, e.g., Kabat, E.A., et al. (1991) Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH
Publication No. 91-3242; IMGT®, the international ImMunoGeneTics information system®
www.imgt.org, Lefranc, M.-P. et al., Nucleic Acids Res., 27:209-212 (1999); Ruiz, M. et al ,
Nucleic Acids Res., 28:219-221 (2000); Lefranc, M.-P., Nucleic Acids Res., 29:207-209
(2001); Lefranc, M.-P,, Nucleic Acids Res., 31:307-310 (2003); Lefranc, M.-P. et al., In Silico
Biol., 5, 0006 (2004) [Epub], 5:45-60 (2005); Lefranc, M.-P. et al., Nucleic Acids Res.,
33:D593-597 (2005); Lefranc, M.-P. et al., Nucleic Acids Res., 37:D1006-1012 (2009),
Lefranc, M.-P. et al., Nucleic Acids Res., 43:D413-422 (2015), Chothia et al., (1989) Nature
342:877, Chothia, C. et al. (1987) J. Mol. Biol. 196:901-917, Al-lazikani et al (1997) J. Molec.
Biol. 273:927-948; and Almagro, J. Mol. Recognit. 17:132-143 (2004). See also
bioinf.org.uk/abs. As used herein, a CDR may refer to the CDR defined by any method known
in the art. Two antibodies having the same CDR means that the two antibodies have the same
amino acid sequence of that CDR as determined by the same method, for example, the IMGT
definition.

[00068] There are three CDRs in each of the variable regions of the heavy chain and the
light chain, which are designated CDR1, CDR2 and CDR3, for each of the variable regions.
The term "CDR set" as used herein refers to a group of three CDRs that occur in a single
variable region capable of binding the antigen. The exact boundaries of these CDRs have been
defined differently according to different systems. The system described by Kabat (Kabat et
al., Sequences of Proteins of Immunological Interest (National Institutes of Health, Bethesda,
Md. (1987) and (1991)) not only provides an unambiguous residue numbering system

applicable to any variable region of an antibody, but also provides precise residue boundaries
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defining the three CDRs. These CDRs may be referred to as Kabat CDRs. Sub-portions of
CDRs may be designated as L1, L2 and L3 or H1, H2 and H3 where the "L" and the "H"
designates the light chain and the heavy chains regions, respectively. These regions may be
referred to as Chothia CDRs, which have boundaries that overlap with Kabat CDRs. Other
boundaries defining CDRs overlapping with the Kabat CDRs have been described by Padlan
(FASEB J. 9:133-139 (1995)) and MacCallum (J Mol Biol 262(5):732-45 (1996)). Still other
CDR boundary definitions may not strictly follow one of the above systems, but will
nonetheless overlap with the Kabat CDRs, although they may be shortened or lengthened in
light of prediction or experimental findings that particular residues or groups of residues or
even entire CDRs do not significantly impact antigen binding. The methods used herein may
utilize CDRs defined according to any of these systems. Examples of CDR definition systems
are provided in Table 1.

Table 1. CDR Definitions

IMGT! Kabat? Chothia®
CDR-H1 27-38 31-35 26-32
CDR-H2 56-65 50-65 53-55
CDR-H3 105-116/117 95-102 96-101
CDR-L1 27-38 24-34 26-32
CDR-L2 56-65 50-56 50-52
CDR-L3 105-116/117 89-97 91-96

1 IMGT®, the international ImnMunoGeneTics information system®, imgt.org, Lefranc, M.-P. et al., Nucleic Acids

Res., 27:209-212 (1999)
2Kabat et al. (1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health

and Human Services, NIH Publication No. 91-3242
3 Chothia et al., J. Mol. Biol. 196:901-917 (1987))

[00069] CDR-grafted antibody: The term "CDR-grafted antibody" refers to antibodies
which comprise heavy and light chain variable region sequences from one species but in which
the sequences of one or more of the CDR regions of VH and/or (e.g., and) VL are replaced
with CDR sequences of another species, such as antibodies having murine heavy and light
chain variable regions in which one or more of the murine CDRs (e.g., CDR3) has been
replaced with human CDR sequences.

[00070] Chimeric antibody: The term "chimeric antibody" refers to antibodies which
comprise heavy and light chain variable region sequences from one species and constant region
sequences from another species, such as antibodies having murine heavy and light chain
variable regions linked to human constant regions.

[00071] Complementary: As used herein, the term “complementary” refers to the
capacity for precise pairing between two nucleosides or two sets of nucleosides. In particular,

complementary is a term that characterizes an extent of hydrogen bond pairing that brings
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about binding between two nucleosides or two sets of nucleosides. For example, if a base at
one position of an oligonucleotide is capable of hydrogen bonding with a base at the
corresponding position of a target nucleic acid (e.g., an mRNA), then the bases are considered
to be complementary to each other at that position. Base pairings may include both canonical
Watson-Crick base pairing and non-Watson-Crick base pairing (e.g., Wobble base pairing and
Hoogsteen base pairing). For example, in some embodiments, for complementary base
pairings, adenosine-type bases (A) are complementary to thymidine-type bases (T) or uracil-
type bases (U), that cytosine-type bases (C) are complementary to guanosine-type bases (G),
and that universal bases such as 3-nitropyrrole or 5-nitroindole can hybridize to and are
considered complementary to any A, C, U, or T. Inosine (I) has also been considered in the
art to be a universal base and is considered complementary to any A, C, U or T.

[00072] Conservative amino acid substitution: As used herein, a “‘conservative amino
acid substitution” refers to an amino acid substitution that does not alter the relative charge or
size characteristics of the protein in which the amino acid substitution is made. Variants can
be prepared according to methods for altering polypeptide sequence known to one of ordinary
skill in the art such as are found in references which compile such methods, e.g. Molecular
Cloning: A Laboratory Manual, J. Sambrook, et al., eds., Fourth Edition, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York, 2012, or Current Protocols in Molecular
Biology, F.M. Ausubel, et al., eds., John Wiley & Sons, Inc., New York. Conservative
substitutions of amino acids include substitutions made amongst amino acids within the
following groups: (a) M, LL, V; (b)F, Y, W; (¢) K, R, H; (d) A, G; () S, T; (f) Q, N; and (g)
E, D.

[00073] Covalently linked: As used herein, the term “covalently linked” refers to a
characteristic of two or more molecules being linked together via at least one covalent bond.
In some embodiments, two molecules can be covalently linked together by a single bond, e.g.,
a disulfide bond or disulfide bridge, that serves as a linker between the molecules. However,
in some embodiments, two or more molecules can be covalently linked together via a molecule
that serves as a linker that joins the two or more molecules together through multiple covalent
bonds. In some embodiments, a linker may be a cleavable linker. However, in some
embodiments, a linker may be a non-cleavable linker.

[00074] Cross-reactive: As used herein and in the context of a targeting agent (e.g.,
antibody), the term “cross-reactive,” refers to a property of the agent being capable of
specifically binding to more than one antigen of a similar type or class (e.g., antigens of

multiple homologs, paralogs, or orthologs) with similar affinity or avidity. For example, in
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some embodiments, an antibody that is cross-reactive against human and non-human primate
antigens of a similar type or class (e.g., a human transferrin receptor and non-human primate
transferrin receptor) is capable of binding to the human antigen and non-human primate
antigens with a similar affinity or avidity. In some embodiments, an antibody is cross-reactive
against a human antigen and a rodent antigen of a similar type or class. In some embodiments,
an antibody is cross-reactive against a rodent antigen and a non-human primate antigen of a
similar type or class. In some embodiments, an antibody is cross-reactive against a human
antigen, a non-human primate antigen, and a rodent antigen of a similar type or class.

[00075] DMD: As used herein, the term “DMD” refers to a gene that encodes
dystrophin protein, a key component of the dystrophin-glycoprotein complex, which bridges
the inner cytoskeleton and the extracellular matrix in muscle cells, particularly muscle fibers.
Deletions, duplications, and point mutations in DMD may cause dystrophinopathies, such as
Duchenne muscular dystrophy, Becker muscular dystrophy, or cardiomyopathy. Alternative
promoter usage and alternative splicing result in numerous distinct transcript variants and
protein isoforms for this gene. In some embodiments, a dystrophin gene (DMD or DMD gene)
may be a human (Gene ID: 1756), non-human primate (e.g., Gene ID: 465559), or rodent gene
(e.g., Gene ID: 13405; Gene ID: 24907). In addition, multiple human transcript variants (e.g.,
as annotated under GenBank RefSeq Accession Numbers: NM_000109.3, NM_004006.2,
NM_004009.3, NM_004010.3 and NM_004011.3) have been characterized that encode
different protein isoforms.

[00076] DMD allele: As used herein, the term “DMD allele” refers to any one of
alternative forms (e.g., wild-type or mutant forms) of a DMD gene. In some embodiments, a
DMD allele may encode for dystrophin that retains its normal and typical functions. In some
embodiments, a DMD allele may comprise one or more mutations that results in muscular
dystrophy. Common mutations that lead to Duchenne muscular dystrophy involve frameshift,
deletion, substitution, and duplicative mutations of one or more of 79 exons present in a
dystrophin allele, e.g., exon 8, exon 23, exon 41, exon 44, exon 45, exon 50, exon 51, exon 52,
exon 53, or exon 55. Further examples of DMD mutations are disclosed, for example, in
Flanigan KM, et al., Mutational spectrum of DMD mutations in dystrophinopathy patients:
application of modern diagnostic techniques to a large cohort. Hum Mutat. 2009 Dec; 30
(12):1657-66, the contents of which are incorporated herein by reference in its entirety.
[00077] Dystrophinopathy: As used herein, the term “dystrophinopathy” refers to a
muscle disease results from one or more mutated DMD alleles. Dystrophinopathies include a

spectrum of conditions (ranging from mild to severe) that includes Duchenne muscular
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dystrophy, Becker muscular dystrophy, and DMD-associated dilated cardiomyopathy (DCM).
In some embodiments, at one end of the spectrum, dystrophinopathy is phenotypically
associated with an asymptomatic increase in serum concentration of creatine phosphokinase
(CK) and/or (e.g., and) muscle cramps with myoglobinuria. In some embodiments, at the other
end of the spectrum, dystrophinopathy is phenotypically associated with progressive muscle
diseases that are generally classified as Duchenne or Becker muscular dystrophy when skeletal
muscle is primarily affected and as DMD-associated dilated cardiomyopathy (DCM) when the
heart is primarily affected. Symptoms of Duchenne muscular dystrophy include muscle loss or
degeneration, diminished muscle function, pseudohypertrophy of the tongue and calf muscles,
higher risk of neurological abnormalities, and a shortened lifespan. Duchenne muscular
dystrophy is associated with Online Mendelian Inheritance in Man (OMIM) Entry # 310200.
Becker muscular dystrophy is associated with OMIM Entry # 300376. Dilated
cardiomyopathy is associated with OMIM Entry X# 302045.

[00078] Exonic splicing enhancer (ESE): As used herein, the term “exonic splicing
enhancer’” or “ESE” refers to a nucleic acid sequence motif within an exon of a gene, pre-
mRNA, or mRNA that directs or enhances splicing of pre-mRNA into mRNA, e.g., as
described in Blencowe et al., Trends Biochem Sci 25, 106-10. (2000), incorporated herein by
reference. ESEs can be referred to as splicing features. ESEs may direct or enhance splicing,
for example, to remove one or more introns and/or one or more exons from a gene transcript.
ESE motifs are typically 6-8 nucleobases in length. SR proteins (e.g., proteins encoded by the
gene SRSF1, SRSF2, SRSF3, SRSF4, SRSFS, SRSF6, SRSF7, SRSF8, SRSF9, SRSF10,
SRSF11, SRSF12, TRA2A or TRA2B) bind to ESEs through their RNA recognition motif
region to facilitate splicing. ESE motifs can be identified through a number of methods,
including those described in Cartegni et al., Nucleic Acids Research, 2003, Vol. 31, No. 13,
3568-3571, incorporated herein by reference.

[00079] Framework: As used herein, the term "framework" or "framework sequence”
refers to the remaining sequences of a variable region minus the CDRs. Because the exact
definition of a CDR sequence can be determined by different systems, the meaning of a
framework sequence is subject to correspondingly different interpretations. The six CDRs
(CDR-L1, CDR-L2, and CDR-L3 of light chain and CDR-H1, CDR-H2, and CDR-H3 of
heavy chain) also divide the framework regions on the light chain and the heavy chain into four
sub-regions (FR1, FR2, FR3 and FR4) on each chain, in which CDR1 is positioned between
FR1 and FR2, CDR2 between FR2 and FR3, and CDR3 between FR3 and FR4. Without
specifying the particular sub-regions as FR1, FR2, FR3 or FR4, a framework region, as
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referred by others, represents the combined FRs within the variable region of a single, naturally
occurring immunoglobulin chain. As used herein, a FR represents one of the four sub-regions,
and FRs represents two or more of the four sub-regions constituting a framework region.
Human heavy chain and light chain acceptor sequences are known in the art. In one
embodiment, the acceptor sequences known in the art may be used in the antibodies disclosed
herein.

[00080] Human antibedy: The term "human antibody", as used herein, is intended to
include antibodies having variable and constant regions derived from human germline
immunoglobulin sequences. The human antibodies of the disclosure may include amino acid
residues not encoded by human germline immunoglobulin sequences (e.g., mutations
introduced by random or site-specific mutagenesis in vitro or by somatic mutation in vivo), for
example in the CDRs and in particular CDR3. However, the term "human antibody", as used
herein, is not intended to include antibodies in which CDR sequences derived from the
germline of another mammalian species, such as a mouse, have been grafted onto human
framework sequences.

[060081] Humanized antibody: The term "humanized antibody" refers to antibodies
which comprise heavy and light chain variable region sequences from a non-human species
(e.g., a mouse) but in which at least a portion of the VH and/or (e.g., and) VL sequence has
been altered to be more "human-like", i.e., more similar to human germline variable sequences.
One type of humanized antibody is a CDR-grafted antibody, in which human CDR sequences
are introduced into non-human VH and VL sequences to replace the corresponding non-human
CDR sequences. In one embodiment, humanized anti-TfR1 antibodies and antigen binding
portions are provided. Such antibodies may be generated by obtaining murine anti-TfR1
monoclonal antibodies using traditional hybridoma technology followed by humanization
using in vitro genetic engineering, such as those disclosed in Kasaian et al PCT publication No.
WO 2005/123126 A2.

[00082] Internalizing cell surface receptor: As used herein, the term, “internalizing
cell surface receptor” refers to a cell surface receptor that is internalized by cells, e.g., upon
external stimulation, e.g., ligand binding to the receptor. In some embodiments, an
internalizing cell surface receptor is internalized by endocytosis. In some embodiments, an
internalizing cell surface receptor is internalized by clathrin-mediated endocytosis. However,
in some embodiments, an internalizing cell surface receptor is internalized by a clathrin-
independent pathway, such as, for example, phagocytosis, macropinocytosis, caveolae- and

raft-mediated uptake or constitutive clathrin-independent endocytosis. In some embodiments,
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the internalizing cell surface receptor comprises an intracellular domain, a transmembrane
domain, and/or (e.g., and) an extracellular domain, which may optionally further comprise a
ligand-binding domain. In some embodiments, a cell surface receptor becomes internalized by
a cell after ligand binding. In some embodiments, a ligand may be a muscle-targeting agent or
a muscle-targeting antibody. In some embodiments, an internalizing cell surface receptor is a
transferrin receptor.

[00083] Isolated antibody: An "isolated antibody", as used herein, is intended to refer
to an antibody that is substantially free of other antibodies having different antigenic
specificities (e.g., an isolated antibody that specifically binds transferrin receptor is
substantially free of antibodies that specifically bind antigens other than transferrin receptor).
An isolated antibody that specifically binds transferrin receptor complex may, however, have
cross-reactivity to other antigens, such as transferrin receptor molecules from other species.
Moreover, an isolated antibody may be substantially free of other cellular material and/or (e.g.,
and) chemicals.

[00084] Kabat numbering: The terms "Kabat numbering", "Kabat definitions and
"Kabat labeling" are used interchangeably herein. These terms, which are recognized in the art,
refer to a system of numbering amino acid residues which are more variable (i.e.
hypervariable) than other amino acid residues in the heavy and light chain variable regions of
an antibody, or an antigen binding portion thereof (Kabat et al. (1971) Ann. NY Acad. Sci.
190:382-391 and, Kabat, E. A., et al. (1991) Sequences of Proteins of Immunological Interest,
Fifth Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242).
For the heavy chain variable region, the hypervariable region ranges from amino acid positions
31 to 35 for CDR1, amino acid positions 50 to 65 for CDR2, and amino acid positions 95 to
102 for CDR3. For the light chain variable region, the hypervariable region ranges from amino
acid positions 24 to 34 for CDR1, amino acid positions 50 to 56 for CDR2, and amino acid
positions 89 to 97 for CDR3.

[00085] Molecular payload: As used herein, the term “molecular payload” refers to a
molecule or species that functions to modulate a biological outcome. In some embodiments, a
molecular payload is linked to, or otherwise associated with a muscle-targeting agent. In some
embodiments, the molecular payload is a small molecule, a protein, a peptide, a nucleic acid, or
an oligonucleotide. In some embodiments, the molecular payload functions to modulate the
transcription of a DNA sequence, to modulate the expression of a protein, or to modulate the
activity of a protein. In some embodiments, the molecular payload is an oligonucleotide that

comprises a strand having a region of complementarity to a target gene.
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[00086] Muscle-targeting agent: As used herein, the term, “muscle-targeting agent,”
refers to a molecule that specifically binds to an antigen expressed on muscle cells. The
antigen in or on muscle cells may be a membrane protein, for example an integral membrane
protein or a peripheral membrane protein. Typically, a muscle-targeting agent specifically
binds to an antigen on muscle cells that facilitates internalization of the muscle-targeting agent
(and any associated molecular payload) into the muscle cells. In some embodiments, a
muscle-targeting agent specifically binds to an internalizing, cell surface receptor on muscles
and is capable of being internalized into muscle cells through receptor mediated
internalization. In some embodiments, the muscle-targeting agent is a small molecule, a
protein, a peptide, a nucleic acid (e.g., an aptamer), or an antibody. In some embodiments, the
muscle-targeting agent is linked to a molecular payload.

[00087] Muscle-targeting antibody: As used herein, the term, “muscle-targeting
antibody,” refers to a muscle-targeting agent that is an antibody that specifically binds to an
antigen found in or on muscle cells. In some embodiments, a muscle-targeting antibody
specifically binds to an antigen on muscle cells that facilitates internalization of the muscle-
targeting antibody (and any associated molecular payment) into the muscle cells. In some
embodiments, the muscle-targeting antibody specifically binds to an internalizing, cell surface
receptor present on muscle cells. In some embodiments, the muscle-targeting antibody is an
antibody that specifically binds to a transferrin receptor.

[00088] Oligonucleotide: As used herein, the term “oligonucleotide” refers to an
oligomeric nucleic acid compound of up to 200 nucleotides in length. Examples of
oligonucleotides include, but are not limited to, RNA1 oligonucleotides (e.g., siRNAs,
shRNAs), microRNAs, gapmers, mixmers, phosphorodiamidate morpholinos, peptide nucleic
acids, aptamers, guide nucleic acids (e.g., Cas9 guide RNAs), etc. Oligonucleotides may be
single-stranded or double-stranded. In some embodiments, an oligonucleotide may comprise
one or more modified nucleosides (e.g., 2'-O-methyl sugar modifications, purine or pyrimidine
modifications). In some embodiments, an oligonucleotide may comprise one or more modified
internucleoside linkages. In some embodiments, an oligonucleotide may comprise one or more
phosphorothioate linkages, which may be in the Rp or Sp stereochemical conformation.
[00089] Recombinant antibody: The term "recombinant human antibody", as used
herein, is intended to include all human antibodies that are prepared, expressed, created or
isolated by recombinant means, such as antibodies expressed using a recombinant expression
vector transfected into a host cell (described in more details in this disclosure), antibodies

isolated from a recombinant, combinatorial human antibody library (Hoogenboom H. R.,
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(1997) TIB Tech. 15:62-70; Azzazy H., and Highsmith W. E., (2002) Clin. Biochem. 35:425-
445; Gavilondo J. V., and Larrick J. W. (2002) BioTechniques 29:128-145; Hoogenboom H.,
and Chames P. (2000) Immunology Today 21:371-378), antibodies isolated from an animal
(e.g., amouse) that is transgenic for human immunoglobulin genes (see e.g., Taylor, L. D., et
al. (1992) Nucl. Acids Res. 20:6287-6295; Kellermann S-A., and Green L. L. (2002) Current
Opinion in Biotechnology 13:593-597; Little M. et al (2000) Immunology Today 21:364-370)
or antibodies prepared, expressed, created or isolated by any other means that involves splicing
of human immunoglobulin gene sequences to other DNA sequences. Such recombinant human
antibodies have variable and constant regions derived from human germline immunoglobulin
sequences. In certain embodiments, however, such recombinant human antibodies are
subjected to in vitro mutagenesis (or, when an animal transgenic for human Ig sequences is
used, in vivo somatic mutagenesis) and thus the amino acid sequences of the VH and VL
regions of the recombinant antibodies are sequences that, while derived from and related to
human germline VH and VL sequences, may not naturally exist within the human antibody
germline repertoire in vivo. One embodiment of the disclosure provides fully human antibodies
capable of binding human transferrin receptor which can be generated using techniques well
known in the art, such as, but not limited to, using human Ig phage libraries such as those
disclosed in Jermutus et al., PCT publication No. WO 2005/007699 A2.

[00090] Region of complementarity: As used herein, the term “region of
complementarity” refers to a nucleotide sequence, e.g., of an oligonucleotide, that is
sufficiently complementary to a cognate nucleotide sequence, e.g., of a target nucleic acid,
such that the two nucleotide sequences are capable of annealing to one another under
physiological conditions (e.g., in a cell). In some embodiments, a region of complementarity is
fully complementary to a cognate nucleotide sequence of target nucleic acid. However, in
some embodiments, a region of complementarity is partially complementary to a cognate
nucleotide sequence of target nucleic acid (e.g., at least 80%, 90%, 95% or 99%
complementarity). In some embodiments, a region of complementarity contains 1, 2, 3, or 4
mismatches compared with a cognate nucleotide sequence of a target nucleic acid.

[00091] Specifically binds: As used herein, the term “specifically binds” refers to the
ability of a molecule to bind to a binding partner with a degree of affinity or avidity that
enables the molecule to be used to distinguish the binding partner from an appropriate control
in a binding assay or other binding context. With respect to an antibody, the term,
“specifically binds”, refers to the ability of the antibody to bind to a specific antigen with a

degree of affinity or avidity, compared with an appropriate reference antigen or antigens, that
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enables the antibody to be used to distinguish the specific antigen from others, e.g., to an extent
that permits preferential targeting to certain cells, e.g., muscle cells, through binding to the
antigen, as described herein. In some embodiments, an antibody specifically binds to a target
if the antibody has a Kp for binding the target of at least about 10 M, 10° M, 10° M, 107 M,
108 M, 107 M, 101°M, 101 M, 102 M, 1073 M, or less. In some embodiments, an antibody
specifically binds to the transferrin receptor, e.g., an epitope of the apical domain of transferrin
receptor.

[00092] Splice acceptor site: As used herein, the term “splice acceptor site” or “splice
acceptor” refers to a nucleic acid sequence motif at the 3’ end of an intron or across an
intron/exon junction of a gene or pre-mRNA that is involved in splicing of pre-mRNA into
mRNA (i.e., removing introns from the pre-mRNA), and can be referred to as a splicing
feature. A splice acceptor site includes a terminal AG sequence at the 3’ end of an intron,
which is typically preceded (5’-ward) by a region high in pyrimidines (C/U). Upstream from
the splice acceptor site is the branch point. Formation of a lariat loop intermediate structure by
a transesterification reaction between the branch point and the splice donor site releases a 3°-
OH of the 5’ exon, which subsequently reacts with the first nucleotide of the 3’ exon, thereby
joining the exons and releasing the intron lariat. The AG sequence at the 3” end of the intron in
the splice acceptor site is known to be critical for proper splicing, as changing one of these
nucleotides results in inhibition of splicing. Rarely, alternative splice acceptor sites have an AC
at the 3’ end of the intron, instead of the more common AG. A common splice acceptor site
motif has a sequence of or similar to [Y-rich region]-NCAGG or YxNYAGG, in which Y
represents a pyrimidine, N represents any nucleotide, and x is a number from 4 to 20. The cut
site follows the AG, which represent the 3’-terminal nucleotides of the excised intron.

[00093] Splice donor site: As used herein, the term “splice donor site” or “splice donor”
refers to a nucleic acid sequence motif at the 5° end of an intron or across an exon/intron
junction of a gene or pre-mRNA that is involved in splicing of pre-mRNA into mRNA (i.e.,
removing introns from the pre-mRNA), and can be referred to as a splicing feature. A splice
donor site includes a terminal GU sequence at the 5° end of the intron, within a larger and
fairly unconstrained sequence. During splicing, the 2’-OH of a nucleotide within the branch
point initiates a transesterification reaction via a nucleophilic attack on the 5’ G of the intron
within the splice donor site. The G is thereby cleaved from the pre-mRNA and bonds instead to
the branch point nucleotide, forming a loop lariat structure. The 3’ nucleotide of the upstream
exon subsequently binds the splice acceptor site, joining the exons and excising the intron. A

typical splice donor site has a sequence of or similar to GGGURAGU or AGGURNG, in which
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R represents a purine and N represents any nucleotide. The cut site precedes the first GU (i.e.,
GG/GURAGU or AG/GURNG), which represent the 5’-terminal nucleotides of the excised
intron.

[00094] Subject: As used herein, the term “subject” refers to a mammal. In some
embodiments, a subject is non-human primate, or rodent. In some embodiments, a subject is a
human. In some embodiments, a subject is a patient, e.g., a human patient that has or is
suspected of having a disease. In some embodiments, the subject is a human patient who has
or is suspected of having a disease resulting from a mutated DMD gene sequence, e.g., a
mutation in an exon of a DMD gene sequence. In some embodiments, a subject has a
dystrophinopathy, e.g., Duchenne muscular dystrophy. In some embodiments, a subject is a
patient that has a mutation of the DMD gene that is amenable to exon 53 skipping.

[00095] Transferrin receptor: As used herein, the term, “transferrin receptor” (also
known as TFRC, CD71, p90, or TER1) refers to an internalizing cell surface receptor that
binds transferrin to facilitate iron uptake by endocytosis. In some embodiments, a transferrin
receptor may be of human (NCBI Gene ID 7037), non-human primate (e.g., NCBI Gene ID
711568 or NCBI Gene ID 102136007), or rodent (e.g., NCBI Gene ID 22042) origin. In
addition, multiple human transcript variants have been characterized that encoded different
isoforms of the receptor (e.g., as annotated under GenBank RefSeq Accession Numbers:
NP_001121620.1, NP_003225.2, NP_001300894.1, and NP_001300895.1).

[00096] 2’-modified nucleoside: As used herein, the terms “2’-modified nucleoside”
and “2’-modified ribonucleoside” are used interchangeably and refer to a nucleoside having a
sugar moiety modified at the 2’ position. In some embodiments, the 2’-modified nucleoside is
a 2’-4’ bicyclic nucleoside, where the 2’ and 4’ positions of the sugar are bridged (e.g., via a
methylene, an ethylene, or a (S)-constrained ethyl bridge). In some embodiments, the 2’-
modified nucleoside is a non-bicyclic 2’-modified nucleoside, e.g., where the 2’ position of the
sugar moiety is substituted. Non-limiting examples of 2’-modified nucleosides include: 2°-
deoxy, 2’-fluoro (2°-F), 2’-O-methyl (2°-O-Me), 2’-O-methoxyethyl (2°-MOE), 2’-O-
aminopropyl (2’-O-AP), 2’-O-dimethylaminoethyl (2’-O-DMAOE), 2’-O-
dimethylaminopropyl (2’-O-DMAP), 2’-O-dimethylaminoethyloxyethyl (2’-O-DMAEOE), 2’-
O-N-methylacetamido (2’-O-NMA), locked nucleic acid (LNA, methylene-bridged nucleic
acid), ethylene-bridged nucleic acid (ENA), and (S)-constrained ethyl-bridged nucleic acid
(cEt). In some embodiments, the 2’-modified nucleosides described herein are high-affinity

modified nucleosides and oligonucleotides comprising the 2’-modified nucleosides have
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increased affinity to a target sequences, relative to an unmodified oligonucleotide. Examples
of structures of 2’-modified nucleosides are provided below:

2'-O-methoxyethyl

2'-0-methyl (MOE) 2'Afluoro
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These examples are shown with phosphate groups, but any internucleoside linkages are

contemplated between 2’-modified nucleosides.

1L Complexes

[00097] Provided herein are complexes that comprise a targeting agent, €.g. an antibody,
covalently linked to a molecular payload. In some embodiments, a complex comprises a
muscle-targeting antibody covalently linked to an oligonucleotide. A complex may comprise
an antibody that specifically binds a single antigenic site or that binds to at least two antigenic
sites that may exist on the same or different antigens.

[00098] A complex may be used to modulate the activity or function of at least one
gene, protein, and/or (e.g., and) nucleic acid. In some embodiments, the molecular payload
present with a complex is responsible for the modulation of a gene, protein, and/or (e.g., and)
nucleic acids. A molecular payload may be a small molecule, protein, nucleic acid,
oligonucleotide, or any molecular entity capable of modulating the activity or function of a
gene, protein, and/or (e.g., and) nucleic acid in a cell.

[00099] In some embodiments, a complex comprises a muscle-targeting agent, e.g., an
anti-transferrin receptor antibody, covalently linked to a molecular payload, e.g., an antisense
oligonucleotide that targets DMD to promote exon skipping, e.g., in a transcript encoded from
a mutated DMD allele. In some embodiments, the complex targets a DMD pre-mRNA to
promote skipping of exon 53 in the DMD pre-mRNA.
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A. Muscle-Targeting Agents
[000100] Some aspects of the disclosure provide muscle-targeting agents, e.g., for
delivering a molecular payload to a muscle cell. In some embodiments, such muscle-targeting
agents are capable of binding to a muscle cell, e.g., via specifically binding to an antigen on the
muscle cell, and delivering an associated molecular payload to the muscle cell. In some
embodiments, the molecular payload is bound (e.g., covalently bound) to the muscle targeting
agent and is internalized into the muscle cell upon binding of the muscle targeting agent to an
antigen on the muscle cell, e.g., via endocytosis. It should be appreciated that various types of
muscle-targeting agents may be used in accordance with the disclosure. It should also be
appreciated that any muscle targets (e.g., muscle surface proteins) can be targeted by any type
of muscle-targeting agent described herein. For example, the muscle-targeting agent may
comprise, or consist of, a nucleic acid (e.g., DNA or RNA), a peptide (e.g., an antibody), a
lipid (e.g., a microvesicle), or a sugar moiety (e.g., a polysaccharide). A muscle-targeting agent
may comprise, or consist of, a small molecule. Exemplary muscle-targeting agents are
described in further detail herein, however, it should be appreciated that the exemplary muscle-
targeting agents provided herein are not meant to be limiting.
[000101]  Some aspects of the disclosure provide muscle-targeting agents that specifically
bind to an antigen on muscle, such as skeletal muscle, smooth muscle, or cardiac muscle. In
some embodiments, any of the muscle-targeting agents provided herein bind to (e.g.,
specifically bind to) an antigen on a skeletal muscle cell, a smooth muscle cell, and/or (e.g.,
and) a cardiac muscle cell.
[000102] By interacting with muscle-specific cell surface recognition elements (e.g., cell
membrane proteins), both tissue localization and selective uptake into muscle cells can be
achieved. In some embodiments, molecules that are substrates for muscle uptake transporters
are useful for delivering a molecular payload into muscle tissue. Binding to muscle surface
recognition elements followed by endocytosis can allow even large molecules such as
antibodies to enter muscle cells. As another example molecular payloads conjugated to
transferrin or anti-TfR1 antibodies can be taken up by muscle cells via binding to transferrin
receptor, which may then be endocytosed, e.g., via clathrin-mediated endocytosis.
[000103] The use of muscle-targeting agents may be useful for concentrating a molecular
payload (e.g., oligonucleotide) in muscle while reducing toxicity associated with effects in
other tissues. In some embodiments, the muscle-targeting agent concentrates a bound

molecular payload in muscle cells as compared to another cell type within a subject. In some
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embodiments, the muscle-targeting agent concentrates a bound molecular payload in muscle
cells (e.g., skeletal, smooth, or cardiac muscle cells) in an amount that is at least 1, 2, 3, 4, 5, 6,
7,8,9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, or 100 times greater than an amount in non-
muscle cells (e.g., liver, neuronal, blood, or fat cells). In some embodiments, a toxicity of the
molecular payload in a subject is reduced by at least 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 90%, or 95% when it is
delivered to the subject when bound to the muscle-targeting agent.
[000104] In some embodiments, to achieve muscle selectivity, a muscle recognition
element (e.g., a muscle cell antigen) may be required. As one example, a muscle-targeting
agent may be a small molecule that is a substrate for a muscle-specific uptake transporter. As
another example, a muscle-targeting agent may be an antibody that enters a muscle cell via
transporter-mediated endocytosis. As another example, a muscle targeting agent may be a
ligand that binds to cell surface receptor on a muscle cell. It should be appreciated that while
transporter-based approaches provide a direct path for cellular entry, receptor-based targeting
may involve stimulated endocytosis to reach the desired site of action.

i. Muscle-Targeting Antibodies
[000105] In some embodiments, the muscle-targeting agent is an antibody. Generally, the
high specificity of antibodies for their target antigen provides the potential for selectively
targeting muscle cells (e.g., skeletal, smooth, and/or (e.g., and) cardiac muscle cells). This
specificity may also limit off-target toxicity. Examples of antibodies that are capable of
targeting a surface antigen of muscle cells have been reported and are within the scope of the
disclosure. For example, antibodies that target the surface of muscle cells are described in
Arahata K., et al. “Immunostaining of skeletal and cardiac muscle surface membrane with
antibody against Duchenne muscular dystrophy peptide” Nature 1988; 333: 861-3; Song K.S.,
et al. “Expression of caveolin-3 in skeletal, cardiac, and smooth muscle cells. Caveolin-3 is a
component of the sarcolemma and co-fractionates with dystrophin and dystrophin-associated
glycoproteins™ J Biol Chem 1996; 271: 15160-5; and Weisbart R.H. et al., “Cell type specific
targeted intracellular delivery into muscle of a monoclonal antibody that binds myosin IIb”
Mol Immunol. 2003 Mar, 39(13):78309; the entire contents of each of which are incorporated
herein by reference.

a. Anti-Transferrin Receptor (TfR) Antibodies

[0600106] Some aspects of the disclosure are based on the recognition that agents binding
to transferrin receptor, e.g., anti-transferrin-receptor antibodies, are capable of targeting muscle

cell. Transferrin receptors are internalizing cell surface receptors that transport transferrin
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across the cellular membrane and participate in the regulation and homeostasis of intracellular
iron levels. Some aspects of the disclosure provide transferrin receptor binding proteins,
which are capable of binding to transferrin receptor. Accordingly, aspects of the disclosure
provide binding proteins (e.g., antibodies) that bind to transferrin receptor. In some
embodiments, binding proteins that bind to transferrin receptor are internalized, along with any
bound molecular payload, into a muscle cell. As used herein, an antibody that binds to a
transferrin receptor may be referred to interchangeably as an, transferrin receptor antibody, an
anti-transferrin receptor antibody, or an anti-TfR1 antibody. Antibodies that bind, e.g.
specifically bind, to a transferrin receptor may be internalized into the cell, e.g. through
receptor-mediated endocytosis, upon binding to a transferrin receptor.

[000107] It should be appreciated that anti-TfR1 antibodies may be produced,
synthesized, and/or (e.g., and) derivatized using several known methodologies, e.g. library
design using phage display. Exemplary methodologies have been characterized in the art and
are incorporated by reference (Diez, P. et al. “High-throughput phage-display screening in
array format”, Enzyme and microbial technology, 2015, 79, 34-41.; Christoph M. H. and
Stanley, J.R. “Antibody Phage Display: Technique and Applications” J Invest Dermatol. 2014,
134:2.; Engleman, Edgar (Ed.) “Human Hybridomas and Monoclonal Antibodies.” 1985,
Springer.). In other embodiments, an anti-TfR1 antibody has been previously characterized or
disclosed. Antibodies that specifically bind to transferrin receptor are known in the art (see,
e.g. US Patent. No. 4,364,934, filed 12/4/1979, “Monoclonal antibody to a human early
thymocyte antigen and methods for preparing same”’; US Patent No. 8,409,573, filed
6/14/2006, “Anti-CD71 monoclonal antibodies and uses thereof for treating malignant tumor
cells”; US Patent No. 9,708,406, filed 5/20/2014, “Anti-transferrin receptor antibodies and
methods of use”; US 9,611,323, filed 12/19/2014, “Low affinity blood brain barrier receptor
antibodies and uses therefor’”; WO 2015/0989809, filed 12/24/2014, “Novel anti-Transferrin
receptor antibody that passes through blood-brain barrier”; Schneider C. et al. “Structural
features of the cell surface receptor for transferrin that is recognized by the monoclonal
antibody OKT9.” J Biol Chem. 1982, 257:14, 8516-8522.; Lee et al. “Targeting Rat Anti-
Mouse Transferrin Receptor Monoclonal Antibodies through Blood-Brain Barrier in Mouse”
2000, J Pharmacol. Exp. Ther., 292: 1048-1052.).

[000108] In some embodiments, the anti-TfR1 antibody described herein binds to
transferrin receptor with high specificity and affinity. In some embodiments, the anti-TfR1
antibody described herein specifically binds to any extracellular epitope of a transferrin

receptor or an epitope that becomes exposed to an antibody. In some embodiments, anti-TfR1
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antibodies provided herein bind specifically to transferrin receptor from human, non-human
primates, mouse, rat, efc. In some embodiments, anti-TfR1 antibodies provided herein bind to
human transferrin receptor. In some embodiments, the anti-TfR1 antibody described herein
binds to an amino acid segment of a human or non-human primate transferrin receptor, as
provided in SEQ ID NOs: 105-108. In some embodiments, the anti-TfR1 antibody described
herein binds to an amino acid segment corresponding to amino acids 90-96 of a human
transferrin receptor as set forth in SEQ ID NO: 105, which is not in the apical domain of the
transferrin receptor.

[000109] In some embodiments, the anti-TfR1 antibodies described herein (e.g., Anti-TfR
clone 8 in Table 2 below) bind an epitope in TfR1, wherein the epitope comprises residues in
amino acids 214-241 and/or amino acids 354-381 of SEQ ID NO: 105. In some embodiments,
the anti-TfR1 antibodies described herein bind an epitope comprising residues in amino acids
214-241 and amino acids 354-381 of SEQ ID NO: 105. In some embodiments, the anti-TfR1
antibodies described herein bind an epitope comprising one or more of residues Y222, T227,
K231, H234, T367, S368, S370, T376, and S378 of human TfR1 as set forth in SEQ ID NO:
105. In some embodiments, the anti-TfR1 antibodies described herein bind an epitope
comprising residues Y222, T227, K231, H234, T367, S368, S370, T376, and S378 of human
TfR1 as set forth in SEQ ID NO: 105.

[000110] In some embodiments, the anti-TfR1 antibody described herein (e.g., 3M12 in
Table 2 below and its variants) bind an epitope in TfR1, wherein the epitope comprises
residues in amino acids 258-291 and/or amino acids 358-381 of SEQ ID NO: 105. In some
embodiments, the anti-TfR1 antibodies (e. g., 3M12 in Table 2 below and its variants)
described herein bind an epitope comprising residues in amino acids amino acids 258-291 and
amino acids 358-381 of SEQ ID NO: 105. In some embodiments, the anti-TfR1 antibodies
described herein (e.g., 3M12 in Table 2 below and its variants) bind an epitope comprising one
or more of residues K261, S273, Y282, T362, S368, S370, and K371 of human TfR1 as set
forth in SEQ ID NO: 105. In some embodiments, the anti-TfR1 antibodies described herein
(e.g., 3M12 in Table 2 below and its variants) bind an epitope comprising residues K261,
5273, Y282, T362, S368, S370, and K371 of human TfR1 as set forth in SEQ ID NO: 105.
[000111] An example human transferrin receptor amino acid sequence, corresponding to
NCBI sequence NP_003225.2 (transferrin receptor protein 1 isoform 1, homo sapiens) is as
follows:
MMDQARSAFSNLFGGEPLSYTRFSLARQVDGDNSHVEMKLAVDEEENADNNTKANV
TKPKRCSGSICYGTIAVIVFFLIGFMIGYLGYCKGVEPKTECERLAGTESPVREEPGEDF
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PAARRLYWDDLKRKLSEKLDSTDFTGTIKLLNENSY VPREAGSQKDENLALYVENQF
REFKLSKVWRDQHFVKIQVKDSAQNSVIIVDKNGRLVYLVENPGGYVAYSKAATVTG
KLVHANFGTKKDFEDLYTPVNGSIVIVRAGKITFAEKVANAESLNAIGVLIYMDQTKF
PIVNAELSFFGHAHLGTGDPYTPGFPSENHTQFPPSRSSGLPNIPVQTISRAAAEKLFGN
MEGDCPSDWKTDSTCRMVTSESKNVKLTVSNVLKEIKILNIFGVIKGFVEPDHYVVVG
AQRDAWGPGAAKSGVGTALLLKLAQMFSDMVLKDGFQPSRSIIFASWSAGDFGSVG
ATEWLEGYLSSLHLKAFTYINLDKAVLGTSNFKVSASPLLYTLIEKTMQNVKHPVTGQ
FLYQDSNWASKVEKLTLDNAAFPFLAYSGIPAVSFCFCEDTDYPYLGTTMDTYKELIE
RIPELNKVARAAAEVAGQFVIKLTHDVELNLDYERYNSQLLSFVRDLNQYRADIKEM
GLSLQWLYSARGDFFRATSRLTTDFGNAEKTDRFVMKKLNDRVMRVEYHFLSPYVSP
KESPFRHVFWGSGSHTLPALLENLKLRKQNNGAFNETLFRNQLALATWTIQGAANAL
SGDVWDIDNEEF (SEQ ID NO: 105).

[000112] An example non-human primate transferrin receptor amino acid sequence,
corresponding to NCBI sequence NP_001244232.1(transferrin receptor protein 1, Macaca
mulatta) is as follows:
MMDQARSAFSNLFGGEPLSYTRFSLARQVDGDNSHVEMKLGVDEEENTDNNTKPNG
TKPKRCGGNICYGTIAVIIFFLIGFMIGYLGYCKGVEPKTECERLAGTESPAREEPEEDFP
AAPRLYWDDLKRKLSEKLDTTDFTSTIKLLNENLY VPREAGSQKDENLALYIENQFRE
FKLSKVWRDQHFVKIQVKDSAQNSVIIVDKNGGLVYLVENPGGYVAYSKAATVTGK
LVHANFGTKKDFEDLDSPVNGSIVIVRAGKITFAEKVANAESLNAIGVLIYMDQTKFPI
VKADLSFFGHAHLGTGDPYTPGFPSENHTQFPPSQSSGLPNIPVQTISRAAAEKLFGNM
EGDCPSDWKTDSTCKMVTSENKSVKLTVSNVLKETKILNIFGVIKGFVEPDHYVVVGA
QRDAWGPGAAKSSVGTALLLKLAQMFEFSDMVLKDGFQPSRSIFASWSAGDEGSVGAT
EWLEGYLSSLHLKAFTYINLDKAVLGTSNFKVSASPLLYTLIEKTMQDVKHPVTGRSL
YQDSNWASKVEKLTLDNAAFPFLAYSGIPAVSFCFCEDTDYPYLGTTMDTYKELVERI
PELNKVARAAAEVAGQFVIKLTHDTELNLDYERYNSQLLLFLRDLNQYRADVKEMGL
SLQWLYSARGDFFRATSRLTTDFRNAEKRDKFVMKKLNDRVMRVEY YFLSPYVSPKE
SPFRHVFWGSGSHTLSALLESLKLRRQNNSAFNETLFRNQLALATWTIQGAANALSGD
VWDIDNEF

(SEQ ID NO: 106)

[000113] An example non-human primate transferrin receptor amino acid sequence,
corresponding to NCBI sequence XP_005545315.1 (transferrin receptor protein 1, Macaca

fascicularis) is as follows:
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MMDQARSAFSNLFGGEPLSYTRFSLARQVDGDNSHVEMKLGVDEEENTDNNTKANG
TKPKRCGGNICYGTIAVIIFFLIGEMIGYLGYCKGVEPKTECERLAGTESPAREEPEEDFP
AAPRLYWDDLKRKLSEKLDTTDFTSTIKLLNENLYVPREAGSQKDENLALYIENQFRE
FKLSKVWRDQHFVKIQVKDSAQNSVIIVDKNGGLVYLVENPGGYVAYSKAATVTGK
LVHANFGTKKDFEDLDSPVNGSIVIVRAGKITFAEKVANAESLNAIGVLIYMDQTKFPI
VKADLSFFGHAHLGTGDPYTPGFPSENHTQFPPSQSSGLPNIPVQTISRAAAEKLFGNM
EGDCPSDWKTDSTCKMVTSENKSVKLTVSNVLKETKILNIFGVIKGFVEPDHYVVVGA
QRDAWGPGAAKSSVGTALLLKLAQMFSDMVLKDGFQPSRSIIFASWSAGDFGSVGAT
EWLEGYLSSLHLKAFTYINLDKAVLGTSNFKVSASPLLYTLIEKTMQDVKHPVTGRSL
YQDSNWASKVEKLTLDNAAFPFLAYSGIPAVSFCFCEDTDYPYLGTTMDTYKELVERI
PELNKVARAAAEVAGQFVIKLTHDTELNLDYERYNSQLLLFLRDLNQYRADVKEMGL
SLQWLYSARGDFFRATSRLTTDFRNAEKRDKFVMKKLNDRVMRVEYYFLSPYVSPKE
SPFRHVIFWGSGSHTLSALLESLKLRRONNSAFNETLFRNQLALATWTIQGAANALSGD
VWDIDNEF (SEQ ID NO: 107).

[000114] An example mouse transferrin receptor amino acid sequence, corresponding to
NCBI sequence NP_001344227.1 (transferrin receptor protein 1, mus musculus) is as follows:
MMDQARSAFSNLFGGEPLSYTRFSLARQVDGDNSHVEMKLA ADEEENADNNMKASV
RKPKRFNGRLCFAAIALVIFFLIGFMSGYLGYCKRVEQKEECVKLAETEETDKSETMET
EDVPTSSRLYWADLKTLLSEKLNSIEFADTIKQLSQNTYTPREAGSQKDESLAYYIENQ
FHEFKFSKVWRDEHY VKIQVKSSIGQNMVTIVQSNGNLDPVESPEGYVAFSKPTEVSG
KLVHANFGTKKDFEELSYSVNGSLVIVRAGEITFAEKVANAQSFNAIGVLIYMDKNKF
PVVEADLALFGHAHLGTGDPYTPGFPSFNHTQFPPSQSSGLPNIPVQTISRAAAEKLFG
KMEGSCPARWNIDSSCKLELSQNQNVKLIVKNVLKERRILNIFGVIKGYEEPDRYVVYV
GAQRDALGAGVAAKSSVGTGLLLKLAQVESDMISKDGFRPSRSIIFASWTAGDFGAVG
ATEWLEGYLSSLHLKAFTYINLDKVVLGTSNFKVSASPLLYTLMGKIMQDVKHPVDG
KSLYRDSNWISKVEKLSFDNAAYPFLAYSGIPAVSFCFCEDADYPYLGTRLDTYEALT
QKVPQLNQMVRTAAEVAGQLIKLTHDVELNLDYEMYNSKLLSFMKDLNQFKTDIRD
MGLSLQWLYSARGDYFRATSRLTTDFHNAEKTNRFVMREINDRIMKVEYHFLSPY VS
PRESPFRHIFWGSGSHTLSALVENLKLRQKNITAFNETLFRNQLALATWTIQGVANALS
GDIWNIDNEF

(SEQ ID NO: 108)

[000115] In some embodiments, an anti-TfR1 antibody binds to an amino acid segment of

the receptor as follows:
FVKIQVKDSAQNSVIIVDKNGRLVYLVENPGGYVAYSKAATVTGKLVHANFGTKKDF
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EDLYTPVNGSIVIVRAGKITFAEKVANAESLNAIGVLIYMDQTKFPIVNAELSFFGHAH
LGTGDPYTPGFPSFNHTQFPPSRSSGLPNIPVQTISRAAAEKLFGNMEGDCPSDWKTDS
TCRMVTSESKNVKLTVSNVLKE (SEQ ID NO: 109) and does not inhibit the binding
interactions between transferrin receptors and transferrin and/or (e.g., and) human
hemochromatosis protein (also known as HFE). In some embodiments, the anti-TfR1 antibody
described herein does not bind an epitope in SEQ ID NO: 109.

[000116] Appropriate methodologies may be used to obtain and/or (e.g., and) produce
antibodies, antibody fragments, or antigen-binding agents, e.g., through the use of recombinant
DNA protocols. In some embodiments, an antibody may also be produced through the
generation of hybridomas (see, e.g., Kohler, G and Milstein, C. “Continuous cultures of fused
cells secreting antibody of predefined specificity” Nature, 1975, 256: 495-497). The antigen-
of-interest may be used as the immunogen in any form or entity, e.g., recombinant or a
naturally occurring form or entity. Hybridomas are screened using standard methods, e.g.
ELISA screening, to find at least one hybridoma that produces an antibody that targets a
particular antigen. Antibodies may also be produced through screening of protein expression
libraries that express antibodies, e.g., phage display libraries. Phage display library design may
also be used, in some embodimerits, (see, e.g. U.S. Patent No 5,223,409, filed 3/1/1991,
“Directed evolution of novel binding proteins”; WO 1992/18619, filed 4/10/1992,
“Heterodimeric receptor libraries using phagemids”; WO 1991/17271, filed 5/1/1991,
“Recombinant library screening methods”; WO 1992/20791, filed 5/15/1992, “Methods for
producing members of specific binding pairs”; WO 1992/15679, filed 2/28/1992, and
“Improved epitope displaying phage”). In some embodiments, an antigen-of-interest may be
used to immunize a non-human animal, e.g., a rodent or a goat. In some embodiments, an
antibody is then obtained from the non-human animal, and may be optionally modified using a
number of methodologies, e.g., using recombinant DNA techniques. Additional examples of
antibody production and methodologies are known in the art (see, e.g. Harlow et al.
“Antibodies: A Laboratory Manual”, Cold Spring Harbor Laboratory, 1988.).

[000117] In some embodiments, an antibody is modified, e.g., modified via glycosylation,
phosphorylation, sumoylation, and/or (e.g., and) methylation. In some embodiments, an
antibody is a glycosylated antibody, which is conjugated to one or more sugar or carbohydrate
molecules. In some embodiments, the one or more sugar or carbohydrate molecule are
conjugated to the antibody via N-glycosylation, O-glycosylation, C-glycosylation, glypiation
(GPI anchor attachment), and/or (e.g., and) phosphoglycosylation. In some embodiments, the

one or more sugar or carbohydrate molecules are monosaccharides, disaccharides,
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oligosaccharides, or glycans. In some embodiments, the one or more sugar or carbohydrate
molecule is a branched oligosaccharide or a branched glycan. In some embodiments, the one
or more sugar or carbohydrate molecule includes a mannose unit, a glucose unit, an N-
acetylglucosamine unit, an N-acetylgalactosamine unit, a galactose unit, a fucose unit, or a
phospholipid unit. In some embodiments, there are about 1-10, about 1-5, about 5-10, about 1-
4, about 1-3, or about 2 sugar molecules. In some embodiments, a glycosylated antibody is
fully or partially glycosylated. In some embodiments, an antibody is glycosylated by chemical
reactions or by enzymatic means. In some embodiments, an antibody is glycosylated in vitro
or inside a cell, which may optionally be deficient in an enzyme in the N- or O- glycosylation
pathway, e.g. a glycosyltransferase. In some embodiments, an antibody is functionalized with
sugar or carbohydrate molecules as described in International Patent Application Publication
WO02014065661, published on May 1, 2014, entitled, “Modified antibody, antibody-conjugate
and process for the preparation thereof .

[000118] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VL domain and/or (e.g., and) a VH domain of any one of the anti-TfR1 antibodies
selected from any one of Tables 2-7, and comprises a constant region comprising the amino
acid sequences of the constant regions of an IgG, IgE, IgM, IgD, IgA or IgY immunoglobulin
molecule, any class (e.g., IgG1, 1gG2, 1gG3, IgG4, IgA1 and IgA?2), or any subclass (e.g.,
IgG2a and IgG2b) of immunoglobulin molecule. Non-limiting examples of human constant
regions are described in the art, e.g., see Kabat E A et al., (1991) supra.

[000119] In some embodiments, agents binding to transferrin receptor, e.g., anti-TfR1
antibodies, are capable of targeting muscle cell and/or (e.g., and) mediate the transportation of
an agent across the blood brain barrier. Transferrin receptors are internalizing cell surface
receptors that transport transferrin across the cellular membrane and participate in the
regulation and homeostasis of intracellular iron levels. Some aspects of the disclosure provide
transferrin receptor binding proteins, which are capable of binding to transferrin receptor.
Antibodies that bind, e.g. specifically bind, to a transferrin receptor may be internalized into
the cell, e.g. through receptor-mediated endocytosis, upon binding to a transferrin receptor.
[000120] Provided herein, in some aspects, are humanized antibodies that bind to
transferrin receptor with high specificity and affinity. In some embodiments, the humanized
anti-TfR1 antibody described herein specifically binds to any extracellular epitope of a
transferrin receptor or an epitope that becomes exposed to an antibody. In some embodiments,
the humanized anti-TfR1 antibodies provided herein bind specifically to transferrin receptor

from human, non-human primates, mouse, rat, etc. In some embodiments, the humanized anti-
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TfR1 antibodies provided herein bind to human transferrin receptor. In some embodiments,
the humanized anti-TfR1 antibody described herein binds to an amino acid segment of a
human or non-human primate transferrin receptor, as provided in SEQ ID NOs: 105-108. In
some embodiments, the humanized anti-TfR1 antibody described herein binds to an amino acid
segment corresponding to amino acids 90-96 of a human transferrin receptor as set forth in
SEQ ID NO: 105, which is not in the apical domain of the transferrin receptor. In some
embodiments, the humanized anti-TfR1 antibodies described herein binds to TfR1 but does not
bind to TfR2.

[000121] In some embodiments, an anti-TFR1 antibody specifically binds a TfR1 (e.g., a
human or non-human primate TfR1) with binding affinity (e.g., as indicated by Kd) of at least
about 104 M, 10° M, 10° M, 107 M, 10® M, 10° M, 10°M, 101 M, 102 M, 10" M, or
less. In some embodiments, the anti-TfR1 antibodies described herein bind to TfR1 with a KD
of sub-nanomolar range. In some embodiments, the anti-TfR1 antibodies described herein
selectively bind to transferrin receptor 1 (TfR1) but do not bind to transferrin receptor 2
(TfR2). In some embodiments, the anti-TfR1 antibodies described herein bind to human TfR 1
and cyno TfR1 (e.g., with a Kd of 107 M, 10° M, 10° M, 10°M, 10" M, 102 M, 103 M,
or less), but do not bind to a mouse TfR1. The affinity and binding kinetics of the anti-TfR 1
antibody can be tested using any suitable method including but not limited to biosensor
technology (e.g., OCTET or BIACORE). In some embodiments, binding of any one of the
anti-TfR 1 antibodies described herein does not complete with or inhibit transferrin binding to
the TfR1. In some embodiments, binding of any one of the anti-TfR1 antibodies described
herein does not complete with or inhibit HFE-beta-2-microglobulin binding to the TfR1.
[000122] Non-limiting examples of anti-TfR1 antibodies are provided in Table 2.

Table 2. Examples of Anti-TfR1 Antibodies

ap | N | IMGT Kabat | Chothia
system

c%z- GFNIKDDYl(}SEQ ID NO: DDYMY (SEQ ID NO: 7) GFNIKDD (SEQ ID NO: 12)

CDR- | IDPENGDT (SEQ ID NO: WIDPENGDTEYASKFQD ENG (SEQ ID NO: 13)

H2 2) (SEQ ID NO: 8}
Cg;{ i TLWLRRI?(I)‘%X)( (SEQID WLRRGLDY (SEQ ID NO: 9) LRRGLD (SEQ ID NO: 14)
A4 CDR- | KSLLHSNGX;TY (SEQID | RSSKSLLHSNGYTYLF (SEQ | SKSLLHSNGYTY (SEQ ID
L1 NO: 4) ID NO: 10) NO: 15)
CEZR RMS (SEQ ID NO: 5) RMSNLAS (SEQ ID NO: 11) RMS (SEQ ID NO: 5)
CDR- MQHLEYPFT (SEQ ID

13 NO: 6) MQHLEYPFT (SEQ ID NO: 6) HLEYPF (SEQ ID NO: 16)
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No.

A | IMGT Kabat | Chothia
EVQLQQSGAELVRPGASVKLSCTASGFNIKDDYMYWVKQRPEQGLEWIGWIDPENGDT
VH | EYASKFQDKATVTADTSSNTAYLOQLSSLTSEDTAVYYCTLWLRRGLDYWGQGTSVTVS
S (SEQ ID NO: 17)
DIVMTQAAPSVPVTPGESVSISCRSSKSLLHSNGYTY LFWFLQRPGQSPQLLIYRMSNLA
VL | SGVPDRESGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPFTFGGGTKLEIK (SEQ ID
NO: 18)
CIL{T' GFNIKDDY]()SEQ IDNO: | hvMY (SEQIDNO:7) | GENIKDD (SEQ ID NO: 12)
CDR- | IDPETGDT (SEQID NO: |  WIDPETGDTEYASKFQD .
H2 19) (SEQ ID NO: 20) ETG (SEQ ID NO: 21)
cg;?.- TLWLRRS(;“% (EQID | ([ RRGLDY (SEQIDNO:9) | LRRGLD (SEQ ID NO: 14)
CDR- | KSLLHSNGYTY (SEQID | RSSKSLLHSNGYTYLF (SEQ | SKSLLHSNGYTY (SEQID
Ll NO: 4) ID NO: 10) NO: 15)
3.A4 | CDR-
note | S RMS (SEQ ID NO: 5) RMSNLAS (SEQ ID NO: 11) RMS(SEQ ID NO: 5)
CLDf' MQHLEIEE%(SEQ " | MQHLEYPFT (SEQIDNO: 6) | HLEYPF (SEQID NO: 16) |
EVQLQQSGAELVRPGASVKLSCTASGENIKDDYMY W VKQRPEQGLEWIGWIDPETGDT
VH | EYASKFQDKATVTADTSSNTAYLQLSSLTSEDTAVYYCTLWLRRGLDYWGQGTSVTVS
S (SEQ ID NO: 22)
DIVMTQAAPSVPVTPGESVSISCRSSKSLLHSNGYTY LFEWFLQRPGQSPQLLIYRMSNLA
VI | SGVPDRFSGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPFTFGGGTKLEIK (SEQ ID
NO: 18)
Cgf' GFNIKDDYlngQ IDNO: | phyMY (SEQIDNO:7) | GENIKDD (SEQ ID NO: 12)
CDR- | IDPESGDT (SEQ ID NO: | WIDPESGDTEYASKFQD .
H2 23) (SEQ ID NO: 24) ESG (SEQ ID NO: 25)
CE?' TLWLRRI\?(I;%? (SEQID |y RRGLDY (SEQIDNO:9) = LRRGLD (SEQ ID NO: 14)
CDR- | KSLLHSNGYTY (SEQID | RSSKSLLHSNGYTYLF (SEQ | SKSLLHSNGYTY (SEQID
L1 NO: 4) ID NO: 10) NO: 15)
3.A4 | CDR-
NS B RMS (SEQ ID NO: 5) RMSNLAS (SEQ ID NO: 11) RMS (SEQ ID NO: 5)
Cf,f‘ MQHLEES%“EQ ID | MQHLEYPFT (SEQ ID NO: 6) ' HLEYPF (SEQ ID NO: 16)
EVQLQQSGAELVRPGASVKLSCTASGFNIKDDYMYWVKQRPEQGLEWIGWIDPESGDT
VH | EYASKFQDKATVTADTSSNTAYLQLSSLTSEDTAVYYCTLWLRRGLDYWGQGTSYTVS
S (SEQ ID NO: 26)
DIVMTQAAPSVPVTPGESVSISCRSSKSLLHSNG YTY LFEWFLQRPGQSPQLLIYRMSNLA
VL | SGVPDRFSGSGSGTAFTIRISRVEAEDVGVYYCMQHLEYPFTEGGGTKLEIK (SEQ ID
NO: 18)
CDR- | GYSITSGYY (SEQ ID ‘ GYSITSGY (SEQ ID NO:
. NO:27) SGYYWN (SEQ ID NO: 33) 3
CDR- | ITFDGAN (SEQ ID NO: | YITFDGANNYNPSLKN (SEQ ,
- o D NO: 52 FDG (SEQ ID NO: 39)
CDR- | TRSSYDYDVIDY (SEQ | SSYDYDVLDY (SEQID NO: | SYDYDVLD (SEQ ID NO:
H3 ID NO: 29) 35) 40)
ML CLDf" QDISNF (SEQ ID NO: 30) RASQDISNFE(SN) (SEQIDNO: | ¢ SNF (SEQ ID NO: 41)
Cfg' YTS (SEQ ID NO: 31) YTSRLHS (SEQ ID NO: 37) YTS (SEQ ID NO: 31)
Cf?‘ QQGHTI\I;OP?’;)(SEQ D | QQGHTLPYT (SEQID NO:32) | GHTLPY (SEQID NO: 42)
DVQLQESGPGLVKPSQSLSLTCSVTGYSITSGYYWNWIRQFPGNKLEWMGYITFDGAN
VH | NYNPSLKNRISITRDTSKNQFELKLTSVTTEDTATYYCTRSSYDYDVLDYWGQGTTLTV

SS (SEQ ID NO: 43)
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Ab No. IMGT Kabat Chothia
system
L | DIQMTQTTSSLSASLGDRVTISCRASQDISNFLNWYQQRPDGTVKLLIY YTSRLHSGVPS
RESGSGSGTDFSLTVSNLEQEDIATYFCQQGHTLPYTFGGGTKLEIK (SEQ ID NO: 44)
Cg?‘ GYSFTDYig)SEQ IDNO: | pyCIN(SEQIDNO:51) | GYSFTDY (SEQ ID NO: 56)
CDR- | TYPGSGNT (SEQID NO: | WIYPGSGNTRYSERFKG ,
H2 46) (SEQ ID NO: 52) GSG (SEQID NO: 57)
CDR- | AREDYYPYHGMDY EDYYPYHGMDY (SEQ ID DYYPYHGMD (SEQ ID
H3 (SEQ ID NO: 47) NO: 53) NO: 58)
CDR- | ESVDGYDNSF (SEQID | RASESVDGYDNSEMH (SEQ | SESVDGYDNSF (SEQ ID
L1 NO: 48) ID NO: 54) NO: 59)
sHI2 | DX | RAS(SEQIDNO:49) | RASNLES (SEQID NO: 55) RAS (SEQID NO: 49)
LLDg' QQbSEggW;§SEQ D GQSSEDPWT (SEQ ID NO: 50) | SSEDPW (SEQ ID NO: 60)
QIQLQQSGPEL VRPGASVKISCKASGYSETDYCINWVNQRPGOGLEWIGWIYPGSGNTR
VH | YSERFKGKATLTVDTSSNTAYMOQLSSLTSEDSAVYFCAREDYYPYHGMDY WGQGTSV
TVSS (SEQ ID NO: 61)
DIVL.TQSPTSLAVSLGQRATISCRASESVDGYDNSFMHWY QQKPGQPPKLLIFRASNLES
VL | GIPARFSGSGSRTDFTLTINPVEAADVATYYCQQSSEDPWTFGGGTKLEIK (SEQ ID NO:
62)
Cg?' GYSFTI\?(;‘T ‘gé)SEQ D DYYIN (SEQ ID NO: 64) | GYSFTDY (SEQ ID NO: 56)
CDR- | TYPGSGNT (SEQID NO: | WIYPGSGNTRYSERFKG ,
mw 46) (SEQ ID NO: 52) GSG (SEQ ID NO: 57)
CDR- | AREDYYPYHGMDY EDYYPYHGMDY (SEQ ID DYYPYHGMD (SEQ ID
3 (SEQ ID NO: 47) NO: 53) NO: 58)
CDR- | ESVDGYDNSF (SEQID | RASESVDGYDNSEMH (SEQ | SESVDGYDNSF (SEQID
L1 NO: 48) 1D NO: 54) NO: 59)
SHI2 | CDR-
e | O RAS (SEQ ID NO: 49) RASNLES (SEQ ID NO: 55) RAS (SEQ ID NO: 49)
o QQSSEE%W%SEQ D | QSSEDPWT (SEQ ID NO: 50) | SSEDPW (SEQ ID NO: 60)
QIQLQQSGPEL VRPGASVKISCKASGYSFTDY YINWVNQRPGQGLEWIGWIYPGSGNTR
VH | YSERFKGKATLTVDTSSNTAYMQLSSLTSEDSAVYFCAREDYYPYHGMDYWGQGTSY
TVSS (SEQ ID NO: 65)
DIVLTQSPTSLAVSLGQRATISCRASESVDGYDNSFMHWY QQKPGQPPKLLIFRASNLES
VL GIPARFSGSGSRTDFTLTINPVEAADVATYYCQQSSEDPWTFGGGTKLEIK (SEQ ID NO:
62)
CI??' GYSFTI?C}'_ DG é)SEQ D DYDIN (SEQID NO: 67) | GYSFTDY (SEQ ID NO: 56)
CDR- | TYPGSGNT (SEQID NO: | WIYPGSGNTRYSERFKG ,
H2 46) (SEQ ID NO: 52) GSG (SEQ ID NO: 57)
CDR- | AREDYYPYHGMDY EDYYPYHGMDY (SEQ ID DYYPYHGMD (SEQ ID
13 (SEQ ID NO: 47) NO: 53) NO: 58)
CDR- | ESVDGYDNSF (SEQID | RASESVDGYDNSFMH (SEQ | SESVDGYDNSF (SEQ ID
Ll NO: 48) ID NO: 54) NO: 59)
s-H12 | CDR- ,
omime | RAS (SEQ ID NO: 49) RASNLES (SEQ ID NO: 55) RAS (SEQ ID NO: 49)
CE?‘ QQSSEE%W_,,TOFEQ ID | GQSSEDPWT (SEQ ID NO: 50) | SSEDPW (SEQ ID NO: 60)
QIQLQQSGPEL VRPGASVKISCKASGYSETDYDINWYNQRPGQGLEWIGWIYPGSGNTRY
VH | SERFKGKATLTVDTSSNTAYMQLSSLTSEDSAVYFCAREDYYPYHGMDYWGQGTSVTV
| SS (SEQ ID NO: 68)
DIVLTQSPTSLAVSLGQRA TISCRASESVDGYDNSEMHWY QQKPGQPPKLLIFRASNLES
VL  GIPARFSGSGSRTDFTLTINPVEAADVATYYCQQSSEDPWTFGGGTKLEIK (SEQ ID NO:
62)
CDR- | GYSFTSYW (SEQ ID , GYSFTSY (SEQ ID NO:
i NO. 138) SYWIG (SEQ ID NO: 144) )
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Ab No. IMGT | Kabat Chothia
system

Anti- | CDR- | IYPGDSDT (SEQ ID NO: | IYPGDSDTRYSPSFQGQ ]

TR |2 139) (SEQ ID NO: 145) GDS (SEQID NO: 150)

clone$ CDR. | ARFPYDSSGYYSFDY FPYDSSGYYSFDY (SEQ ID PYDSSGYYSFD (SEQ ID

H3 (SEQ ID NO: 140) NO: 146) NO: 151)
CDR- | QSISSY (SEQ ID NO: RASQSISSYLN (SEQ ID NO: ‘
L1 141) 147) SQSISSY (SEQ ID NO: 152)
S; R- AAS (SEQ ID NO: 142) AASSLQS (SEQ ID NO: 148) AAS (SEQ ID NO: 142)
CDR- | QQSYSTPLT (SEQ ID QQSYSTPLT (SEQ ID NO: )
3 NO: 143) 143 SYSTPL (SEQ ID NO: 153)

* mutation positions are according to Kabat numbering of the respective VH sequences containing the mutations

[000123] In some embodiments, the anti-TfR1 antibody of the present disclosure is a
humanized variant of any one of the anti-TfR1 antibodies provided in Table 2. In some
embodiments, the anti-TfR1 antibody of the present disclosure comprises a CDR-H1, a CDR-
H2, a CDR-H3, a CDR-L1, a CDR-L2, and a CDR-L3 that are the same as the CDR-H1, CDR-
H2, and CDR-H3 in any one of the anti-TfR1 antibodies provided in Table 2, and comprises a
humanized heavy chain variable region and/or (e.g., and) a humanized light chain variable

region.
[000124] Examples of amino acid sequences of anti-TfR1 antibodies described herein are

provided in Table 3.
Table 3. Variable Regions of Anti-TfR1 Antibodies

Antibody Variable Region Amino Acid Sequence**

Vi

EVQLVQSGSELKKPGASVKVSCTASGFNIKDDYMY WVRQPPGKGLEWIGWID
PETGDTEYASKFQDRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGL
DYWGQGTLVTVSS (SEQ ID NO: 69)

VLI
DIVMTQSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQQRPGQSPRLLIYR
MSNLASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQHLEYPFTFGGGT
KVEIK (SEQ ID NO: 70)

Vu:

EVQLVQSGSELKKPGASVKVSCTASGFNIKDDYMY WVRQPPGKGLEWIGWID
3A4 PESGDTEYASKFQDRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGL
VH3 (NS4S9/Vd BYWGQGTLVTVSS (SEQ ID NO: 71)

L.
DIVMTQSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQQRPGQSPRLLIYR
MSNLASGVPDRFSGSGSGTDFILKISRVEAEDVGVYYCMQHLEYPETFGGGT
KVEIK (SEQ ID NO: 70)

VH:

EVQLVQSGSELKKPGASVKVSCTASGFNIKDDYMY WVRQPPGKGLEWIGWID

PENGDTEYASKFQDRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGL
3A4 DYWGQGTLVTVSS (SEQ ID NO: 72)

VH3 /Vk4 VL:

DIVMTQSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQQRPGQSPRLLIYR

MSNLASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQHLEYPFTFGGGT

KVEIK (SEQ ID NO: 70)

3A4
VH3 (N54T*)/Vrd
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Antibody

Variable Region Amino Acid Sequence**

3M12
VH3/Vk2

VH:
QVQLQESGPGLVKPSQTLSLTCSVTGYSITSGYYWNWIRQPPGKGLEWMGYIT
FDGANNYNPSLKNRVSISRDTSKNQFSLKLSSVTAEDTATYYCTRSSYDYDVL
DYWGQGTTVTVSS (SEQ ID NO: 73)

VL:
DIQMTQSPSSLSASVGDRVTITCRASQDISNFLNWYQQKPGQPVKLLIYYTSRL
HSGVPSRFSGSGSGTDFTLTISSLQPEDFATYFCQQGHTLPYTFGQGTKLEIK
(SEQ ID NO: 74)

3M12
VH3/Vk3

VH:
QVQLQESGPGLVKPSQTLSLTCSVTGYSITSGYYWNWIRQPPGKGLEWMGYIT
FDGANNYNPSLKNRVSISRDTSKNQFSLKLSSVTAEDTATYYCTRSSYDYDVL
DYWGQGTTVTVSS (SEQ ID NO: 73)

VL:
DIQMTQSPSSLSASVGDRVTITCRASQDISNFLNWYQQKPGQPVKLLIYYTSRL
HSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGHTLPYTFGQGTKLEIK
(SEQ ID NO: 75)

3M12
VH4/V2

VH:
QVQLQESGPGLVKPSQTLSLTCTVTGYSITSGYYWNWIRQPPGKGLEWIGYITF
DGANNYNPSLKNRVSISRDTSKNQFSLKLSSVTAEDTATYYCTRSSYDYDVLD
YWGQGTTVTVSS (SEQ ID NO: 76)

VL:
DIQMTQSPSSLSASVGDRVTITCRASQDISNFLNWYQQKPGQPVKLLIYYTSRL
HSGVPSRFESGSGSGTDFTLTISSLQPEDFATYFCQQGHTLPYTFGQGTKLEIK
(SEQ ID NO: 74)

3M12
VH4/V«3

VH:
QVQLQESGPGLVKPSQTLSLTCTVTGYSITSGYYWNWIRQPPGKGLEWIGYITF
DGANNYNPSLKNRVSISRDTSKNQFSLKLSSVTAEDTATYYCTRSSYDYDVLD
YWGOQGTTVTVSS (SEQ ID NO: 76)

VL:
DIQMTQSPSSLSASVGDRVTITCRASQDISNFLNWYQQKPGQPVKLLIYYTSRL
HSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGHTLPYTFGQGTKLEIK
(SEQ ID NO: 75)

SH12
VHS (C33Y*)/V«3

VH:
QVQLVQSGAEVKKPGASVKVSCKASGYSFTDYYINWVRQAPGQGLEWMGWI
YPGSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPY
HGMDYWGQGTLVTVSS (SEQ ID NO: 77)

VL:
DIVLTQSPDSLAVSLGERATINCRASESVDGYDNSFMHWYQQKPGQPPKLLIFR
ASNLESGVPDRFSGSGSRTDFTLTISSLQAEDVAVYYCQQSSEDPWTFGQGTK
LEIK (SEQ ID NO: 78)

5H12
VHS5 (C33D*)/V4

VH:
QVQLVQSGAEVKKPGASVKVSCKASGYSFTDYDINWVRQAPGQGLEWMGWI
YPGSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPY
HGMDYWGQGTLVTVSS (SEQ ID NO: 79)

VL:
DIVMTQSPDSLAVSLGERATINCRASESVDGYDNSFMHWYQQKPGQPPKLLIF
RASNLESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQSSEDPWTFGQGT
KLEIK (SEQ ID NO: 80)

S5H12
VHS (C33Y*)/Vi4

VH:
QVQLVQSGAEVKKPGASVKVSCKASGYSFTDYYINWVRQAPGQGLEWMGWI
YPGSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPY
HGMDYWGQGTLVTVSS (SEQ ID NO: 77)

VL:
DIVMTQSPDSLAVSLGERATINCRASESYVDGYDNSFMHWYQQKPGQPPKLLIF
RASNLESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQSSEDPWTFGQGT
KLEIK (SEQ ID NO: 80)

Anti-TfR clone 8

VH:
QVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRQMPGKGLEWMGITY
PGDSDTRYSPSFQGQVTISADKSISTAYLQWSSLKASDTAMYYCARFPYDSSG
YYSFDYWGQGTLVTVSS (SEQ ID NO: 154)
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Antibody Variable Region Amino Acid Sequence**

VL:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSL
QSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPLTFGGGTKVEIK
(SEQ ID NO: 155)

* mutation positions are according to Kabat numbering of the respective VH sequences containing the mutations
** CDRs according to the Kabat numbering system are bolded

[000125] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the CDR-H1, CDR-H2, and CDR-H3 of any one of the anti-T{fR1
antibodies provided in Table 3 and comprises one or more (e.g., 1,2,3,4,5,6,7,8,9, 10 or
more) amino acid variations in the framework regions as compared with the respective VH
provided in Table 3. Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody of
the present disclosure comprises a VL comprising the CDR-L1, CDR-L2, and CDR-L3 of any
one of the anti-TfR1 antibodies provided in Table 3 and comprises one or more (e.g., 1, 2, 3, 4,
5,6,7,8,9, 10 or more) amino acid variations in the framework regions as compared with the
respective VL provided in Table 3. In some embodiments, the VH of the anti-TfR1 antibody is
a humanized VH, and/or the VL of the anti-TfR1 antibody is a humanized VL.

[000126] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the CDR-H1, CDR-H2, and CDR-H3 of any one of the anti-TfR1
antibodies provided in Table 3 and comprising an amino acid sequence that is at least 70%
(e.g., at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
99%) identical in the framework regions as compared with the respective VH provided in
Table 3. Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody of the present
disclosure comprises a VL comprising the CDR-L1, CDR-L2, and CDR-L3 of any one of the
anti-TfR1 antibodies provided in Table 3 and comprising an amino acid sequence that is at
least 70% (e.g., at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 99%) identical in the framework regions as compared with the respective VL
provided in Table 3. In some embodiments, the VH of the anti-TfR 1 antibody is a humanized
VH, and/or the VL of the anti-TfR1 antibody is a humanized VL.

[000127] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 69 and a VL comprising
the amino acid sequence of SEQ ID NO: 70.

[000128] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 71 and a VL comprising

the amino acid sequence of SEQ ID NO: 70.

39




[000129] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 72 and a VL comprising
the amino acid sequence of SEQ ID NO: 70.

[000130] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 74.

[000131] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 75.

[000132] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising
the amino acid sequence of SEQ ID NO: 74.

[000133] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising
the amino acid sequence of SEQ ID NO: 75.

[000134] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: 78.

[000135] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 79 and a VL comprising
the amino acid sequence of SEQ ID NO: 80.

[000136] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: §0.

[000137] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 154 and a VL comprising
the amino acid sequence of SEQ ID NO: 155.

[000138] In some embodiments, the anti-TfR1 antibody described herein is a full-length
IgG, which can include a heavy constant region and a light constant region from a human
antibody. In some embodiments, the heavy chain of any of the anti-TfR1 antibodies as
described herein may comprise a heavy chain constant region (CH) or a portion thereof (e.g.,
CH1, CH2, CH3, or a combination thereof). The heavy chain constant region can be of any

suitable origin, e.g., human, mouse, rat, or rabbit. In one specific example, the heavy chain
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constant region is from a human IgG (a gamma heavy chain), e.g., IgG1, IgG2, or IgG4. An
example of a human IgG1 constant region is given below:
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEL
LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 81)

[000139] In some embodiments, the heavy chain of any of the anti-TfR1 antibodies
described herein comprises a mutant human IgG1 constant region. For example, the
introduction of LALA mutations (a mutant derived from mAb b12 that has been mutated to
replace the lower hinge residues Leu234 Leu235 with Ala234 and Ala235) in the CH2 domain
of human IgG1 is known to reduce Fcy receptor binding (Bruhns, P., et al . (2009) and Xu, D.
et al. (2000)). The mutant human IgG1 constant region is provided below (mutations bonded
and underlined):
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEA
AGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 82)

[000140] In some embodiments, the light chain of any of the anti-TfR1 antibodies
described herein may further comprise a light chain constant region (CL), which can be any CL.
known in the art. In some examples, the CL is a kappa light chain. In other examples, the CL is
a lambda light chain. In some embodiments, the CL is a kappa light chain, the sequence of
which is provided below:
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
83)

[000141] Other antibody heavy and light chain constant regions are well known in the art,
e.g., those provided in the IMGT database (www.imgt.org) or at www.vbase2.org/vbstat.php,
both of which are incorporated by reference herein.

[000142] In some embodiments, the anti-TfR1 antibody described herein comprises a

heavy chain comprising any one of the VH as listed in Table 3 or any variants thereof and a
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heavy chain constant region that is at least 80%, at least 85%, at least 90%, at least 95%, or at
least 99% identical to SEQ ID NO: 81 or SEQ ID NO: 82. In some embodiments, the anti-
TfR1 antibody described herein comprises a heavy chain comprising any one of the VH as
listed in Table 3 or any variants thereof and a heavy chain constant region that contains no
more than 25 amino acid variations (e.g., no more than 25, 24, 23,22, 21, 20, 19, 18, 17, 16,
15,14, 13,12,11,10,9,8,7,6, 5, 4, 3, 2, or 1 amino acid variation) as compared with SEQ ID
NO: 81 or SEQ ID NO: 82. In some embodiments, the anti-TfR1 antibody described herein
comprises a heavy chain comprising any one of the VH as listed in Table 3 or any variants
thereof and a heavy chain constant region as set forth in SEQ ID NO: 81. In some
embodiments, the anti-TfR1 antibody described herein comprises heavy chain comprising any
one of the VH as listed in Table 3 or any variants thereof and a heavy chain constant region as
set forth in SEQ 1D NO: 82.

[000143] In some embodiments, the anti-TfR1 antibody described herein comprises a
light chain comprising any one of the VL as listed in Table 3 or any variants thereof and a light
chain constant region that is at least 80%, at least 85%, at least 90%, at least 95%, or at least
99% identical to SEQ ID NO: 83. In some embodiments, the anti-TfR1 antibody described
herein comprises a light chain comprising any one of the VL as listed in Table 3 or any
variants thereof and a light chain constant region contains no more than 25 amino acid
variations (e.g., no more than 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8,
7,6,5,4,3, 2, or 1 amino acid variation) as compared with SEQ ID NO: 83. In some
embodiments, the anti-TfR1 antibody described herein comprises a light chain comprising any
one of the VL as listed in Table 3 or any variants thereof and a light chain constant region set
forth in SEQ ID NO: 83.

[000144] Examples of IgG heavy chain and light chain amino acid sequences of the anti-
TfR1 antibodies described are provided in Table 4 below.

Table 4. Heavy chain and light chain sequences of examples of anti-TfR1 IgGs

Antibody IgG Heavy Chain/Light Chain Sequences®*

Heavy Chain (with wild type human IgG1 constant region)
EVOLVOSGSEL KKPGASVKVSCTASGENIKDDYMY W VROQPPGKGLEWIGWIDP
ETGDTEYASKFODRVTVTADTSTNTAYMELSSIRSEDTAVYYCTLWLRRGLD
3A4 YWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
VH3 (NSAT#)/Vicd GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK (SEQ ID NO: 84)
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Antibody

IgG Heavy Chain/Light Chain Sequences**

Light Chain (with kappa light chain constant region)

DIVMTQSPLSL PVTPGEPASISCRSSKSLLHSNG YTYLFWFQORPGOSPRLLIYRM
SNLASGVPDRFESGSGSGTDFTLKISRVEAEDVGVYYCMOHLEYPFTEFGGGTKVE
IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 85)

3A4
VH3 (N548*)/V4

Heavy Chain (with wild type human IgG1 constant region)

EVOLVOSGSEL KKPGASVKVSCTASGENIKDDYMYWVROPPGKGLEWIGWIDP
ESGDTEYASKFODRVTVTADTSTNTAYMELSSL.RSEDTAVYYCTLWLRRGLDY

WGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVS
NKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVEFSCSVMHEALH
NHYTOQKSLSLSPGK (SEQ ID NO: 86)

Light Chain (with kappa light chain constant region)

DIVMTOSPLSL PVTPGEPASISCRSSKSLLHSNGYTYLFWFQORPGOSPRLLIYRM
SNLASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOHLEYPFTEFGGGTKVE

IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 85)

3A4
VH3 /V«4

Heavy Chain (with wild type human IgG1 constant region)

EVOLVOSGSELKKPGASVKVSCTASGFNIKDDYMY WVROPPGKGLEWIGWIDP
ENGDTEYASKFODRVIVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLD

YWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK (SEQ ID NO: 87)

Light Chain (with kappa light chain constant region)

DIVMTOQSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQORPGQSPRLLIYRM
SNLASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOQHLEYPFTEGGGTKVE

IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 85)

3M12
VH3/Vi2

Heavy Chain (with wild type human IgG1 constant region)
QVOLOESGPGLVKPSOTLSLTCSVIGYSITSGYYWNWIRQPPGKGLEWMGYITF
DGANNYNPSLKNRVSISRDTSKNOFSLKILSSVTAEDTATYYCTRSSYDYDVLDY
WGOGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVS
NKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK (SEQ ID NO: 88)

Light Chain (with kappa light chain constant region)

DIOMTQSPSSLSASVGDRVTITCRASODISNFLNWYQOKPGOPVKLLIYYTSRLH
SGVPSRFSGSGSGTDFTLTISSLOPEDFATYFCOQQOGHTLPYTFGOGTKLEIKRTVA

APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO: 89)
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Antibody

IgG Heavy Chain/Light Chain Sequences™*

3M12
VH3/V«3

Heavy Chain (with wild type human IgG1 constant region)
QVOLOQESGPGLVKPSQOTLSL TCSVTGYSITSGYYWNWIRQPPGKGLEWMGYITF
DGANNYNPSLKNRVSISRDTSKNOQFSL.KISSVTAEDTATYYCTRSSYDYDVLDY
WGOGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVS
NKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK (SEQ ID NO: 88)

Light Chain (with kappa light chain constant region)

DIOMTQSPSSLSASVGDRVTITCRASQDISNFLNWYQOQKPGOPVKLLIYYTSRLH
SGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCOOGHTLPYTFGOGTKL EIKRTVA

APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO: 90)

3M12
VH4/V«2

Heavy Chain (with wild type human Ig(G1 constant region)
QOVOLQESGPGLVKPSOTLSLTCTVTGYSITSGYYWNWIROPPGKGLEWIGYITFD
GANNYNPSLKNRVSISRDTSKNOFSLKIL.SSVTAEDTATYYCTRSSYDYDVLDYW
GOGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK (SEQ ID NO: 91)

Light Chain (with kappa light chain constant region)

DIOMTQSPSSI. SASVGDRVTITCRASODISNFLNWYQOKPGOPVKILIYYTSRLH
SGVPSRFSGSGSGTDFTLTISSLOPEDFATYFCOOGHTLPYTEFGOGTKLEIKRTVA
APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO: §9)

3M12
VH4/Vi3

Heavy Chain (with wild type human IgG1 constant region)
QVOLOESGPGLVKPSOTLSLTCTVTGYSITSGYYWNWIRQOPPGKGLEWIGYITFD
GANNYNPSLKNRVSISRDTSKNOQFSLKI.SSVTAEDTATYYCTRSSYDYDVLDYW
GOGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEP
KSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNH
YTQKSLSLSPGK (SEQ ID NO: 91)

Light Chain (with kappa light chain constant region)
DIOMTOSPSSLSASVGDRVTITCRASODISNFLNWYQOQKPGOPVKILLIYYTSRLH

SGVPSRESGSGSGTDETLTISSLOPEDFATYYCOQOQGHTLPYTFGOGTKL EIKRTVA

APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO: 90)

SHI2
VHS (C33Y#)/VK3

Heavy Chain (with wild type human IgG1 constant region)
QVOLVOSGAEVKKPGASVKVSCKASGYSFTDYYINWVROAPGOGLEWMGWIY
PGSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYH

GMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV

SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKV

DKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGK (SEQ ID NO: 92)

44




Antibody

IgG Heavy Chain/Light Chain Sequences**

Light Chain (with kappa light chain constant region)

DIVLTOSPDSL AVSLGERATINCRASESVDGYDNSFMHWYQOQKPGQPPKLILIFRA
SNLESGVPDRESGSGSRTDFTLTISSLOAEDVAVYYCQQSSEDPWTFGQGTKILEI
KRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 93)

5H12
VHS (C33D*)/Vk4

Heavy Chain (with wild type human IgG1 constant region)
QVOLVOSGAEVKKPGASVKVSCKASGYSFTDYDINWVROAPGOGLEWMGWIY
PGSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYH
GMDYWGOQGTLYTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKV
DKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVESCSVMH
EALHNHYTQKSLSLSPGK (SEQ ID NO: 94)

Light Chain (with kappa light chain constant region)

DIVMTQSPDSI AVSLGERATINCRASESVDGYDNSFMHWYQOKPGOPPKLLIFR
ASNLESGVPDRESGSGSGTDFTLTISSLOAEDVAVYYCQOQSSEDPWTFGQGTKLE
IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 95)

SHI12
VHS (C33Y#)/Vk4

Heavy Chain (with wild type human IgG1 constant region)
QVOLVOSGAEVKKPGASVKVSCKASGYSFTDYYINWVRQAPGOGLEWMGWIY
PGSGNTRYSERFKGRVTITRDTSASTAYMEL SSTRSEDTAVYYCAREDYYPYH
GMDYWGOQGTEVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKV
DKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGK (SEQ ID NO: 92)

Light Chain (with kappa light chain constant region)

DIVMTQSPDSLAVSI GERATINCRASESVDGYDNSFMHW YOQOQOKPGOPPKLLIFR
ASNLESGVPDRFESGSGSGTDFTLTISSLOAEDVAVYYCQQSSEDPWTFGOGTKLE
IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 95)

Anti-TfR clone 8

VH:
QVOLVOSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYP
GDSDTRYSPSFOGOQVTISADKSISTAYLOWSSLKASDTAMYYCARFPYDSSGYY
SEDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVD
KKVEPKSCDKTHTCPPCPAPELLGGPS VFLFPPKPKDTLMISRTPEVTICVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSD
JAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHE
ALHNHYTQKSLSLSPGK (SEQ ID NO: 156)

VL:

DIOMTQSPSSIL.SASVGDRVTITCRASQSISSYLNWYQOKPGKAPKILLIYAASSLOS
GVPSRESGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTEGGGTKVEIKRTVAA

PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO: 157)

* mutation positions are according to Kabat numbering of the respective VH sequences containing the mutations
** CDRs according to the Kabat numbering system are bolded; VH/VL sequences underlined
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[000145] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain containing no more than 25 amino acid variations (e.g., no more than
25,24, 23,22,21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10,9, 8,7, 6, 5,4, 3, 2, or 1 amino
acid variation) as compared with the heavy chain as set forth in any one of SEQ ID NOs: 84,
86, 87, 88, 91, 92, 94, and 156. Alternatively or in addition (e.g., in addition), the anti-TfR 1
antibody of the present disclosure comprises a light chain containing no more than 25 amino
acid variations (e.g., no more than 25, 24, 23,22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10,
9,8,7,6,5,4, 3,2, or 1 amino acid variation) as compared with the light chain as set forth in
any one of SEQ ID NOs: 85, 89, 90, 93, 95, and 157.

[000146] In some embodiments, the anti-TfR1 antibody described herein comprises a
heavy chain comprising an amino acid sequence that is at least 75% (e.g., 75%, 80%, 85%,
90%, 95%, 98%, or 99%) identical to any one of SEQ ID NOs: 84, 86, 87, 88, 91, 92, 94, and
156. Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody described herein
comprises a light chain comprising an amino acid sequence that is at least 75% (e.g., 75%,
80%, 85%, 90%, 95%, 98%, or 99%) identical to any one of SEQ ID NOs: 85, 89, 90, 93, 95,
and 157. In some embodiments, the anti-TfR1 antibody described herein comprises a heavy
chain comprising the amino acid sequence of any one of SEQ ID NOs: 84, 86, 87, 88, 91, 92,
94, and 156. Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody described
herein comprises a light chain comprising the amino acid sequence of any one of SEQ ID NOs:
85, 89,90, 93, 95 and 157.

[000147] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 84 and a light
chain comprising the amino acid sequence of SEQ ID NO: 85.

[000148] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 86 and a light
chain comprising the amino acid sequence of SEQ ID NO: 85.

[000149] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 87 and a light
chain comprising the amino acid sequence of SEQ ID NO: 85.

[000150] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 88 and a light

chain comprising the amino acid sequence of SEQ ID NO: §9.
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[000151] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 88 and a light
chain comprising the amino acid sequence of SEQ ID NO: 90.

[000152] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 91 and a light
chain comprising the amino acid sequence of SEQ ID NO: 89.

[000153] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 91 and a light
chain comprising the amino acid sequence of SEQ ID NO: 90.

[000154] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 92 and a light
chain comprising the amino acid sequence of SEQ ID NO: 93.

[000155] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 94 and a light
chain comprising the amino acid sequence of SEQ ID NO: 95.

[000156] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 92 and a light
chain comprising the amino acid sequence of SEQ ID NO: 95.

[000157] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 156 and a light
chain comprising the amino acid sequence of SEQ ID NO: 157.

[000158] In some embodiments, the anti-TfR1 antibody is a Fab fragment, Fab' fragment,
or F(ab'); fragment of an intact antibody (full-length antibody). Antigen binding fragment of
an intact antibody (full-length antibody) can be prepared via routine methods (e.g.,
recombinantly or by digesting the heavy chain constant region of a full-length IgG using an
enzyme such as papain). For example, F(ab'); fragments can be produced by pepsin or papain
digestion of an antibody molecule, and Fab fragments that can be generated by reducing the
disulfide bridges of F(ab')> fragments. In some embodiments, a heavy chain constant region in
a Fab fragment of the anti-TfR1 antibody described herein comprises the amino acid sequence
of:
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT (SEQ ID NO:

96)
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[000159] In some embodiments, the anti-TfR1 antibody described herein comprises a
heavy chain comprising any one of the VH as listed in Table 3 or any variants thereof and a
heavy chain constant region that is at least 80%, at least 85%, at least 90%, at least 95%, or at
least 99% identical to SEQ ID NO: 96. In some embodiments, the anti-TfR1 antibody
described herein comprises a heavy chain comprising any one of the VH as listed in Table 3 or
any variants thereof and a heavy chain constant region that contains no more than 25 amino
acid variations (e.g., no more than 25, 24, 23,22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10,
9,8.7,6,5,4,3,2, or 1 amino acid variation) as compared with SEQ ID NO: 96. In some
embodiments, the anti-TfR1 antibody described herein comprises a heavy chain comprising
any one of the VH as listed in Table 3 or any variants thereof and a heavy chain constant
region as set forth in SEQ ID NO: 96.

[000160] In some embodiments, the anti-TfR1 antibody described herein comprises a
light chain comprising any one of the VL as listed in Table 3 or any variants thereof and a light
chain constant region that is at least 80%, at least 85%, at least 90%, at least 95%, or at least
99% identical to SEQ ID NO: 83. In some embodiments, the anti-TfR1 antibody described
herein comprises a light chain comprising any one of the VL as listed in Table 3 or any
variants thereof and a light chain constant region contains no more than 25 amino acid
variations (e.g., no more than 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8,
7,6,5,4,3,2,or 1 amino acid variation) as compared with SEQ ID NO: 83. In some
embodiments, the anti-TfR1 antibody described herein comprises a light chain comprising any
one of the VL as listed in Table 3 or any variants thereof and a light chain constant region set
forth in SEQ ID NO: 83.

[000161] Examples of Fab heavy chain and light chain amino acid sequences of the anti-
TfR1 antibodies described are provided in Table 5 below.

Table 5. Heavy chain and light chain sequences of examples of anti-TfR1 Fabs

Antibody Fab Heavy Chain/Light Chain Sequences**

Heavy Chain (with partial human IgG1 constant region)

EVOLVOSGSELKKPGASVKVSCTASGFNIKDDYMYWVROPPGKGLEWIGWIDP
ETGDTEYASKFODRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLD

YWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHT (SEQ ID NO: 97)

3A4

*
VH3 (N34TH)/Vich Light Chain (with kappa light chain constant region)

DIVMTOQSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQORPGQOSPRLIIYRM
SNLASGVPDRESGSGSGTDFTLKISRVEAEDVGVYYCMOQHLEYPFTEFGGGTKVE
IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 85)
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Antibody

Fab Heavy Chain/Light Chain Sequences**

3A4
VH3 (N545%)/Vi4

Heavy Chain (with partial human IgG1 constant region)

EVOLVOSGSELKKPGASVKVSCTASGENIKDDYMY WVROQPPGKGL EWIGWIDP

ESGDTEYASKFODRVTVTADTSTNTAYMELSSLRSEDTAVYYCTLWLRRGLDY
WGOGTIL VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCDKTHT (SEQ ID NO: 98)

Light Chain (with kappa light chain constant region}
DIVMTQSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQQORPGQOSPRLLIYRM
SNLASGVPDRESGSGSGTDFTLKISRVEAEDVGVYYCMQHLEYPFTFGGGTKVE
IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 85)

3A4
VH3 /Vk4

Heavy Chain (with partial human IgG1 constant region)

EVOLVOSGSELKKPGASVKVSCTASGENIKDDYMYWVRQPPGKGLEWIGWIDP
ENGDTEYASKFODRVTVTADTSTNTAYMEL SSLRSEDTAVYYCTLWLRRGLD

YWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHT (SEQ ID NO: 99)

Light Chain (with kappa light chain constant region)
DIVMTQSPLSLPVTPGEPASISCRSSKSLLHSNGYTYLFWFQQORPGQSPRLLIYRM
SNLASGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMOHLEYPFTFGGGTKVE
IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 85)

3M12
VH3/Vk2

Heavy Chain (with partial human IgG1 constant region)

QVOQLOESGPGLVKPSQTL.SLTCSVTGYSITSGYYWNWIRQPPGKGI EWMGYITF
DGANNYNPSLKNRVSISRDTSKNQFSLKILSSVTAEDTATYYCTRSSYDYDVLDY

WGOGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCDKTHT (SEQ ID NO: 100)

Light Chain (with kappa light chain constant region)

DIOMTQSPSSI SASVGDRVTITCRASODISNFLNWYQQOKPGOPVKILIYYTSRLH
SGVPSRFSGSGSGTDFILTISSLOPEDFATYFCQQGHTLPYTFGOGTKLEIKRTVA

APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO: 89)

3M12
VH3/V«3

Heavy Chain (with partial human IgG1 constant region)

QVOLOESGPGLVKPSOTLSLTCSVTIGYSITSGYYWNWIRQPPGKGLEWMGYITFE
DGANNYNPSLKNRVSISRDTSKNQFSIKI SSVTAEDTATYYCTRSSYDYDVLDY

WGOGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE

PKSCDKTHT (SEQ ID NO: 100)

Light Chain (with kappa light chain constant region)
DIOMTQSPSSL.SASVGDRVTITCRASODISNFLNWYQOKPGOPVKILLIYYTSRLH
SGVPSRESGSGSGTDETLTISSLOPEDFATYYCOQOGHTLPYTFGOGTKLEIKRTVA
APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO: 90)

3M12
VH4/Vk2

Heavy Chain (with partial human IgG1 constant region)

QVOLOESGPGLVKPSOTLSI TCTVTGYSITSGY YWNWIRQPPGKGILEWIGYITFD
GANNYNPSLKNRVSISRDTSKNQFSLKI SSVTAEDTATYYCTRSSYDYDVLDYW

GOGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEP
KSCDKTHT (SEQ ID NO: 101)

Light Chain (with kappa light chain constant region)
DIOMTQSPSSLSASVGDRVTITCRASODISNFLNWYQOKPGQOPVKIIIYYTSRLH
SGVPSRFESGSGSGTDFTLTISSLOPEDFATYFCOOGHTLPYTFGOGTKLEIKRTVA
APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID

NO: 89)
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Antibody

Fab Heavy Chain/Light Chain Sequences**

3M12
VH4/V«3

Heavy Chain (with partial human IgG1 constant region)
QVOLOESGPGLVKPSOTLSLTCTVTGYSITSGY YWNWIRQOPPGKGILEWIGYITFD
GANNYNPSLENRVSISRDTSKNQFSLKLSSVTAEDTATYYCTRSSYDYDVLDYW
GOGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEP
KSCDKTHT (SEQ ID NO: 101)

Light Chain (with kappa light chain constant region)

DIOMTQSPSSLSASVGDRVTITCRASODISNFLNWYQOKPGOPVKI LIYYTSRLH
SGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCOQOQOGHTLPYTEGOGTKILEIKRTVA

APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC (SEQ ID
NO: 90)

SH12
VHS (C33Y*)/Vk3

Heavy Chain (with partial human IgG1 constant region)
QVOLVOSGAEVKKPGASVKVSCKASGYSFTDYYINWVROAPGOGLEWMGWIY
PGSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYH
GMDYWGOQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKV
DKKVEPKSCDKTHT (SEQ ID NO: 102)

Light Chain (with kappa light chain constant region)

DIVLTQSPDSLAVSI.GERATINCRASESVDGYDNSFMHWYQOKPGOPPKLLIFRA
SNLESGVPDRFSGSGSRTDFTLTISSLOAEDVAVYYCQQSSEDPWTFGQGTKLEI

KRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

(SEQ ID NO: 93)

SH12
VHS (C33D*)/Vk4

Heavy Chain (with partial human IgG1 constant region)
QVOLVOSGAEVKKPGASVKVSCKASGYSFIDYDINWVROAPGOGLEWMGWIY
PGSGNTRYSERFKGRVTITRDTSASTAYMEILSSI RSEDTAVYYCAREDYYPYH
GMDYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKV
DKKVEPKSCDKTHT (SEQ ID NO: 103)

Light Chain (with kappa light chain constant region)
DIVMTQSPDSLAVSLGERATINCRASESVDGYDNSFMHWYQOKPGOPPKLLIFR
ASNLESGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCQQSSEDPWTFGOGTKLE
IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 95)

5H12
VHS5 (C33Y*)/Vx4

Heavy Chain (with partial human IgG1 constant region)
QVOLVOSGAEVKKPGASVKVSCKASGYSFTDYYINWVROAPGOGLEWMGWIY
PGSGNTRYSERFKGRVTITRDTSASTAYMELSSLRSEDTAVYYCAREDYYPYH
GMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKV
DKKVEPKSCDKTHT (SEQ ID NO: 102)

Light Chain (with kappa light chain constant region)

DIVMTQSPDSTAVSL GERATINCRASESVDGYDNSFMHWYQOKPGOPPKLLIFR
ASNLESGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCQQSSEDPWTFGOGTKLE

IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 95)

Anti-TfR clone 8
Version 1

VH:
QOVOLVOSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYP
GDSDTRYSPSFOGOVTISADKSISTAYLOWSSLKASDTAMYYCARFPYDSSGYY

SFDYWGQGTI VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVD
KKVEPKSCDKTHTCP (SEQ ID NO: 158)

VL:
DIOMTQSPSSLSASVGDRVTITCRASOSISSYLNWYQOKPGKAPKILIYAASSLOS
GVPSRFESGSGSGTDEFTLTISSLOPEDFATYYCOQOSYSTPLTFGGGTKVEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC (SEQ ID
NO: 157)
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Fab Heavy Chain/Light Chain Sequences**

Anti-TfR clone 8
Version 2

VH:

QVOLVOSGAEVKKPGESI KISCKGSGYSFTSYWIGWVROMPGKGLEWMGITYP
GDSDTRYSPSFOGOVTISADKSISTAYLOWSSLKASDTAMYYCARFPYDSSGYY

SFDYWGOQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVS
WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVD
KKVEPKSCDKTHT (SEQ ID NO: 159)

VL:

DIOMTOQSPSSLSASVGDRVTITCRASQOSISSYLNWYQOKPGKAPKTITYAASSLOS
GVPSRFESGSGSGTDETLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVEIKRTVAA

PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD

SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NO: 157)

* mutation positions are according to Kabat numbering of the respective VH sequences containing the mutations
** CDRs according to the Kabat numbering system are bolded; VH/VL sequences underlined

[000162] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain containing no more than 25 amino acid variations (e.g., no more than
25,24,23,22,21,20,19, 18,17, 16, 15, 14, 13, 12, 11, 10,9, 8,7, 6, 5, 4, 3, 2, or 1 amino
acid variation) as compared with the heavy chain as set forth in any one of SEQ ID NOs: 97-
103, 158 and 159. Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody of the
present disclosure comprises a light chain containing no more than 25 amino acid variations
(e.g., no more than 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13,12, 11, 10,9, 8,7, 6, 5, 4,
3,2, or 1 amino acid variation) as compared with the light chain as set forth in any one of SEQ
ID NOs: 85, 89, 90, 93, 95, and 157.

[000163] In some embodiments, the anti-TfR1 antibody described herein comprises a
heavy chain comprising an amino acid sequence that is at least 75% (e.g., 75%, 80%, 85%,
90%, 95%, 98%, or 99%) identical to any one of SEQ ID NOs: 97-103, 158 and 159.
Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody described herein
comprises a light chain comprising an amino acid sequence that is at least 75% (e.g., 75%,
80%, 85%, 90%, 95%, 98%, or 99%) identical to any one of SEQ ID NOs: 85, 89, 90, 93, 95,
and 157. In some embodiments, the anti-TfR1 antibody described herein comprises a heavy
chain comprising the amino acid sequence of any one of SEQ ID NOs: 97-103, 158 and 159.
Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody described herein
comprises a light chain comprising the amino acid sequence of any one of SEQ ID NOs: 85,
89, 90, 93, 95, and 157 |

[000164] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 97 and a light

chain comprising the amino acid sequence of SEQ ID NO: 85.
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[000165] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 98 and a light
chain comprising the amino acid sequence of SEQ ID NO: 85.

[000166] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 99 and a light
chain comprising the amino acid sequence of SEQ ID NO: 85.

[000167] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 100 and a light
chain comprising the amino acid sequence of SEQ ID NO: 89.

[000168] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 100 and a light
chain comprising the amino acid sequence of SEQ ID NO: 90.

[000169] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 101 and a light
chain comprising the amino acid sequence of SEQ ID NO: 89.

[000170] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 101 and a light
chain comprising the amino acid sequence of SEQ ID NO: 90.

[000171] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 102 and a light
chain comprising the amino acid sequence of SEQ ID NO: 93.

[000172] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 103 and a light
chain comprising the amino acid sequence of SEQ ID NO: 95.

[000173] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 102 and a light
chain comprising the amino acid sequence of SEQ ID NO: 95.

[000174] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 158 and a light
chain comprising the amino acid sequence of SEQ ID NO: 157.

[000175] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 159 and a light

chain comprising the amino acid sequence of SEQ ID NO: 157.
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Other known anti-TfR1 antibodies

[000176]

Any other appropriate anti-TfR1 antibodies known in the art may be used as the

muscle-targeting agent in the complexes disclosed herein. Examples of known anti-TfR1

antibodies, including associated references and binding epitopes, are listed in Table 6. In some

embodiments, the anti-TfR1 antibody comprises the complementarity determining regions

(CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3) of any of the anti-TfR 1

antibodies provided herein, e.g., anti-TfR1 antibodies listed in Table 6.

Table 6 — List of anti-TfR1 antibody clones, including associated references and binding

epitope information.

entitled “MONOCLONAL ANTIBODY TO
A HUMAN EARLY THYMOCYTE
ANTIGEN AND METHODS FOR
PREPARING SAME”

Schneider C. et al. “Structural features of the
cell surface receptor for transferrin that is
recognized by the monoclonal antibody
OKT9.” J Biol Chem. 1982, 257:14, 8516-
8522.

Antibody Clone | Reference(s) Epitope / Notes
Name
OKT9 | US Patent. No. 4,364,934, filed 12/4/1979, Apical domain of TfR1

(residues 305-366 of
human TfR1 sequence
XM_052730.3, available
in GenBank)

(From JCR)

Clone M11
Clone M23
Clone M27
Clone B84

o WO 2015/098989, filed 12/24/2014,
“Novel anti-Transferrin receptor antibody
that passes through blood-brain barrier”

| US Patent No. 9,994,641, filed

12/24/2014, “Novel anti-Transferrin
receptor antibody that passes through
blood-brain barrier”

Apical domain (residues
230-244 and 326-347 of
TfR1) and protease-like
domain (residues 461-
473)

(From
Genentech)

TA4, 8A2, 15D2,
10D11, 7B 10,
15G11, 16GS5,
13C3, 16G4,
16F6, 7G7, 4C2,
1B12, and 13D4

° WO 2016/081643, filed 5/26/2016,
entitled “ANTI-TRANSFERRIN
RECEPTOR ANTIBODIES AND
METHODS OF USE”

° US Patent No. 9,708,406, filed
5/20/2014, “Anti-transferrin receptor
antibodies and methods of use”

Apical domain and non-
apical regions
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Antibody Clone
Name

| Reference(s)

Epitope / Notes

(From Armagen)

8D3

o Lee et al. “Targeting Rat Anti-Mouse
| Transferrin Receptor Monoclonal Antibodies
through Blood-Brain Barrier in Mouse”
2000, J Pharmacol. Exp. Ther., 292: 1048-
1052.

* US Patent App. 2010/077498, filed
9/11/2008, entitled “COMPOSITIONS AND
METHODS FOR BLOOD-BRAIN
BARRIER DELIVERY IN THE MOUSE”

0X26

o Haobam, B. et al. 2014. Rab17-
mediated recycling endosomes contribute to
autophagosome formation in response to
Group A Streptococcus invasion. Cellular
microbiology. 16: 1806-21.

DF1513

° Ortiz-Zapater E et al. Trafficking of
the human transferrin receptor in plant cells:
effects of tyrphostin A23 and brefeldin A.

' Plant J 48:757-70 (2006).

1A1B2, 661G10,
MEM-189,
JF0956, 29806,
1A1B2,
TFRC/1818,
1E6, 66Ig10,
TFRC/1059,
Q1/71, 23D10,
13E4,
TFRC/1149, ER-

o Commercially available anti-
transferrin receptor antibodies.

Novus Biologicals

8100 Southpark Way, A-
8 Littleton CO 80120

MP21,
YTA74.4, BU54,
2B6, RI7 217
(From INSERM) | e US Patent App. 2011/0311544A1, Does not compete with
filed 6/15/2005, entitled “ANTI-CD71 OKT9
BA120g MONOCLONAL ANTIBODIES AND
USES THEREOF FOR TREATING
MALIGNANT TUMOR CELLS”
LUCA31 o US Patent No. 7,572,895, filed “LUCA31 epitope”
6/7/2004, entitled “TRANSFERRIN
RECEPTOR ANTIBODIES”
(Salk Institute) e Trowbridge, I.S. et al. “Anti-transferrin
receptor monoclonal antibody and toxin—
B3/25 antibody conjugates affect growth of
T58/30 human tumour cells.” Nature, 1981,

‘ volume 294, pages 171-173
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Antibody Clone | Reference(s) Epitope / Notes
Name

R17217.1.3, ) Commercially available anti- BioXcell

SE9CI11, transferrin receptor antibodies. 10 Technology Dr., Suite

OKT9 (BE0023 2B

clone) West Lebanon, NH

03784-1671 USA

BK19.9, B3/25, |e Gatter, K.C. et al. “Transferrin receptors

T56/14 and in human tissues: their distribution and

T58/1 possible clinical relevance.” J Clin

Pathol. 1983 May;36(5):539-45.

Anti-TfR1 antibody Additional Anti-TfR1 antibody SEQ ID NOs

CDRHI1 (SEQ ID NO: 787) VH/VL | CDR1 | CDR2 | CDR3

CDRH2 (SEQ ID NO: 788) VHI1 | 802 795 796 789

CDRH3 (SEQ ID NO: 789) VH2 | 803 705 797 789

CDRLI (SEQ ID NO: 790) VH3 | 804 | 795 | 798 | 789

CDRL2 (SEQ ID NO: 791) VH4 | 805 | 795|797 | 789

CORLS (SEQ I NO: 792) VL1 [806 790|791 | 115

VH (SEQ ID NO: 793) -

VL (SEQ ID NO: 794) VL2 | 807 790 791 115
VL3 | 808 790 799 792
VL4 | 809 800 801 792

[000177] In some embodiments, anti-TfR1 antibodies of the present disclosure include
one or more of the CDR-H (e.g., CDR-H1, CDR-H2, and CDR-H3) amino acid sequences
from any one of the anti-TfR1 antibodies selected from Table 6. In some embodiments, anti-
TfR1 antibodies include the CDR-L1, CDR-L2, and CDR-L3 as provided for any one of the
anti-TfR1 antibodies selected from Table 6. In some embodiments, anti-TfR1 antibodies
include the CDR-H1, CDR-H2, CDR-H3, CDR-L1, CDR-L2, and CDR-L3 as provided for any
one of the anti-TfR1 antibodies selected from Table 6.

[000178] In some embodiments, anti-TfR1 antibodies of the disclosure include any
antibody that includes a heavy chain variable domain and/or (e.g., and) a light chain variable
domain of any anti-TfR1 antibody, such as any one of the anti-TfR1 antibodies selected from
Table 6. In some embodiments, anti-TfR1 antibodies of the disclosure include any antibody
that includes the heavy chain variable and light chain variable pairs of any anti-TfR1 antibody,
such as any one of the anti-TfR1 antibodies selected from Table 6.

[000179] Aspects of the disclosure provide anti-TfR1 antibodies having a heavy chain
variable (VH) and/or (e.g., and) a light chain variable (VL) domain amino acid sequence
homologous to any of those described herein. In some embodiments, the anti-TfR1 antibody
comprises a heavy chain variable sequence or a light chain variable sequence that is at least
75% (e.g., 80%, 85%, 90%, 95%, 98%, or 99%) identical to the heavy chain variable sequence

and/ or any light chain variable sequence of any anti-TfR1 antibody, such as any one of the
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anti-TfR1 antibodies selected from Table 6. In some embodiments, the homologous heavy
chain variable and/or (e.g., and) a light chain variable amino acid sequences do not vary within
any of the CDR sequences provided herein. For example, in some embodiments, the degree of

sequence variation (e.g., 75%, 80%, 85%, 90%, 95%, 98%, or 99%) may occur within a heavy

chain variable and/or (e.g., and) a light chain variable sequence excluding any of the CDR

sequences provided herein. In some embodiments, any of the anti-TfR1 antibodies provided

herein comprise a heavy chain variable sequence and a light chain variable sequence that

comprises a framework sequence that is at least 75%, 80%, 85%, 90%, 95%, 98%, or 99%

identical to the framework sequence of any anti-TfR1 antibody, such as any one of the anti-

TfR1 antibodies selected from Table 6.

[000180]

An example of a transferrin receptor antibody that may be used in accordance

with the present disclosure is described in International Application Publication WO

2016/081643, incorporated herein by reference. The amino acid sequences of this antibody are

provided in Table 7.
Table 7. Heavy chain and light chain CDRs of an example of a known anti-TfR1 antibody

Sequence Type Kabat Chothia Contact

CDR-H1 SYWMH (SEQID | GYTFTISY (SEQID NO: 116) | TSYWMH (SEQ ID NO: 118)
NO: 110)

CDR-H2 EINPTNGRTNYIE | NPTNGR (SEQ ID NO: 117) | WIGEINPTNGRTN (SEQ ID
KFKS (SEQ ID NO: 119)
NO: 111)

CDR-H3 GTRAYHY (SEQ GTRAYHY (SEQ ID NO: ARGTRA (SEQ ID NO: 120)
ID NO: 112) 112)

CDR-L1 RASDNLYSNLA RASDNLYSNLA (SEQ ID YSNLAWY (SEQ ID NO: 121)
(SEQID NO: 113) | NO:113)

CDR-L2 DATNLAD (SEQ DATNLAD (SEQ ID NO: LLVYDATNLA (SEQ ID NO:
ID NO: 114) 114) 122)

CDR-L3 QHFWGTPLT QHFWGTPLT (SEQ ID NO: QHFWGTPL (SEQ ID NO:
(SEQID NO: 115) 115) 123)

Murine VH QVQLQQPGAELVKPGASVKLSCKASGYTFTSYWMHWVKQRPGQGLEWIGEINP
TNGRTNYIEKFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCARGTRAYHYW
GQGTSVTVSS (SEQ ID NO: 124)

Murine VI, DIQMTQSPASLSVSVGETVTITCRASDNLYSNLAWYQQKQGKSPQLLVYDATNL
ADGVPSRFSGSGSGTQYSLKINSLQSEDFGTYYCQHFWGTPLTFGAGTKLELK
(SEQ ID NO: 125)

Humanized VH EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQRLEWIGEIN
PTNGRTNYIEKFKSRATLTVDKSASTAYMELSSLRSEDTAVYYCARGTRAYHY
WGQGTMVTVSS (SEQ ID NO: 128)

Humanized VL DIQMTQSPSSLSASVGDRVTITCRASDNLYSNLAWYQQKPGKSPKLLVYDATNL
ADGVPSRFSGSGSGTDYTLTISSLQPEDFATY YCQHFWGTPLTFGQGTKVEIK
(SEQ ID NO: 129)
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Sequence Type

Kabat | Chothia | Contact

HC of chimeric
full-length IgG1

QVQLQQPGAELVKPGASVKLSCKASGYTFTSYWMHWVKQRPGQGLEWIGEINP
TNGRTNYIEKFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCARGTRAYHYW
GQGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDV SHEDPE
VKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL
HNHYTQKSLSLSPGK (SEQ ID NO: 132)

LC of chimeric
full-length IgG1

DIQMTQSPASLSVSVGETVTITCRASDNLYSNLAWYQQKQGKSPQLLVYDATNL
ADGVPSRFSGSGSGTQYSLKINSLQSEDFGTYYCQHFWGTPLTFGAGTKLELKR
TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFENRGEC
(SEQ ID NO: 133)

HC of fully human
full-length IgG1

EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQRLEWIGEIN
PTNGRTNYIEKFKSRATLTVDKSASTAYMELSSLRSEDTAVYYCARGTRAYHY
WGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKY
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCK
VSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEA
LHNHYTQKSLSLSPGK (SEQ ID NO: 134)

LC of fully human
full-length IgG1

DIQMTQSPSSLSASVGDRVTITCRASDNLYSNLAWYQQKPGKSPKLLVYDATNL
ADGVPSRFSGSGSGTDYTLTISSLQPEDFATY YCQHFWGTPLTFGQGTK VEIKRT
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESV
TEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 135)

HC of chimeric
Fab

QVQLQQPGAELVKPGASVKLSCKASGYTFTSYWMHW VKQRPGQGLEWIGEINP
TNGRTNYIEKFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCARGTRAYHYW
GQGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCDKTHTCP (SEQ ID NO: 136)

HC of fully human
Fab

EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQRLEWIGEIN
PTNGRTNYIEKFKSRATLTVDKSASTAYMELSSLRSEDTAVYYCARGTRAYHY
WGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
EPKSCDKTHTCP (SEQ ID NO: 137)

[000181]

In some embodiments, the anti-TfR1 antibody of the present disclosure

comprises a CDR-H1, a CDR-H2, and a CDR-H3 that are the same as the CDR-H1, CDR-H2,

and CDR-H3 shown in Table 7. Alternatively or in addition (e.g., in addition), the anti-TfR1
antibody of the present disclosure comprises a CDR-L1, a CDR-L2, and a CDR-L3 that are the
same as the CDR-L1, CDR-L2, and CDR-L3 shown in Table 7.

[000182]

In some embodiments, the anti-TfR1 antibody of the present disclosure

comprises a CDR-L3, which contains no more than 3 amino acid variations (e.g., no more than

3,2, or 1 amino acid variation) as compared with the CDR-L3 as shown in Table 7. In some

embodiments, the anti-TfR1 antibody of the present disclosure comprises a CDR-L3

containing one amino acid variation as compared with the CDR-L3 as shown in Table 7. In

some embodiments, the anti-TfR1 antibody of the present disclosure comprises a CDR-L3 of

QHFAGTPLT (SEQ ID NO: 126) (according to the Kabat and Chothia definition system) or
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QHFAGTPL (SEQ ID NO: 127) (according to the Contact definition system). In some
embodiments, the anti-TfR1 antibody of the present disclosure comprises a CDR-H1, a CDR-
H2, a CDR-H3, a CDR-L1 and a CDR-L2 that are the same as the CDR-H1, CDR-H2, and
CDR-H3 shown in Table 7, and comprises a CDR-L3 of QHFAGTPLT (SEQ ID NO: 126)
(according to the Kabat and Chothia definition system) or QHFAGTPL (SEQ ID NO: 127)
(according to the Contact definition system).

[000183] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises heavy chain CDRs that collectively are at least 80% (e.g., 80%, 85%, 90%, 95%, or
98%) identical to the heavy chain CDRs as shown in Table 7. Alternatively or in addition
(e.g., in addition), the anti-TfR1 antibody of the present disclosure comprises light chain CDRs
that collectively are at least 80% (e.g., 80%, 85%, 90%, 95%, or 98%) identical to the light
chain CDRs as shown in Table 7.

[000184] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 124. Alternatively or in
addition (e.g., in addition), the anti-TfR1 antibody of the present disclosure comprises a VL,
comprising the amino acid sequence of SEQ ID NO: 125.

[000185] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH comprising the amino acid sequence of SEQ ID NO: 128. Alternatively or in
addition (e.g., in addition), the anti-TfR1 antibody of the present disclosure comprises a VL
comprising the amino acid sequence of SEQ ID NO: 129.

[000186] In some embodiments, the anti-TfR1 antibody of the present disclosure
comprises a VH containing no more than 25 amino acid variations (e.g., no more than 25, 24,
23,22,21,20,19, 18, 17, 16, 15, 14, 13, 12, 11, 10,9, 8,7, 6, 5, 4, 3, 2, or 1 amino acid
variation) as compared with the VH as set forth in SEQ ID NO: 128. Alternatively or in
addition (e.g., in addition), the anti-TfR1 antibody of the present disclosure comprises a VL
containing no more than 15 amino acid variations (e.g., no more than 20, 19, 18, 17, 16, 15, 14,
13,12,11,9,8,7,6,5,4, 3, 2, or 1 amino acid variation) as compared with the VL as set forth
in SEQ ID NO: 129.

[000187] In some embodiments, the anti-TfR1 antibody of the present disclosure is a full-
length IgG1 antibody, which can include a heavy constant region and a light constant region
from a human antibody. In some embodiments, the heavy chain of any of the anti-T{R1
antibodies as described herein may comprises a heavy chain constant region (CH) or a portion
thereof (e.g., CH1, CH2, CH3, or a combination thereof). The heavy chain constant region can

of any suitable origin, e.g., human, mouse, rat, or rabbit. In one specific example, the heavy
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chain constant region is from a human IgG (a gamma heavy chain), e.g., IgG1, IgG2, or IgG4.
An example of human IgG1 constant region is given below:
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEL
LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY
SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 81)

[000188] In some embodiments, the light chain of any of the anti-TfR1 antibodies
described herein may further comprise a light chain constant region (CL), which can be any CL
known in the art. In some examples, the CL is a kappa light chain. In other examples, the CL is
a lambda light chain. In some embodiments, the CL is a kappa light chain, the sequence of
which is provided below:
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTE
QDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC (SEQ ID NO:
83)

[000189] In some embodiments, the anti-TfR1 antibody described herein is a chimeric
antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID NO:
132. Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody described herein
comprises a light chain comprising the amino acid sequence of SEQ ID NO: 133.

[000190] In some embodiments, the anti-TfR1 antibody described herein is a fully human
antibody that comprises a heavy chain comprising the amino acid sequence of SEQ ID NO:
134. Alternatively or in addition (e.g., in addition), the anti-TfR1 antibody described herein
comprises a light chain comprising the amino acid sequence of SEQ ID NO: 135.

[000191] In some embodiments, the anti-TfR 1 antibody is an antigen binding fragment
(Fab) of an intact antibody (full-length antibody). In some embodiments, the anti-TfR1 Fab
described herein comprises a heavy chain comprising the amino acid sequence of SEQ ID NO:
136. Alternatively or in addition (e.g., in addition), the anti-TfR1 Fab described herein
comprises a light chain comprising the amino acid sequence of SEQ ID NO: 133. In some
embodiments, the anti-TfR1 Fab described herein comprises a heavy chain comprising the
amino acid sequence of SEQ ID NO: 137. Alternatively or in addition (e.g., in addition), the
anti-TfR1 Fab described herein comprises a light chain comprising the amino acid sequence of

SEQ ID NO: 135.
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[000192] The anti-TfR1 antibodies described herein can be in any antibody form,
including, but not limited to, intact (i.e., full-length) antibodies, antigen-binding fragments
thereof (such as Fab, Fab', F(ab')2, Fv), single chain antibodies, bi-specific antibodies, or
nanobodies. In some embodiments, the anti-TfR1 antibody described herein is an scFv. In
some embodiments, the anti-TfR1 antibody described herein is an scFv-Fab (e.g., scFv fused to
a portion of a constant region). In some embodiments, the anti-TfR1 antibody described herein
is an scFv fused to a constant region (e.g., human IgG1 constant region as set forth in SEQ ID
NO: 81).

[000193] In some embodiments, conservative mutations can be introduced into antibody
sequences (e.g., CDRs or framework sequences) at positions where the residues are not likely
to be involved in interacting with a target antigen (e.g., transferrin receptor), for example, as
determined based on a crystal structure. In some embodiments, one, two or more mutations
(e.g., amino acid substitutions) are introduced into the Fc region of an anti-TfR1 antibody
described herein (e.g., in a CH2 domain (residues 231-340 of human IgG1) and/or (e.g., and)
CH3 domain (residues 341-447 of human IgG1) and/or (e.g., and) the hinge region, with
numbering according to the Kabat numbering system (e.g., the EU index in Kabat)) to alter one
or more functional properties of the antibody, such as serum half-life, complement fixation, Fc
receptor binding and/or (e.g., and) antigen-dependent cellular cytotoxicity.

[000194] In some embodiments, one, two or more mutations (e.g., amino acid
substitutions) are introduced into the hinge region of the Fc region (CH1 domain) such that the
number of cysteine residues in the hinge region are altered (e.g., increased or decreased) as
described in, e.g., U.S. Pat. No. 5,677,425. The number of cysteine residues in the hinge region
of the CH1 domain can be altered to, e.g., facilitate assembly of the light and heavy chains, or
to alter (e.g., increase or decrease) the stability of the antibody or to facilitate linker
conjugation.

[000195] In some embodiments, one, two or more mutations (e.g., amino acid
substitutions) are introduced into the Fc region of a muscle-targeting antibody described herein
(e.g., in a CH2 domain (residues 231-340 of human IgG1) and/or (e.g., and) CH3 domain
(residues 341-447 of human IgG1) and/or (e.g., and) the hinge region, with numbering
according to the Kabat numbering system (e.g., the EU index in Kabat)) to increase or decrease
the affinity of the antibody for an Fc receptor (e.g., an activated Fc receptor) on the surface of
an effector cell. Mutations in the Fc region of an antibody that decrease or increase the affinity
of an antibody for an Fc receptor and techniques for introducing such mutations into the Fc

receptor or fragment thereof are known to one of skill in the art. Examples of mutations in the
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Fc receptor of an antibody that can be made to alter the affinity of the antibody for an Fc
receptor are described in, e.g., Smith P et al., (2012) PNAS 109: 6181-6186, U.S. Pat. No.
6,737,056, and International Publication Nos. WO 02/060919; WO 98/23289; and WO
97/34631, which are incorporated herein by reference.

[000196] In some embodiments, one, two or more amino :icid mutations (i.e.,
substitutions, insertions or deletions) are introduced into an IgG constant domain, or FcRn-
binding fragment thereof (preferably an Fc or hinge-Fc domain fragment) to alter (e.g.,
decrease or increase) half-life of the antibody in vivo. See, e.g., International Publication Nos.
WO 02/060919; WO 98/23289; and WO 97/34631; and U.S. Pat. Nos. 5,869,046, 6,121,022,
6,277,375 and 6,165,745 for examples of mutations that will alter (e.g., decrease or increase)
the half-life of an antibody in vivo.

[000197] In some embodiments, one, two or more amino acid mutations (i.e.,
substitutions, insertions or deletions) are introduced into an IgG constant domain, or FcRn-
binding fragment thereof (preferably an Fc or hinge-Fc domain fragment) to decrease the half-
life of the anti-TfR1 antibody in vivo. In some embodiments, one, two or more amino acid
mutations (i.e., substitutions, insertions or deletions) are introduced into an IgG constant
domain, or FcRn-binding fragment thereof (preferably an Fc or hinge-Fc domain fragment) to
increase the half-life of the antibody in vivo. In some embodiments, the antibodies can have
one or more amino acid mutations {e.g., substitutions) in the second constant (CH2) domain
(residues 231-340 of human IgG1) and/or (e.g., and) the third constant (CH3) domain (residues
341-447 of human IgG1), with numbering according to the EU index in Kabat (Kabat E A et
al., (1991) supra). In some embodiments, the constant region of the IgG1 of an antibody
described herein comprises a methionine (M) to tyrosine (Y) substitution in position 252, a
serine (S) to threonine (T) substitution in position 254, and a threonine (T) to glutamic acid (E)
substitution in position 256, numbered according to the EU index as in Kabat. See U.S. Pat.
No. 7,658,921, which is incorporated herein by reference. This type of mutant IgG, referred to
as "YTE mutant" has been shown to display fourfold increased half-life as compared to wild-
type versions of the same antibody (see Dall'Acqua W F et al., (2006) J Biol Chem 281:
23514-24). In some embodiments, an antibody comprises an IgG constant domain comprising
one, two, three or more amino acid substitutions of amino acid residues at positions 251-257,
285-290, 308-314, 385-389, and 428-436, numbered according to the EU index as in Kabat.
[000198] In some embodiments, one, two or more amino acid substitutions are introduced
into an IgG constant domain Fc region to alter the effector function(s) of the anti-TfR 1

antibody. The effector ligand to which affinity is altered can be, for example, an Fc receptor or
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the C1 component of complement. This approach is described in further detail in U.S. Pat. Nos.
5,624,821 and 5,648,260. In some embodiments, the deletion or inactivation (through point
mutations or other means) of a constant region domain can reduce Fc receptor binding of the
circulating antibody thereby increasing tumor localization. See, e.g., U.S. Pat. Nos. 5,585,097
and 8,591,886 for a description of mutations that delete or inactivate the constant domain and
thereby increase tumor localization. In some embodiments, one or more amino acid
substitutions may be introduced into the Fc region of an antibody described herein to remove
potential glycosylation sites on Fc region, which may reduce Fc receptor binding (see, e.g.,
Shields R L et al., (2001) J Biol Chem 276: 6591-604).

[000199] In some embodiments, one or more amino in the constant region of an anti-
TfR1 antibody described herein can be replaced with a different amino acid residue such that
the antibody has altered Clq binding and/or (e.g., and) reduced or abolished complement
dependent cytotoxicity (CDC). This approach is described in further detail in U.S. Pat. No.
6,194,551 (Idusogie et al). In some embodiments, one or more amino acid residues in the N-
terminal region of the CH2 domain of an antibody described herein are altered to thereby alter
the ability of the antibody to fix complement. This approach is described further in
International Publication No. WO 94/29351. In some embodiments, the Fc region of an
antibody described herein is modified to increase the ability of the antibody to mediate
antibody dependent cellular cytotoxicity (ADCC) and/or (e.g., and) to increase the affinity of
the antibody for an Fcy receptor. This approach is described further in International Publication
No. WO 00/42072.

[000200] In some embodiments, the heavy and/or (e.g., and) light chain variable
domain(s) sequence(s) of the antibodies provided herein can be used to generate, for example,
CDR-grafted, chimeric, humanized, or composite human antibodies or antigen-binding
fragments, as described elsewhere herein. As understood by one of ordinary skill in the art, any
variant, CDR-grafted, chimeric, humanized, or composite antibodies derived from any of the
antibodies provided herein may be useful in the compositions and methods described herein
and will maintain the ability to specifically bind transferrin receptor, such that the variant,
CDR-grafted, chimeric, humanized, or composite antibody has at least 50%, at least 60%, at
least 70%, at least 80%, at least 90%, at least 95% or more binding to transferrin receptor
relative to the original antibody from which it is derived.

[000201] In some embodiments, the antibodies provided herein comprise mutations that
confer desirable properties to the antibodies. For example, to avoid potential complications

due to Fab-arm exchange, which is known to occur with native IgG4 mAbs, the antibodies
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provided herein may comprise a stabilizing ‘Adair’ mutation (Angal S., et al., “A single amino
acid substitution abolishes the heterogeneity of chimeric mouse/human (IgG4) antibody,” Mol
Immunol 30, 105-108; 1993), where serine 228 (EU numbering; residue 241 Kabat numbering)
1s converted to proline resulting in an IgG1-like hinge sequence. Accordingly, any of the
antibodies may include a stabilizing ‘Adair’ mutation.

[000202] In some embodiments, an antibody is modified, e.g., modified via glycosylation,
phosphorylation, sumoylation, and/or (e.g., and) methylation. In some embodiments, an
antibody is a glycosylated antibody, which is conjugated to one or more sugar or carbohydrate
molecules. In some embodiments, the one or more sugar or carbohydrate molecule are
conjugated to the antibody via N-glycosylation, O-glycosylation, C-glycosylation, glypiation
(GPI anchor attachment), and/or (e.g., and) phosphoglycosylation. In some embodiments, the
one or more sugar or carbohydrate molecules are monosaccharides, disaccharides,
oligosaccharides, or glycans. In some embodiments, the one or more sugar or carbohydrate
molecule is a branched oligosaccharide or a branched glycan. In some embodiments, the one
or more sugar or carbohydrate molecule includes a mannose unit, a glucose unit, an N-
acetylglucosamine unit, an N-acetylgalactosamine unit, a galactose unit, a fucose unit, or a
phospholipid unit. In some embodiments, there are about 1-10, about 1-5, about 5-10, about 1-
4, about 1-3, or about 2 sugar molecules. In some embodiments, a glycosylated antibody is
fully or partially glycosylated. In some embodiments, an antibody is glycosylated by chemical
reactions or by enzymatic means. In some embodiments, an antibody is glycosylated in vitro
or inside a cell, which may optionally be deficient in an enzyme in the N- or O- glycosylation
pathway, e.g. a glycosyltransferase. In some embodiments, an antibody is functionalized with
sugar or carbohydrate molecules as described in International Patent Application Publication
WO02014065661, published on May 1, 2014, entitled, “Modified antibody, antibody-conjugate
and process for the preparation thereof”.

[000203] In some embodiments, any one of the anti-TfR1 antibodies described herein
may comprise a signal peptide in the heavy and/or (e.g., and) light chain sequence (e.g., a N-
terminal signal peptide). In some embodiments, the anti-TfR1 antibody described herein
comprises any one of the VH and VL sequences, any one of the IgG heavy chain and light
chain sequences, or any one of the F(ab') heavy chain and light chain sequences described
herein, and further comprises a signal peptide (e.g., a N-terminal signal peptide). In some
embodiments, the signal peptide comprises the amino acid sequence of

MGWSCIILFLVATATGVHS (SEQ ID NO: 104).
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[000204] In some embodiments, an antibody provided herein may have one or more post-
translational modifications. In some embodiments, N-terminal cyclization, also called
pyroglutamate formation (pyro-Glu), may occur in the antibody at N-terminal Glutamate (Glu)
and/or Glutamine (Gln) residues during production. As such, it should be appreciated that an
antibody specified as having a sequence comprising an N-terminal glutamate or glutamine
residue encompasses antibodies that have undergone pyroglutamate formation resulting from a
post-translational modification. In some embodiments, pyroglutamate formation occurs in a
heavy chain sequence. In some embodiments, pyroglutamate formation occurs in a light chain
sequence.

b. Other Muscle-Targeting Antibodies
[000205] In some embodiments, the muscle-targeting antibody is an antibody that
specifically binds hemojuvelin, caveolin-3, Duchenne muscular dystrophy peptide, myosin IIb
or CD63. In some embodiments, the muscle-targeting antibody is an antibody that specifically
binds a myogenic precursor protein. Exemplary myogenic precursor proteins include, without
limitation, ABCG2, M-Cadherin/Cadherin-15, Caveolin-1, CD34, FoxK1, Integrin alpha 7,
Integrin alpha 7 beta 1, MYF-5, MyoD, Myogenin, NCAM-1/CD56, Pax3, Pax7, and Pax9. In
some embodiments, the muscle-targeting antibody is an antibody that specifically binds a
skeletal muscle protein. Exemplary skeletal muscle proteins include, without limitation, alpha-
Sarcoglycan, beta-Sarcoglycan, Calpain Inhibitors, Creatine Kinase MM/CKMM, elF5A,
Enolase 2/Neuron-specific Enolase, epsilon-Sarcoglycan, FABP3/H-FABP, GDF-8/Myostatin,
GDF-11/GDF-8, Integrin alpha 7, Integrin alpha 7 beta 1, Integrin beta 1/CD29,
MCAM/CD146, MyoD, Myogenin, Myosin Light Chain Kinase Inhibitors, NCAM-1/CD56,
and Troponin I. In some embodiments, the muscle-targeting antibody is an antibody that
specifically binds a smooth muscle protein. Exemplary smooth muscle proteins include,
without limitation, alpha-Smooth Muscle Actin, VE-Cadherin, Caldesmon/CALD1, Calponin
1, Desmin, Histamine H2 R, Motilin R/GPR38, Transgelin/TAGLN, and Vimentin. However,
it should be appreciated that antibodies to additional targets are within the scope of this
disclosure and the exemplary lists of targets provided herein are not meant to be limiting.

c. Antibody Features/Alterations
[000206] In some embodiments, conservative mutations can be introduced into antibody
sequences (e.g., CDRs or framework sequences) at positions where the residues are not likely
to be involved in interacting with a target antigen (e.g., transferrin receptor), for example, as
determined based on a crystal structure. In some embodiments, one, two or more mutations

(e.g., amino acid substitutions) are introduced into the Fc region of a muscle-targeting antibody
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described herein (e.g., in a CH2 domain (residues 231-340 of human IgG1) and/or (e.g., and)
CH3 domain (residues 341-447 of human IgG1) and/or (e.g., and) the hinge region, with
numbering according to the Kabat numbering system (e.g., the EU index in Kabat)) to alter one
or more functional properties of the antibody, such as serum half-life, complement fixation, Fc
receptor binding and/or (e.g., and) antigen-dependent cellular cytotoxicity.

[600207] In some embodiments, one, two or more mutations (e.g., amino acid
substitutions) are introduced into the hinge region of the Fc region (CH1 domain) such that the
number of cysteine residues in the hinge region are altered (e.g., increased or decreased) as
described in, e.g., U.S. Pat. No. 5,677,425. The number of cysteine residues in the hinge region
of the CH1 domain can be altered to, e.g., facilitate assembly of the light and heavy chains, or
to alter (e.g., increase or decrease) the stability of the antibody or to facilitate linker
conjugation.

[000208] In some embodiments, one, two or more mutations (e.g., amino acid
substitutions) are introduced into the Fc region of a muscle-targeting antibody described herein
(e.g., in a CH2 domain (residues 231-340 of human IgG1) and/or (e.g., and) CH3 domain
(residues 341-447 of human IgG1) and/or (e.g., and) the hinge region, with numbering
according to the Kabat numbering system (e.g., the EU index in Kabat)) to increase or decrease
the affinity of the antibody for an Fc receptor (e.g., an activated Fc receptor) on the surface of
an effector cell. Mutations in the Fc region of an antibody that decrease or increase the affinity
of an antibody for an Fc receptor and techniques for introducing such mutations into the Fc
receptor or fragment thereof are known to one of skill in the art. Examples of mutations in the
Fc receptor of an antibody that can be made to alter the affinity of the antibody for an Fc
receptor are described in, e.g., Smith P et al., (2012) PNAS 109: 6181-6186, U.S. Pat. No.
6,737,056, and International Publication Nos. WO 02/060919; WO 98/23289; and WO
97/34631, which are incorporated herein by reference.

[000209] In some embodiments, one, two or more amino acid mutations (i.e.,
substitutions, insertions or deletions) are introduced into an IgG constant domain, or FcRn-
binding fragment thereof (preferably an Fc or hinge-Fc domain fragment) to alter (e.g.,
decrease or increase) half-life of the antibody in vivo. See, e.g., International Publication Nos.
WO 02/060919; WO 98/23289; and WO 97/34631; and U.S. Pat. Nos. 5,869,046, 6,121,022,
6,277,375 and 6,165,745 for examples of mutations that will alter (e.g., decrease or increase)
the half-life of an antibody in vivo.

[000210] In some embodiments, one, two or more amino acid mutations (Z.e.,

substitutions, insertions or deletions) are introduced into an IgG constant domain, or FcRn-
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binding fragment thereof (preferably an Fc or hinge-Fc domain fragment) to decrease the half-
life of the anti-transferrin receptor antibody in vivo. In some embodiments, one, two or more
amino acid mutations (i.e., substitutions, insertions or deletions) are introduced into an IgG
constant domain, or FcRn-binding fragment thereof (preferably an Fc or hinge-Fc domain
fragment) to increase the half-life of the antibody in vivo. In some embodiments, the antibodies
can have one or more amino acid mutations (e.g., substitutions) in the second constant (CH2)
domain (residues 231-340 of human IgG1) and/or (e.g., and) the third constant (CH3) domain
(residues 341-447 of human IgG1), with numbering according to the EU index in Kabat (Kabat
E A etal, (1991) supra). In some embodiments, the constant region of the IgG1 of an antibody
described herein comprises a methionine (M) to tyrosine (Y) substitution in position 252, a
serine (S) to threonine (T) substitution in position 254, and a threonine (T) to glutamic acid (E)
substitution in position 256, numbered according to the EU index as in Kabat. See U.S. Pat.
No. 7,658,921, which is incorporated herein by reference. This type of mutant IgG, referred to
as "YTE mutant" has been shown to display fourfold increased half-life as compared to wild-
type versions of the same antibody (see Dall'Acqua W F et al., (2006) J Biol Chem 281:
23514-24). In some embodiments, an antibody comprises an IgG constant domain comprising
one, two, three or more amino acid substitutions of amino acid residues at positions 251-257,
285-290, 308-314, 385-389, and 428-436, numbered according to the EU index as in Kabat.
[000211] In some embodiments, one, two or more amino acid substitutions are introduced
into an IgG constant domain Fc region to alter the effector function(s) of the anti-transferrin
receptor antibody. The effector ligand to which affinity is altered can be, for example, an Fc
receptor or the C1 component of complement. This approach is described in further detail in
U.S. Pat. Nos. 5,624,821 and 5,648,260. In some embodiments, the deletion or inactivation
(through point mutations or other means) of a constant region domain can reduce Fc receptor
binding of the circulating antibody thereby increasing tumor localization. See, e.g., U.S. Pat.
Nos. 5,585,097 and 8,591,886 for a description of mutations that delete or inactivate the
constant domain and thereby increase tumor localization. In some embodiments, one or more
amino acid substitutions may be introduced into the Fc region of an antibody described herein
to remove potential glycosylation sites on Fc region, which may reduce Fc receptor binding
(see, e.g., Shields R L et al., (2001) J Biol Chem 276: 6591-604).

[000212] In some embodiments, one or more amino in the constant region of a muscle-
targeting antibody described herein can be replaced with a different amino acid residue such
that the antibody has altered C1q binding and/or (e.g., and) reduced or abolished complement
dependent cytotoxicity (CDC). This approach is described in further detail in U.S. Pat. No.
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6,194,551 (Idusogie et al). In some embodiments, one or more amino acid residues in the N-
terminal region of the CH2 domain of an antibody described herein are altered to thereby alter
the ability of the antibody to fix complement. This approach is described further in
International Publication No. WO 94/29351. In some embodiments, the Fc region of an
antibody described herein is modified to increase the ability of the antibody to mediate
antibody dependent cellular cytotoxicity (ADCC) and/or (e.g., and) to increase the affinity of
the antibody for an Fcy receptor. This approach is described further in International Publication
No. WO 00/42072.

[000213] In some embodiments, the heavy and/or (e.g., and) light chain variable
domain(s) sequence(s) of the antibodies provided herein can be used to generate, for example,
CDR-grafted, chimeric, humanized, or composite human antibodies or antigen-binding
fragments, as described elsewhere herein. As understood by one of ordinary skill in the art, any
variant, CDR-grafted, chimeric, humanized, or composite antibodies derived from any of the
antibodies provided herein may be useful in the compositions and methods described herein
and will maintain the ability to specifically bind transferrin receptor, such that the variant,
CDR-grafted, chimeric, humanized, or composite antibody has at least 50%, at least 60%, at
least 70%, at least 80%, at least 90%, at least 95% or more binding to transferrin receptor
relative to the original antibody from which it is derived.

[000214] In some embodiments, the antibodies provided herein comprise mutations that
confer desirable properties to the antibodies. For example, to avoid potential complications
due to Fab-arm exchange, which is known to occur with native IgG4 mAbs, the antibodies
provided herein may comprise a stabilizing ‘Adair’ mutation (Angal S., et al., “A single amino
acid substitution abolishes the heterogeneity of chimeric mouse/human (IgG4) antibody,” Mol
Immunol 30, 105-108; 1993), where serine 228 (EU numbering; residue 241 Kabat numbering)
is converted to proline resulting in an IgG1-like hinge sequence. Accordingly, any of the
antibodies may include a stabilizing ‘Adair’ mutation.

[000215] As provided herein, antibodies of this disclosure may optionally comprise
constant regions or parts thereof. For example, a VL domain may be attached at its C-terminal
end to a light chain constant domain like Ck or CA. Similarly, a VH domain or portion thereof
may be attached to all or part of a heavy chain like IgA, IgD, IgE, IgG, and IgM, and any
isotype subclass. Antibodies may include suitable constant regions (see, for example, Kabat et
al., Sequences of Proteins of Immunological Interest, No. 91-3242, National Institutes of
Health Publications, Bethesda, Md. (1991)). Therefore, antibodies within the scope of this
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may disclosure include VH and VL domains, or an antigen binding portion thereof, combined
with any suitable constant regions.

ii. Muscle-Targeting Peptides
[000216] Some aspects of the disclosure provide muscle-targeting peptides as muscle-
targeting agents. Short peptide sequences (e.g., peptide sequences of 5-20 amino acids in
length) that bind to specific cell types have been described. For example, cell-targeting
peptides have been described in Vines e., et al., A. “Cell-penetrating and cell-targeting peptides
in drug delivery” Biochim Biophys Acta 2008, 1786: 126-38; Jarver P., et al., “In vivo
biodistribution and efficacy of peptide mediated delivery” Trends Pharmacol Sci 2010; 31:
528-35; Samoylova T.1, et al., “Elucidation of muscle-binding peptides by phage display
screening’” Muscle Nerve 1999; 22: 460-6; U.S. Patent No. 6,329,501, issued on December 11,
2001, entitled “METHODS AND COMPOSITIONS FOR TARGETING COMPOUNDS TO
MUSCLE”; and Samoylov A. M., et al., “Recognition of cell-specific binding of phage display
derived peptides using an acoustic wave sensor.” Biomol Eng 2002; 18: 269-72; the entire
contents of each of which are incorporated herein by reference. By designing peptides to
interact with specific cell surface antigens (e.g., receptors), selectivity for a desired tissue, e.g.,
muscle, can be achieved. Skeletal muscle-targeting has been investigated and a range of
molecular payloads are able to be delivered. These approaches may have high selectivity for
muscle tissue without many of the practical disadvantages of a large antibody or viral particle.
Accordingly, in some embodiments, the muscle-targeting agent is a muscle-targeting peptide
that is from 4 to 50 amino acids in length. In some embodiments, the muscle-targeting peptide
is4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31,32,33,34,35,36,37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 amino acids in
length. Muscle-targeting peptides can be generated using any of several methods, such as
phage display.
[000217] In some embodiments, a muscle-targeting peptide may bind to an internalizing
cell surface receptor that is overexpressed or relatively highly expressed in muscle cells, e.g. a
transferrin receptor, compared with certain other cells. In some embodiments, a muscle-
targeting peptide may target, e.g., bind to, a transferrin receptor. In some embodiments, a
peptide that targets a transferrin receptor may comprise a segment of a naturally occurring
ligand, e.g., transferrin. In some embodiments, a peptide that targets a transferrin receptor is as
described in US Patent No. 6,743,893, filed 11/30/2000, “RECEPTOR-MEDIATED UPTAKE
OF PEPTIDES THAT BIND THE HUMAN TRANSFERRIN RECEPTOR”. In some

embodiments, a peptide that targets a transferrin receptor is as described in Kawamoto, M. et
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al, “A novel transferrin receptor-targeted hybrid peptide disintegrates cancer cell membrane to
induce rapid killing of cancer cells.” BMC Cancer. 2011 Aug 18;11:359. In some
embodiments, a peptide that targets a transferrin receptor is as described in US Patent No.
8,399,653, filed 5/20/2011, “TRANSFERRIN/TRANSFERRIN RECEPTOR-MEDIATED
SIRNA DELIVERY”.

[000218] As discussed above, examples of muscle targeting peptides have been reported.
For example, muscle-specific peptides were identified using phage display library presenting
surface heptapeptides. As one example a peptide having the amino acid sequence ASSLNIA
(SEQ ID NO: 778) bound to C2C12 murine myotubes in vitro, and bound to mouse muscle
tissue in vivo. Accordingly, in some embodiments, the muscle-targeting agent comprises the
amino acid sequence ASSLNIA (SEQ ID NO: 778). This peptide displayed improved
specificity for binding to heart and skeletal muscle tissue after intravenous injection in mice
with reduced binding to liver, kidney, and brain. Additional muscle-specific peptides have
been identified using phage display. For example, a 12 amino acid peptide was identified by
phage display library for muscle targeting in the context of treatment for Duchenne muscular
dystrophy. See, Yoshida D., et al., “Targeting of salicylate to skin and muscle following
topical injections in rats.” Int J Pharm 2002; 231: 177-84; the entire contents of which are
hereby incorporated by reference. Here, a 12 amino acid peptide having the sequence
SKTENTHPQSTP (SEQ ID NO: 779) was identified and this muscle-targeting peptide showed
improved binding to C2C12 cells relative to the ASSLNIA (SEQ ID NO: 778) peptide.
[000219] An additional method for identifying peptides selective for muscle (e.g., skeletal
muscle) over other cell types includes ir vitro selection, which has been described in Ghosh D.,
et al., “Selection of muscle-binding peptides from context-specific peptide-presenting phage
libraries for adenoviral vector targeting” J Virol 2005; 79: 13667-72; the entire contents of
which are incorporated herein by reference. By pre-incubating a random 12-mer peptide phage
display library with a mixture of non-muscle cell types, non-specific cell binders were selected
out. Following rounds of selection the 12 amino acid peptide TARGEHKEEELI (SEQ ID NO:
780) appeared most frequently. Accordingly, in some embodiments, the muscle-targeting
agent comprises the amino acid sequence TARGEHKEEELI (SEQ ID NO: 780).

[000220] A muscle-targeting agent may an amino acid-containing molecule or peptide. A
muscle-targeting peptide may correspond to a sequence of a protein that preferentially binds to
a protein receptor found in muscle cells. In some embodiments, a muscle-targeting peptide
contains a high propensity of hydrophobic amino acids, e.g. valine, such that the peptide

preferentially targets muscle cells. In some embodiments, a muscle-targeting peptide has not
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been previously characterized or disclosed. These peptides may be conceived of, produced,
synthesized, and/or (e.g., and) derivatized using any of several methodologies, e.g. phage
displayed peptide libraries, one-bead one-compound peptide libraries, or positional scanning
synthetic peptide combinatorial libraries. Exemplary methodologies have been characterized
in the art and are incorporated by reference (Gray, B.P. and Brown, K.C. “Combinatorial
Peptide Libraries: Mining for Cell-Binding Peptides” Chem Rev. 2014, 114:2, 1020-1081.;
Samoylova, T.I. and Smith, B.F. “Elucidation of muscle-binding peptides by phage display
screening.” Muscle Nerve, 1999, 22:4. 460-6.). In some embodiments, a muscle-targeting
peptide has been previously disclosed (see, e.g. Writer M.J. et al. “Targeted gene delivery to
human airway epithelial cells with synthetic vectors incorporating novel targeting peptides
selected by phage display.” J. Drug Targeting. 2004;12:185; Cai, D. “BDNF-mediated
enhancement of inflammation and injury in the aging heart.” Physiol Genomics. 2006, 24:3,
191-7.; Zhang, L. “Molecular profiling of heart endothelial cells.” Circulation, 2005, 112:11,
1601-11.; McGuire, M.J. et al. “In vitro selection of a peptide with high selectivity for
cardiomyocytes in vivo.” J Mol Biol. 2004, 342:1, 171-82.). Exemplary muscle-targeting
peptides comprise an amino acid sequence of the following group: CQAQGQLVC (SEQ ID
NO: 781), CSERSMNEC (SEQ ID NO: 782), CPKTRRVPC (SEQ ID NO: 783),
WLSEAGPVVTVRALRGTGSW (SEQ ID NO: 784), ASSLNIA (SEQ ID NO: 778),
CMQHSMRYVC (SEQ ID NO: 785), and DDTRHWG (SEQ ID NO: 786). In some
embodiments, a muscle-targeting peptide may comprise about 2-25 amino acids, about 2-20
amino acids, about 2-15 amino acids, about 2-10 amino acids, or about 2-5 amino acids.
Muscle-targeting peptides may comprise naturally-occurring amino acids, €.g. cysteine,
alanine, or non-naturally-occurring or modified amino acids. Non-naturally occurring amino
acids include B-amino acids, homo-amino acids, proline derivatives, 3-substituted alanine
derivatives, linear core amino acids, N-methyl amino acids, and others known in the art. In
some embodiments, a muscle-targeting peptide may be linear; in other embodiments, a muscle-
targeting peptide may be cyclic, e.g. bicyclic (see, e.g. Silvana, M.G. et al. Mol. Therapy,
2018, 26:1, 132-147.).

iii. Muscle-Targeting Receptor Ligands
[000221] A muscle-targeting agent may be a ligand, e.g. a ligand that binds to a receptor
protein. A muscle-targeting ligand may be a protein, e.g. transferrin, which binds to an
internalizing cell surface receptor expressed by a muscle cell. Accordingly, in some
embodiments, the muscle-targeting agent is transferrin, or a derivative thereof that binds to a

transferrin receptor. A muscle-targeting ligand may alternatively be a small molecule, e.g. a
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lipophilic small molecule that preferentially targets muscle cells relative to other cell types.
Exemplary lipophilic small molecules that may target muscle cells include compounds
comprising cholesterol, cholesteryl, stearic acid, palmitic acid, oleic acid, oleyl, linolene,
linoleic acid, myristic acid, sterols, dihydrotestosterone, testosterone derivatives, glycerine,
alkyl chains, trityl groups, and alkoxy acids.

iv. Muscle-Targeting Aptamers
[000222] A muscle-targeting agent may be an aptamer, e.g. an RNA aptamer, which
preferentially targets muscle cells relative to other cell types. In some embodiments, a muscle-
targeting aptamer has not been previously characterized or disclosed. These aptamers may be
conceived of, produced, synthesized, and/or (e.g., and) derivatized using any of several
methodologies, e.g. Systematic Evolution of Ligands by Exponential Enrichment. Exemplary
methodologies have been characterized in the art and are incorporated by reference (Yan, A.C.
and Levy, M. “Aptamers and aptamer targeted delivery” RNA biology, 2009, 6:3, 316-20.;
Germer, K. et al. “RNA aptamers and their therapeutic and diagnostic applications.” Int. J.
Biochem. Mol. Biol. 2013; 4: 27-40.). In some embodiments, a muscle-targeting aptamer has
been previously disclosed (see, e.g. Phillippou, S. et al. “Selection and Identification of
Skeletal-Muscle-Targeted RNA Aptamers.” Mol Ther Nucleic Acids. 2018, 10:199-214.;
Thiel, W.H. et al. “Smooth Muscle Cell-targeted RNA Aptamer Inhibits Neointimal
Formation.” Mol Ther. 2016, 24:4, 779-87.). Exemplary muscle-targeting aptamers include
the AO1B RNA aptamer and RNA Apt 14. In some embodiments, an aptamer is a nucleic
acid-based aptamer, an oligonucleotide aptamer or a peptide aptamer. In some embodiments,
an aptamer may be about 5-15 kDa, about 5-10 kDa, about 10-15 kDa, about 1-5 Da, about 1-3
kDa, or smaller.

V. Other Muscle-Targeting Agents
[000223] One strategy for targeting a muscle cell (e.g., a skeletal muscle cell) is to use a
substrate of a muscle transporter protein, such as a transporter protein expressed on the
sarcolemma. In some embodiments, the muscle-targeting agent is a substrate of an influx
transporter that is specific to muscle tissue. In some embodiments, the influx transporter is
specific to skeletal muscle tissue. Two main classes of transporters are expressed on the
skeletal muscle sarcolemma, (1) the adenosine triphosphate (ATP) binding cassette (ABC)
superfamily, which facilitate efflux from skeletal muscle tissue and (2) the solute carrier (SLC)
superfamily, which can facilitate the influx of substrates into skeletal muscle. In some
embodiments, the muscle-targeting agent is a substrate that binds to an ABC superfamily or an

SLC superfamily of transporters. In some embodiments, the substrate that binds to the ABC or
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SLC superfamily of transporters is a naturally-occurring substrate. In some embodiments, the
substrate that binds to the ABC or SLC superfamily of transporters is a non-naturally occurring
substrate, for example, a synthetic derivative thereof that binds to the ABC or SLC superfamily
of transporters.

[000224] In some embodiments, the muscle-targeting agent is any muscle targeting agent
described herein (e.g., antibodies, nucleic acids, small molecules, peptides, aptamers, lipids,
sugar moieties) that target SLC superfamily of transporters. In some embodiments, the muscle-
targeting agent is a substrate of an SLC superfamily of transporters. SLC transporters are
either equilibrative or use proton or sodium ion gradients created across the membrane to drive
transport of substrates. Exemplary SLC transporters that have high skeletal muscle expression
include, without limitation, the SATT transporter (ASCT1; SLC1A4), GLUT4 transporter
(SLC2A4), GLUT7 transporter (GLUT7; SLC2A7), ATRC2 transporter (CAT-2; SLC7A2),
LATS3 transporter (KIAA0245; SLC7A6), PHT1 transporter (PTR4; SLC15A4), OATP-J
transporter (OATP5A1; SLC21A15), OCT3 transporter (EMT; SLC22A3), OCTN2 transporter
(FLJ46769; SLC22AS), ENT transporters (ENT1; SLC29A1 and ENT2; SLC29A2), PAT2
transporter (SLC36A2), and SAT?2 transporter (KIAA1382; SLC38A2). These transporters can
facilitate the influx of substrates into skeletal muscle, providing opportunities for muscle
targeting.

[000225] In some embodiments, the muscle-targeting agent is a substrate of an
equilibrative nucleoside transporter 2 (ENT2) transporter. Relative to other transporters, ENT2
has one of the highest mRNA expressions in skeletal muscle. While human ENT2 (hENT?2) is
expressed in most body organs such as brain, heart, placenta, thymus, pancreas, prostate, and
kidney, it is especially abundant in skeletal muscle. Human ENT?2 facilitates the uptake of its
substrates depending on their concentration gradient. ENT?2 plays a role in maintaining
nucleoside homeostasis by transporting a wide range of purine and pyrimidine nucleobases.
The hENT?2 transporter has a low affinity for all nucleosides (adenosine, guanosine, uridine,
thymidine, and cytidine) except for inosine. Accordingly, in some embodiments, the muscle-
targeting agent is an ENT2 substrate. Exemplary ENT2 substrates include, without limitation,
inosine, 2',3'-dideoxyinosine, and calofarabine. In some embodiments, any of the muscle-
targeting agents provided herein are associated with a molecular payload (e.g., oligonucleotide
payload). In some embodiments, the muscle-targeting agent is covalently linked to the
molecular payload. In some embodiments, the muscle-targeting agent is non-covalently linked

to the molecular payload.
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[000226] In some embodiments, the muscle-targeting agent is a substrate of an organic
cation/carnitine transporter (OCTN2), which is a sodium ion-dependent, high affinity carnitine
transporter. In some embodiments, the muscle-targeting agent is carnitine, mildronate,
acetylcarnitine, or any derivative thereof that binds to OCTN2. In some embodiments, the
carnitine, mildronate, acetylcarnitine, or derivative thereof is covalently linked to the molecular
payload (e.g., oligonucleotide payload).

[000227] A muscle-targeting agent may be a protein that is protein that exists in at least
one soluble form that targets muscle cells. In some embodiments, a muscle-targeting protein
may be hemojuvelin (also known as repulsive guidance molecule C or hemochromatosis type 2
protein), a protein involved in iron overload and homeostasis. In some embodiments,
hemojuvelin may be full length or a fragment, or a mutant with at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 98% or at least 99% sequence identity to a
functional hemojuvelin protein. In some embodiments, a hemojuvelin mutant may be a soluble
fragment, may lack a N-terminal signaling, and/or (e.g., and) lack a C-terminal anchoring
domain. In some embodiments, hemojuvelin may be annotated under GenBank RefSeq
Accession Numbers NM_001316767.1, NM_145277.4, NM_202004.3, NM_213652.3, or
NM_213653.3. It should be appreciated that a hemojuvelin may be of human, non-human

primate, or rodent origin.

B. Molecular Payloads
[000228] Some aspects of the disclosure provide molecular payloads, e.g., for modulating
a biological outcome, e.g., the transcription of a DNA sequence, the splicing and processing of
a RNA sequence, the expression of a protein, or the activity of a protein. In some
embodiments, a molecular payload is linked to, or otherwise associated with a muscle-targeting
agent. In some embodiments, such molecular payloads are capable of targeting to a muscle
cell, e.g., via specifically binding to a nucleic acid or protein in the muscle cell following
delivery to the muscle cell by an associated muscle-targeting agent. It should be appreciated
that various types of molecular payloads may be used in accordance with the disclosure. For
example, the molecular payload may comprise, or consist of, an oligonucleotide (e.g., antisense
oligonucleotide), a peptide (e.g., a peptide that binds a nucleic acid or protein associated with
disease in a muscle cell), a protein (e.g., a protein that binds a nucleic acid or protein
associated with disease in a muscle cell), or a small molecule (e.g., a small molecule that
modulates the function of a nucleic acid or protein associated with disease in a muscle cell). In

some embodiments, the molecular payload is an oligonucleotide that comprises a strand having
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a region of complementarity to a mutated DMD allele. Exemplary molecular payloads are
described in further detail herein, however, it should be appreciated that the exemplary
molecular payloads provided herein are not meant to be limiting.

i Oligonucleotides
[000229] Aspects of the disclosure relate to oligonucleotides configured to modulate
(e.g., increase) expression of dystrophin, e.g., from a DMD allele. In some embodiments,
oligonucleotides provided herein are configured to alter splicing of DMD pre-mRNA to
promote expression of dystrophin protein (e.g., a functional truncated dystrophin protein). In
some embodiments, oligonucleotides provided herein are configured to promote skipping of
one or more exons in DMD, e.g., in a mutated DMD allele, in order to restore the reading
frame. In some embodiments, the oligonucleotides allow for functional dystrophin protein
expression (e.g., as described in Watanabe N, Nagata T, Satou Y, et al. NS-065/NCNP-01: an
antisense oligonucleotide for potential treatment of exon 53 skipping in Duchenne muscular
dystrophy. Mol Ther Nucleic Acids. 2018;13:442-449). In some embodiments,
oligonucleotides provided are configured to promote skipping of exon 53 to produce a shorter
but functional version of dystrophin (e.g., containing an in-frame deletion). In some
embodiments, oligonucleotides are provided that promote exon 53 skipping (e.g., which may
be relevant in a substantial number of patients, including, for example, patients amenable to
exon 53 skipping, such as those having deletions in DMD exons 3-52, 4-52, 5-52, 6-52, 9-52,
10-52, 11-52, 13-52, 14-52, 16-52, 17-52, 19-52, 21-52, 23-52, 24-52, 25-52, 26-52, 27-52, 28-
52,29-52, 30-52, 31-52, 32-52, 33-52, 34-52, 35-52, 36-52, 37-52, 38-52, 39-52, 40-52, 41-52,
42-52,43-52,45-52, 47-52, 48-52, 49-52, 50-52, 52, 54-58, 54-61, 54-63, 54-64, 54-66, 54-76,
or 54-77).
[000230] Table 8 provides non-limiting examples of sequences of oligonucleotides that
are useful for targeting DMD, e.g., for exon skipping, and for target sequences within DMD.
In some embodiments, an oligonucleotide may comprise any antisense sequence provided in
Table 8 or a sequence complementary to a target sequence provided in Table 8.

Table 8. Oligonucleotide sequences for targeting DMD.

SEQ areet + | SEQ Antisense SEQ Antisense

ID arg(t;’ stzq:;l:;nce D Sequence’ D Sequence’ Target Site

NO NO (5°to 3’) NO (5’ to 3°)
GAGUCAUGGAAGG AUAGGGACCCUCC ATAGGGACCCTCC

160 | Agegucccuau 335 | yuccaveacuc 510 | rrecareacte Exen 53
GGAGGGUCCCUAU CAUCUACUGUAUA CATCTACTGTATA

161 | scacuacauc 336 | geeacccuce 511 | ggeacceree Exon 53
AGGAGGGUCCCUA CAUCUACUGUAUA CATCTACTGTATA

162 | yacacuacaue 337 | geeacccuccy 512 | seeacceTeeT Exon 53
GCUUGAGUCAUGG CCCUCCUUCCAUG CCCTCCTTCCATG

163 | AnGeacas 338 | acucance 513 | acTeance Exon 53
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164 | Gonooncee | 3% |acucanccy - | 514 |acteanser | ExenS3
165 ggggiégucmsc; 0 gggggggcc:AUGA P ggggégccm% Exon 53
166 |Gancaace | 3% |cucanocy | 516 |crenneer | ExonS3
167 | sennccunace | 2 |ccavveuouue | 517 |cearrorerte | Exon 3
168 | sooancoonnce | 33 | coavvououuca | 518 |cearroterren | FxonS3
169 2§§g§§§GUCAUG 344 Sgggggcwcm s1o ggggg;cm%a Exon 53
170 |Aduncane | 5 |cacueay - | 52 |ceactear | ExonS3
171 | Cancoacane | 36 |ceacueatue | ! |ceactonrtc | ExonS3
172 | Gacoaue | M7 [encuen | 22 |teacten | Exons3
173 | encooue | 38 |cencucan | 53 |teactcan . | ExonS3
17 |pdenceoue | 3 |oencucane | 24 |teacrenns | ExonS3
175 | anceacacue | 390 |ceacucance | 5%5 |eacteance | ExonS3
176 | donenvacanoe | 35! |Goauncacacee | %6 |aratacacacec | FxonS3
177 | acacoacavee | 32 |aceencecuce | 577 |aceeacectee | ExonS3
18 | atannce | 3%3 |cnvecun - | 5B |carecrr | Inwon 52
179 | Cacnnnoe | 35% |Cavecuve | 9% |catectra | lnwon 52
180 |aCacannce | 355 |cavecuuay | 5% |cazactzer | Iawons2
18] | Shcacnnnae | 356 |cavecuuauo | 53! |cazectrars | IwonS2
182 |ycacacannce | 357 |cavecuvguon | 532 |catecrroria | Inwon 2
183 | Soceuee o | 8 |aveacue | %3 |nreacte | Exons3
184 | Gacavacanoce | 399 | vauavacaeace | 5 |toratacesace | BxonS3
185 | caceeucce | %60 |caveacuca | 935 |cateacrea | Exons3
186 | thcevooouoac | 36! |caceacanacun | 336 |caceacanacer | TironS3
187 | Gancone | 382 |Coaavue | 57 |crentre | Exons3
188 | docnonneac | 363 |aaveaveaac | 53 |cazearenac | Inwon 52
189 | Gacanca | 364 | cooncue . | % |ccencte . | Exons3
190 | goncanca | 365 |cocacuen . | 40 |cocacten | Exons3
191 | pouacanca | 366 |Cocacuaay | S |ccencront | Exons3
192 | pconcanca | 37 |cccacuaavy | %2 |cocactentr | Exons3
193 | Chnouncanga | 368 |cocacuaavue | 53 |cceactantzc | Brons3
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194 IAGAACACCUUCAG 369 UGCCUCCGGUUCU 544 TGCCTCCGGTTCT Exon 53
AACCGGAGGCA GAAGGUGUUCU GAAGGTGTTICT
195 | cancosencaca | 370 |eancoveuocon | 3 |cancererzcrr | P03
196 |canaccn | 37 |convcen - | % |conraer | won 52
197 |acanacen | 372 |ccavecoy | 47 |conracrr | Iwon 52
198 |cacanacen | 37 |ccavecove | 5% |coareerte | Inrons?
199 acacamncen | 374 |cenveconay | ¥ |ccareerrer | nton 52
200 | cacacanncen | 775 |ccavecouaon | S0 |coaractrarr | ons2
2 |peacacanncea | 370 |conscovcuon | 391 |ccareerarra | 1mEon 2
202 | Gaaconca | 377 |acucavoe | 52 |acrenrac | Bxons3
205 |ncacaca | 378 |couavon - | 993 |erraraa o | Tawons2
204 | Gocaonncaca | 379 |cenvcavennc | 5% |cenreancanc | Moeon 52
25 | ncancanca | B0 |eavccency | 355 |earcccact | Bon 3
26 |uacancanca | 3 |cavcceacue | 3% |earcceacte | Exons3
207 | coacancanca | % |crvcceacuen - | 397 |earceeacten | Bxon 3
28 | aconcancaaca | 39 |cavcocacueay | 3% |carcceacrear | FonS3
29 cacancan | 3% |occeacoe | 39 |reccacro | BXonS3
210 | cuncancan | 355 |vcceacven | 5 |scceacrea | ExonS3
211 |pooncancan | 3% |occeacoeny | 301 |reccacronr | Bxon 3
212 | ncoacancan | 37 |vcceacosnuo | 92 |zcceacaoarr | Brons3
213 | cunconcancan | 398 |neceacoenuoe | 999 |receactearre | Bion 3
24 | canconcan | % |eacocavoe | 5% |cacrearne | Bons3
25 | acacacan | 30 |aeovcoon | 35 |seracara | Inwons2
216 | Gecavancacan | 91 |aceavcateanc | 39 |acoarcatcanc | 100032
217 igiﬁgjﬁUGGGAC 392 gggggggGUCCCA 567 ;;ggzgiGTCCCA Intron 52
28 [cacncann | 93 |uscovevs | 968 |reerrorr | Inwon 2
219 |acacacann - | % |acoveoon . | 59 |reerrorea . | Iawons2
20 |sconseavon | 95 |caeacacay - | 570 |Gaceacacar | Inwon 2
21 | gaconcenons | 96 | Gacencacavn - | 571 |Gnocacacarr | Inon 52
22 | peaconceaonn | 27 |casencacaony | 972 |shoeacacarzr | InEons?
23 | saacevecoon | 3 |concanacouy | 973 |cencanacrrr | Ions3
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22 [CCOUAORRCCGS | 19 [MRCTSUOGTOC 7, [RETOTISOTTEC [ gy
22 |ASUCHOCGRAGS | 1 | RSSCRECUCETD | 5 | ASCCACECICENT |y
22 SUCRUSGNIGSR | 4 [UACCEACCTIEE | ¢ |IACORRECTTEE | oy
27 [GERCEBCETRY | [MICOAUSIATRS | [KTCTACTOTATAS |1y
2o [ASRCIUCTTIR [y [NCDCOGIIRS | 7y [MEBCIETITRS | gy
229 ACCAAGGUUAGUA 404 AUCUUUGAUACUA 579 ATCTTTGATACTA TEX011.53/intr0n 53
UCAAAGAU ACCUUGGU ACCTTGGT junction
430 |PACCAAGGUUAGU [\ [AUCUUUGAUACUA | o [ATCTTTGATACTA | Exon 53/intron 53
AUCAAAGAU ACCUUGGUU ACCTTGGTT junction
2 [JAUROCETRGE [ [MUUBOCUAOEE |y, [HTICTETTMTERS |15
2 [SEUUCRSRACCRE |y [SMOOGUIBCOTE |y, |omeTSIIOnCTC |
2 [ASRACACCAG | [ocheccoulius |y, [eoroccarionss | oy
2 [PASRRCACCIR | 4o |CODCCHBONTER | o, |CErceaBtionan |y
s [CRASHRCRCEOE | |Cobecaanuenca | g lececaamionss |y,
236 [AACHASGER0GE | [ CCURGEUeRS | o |CEMTAGERICERS | oy
27 | BACRCHACORTOS | |CO0MGEOUETRS | o, [eCHAGTITTRS |1y
2 |CARCRACRCEOOC | CUCCOBI0CUGHR | 3y [ETCCaBrienens | o,y
2 [IAPSRCACED [, [COCCGUUEUGRK |y, [CTOCCBITCIERs | oy
s [CRACASARESC |15 COAGEUCERGe | CHRGETICEAcC |
2o [JCARCACANIGC | TOUORGEUCCHGE |y [ETmaoeTIenias |y
s [JRGUSCOROGRR |, 7 |CUUBORCIDGATE |, | TECTRTICATE | 5
2 [TADCRSUCEERDG |1y [CUGIRCTIRT |y [CHIOTACHIOHTE |1y
st [AACKSORGHRE |5 [ COUMCGROTGER | o, [CTHTGSAITERS |
25 [SSOCCCONIACRS | [GRUCCRUCORTT | o [GKTICEATCTACT |
24 SASCBUCCEUOR | [CCHICORCUCORT | o [GEICTIGTaT | o
2 [BAOCUUCCUEER | [SEURGUEUGRRGS | 57 BHRCHCIGEASE |15
s [SAR0CUDEEDCE | GOONGTOTGERES | S |SHRCCTTRAGS | 15
iy [IASDCTEUE | | CCURSOCUGEAGS | gy |GTACTOICEHSS | 15
250 [SAAOSUEDCET | | CORRVCIGEREE | g | GHACTETCERES |1
2 |ACUEAUGERRG | o5 [SSACCoCCUIEE | g SEACECTEnTTet |
2 [JOSREUCRTGORR | 7 [ CCROCCUCTIOEE | [GEACCETCTTEES |
25 [SUCCEORACHEY [ [SCRIDGORITIAE |y [GETTGMICTRS |
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254 |Gaauece o | 9 |aveacu | 9 |Caseact | Exons3
255 | qoacoeucee | %0 |caneacucan | 8% |Cazeactcan | Brons3
256 |poavece | 31 |oumncun | 6 |Trangrr | lamon 52
257 | aceuceeuuace | 92 |ucaceacanacy | 67 |Tcaceacanact | Iiron 53
258 |acoucceuuac | 433 |caceacanacy | O08 |Cagaacanacy | Iwon 53
259 | cavancac | ¥ |cancaven . | O |catcataa | Iwon 52
%0 | ccaunncac | 435 |caveavean | 619 |Gateateaa | TmonS2
%61 |Gocnomne | 43 [veaveanc | 611 |Teatcanc .| lawon 52
262 |conceavuon | 47 |cencencacay | 612 |conceacacar | fmon 52
263 | cacoaceavuua | %% |acacencacauy | 813 |conceacacars | Inton 2
%64 | ancovecouun | 39 |aceacanacuy | 514 |aceacanacrr | Iawon 53
265 | aancoveseuun | 40 |aceacanacuvo | 515 |agoacanacrrr | Inwon 53
26 | ocoucocon | ! [oecaneacue | 616 |zecatoacte | Erons3
267 |PCCAAGGUUAGUR [ - [UAUCUUUGAUACU | |TATCTTTGATACT | Exon 53/intron 53
UCAAAGAUA AACCUUGGU AACCTTGGT junction
%8 |apcoanaaga | 3 |avcuncocon | 818 |arcracrora | Exons3
29 | ncavceanocea | 4 |cuconvaceeac | 619 |crorataceeac . | BxonS3
210 ancunca | 5 |acueavy | 6 |actentr . | Esons3
271 |aoaacaca | 46 |conveave | 62! |ecateate | nwons2
272 | Cavmncaca | 7 |conveaven | 522 |aoatcaten | Iwon 52
273 | coaunncaca | “8 |ceaveatean | 62 |centeatean | fmonS2
274 | Cancancn | 9 |caveceac | 62 |carcocac | Bxons3
75 iggiggiUGAAGU 450 ggggzggACUUCA 625 igggz{g:{ACTTCA Exon S3
276 |acoacan - | 45! |cacueau | 626 |cactens . | Exons3
277 | ancuncan - | *52 |cacucavw | %27 |caczears . | Exons3
278 Zgigi?i;AUGGGA e gggggggueccm o8 ggcr;igigmccm Intron 5
279 | caomacacan | 454 |nceaveaven | 62 |accatearen | liron 52
280 | caveceun | 455 |Geacaacun | 630 |Goacanactr | Iwons3
281 | Shancovesoos | 56 |cencanacuuuy . | 631 |Geacanacrrrr | Inirons3
282 | Caavennunnve | *7 |Govaveecunce | 622 |erratescrase | 1on 52
283 ﬁgg}gggcmcm PEN iiggixggeueuus e ﬁggﬁgsmrm Fxon 53
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UAAAGGAUUCAAC

AGCCAUUGUGUUG

AGCCATTGTGTTG

284 | acanusscu 439 | apuccuuua 634 | aatcerTTA Exon 53
155 |ACCAAGGUUAGUA |, "|AGGUAUCUUUGAU | " [AGGTAICITIGAT | Exon S3/intron 53
UCAAAGAUACCU ACUAACCUUGGU ACTAARCCTTGGT | junction
i [ | [ o | [
i [PV |y USSR | g IS
258 | PPACCAAGGUUAG | , . |AUCUUUGAUACUA | . [ATCITIGATACTA | Exon 53/intron 53
UAUCAAAGAU ACCUUGGUUU ACCTTGGTTT function
29 |3avcaavans | 6% [ouancacone | 69 |11arcecrag | Twons2
290 | Canooanoman | %65 |tuavcaconce | 640 |1ranescrace | lwons2
21 | pcanvoaavans | %66 |ouavaaconcen | 41 |rarescracen | lnonS2
S | e | e |
293 | Adoneacouoe | #68 |cenvoucacco | 43 | Tearracacer | Imons3
294 | pemnvasous | %69 |Ganoccooon | 044 |cantoctrra | BronS3
25 | Gconcate | 410 |ceoacocue | 45 |ceeacocre | Brons3
296 | oonnncovoe | 471 |canacuouoea | 646 |camacrrrzca | lnwonS3
27 | hoaacoss | 472 [ceaavcen - | 647 |nganzcer . | Exons3
28 |\ oaecuas | 473 [veanvoenn - | 648 |1gaascers | Brens3
29 | Canvaecves | 4 |veanoceony | 699 |zcaazcerrs | Erons3
300 | pemnveecuce | 475 |veanvocouua | 650 |reanteertra | Brons3
01 | Joanacouaes | 76 |acanacovove | 65! |scamacrrrre | lmons3
302 | ennnccueee | 477 |acanacuvuoen | 652 |acanactrrres | Intron 53
03 | pocacee | T8 |acucaae o | 6% |acreang | Exons3
304 | aacceenc o | 470 |cavaoncn o | 65¢ |cereraer | BronS3
305 | Gancoceac | 489 |cevsoocun | 655 |gergrrerr | Exons3
306 | Geacucenne | 81 |vevuaanuce | 656 |rerroantce | Brons3
307 | pooecuseaae | *82 |vevucanvceu | 657 |rerrenazcer | Exons3
308 | Aaveccusease | 83 |vevuganoceuy | 658 |rerraaazcert | Exons3
309 | cancoacocue | 48 |veacocanccu | 69 |1eacteaacer | EronS3
30 | oncavee | 485 |aceeacee | 860 |acacacee . | Exons3
311 | pcanvace - | 486 |avccoooa | 61 |arcerraa | BronS3
312 | yeacaconce | “7 |acacavovuma | 562 |agacarirraa | fwons2
313 | docooeanae | 488 |Gocuocanue | 963 |arertoante | BxonS3
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314 |GGRUUCAACACAA [ o W [GCUUCCAGCCAUU [ [GCTTCCAGCCATT [ .
UGGCUGGAAGC GUGUUGAAUCC GTGTTGAATCC
315 |aveccuseance | 0 |Gusvucanucey | 665 |orerroatcer | Exons3
316 |pconcoouce | %91 |aveacucane | 566 |azeacteane | Exons3
317 | dncencecuce | 7 |aveacucance | 667 |arencreange | ExonS3
318 | Ganceaceouce | 93 |aveacucanccy | 68 |arencreanger | Fxon 3
319 | icencoouece | 494 |caveacucane | 0 |cazancienns | Exons3
320 | racoacesucce. | %95 |caveacucance | 670 |cazeacteance | Exons3
21 | nscavuoac | 9% |vooaceacac | 71 | tecaceacae | Inon 52
322 | Cancenvoconc | 497 |vananaacuuac | 72 |Tanaanacizac | Iwon 52
323 ouneac | 8 |qucaceo | 673 |sacacer | Itons3
324 | aomacac | 99 |caveave | 6™ |aareate | Iotwon 52
325 | cocvconaccun | S |ohauevvaante | 75 |1rotertanate | Exons3
306 |PACCAAGGUUAGU | . [UAUCUUUGAUACU | |TATCTITGATACT | Exon 53/intron 53
AUCAAAGAUA AACCUUGGUU AACCTTGGTT junction
327 |ocecucen | 92 |vucanvcey | 677 |rreantcer | Exons3
28 | avecoveea | 3% |uucanvceun | 678 |rreantcers | Exons3
329 | Canveccusen | 5% |ouearuceuvn | 70 |1reantcerts | Exons3
330 | ncanvaccues | 55 |oucanvceovoa | 80 |rroantcerrra | ExonS3
31 | Gaccuoacea | 596 |auacaoaoan | 8! [atacatatar | ItwonS3
392 | ocooacoca | 507 |aanceueove | 552 |eancororte | Exons3
233 ggtclgzg;gzwccm S08 ggﬁg;igUAGGAU 683 éiﬁzﬁgmwm Intron 52
334 | ccavnncacan | 9 |acoaveavean | 68 |acoatoatcan | IronS2

t Each thymine base (T) in any one of the oligonucleotides and/or target sequences provided in Table 8 may
independently and optionally be replaced with a uracil base (U), and/or each U may independently and optionally
be replaced with a T. Target sequences listed in Table 8 contain U’s, but binding of a DMD-targeting
oligonucleotide to RNA and/or DNA is contemplated.

[000231] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets a region of a DMD sequence. In some embodiments, an oligonucleotide
useful for targeting DMD (e.g., for exon skipping) targets a region of a DMD RNA (e.g., the
Dp427m transcript of SEQ ID NO: 130). In some embodiments, an oligonucleotide useful for
targeting DMD (e.g., for exon skipping) comprises a region of complementarity to a DMD
RNA (e.g., the Dp427m transcript of SEQ ID NO: 130). In some embodiments, an

oligonucleotide useful for targeting DMD (e.g., for exon skipping) comprises a region of
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complementarity to an exon of a DMD RNA (e.g., SEQ ID NO: 131, 762, or 777). In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping) comprises
aregion of complementarity to an intron of a DMD RNA (e.g., SEQ ID NO: 754 or 770). In
some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping)
comprises a region of complementarity to a portion of a DMD sequence (e.g., a sequence
provided by any one of SEQ ID NOs: 753, 755-761, 763-769, and 771-776). Examples of
DMD sequences are provided below. Each of the DMD sequences provided below include
thymine nucleotides (T’s), but it should be understood that each sequence can represent a DNA
sequence or an RNA sequence in which any or all of the T’s would be replaced with uracil
nucleotides (U’s).

[000232] Homo sapiens dystrophin (DMD), transcript variant Dp427m, mRNA (NCBI

Reference Sequence: NM_004006.2)

TCCTGGCATCAGTTACTGTGTTGACTCACTCAGTGTTGGGATCACTCACTTTCCCCCTACAGGACTCAGATCTGGG
AGGCAATTACCTTCGGAGAAAAACGAATAGGAAAAACTGAAGTGTTACTTITTITTITAAAGCTGCTGAAGTTTGTITGG
TTTCTCATTGTTTTTAAGCCTACTGGAGCAATAAAGTTTGAAGAACTTTTACCAGGTTTTTTTTATCGCTGCCTTG
ATATACACTTTTICAAAATGCTTTGGTGGGAAGAAGTAGAGGACTGTTATGAAAGAGAAGATGTTCAAAAGAAAACA
TTCACAARAATGGGTARAATGCACAATTTTCTAAGTITTGGGAAGCAGCATATTIGAGAACCTCTTCAGTGACCTACAGG
ATGGGAGGCGCCTCCTAGACCTCCTCGAAGGCCTGACAGGGCAAAAACTGCCAAAAGAARAAGGATCCACAAGAGT
TCATGCCCTGAACAATGTCAACAAGGCACTGCGGGTTTTGCAGAACAATAATGTTGATTTAGTGAATATTGGAAGT
ACTGACATCGTAGATGGAAATCATAAACTGACTCTTGGTTTGATTTGGAATATAATCCTCCACTGGCAGGTCARAA
ATGTAATGAAARAATATCATGGCTGGATTGCAACAAACCAACAGTGAAAAGATTCTCCTGAGCTGGGTCCGACAATC
AACTCGTAATTATCCACAGGTTAATGTAATCAACTTCACCACCAGCTGGTCTGATGGCCTGGCTTTGAATGCTCTC
ATCCATAGTCATAGGCCAGACCTATTTGACTGGAATAGTGTGGTTTGCCAGCAGTCAGCCACACAACGACTGGAAC
ATGCATTCAACATCGCCAGATATCAATTAGGCATAGAGAAACTACTCGATCCTGAAGATGTTGATACCACCTATCC
AGATAAGAAGTCCATCTTAATGTACATCACATCACICTITCCAAGTTTITGCCTCAACAAGTGAGCATTGAAGCCATC
CAGGAAGTGGAAATGTTGCCAAGGCCACCTAAAGTGACTAAAGAAGAACATTTITCAGTTACATCATCAAATGCACT
ATTCTCAACAGATCACGGTCAGTCTAGCACAGGGATATGAGAGAACTTCTTCCCCTAAGCCTCGATTCAAGAGCTA
TGCCTACACACAGGCTGCTTATGTCACCACCTCTGACCCTACACGGAGCCCATTTCCTTCACAGCATTTGGAAGCT
CCTGAAGACAAGTCATTTGGCAGTTCATTGATGGAGAGTGAAGTAAACCTGGACCGTTATCAAACAGCTTTAGAAG
AAGTATTATCGTGGCTTICTITTCTGCTGAGGACACATTGCAAGCACAAGGAGAGATTTCTAATGATGTGGAAGTGGT
GAAAGACCAGTTTCATACTCATGAGGGGTACATGATGGATTTGACAGCCCATCAGGGCCGGGTTGGTAATATTCTA
CAATTGGGAAGTAAGCTGATTGGAACAGGAAAATTATCAGAAGATGAAGAAACTGAAGTACAAGAGCAGATGAATC
TCCTAAATTCAAGATGGGAATGCCTCAGGGTAGCTAGCATGGAAARACAAAGCAATTTACATAGAGTTITTAATGGA
TCTICCAGAATCAGAAACTGAAAGAGTTGAATGACTGGCTAACAAARACAGAAGAAAGAACAAGGAARATGGAGGAA
GAGCCTCTTGGACCTGATCTTGAAGACCTAAAACGCCAAGTACAACAACATAAGGTGCTTICAAGAAGATCTAGAAC
AAGAACAAGTCAGGGTCAATTCTCTCACTCACATGGTGGTGGTAGTTGATGAATCTAGTGGAGATCACGCAACTGC
TGCTTTGGAAGAACAACTTAAGGTATTGGGAGATCGATGGGCAAACATCTGTAGATGGACAGAAGACCGCTGGGTT
CTTTTACARGACATCCTTCTCAAATGGCAACGTICTTACTGAAGAACAGTIGCCTTITTTAGTGCATGGCTTTCAGARAA
AAGAAGATGCAGTGAACAAGATTCACACAACTGGCTTTAAAGATCAARATGAAATGTTATCAAGTCTTCAAAAACT
GGCCGTTTTAAAAGCGGATCTAGAAAAGAAAAAGCAATCCATGGGCAAACTGTATTCACTCAARACAAGATCTTICTT
TCAACACTGAAGAATAAGTCAGTGACCCAGAAGACGGAAGCATGGCTGGATAACTTTGCCCGGTGTTGGGATAATT
TAGTCCAAAAACTTGAAAAGAGTACAGCACAGATTTCACAGGCTGTCACCACCACTCAGCCATCACTAACACAGAC
AACTGTAATGGAAACAGTAACTACGGTGACCACAAGGGAACAGATCCTGGTAAAGCATGCTCAAGAGGAACTTCCA
CCACCACCTCCCCAAAAGAAGAGGCAGATTACTGTGGATTCTGAAATTAGGARAAGGTTGGATGTTGATATAACTG
AACTTCACAGCTGGATTACTCGCTCAGAAGCTGTGTTGCAGAGTCCTGAATTITGCAATCTTTCGGAAGGAAGGCAA
CTTCTCAGACTTAAAAGAAAAAGTCAATGCCATAGAGCGAGAAAAAGCTGAGAAGTTCAGAAAACTGCAAGATGCC
AGCAGATCAGCTCAGGCCCTGGTGGAACAGATGGTGAATGAGGGTGTTAATGCAGATAGCATCAAACAAGCCTCAG
AACAACTGAACAGCCGGTGGATCGAATTCTGCCAGTTGCTAAGTGAGAGACTTAACTGGCTGGAGTATCAGAACAA
CATCATCGCTTTCTATAATCAGCTACAACAATTGGAGCAGATGACAACTACTGCTGAAAACTGGTTGAAAATCCAA
CCCACCACCCCATCAGAGCCAACAGCAATTAAAAGTCAGTTAAAAATTTGTARGGATGARGTCRACCGGCTATCAG
GTCTTCAACCICAAATTGAACGATTAAAAATTCAAAGCATAGCCCTGAAAGAGAAAGGACAAGGACCCATGTTCCT
GGATGCAGACTTTGIGGCCTTITACAAATCATTTTAAGCAAGTICTTITTICTGATGTGCAGGCCAGAGAGARAGAGCTA
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CAGACAATTTTTGACACTTTGCCACCAATGCGCTATCAGGAGACCATGAGTGCCATCAGGACATGGGTCCAGCAGT
CAGAAACCAAACTCTCCATACCTCAACTTAGTGTCACCGACTATGAAATCATGGAGCAGAGACTCGGGGAATTGCA
GGCTTTACAAAGTTCTCTGCAAGAGCAACAAAGTGGCCTATACTATCTCAGCACCACTGTGAAAGAGATGTCGAAG
AAAGCGCCCTCTGAAATTAGCCGGAAATATCAATCAGAATTTGAAGAAATTGAGGGACGCTGGAAGAAGCTCTCCT
CCCAGCTGGTTGAGCATTGTCAAAAGCTAGAGGAGCAAATGAATARACTCCGAAAAATTCAGAATCACATACAAAC
CCTGAAGAAATGGATGGCTGAAGTTGATGTTTTTCTGAAGGAGGAATGGCCTGCCCTTGGGGATTCAGAAATTICTA
AARAAGCAGCTGAAACAGTGCAGACTTTTAGTCAGTGATATTCAGACAATTCAGCCCAGTICTAAACAGTGTCAATG
AAGGTGGGCAGAAGATAAAGAATGAAGCAGAGCCAGAGTTTGCTITCGAGACTTGAGACAGAACTCAAAGAACTTAA
CACTCAGTGGGATCACATGTGCCAACAGGTCTATGCCAGAAAGGAGGCCTTGAAGGGAGGTTTGGAGAAAACTGTA
AGCCTCCAGAAAGATCTATCAGAGATGCACGAATGGATGACACAAGCTGAAGAAGAGTATCTITGAGAGAGATTTTG
AATATAAAACTCCAGATGAATTACAGAAAGCAGTTGAAGAGATGAAGAGAGCTARAGAAGAGGCCCAACAAARAGA
AGCGAAAGTGAAACTCCTTACTGAGTCTGTARATAGTGTCATAGCTCAAGCTCCACCTGTAGCACAAGAGGCCTTA
AAAAAGGAACTTGAAACTCTAACCACCAACTACCAGTGGCTCTGCACTAGGCTGAATGGGAAATGCAAGACTTITGG
AAGAAGTTTGGGCATGTTGGCATGAGTTATTGTCATACTTGGAGAAAGCAAACAAGTGGCTAAATGAAGTAGAATT
TAAACTTAAAACCACTGAAAACATTCCTGGCGGAGCTGAGGAAATCTCTGAGGTGCTAGATTCACTTGAAAATTTG
ATGCGACATTCAGAGGATAACCCAAATCAGATTCGCATATTGGCACAGACCCTAACAGATGGCGGAGTCATGGATG
AGCTAATCAATGAGGAACTTGAGACATTTAATTCTCGTTGGAGGGAACTACATGAAGAGGCTGTAAGGAGGCAARAA
GTTGCTTGAACAGAGCATCCAGTCTGCCCAGGAGACTGAAAAATCCTTACACTTAATCCAGGAGTCCCTCACATTC
ATTGACAAGCAGTTGGCAGCTTATATTGCAGACAAGGTGGACGCAGCTCAAATGCCTCAGGAAGCCCAGAAAATCC
AATCTGATTTGACAAGTCATGAGATCAGTTTAGAAGAAATGAAGARACATAATCAGGGGAAGGAGGCTGCCCARAAG
AGTCCTGTCTICAGATTGATGTTGCACAGAAAAAATTACAAGATGTCTCCATGAAGTTTCGATTATTCCAGAAACCA
GCCAATTTTGAGCAGCGTCTACAAGAAAGTAAGATGATTTTAGATGAAGTGAAGATGCACTTGCCTGCATTGGAAA
CAAAGAGTGTGGAACAGGAAGTAGTACAGTCACAGCTAAATCATTGTGTGAACTTGTATAAARGTCTGAGTGAAGT
GAAGTCTGAAGTGGAAATGGTGATAAAGACTGGACGTCAGATTGTACAGAAAAAGCAGACGGAAAATCCCAAAGAA
CTTGATGAAAGAGTAACAGCTTTGAAATTGCATTATAATGAGCTGGGAGCAAAGGTAACAGAAAGAAAGCAACAGT
TGGAGAAATGCTTGAAATTGTCCCGTAAGATGCGARAAGGAAATGAATGTCTTGACAGRAATGGCTGGCAGCTACAGA
TATGGAATTGACARAGAGATCAGCAGTTGAAGGAATGCCTAGTAATTTGGATTCTGAAGTTGCCTGGGGAAAGGCT
ACTCAAAAAGAGATTGAGAAACAGAAGGTGCACCTGAAGAGTATCACAGAGGTAGGAGAGGCCTTGAAAACAGTTT
TGGGCAAGAAGGAGACGTTGGTGGAAGATAAACTCAGTCTICTGAATAGTAACTGGATAGCTGTCACCTCCCGAGC
AGAAGAGTGGTTAAATCTTTTGTTGGAATACCAGAAACACATGGAAACTTTTGACCAGAATGTGGACCACATCACA
AAGTGGATCATTCAGGCTGACACACTTTTGGATGAATCAGAGARAAAGARACCCCAGCAAAAAGAAGACGTGCTTA
AGCGTTTAAAGGCAGAACTGAATGACATACGCCCAAAGGTGGACTCTACACGTGACCAAGCAGCARACTTGATGGC
AAACCGCGGTGACCACTGCAGGAAATTAGTAGAGCCCCAAATCTCAGAGCTCAACCATCGATTTGCAGCCATTTCA
CACAGAATTAAGACTGGAAAGGCCTCCATTCCTTTGAAGGAATTGGAGCAGTTTAACTCAGATATACAAAAATTGC
TTGAACCACTGGAGGCTGARATTCAGCAGGGGGTGAATCTGAAAGAGGAAGACTTCAATAAAGATATGAATGAAGA
CAATGAGGGTACTGTAAAAGAATTGTTGCAAAGAGGAGACAACTTACAACAAAGAATCACAGATGAGAGAAAGCGA
GAGGAAATAAAGATAAAACAGCAGCTGTITACAGACAAAACATAATGCTCTCAAGGATTTGAGGTCTCAAAGAAGAA
AAAAGGCTCTAGAAATTTICTCATCAGTGGTATCAGTACAAGAGGCAGGCTGATGATCTCCTGARAATGCTTGGATGA
CATTGAAAAAAAATTAGCCAGCCTACCTGAGCCCAGAGATGAAAGGAAAATARAGGAAATTGATCGGGAATTGCAG
AAGAAGAAAGAGGAGCTGAATGCAGTGCGTAGGCAAGCTGAGGGCTTGTCTGAGGATGGGGCCGCAATGGCAGTGG
AGCCAACTCAGATCCAGCTCAGCAAGCGCTGGCGGGAAATTGAGAGCAAATTTGCTCAGTTTCGAAGACTCAACTT
TGCACAAATTCACACTGTICCGTGAAGAAACGATGATGGTGATGACTGAAGACATGCCTTTGGAAARTTTCTTATGTG
CCTTCTACTTATTTGACTGAAATCACTCATGTCTCACAAGCCCTATTAGAAGTGGAACAACTTCTCAATGCTCCTG
ACCTCTGTGCTAAGGACTTTGARAGATCTCTTTAAGCAAGAGGAGTCTCTGAAGAATATAAARAGATAGTICTACAACA
AAGCTCAGGTCGGATTGACATTATTCATAGCAAGAAGACAGCAGCATTGCAAAGTGCAACGCCTGTGGARAAGGGTG
AAGCTACAGGAAGCTCTCTCCCAGCTIGATTTCCAATGGGAAARAGTTAACAAAATGTACAAGGACCGACAAGGGC
GATTTGACAGATCTGTTGAGAAATGGCGGCGTTTTCATTATGATATAAAGATATTTAATCAGTGGCTAACAGAAGC
TGAACAGTTTCTCAGAAAGACACAAATTCCTGAGAATTGGGAACATGCTAAATACAARATGGTATCTTAAGGAACTC
CAGGATGGCATTGGGCAGCGGCAAACTGTTGTCAGAACATTGAATGCAACTGGGGAAGAAATAATTCAGCAATCCT
CAAAAACAGATGCCAGTATTCTACAGGAAAAATTGGGAAGCCTGAATCTGCGGTGGCAGGAGGTCTGCAAACAGCT
GTCAGACAGAAAAAAGAGGCTAGAAGAACAAAAGAATATCTTGTCAGAATTTCAAAGAGATTTAAATGAATTITGTT
TTATGGTTGGAGGAAGCAGATAACATTGCTAGTATCCCACTTGAACCTGGAAAAGAGCAGCAACTAAAAGARAAAGC
TTGAGCAAGTCAAGTTACTGGTGGAAGAGTTGCCCCTGCGCCAGGGAATTCTCAAACAATTAAATGAAACTGGAGG
ACCCGTGCTTGTAAGTGCTCCCATAAGCCCAGAAGAGCAAGATAAACTTGAAAATAAGCTCAAGCAGACARAATCTIC
CAGTGGATAAAGGTTTCCAGAGCTITTACCTGAGAAACAAGGAGAAATTGAAGCTCAAATAARAAGACCTTIGGGCAGC
TTGAAAAAAAGCTTGAAGACCTTGAAGAGCAGTTAAATCATCTGCTGCTGTGGTTATCTCCTATTAGGAATCAGTT
GGAAATTTATAACCAACCAAACCAAGAAGGACCATTTGACGTTCAGGAAACTGAAATAGCAGTTCAAGCTAAACAA
CCGGATGTGGAAGAGATTTTGTICTAAAGGGCAGCATTTGTACAAGGAARAACCAGCCACTCAGCCAGTGAAGAGGA
AGTTAGAAGATCIGAGCTCTIGAGTGGAAGGCGGTAAACCGTTITACTTCAAGAGCTGAGGGCAAAGCAGCCTGACCT
AGCTCCTGGACTGACCACTATTGGAGCCTCTCCTACTCAGACTGTTACTCTGGTGACACAACCTGTGGTTACTAAG
GAAACTGCCATCTCCAAACTAGAAATGCCATCTTCCTTGATGTTGGAGGTACCTGCTCTGGCAGATTTCAACCGGG
CTTGGACAGAACTTACCGACTGGCTITICTICTIGCTTGATCAAGTTATAARATCACAGAGGGTGATGGTGGGTGACCT
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TGAGGATATCAACGAGATGATCATCAAGCAGAAGGCAACAATGCAGGATTTGGAACAGAGGCGTCCCCAGTTGGAA
GAACTCATTACCGCTGCCCAAAATTTGAAAAACAAGACCAGCAATCAAGAGGCTAGAACAATCATTACGGATCGAA
TTGAAAGAATTCAGAATCAGTGGGATGAAGTACAAGAACACCTTCAGAACCGGAGGCAACAGTTGAATGAAATGTT
AAAGGATTCAACACAATGGCTGGAAGCTAAGGAAGAAGCTGAGCAGGTCTTAGGACAGGCCAGAGCCAAGCTTGAG
TCATGGAAGGAGGGTCCCTATACAGTAGATGCAATCCAAAAGAAAATCACAGARACCAAGCAGTTGGCCAAAGACC
TCCGCCAGTGGCAGACAAATGTAGATGTGGCAAATGACTTGGCCCTGAAACTTICTCCGGGATTATTCTGCAGATGA
TACCAGAAAAGTCCACATGATAACAGAGAATATCAATGCCICTTGGAGAAGCATTCATAAAAGGGTGAGTGAGCGA
GAGGCTGCTTTGGAAGARAARCTCATAGATTACTGCAACAGTTCCCCCTGGACCTGGAARAAGTTTCTTGCCTGGCTTA
CAGAAGCTGAAACAACTGCCAATGTCCTACAGGATGCTACCCGTAAGGAARGGCTCCTAGAAGACTCCAAGGGAGT
AAAAGAGCTGATGAAACAATGGCAAGACCTCCAAGGTGAAATTGAAGCTCACACAGATGTTTATCACAACCTGGAT
GAAARACAGCCAAAAAATCCTGAGATCCCTIGGAAGGTTCCGATGATGCAGTCCTGTTACAAAGACGTTTGGATAACA
TGAACTTCAAGTGGAGTGAACTTCGGAAAAAGTCTCTCAACATTAGGTCCCATTTGGAAGCCAGTTCTGACCAGTG
GAAGCGTCTIGCACCTITTCTICTGCAGGAACTTCTGGTGTGGCTACAGCTGAAAGATGATGAATTAAGCCGGCAGGCA
CCTATTGGAGGCGACTTTCCAGCAGTTCAGAAGCAGAACGATGTACATAGGGCCTTCAAGAGGGAATTGAAAACTA
AAGAACCTGTAATCATGAGTACTCTITGAGACTGTACGAATATTTICTGACAGAGCAGCCTTTGGAAGGACTAGAGAA
ACTCTACCAGGAGCCCAGAGAGCTGCCTCCTGAGGAGAGAGCCCAGAATGTCACTCGGCTTICTACGARAGCAGGCT
GAGGAGGTCAATACTGAGTGGGAAAAATTGAACCTGCACTCCGCTGACTGGCAGAGAAARATAGATGAGACCCTTG
AAAGACTCCAGGAACTTCAAGAGGCCACGGATGAGCTGGACCTCAAGCTGCGCCAAGCTGAGGTGATCAAGGGATC
CTGGCAGCCCGTGGGCGATCTCCTCATTGACTCTCTCCAAGATCACCTCGAGARAAGTCAAGGCACTTCGAGGAGAA
ATTGCGCCTCTGAAAGAGAACGTGAGCCACGTCAATGACCTTGCTCGCCAGCTTACCACTTITGGGCATTCAGCTCT
CACCGTATAACCTCAGCACTCTGGAAGACCTGAACACCAGATGGAAGCTTICTGCAGGTGGCCGTCGAGGACCGAGT
CAGGCAGCTGCATGAAGCCCACAGGGACTTTGGTCCAGCATCTCAGCACTITCTTTCCACGTCTGTCCAGGGTCCC
TGGGAGAGAGCCATCTCGCCAAACAAAGTGCCCTACTATATCAACCACGAGACTCARACAACTTGCTGGGACCATC
CCAANATGACAGAGCTCTACCAGTCTTTAGCTGACCTGAATAATGTICAGATTICTCAGCTTATAGGACTGCCATGAA
ACTCCGAAGACTGCAGAAGGCCCTTTGCTTGGATCTCTTGAGCCTGTCAGCTGCATGTGATGCCTTGGACCAGCALC
AACCTCAAGCAAAATGACCAGCCCATGGATATCCTGCAGATTATTAATTGTTTGACCACTATTTATGACCGCCTGG
AGCAAGAGCACAACAATTTGGTCAACGTCCCTICTCTIGCGTGGATATGTGTCTGAACTGGCTGCTGAATGTTTATGA
TACGGGACGAACAGGGAGGATCCGIGTCCTGICTTITAAAACTGGCATCATTTICCCTGTGTAAAGCACATTTGGAA
GACAAGTACAGATACCTTTTCAAGCAAGTGGCAAGTTCAACAGGATTTTGTGACCAGCGCAGGCTGGGCCTCCTTC
TGCATGATTCTATCCAAATTCCAAGACAGTTGGGTGAAGTTGCATCCTTTGGGGGCAGTAACATTGAGCCAAGTGT
CCGGAGCTGCTTCCAATTTGCTAATAATAAGCCAGAGATCGAAGCGGCCCTCTTCCTAGACTGGATGAGACTGGAA
CCCCAGTCCATGGTGTGGCTGCCCGTCCTGCACAGAGTGGCTGCTGCAGAAACTGCCAAGCATCAGGCCARAATGTA
ACATCTGCAAAGAGTGTCCAATCATTGGATTCAGGTACAGGAGTCTAAAGCACTTTAATTATGACATCTGCCAAAG
CIGCTTTTTTTCTGGTCGAGTTGCARAAGGCCATAAAATGCACTATCCCATGGTGGAATATTGCACTCCGACTACA
TCAGGAGAAGATGTTCGAGACTTTGCCAAGGTACTAAAAAACAAATTTCGAACCAAAAGGTATTTTGCGAAGCATC
CCCGAATGGGCTACCTGCCAGTGCAGACTGTICTTAGAGGGGGACAACATGGAAACTCCCGTTACTCTGATCAACTT
CTGGCCAGTAGATTCTGCGCCTGCCTCGTCCCCTCAGCTTTCACACGATGATACTCATTICACGCATTGAACATTAT
GCTAGCAGGCTAGCAGAAATGGAAAACAGCAATGGATCTTATCTARATGATAGCATCTCTCCTAATGAGAGCATAG
ATGATGAACATTITGTTAATCCAGCATTACTGCCAAAGTTTGAACCAGGACTCCCCCCTGAGCCAGCCTCGTAGTICC
TGCCCAGATCTTGATTTCCTITAGAGAGTGAGGAAAGAGGGGAGCTAGAGAGAATCCTAGCAGATCTTGAGGAAGAA
AACAGGAATCTGCAAGCAGAATATGACCGTCTARAGCAGCAGCACGAACATAAAGGCCTGTCCCCACTGCCGTCCC
CTCCTGAAATGATGCCCACCTCTCCCCAGAGTCCCCGGGATGCTGAGCTCATTIGCTGAGGCCAAGCTACTGCGTCA
ACACAAAGGCCGCCTGGAAGCCAGGATGCAAATCCTGGAAGACCACAATAAACAGCTGGAGTCACAGTTACACAGG
CTAAGGCAGCTGCTGGAGCAACCCCAGGCAGAGGCCAAAGTGAATGGCACAACGGTGTCCTCTCCTTICTACCTCTC
TACAGAGGTCCGACAGCAGTCAGCCTATGCTGCTCCGAGTGGTTGGCAGTCAAACTTCGGACTCCATGGGTGAGGA
AGATCTTCTCAGTCCTCCCCAGGACACAAGCACAGGGTTAGAGGAGGTGATGGAGCAACTCAACAACTCCTTCCCT
AGTTCAAGAGGAAGAAATACCCCTGGAAAGCCAATGAGAGAGGACACAATGTAGGAAGTCTTTITCCACATGGCAGA
TGATTTGGGCAGAGCGATGGAGTCCTTAGTATCAGTCATGACAGATGAAGAAGGAGCAGAATAAATGTTTTACAAC
TCCTGATTCCCGCATGGTITTTTATAATATTCATACAACAAAGAGGATTAGACAGTAAGAGTTTACAAGAAATAAAT
CTATATTTTTGTGAAGGGTAGTGGTATTATACTGTAGATTTCAGTAGTTICTAAGTCTGTTATTGTITITGTTAACA
ATGGCAGGTTTTACACGTCTATGCAATTGTACAAAAAAGTTATAAGAAARCTACATGTARAATCTTGATAGCTARA
TAACTTGCCATTTCTTTATATGGAACGCATTTTGGGTTGTTTARAAATTTATAACAGTTATAAAGAAAGATTGTAA
ACTAAAGTGTGCTTITATAAAAAAAAGTTGTTTATAARAACCCCTAAARACAAAACAAACACACACACACACACATA
CACACACACACACAAAACTTTGAGGCAGCGCATTGTTTTGCATCCTTTTGGCGTGATATCCATATGARATTCATGG
CTTITTCTTITTTTGCATATTAAAGATAAGACTTCCTCTACCACCACACCARATGACTACTACACACTGCTCATTIT
GAGAACTGTCAGCTGAGTGGGGCAGGCTTGAGTTTTCATTTCATATATCTATATGTCTATAAGTATATAAATACTA
TAGTTATATAGATAARAGAGATACGAATTTCTATAGACTGACTTITTTICCATTTTITTAAATGTTICATGTCACATCCTA
ATAGAAAGAAATTACTTCTAGTCAGTCATCCAGGCTTACCTIGCTTGGTCTAGAATGGATTTTTCCCGGAGCCGGAA
GCCAGGAGGAAACTACACCACACTAAAACATTGTCTACAGCTCCAGATGTTTICTCATTTTARACAACTITCCACTG
ACAACGAAAGTAAAGTAAAGTATTGGATTTTTTTAAAGGGAACATGTGAATGAATACACAGGACTTATTATATCAG
AGTGAGTAATCGGTTGGTTGGTTGATTGATTGATTGATTGATACATTCAGCTTCCTGCTGCTAGCAATGCCACGAT
TTAGATITAATGATGCTTCAGTIGGAAATCAATCAGAAGGTATTCTGACCTTGTGAACATCAGAAGGTATTITTITAA

83



CTCCCAAGCAGTAGCAGGACGATGATAGGGCTGGAGGGCTATGGATTCCCAGCCCATCCCTGTGAAGGAGTAGGCC
ACTCTTTAAGTGAAGGATTGGATGATTGTTCATAATACATAAAGTTCTCTGTAATTACAACTAAATTATTATGCCC
TCTTCTCACAGTICAAAAGGAACTGGGTGGTITTGGTTTTTIGTITGCTTITTTTAGATITATIGTICCCATGTGGGATGAG
TTTTTAARATGCCACAAGACATAATTTAAAATAAATAAACTTTGGGAAAAGGTGTAAAACAGTAGCCCCATCACATT
TGTGATACTGACAGGTATCAACCCAGAAGCCCATGAACTGTGTTTCCATCCTTTGCATTTICTCTGCGAGTAGTTCC
ACACAGGTTTGTAAGTAAGTAAGAAAGAAGGCAAATTGATTCAAATGTTACAAAAARACCCTTICTTGGTGGATTAG
ACAGGTTAAATATATAAACAAACAAACAAAAATTGCTCAAAAAAGAGGAGAAAAGCTCAAGAGGAAAAGCTAAGGA
CTGGTAGGAAAAAGCTTTACTCTTTCATGCCATTTTATTITCTTTTTGATTTTTAAATCATTCATTCAATAGATACC
ACCGTGTGACCTATAATTTTIGCAAATCTGTTACCTCTGACATCAAGTGTAATTAGCTTTTGGAGAGTGGGCTGACA
TCAAGTGTAATTAGCTTITTGGAGAGTGGGTTTTGICCATTATTAATAATTAATTAATTAACATCAAACACGGCTTIC
TCATGCTATTTCTACCTCACTTIGGTTITGGGGTGTTCCTIGATAATTIGTGCACACCTGAGTTCACAGCTTCACCAC
TTGTCCATTGCGTTATTTTICTITTITTCCTTTATAATTICTTTCTTTTICCTTICATAATTTTCAAAAGAAAACCCAAAG
CTCTAAGGTAACAAATTACCAAATTACATGAAGATTTGGTTTTTGTCTTGCATTTTTTTCCTTTATGTGACGCTGG
ACCTITTTCTTTACCCAAGGATTTTTAAAACTCAGATTTAAAACAAGGGGTTACTTTACATCCTACTAAGAAGTTTA
AGTAAGTAAGTTTCATTCTAAAATCAGAGGTAAATAGAGTGCATAAATAATTTITGTTTITAATCTTTITTIGTTTITICT
TTTAGACACATTAGCTCTGGAGTGAGTCTGTCATAATATTTGAACAAAAATTGAGAGCTTITATTGCTGCATTITTAA
GCATAATTAATTTGGACATTATTTCGTGTTGTGTTCTTTATAACCACCAAGTATTAAACTGTAAATCATAATGTAA
CTGAAGCATAAACATCACATGGCATGTTTTGTCATTGTTTTCAGGTACTGAGTTICTTACTTGAGTATCATAATATA
TTGTGTTTTAACACCAACACTGTAACATTITACGAATTATTTTTTTAAACTTICAGTTTTACTGCATTTTCACAACAT
ATCAGACTTCACCAAATATATGCCTTACTATTIGTATTATAGTACTGCTTTACTGTIGTATCTCAATARAGCACGCAG

TTATGTTAC (SEQ ID NO: 130)

[000233] Homo sapiens dystrophin (DMD), transcript variant Dp427m, exon 52
(nucleotide positions 7787-7904 of NCBI Reference Sequence: NM_004006.2; nucleotide

positions 1614862-1614979 of NCBI Reference Sequence: NG_012232.1)

GCAACAATGCAGGATTTGGAACAGAGGCGTCCCCAGTTGGAAGAACTCATTACCGCTGCCCAAAATTTGAARAAACA
AGACCAGCAATCAAGAGGCTAGAACAATCATTACGGATCGAA (SEQ ID NO: 131)

[000234] Homo sapiens dystrophin (DMD) exon 52/intron 52 junction (nucleotide

positions 1614950-1615009 of NCBI Reference Sequence: NG_012232.1)
ARGAGGCTAGAACAATCATTACGGATCGAAGTAAGTTTTTTAACAAGCATGGGACACACA (SEQ ID NO: 753)

[000235] Homo sapiens dystrophin (DMD), intron 52 (nucleotide positions 1614980-

1665023 of NCBI Reference Sequence: NG_012232.1)

GTAAGTTTTTTAACAAGCATGGGACACACAAAGCAAGATGCATGACAAGTTTCAATAAAAACTTAAGTTCATATAT
CCCCCTCACATTTATAAAAATAATGTGAAATAATTGTAAATGATAACAATTGTGCTGAGATTTTCAGTCCATAATG
TTACCTTTTAATAAATGAATGTAATTCCATTGAATAGAAGAAATACATTTTTAAATCAATTCAGGGCTTATATAGT
TGCAAAGCATGCATTGATGGGTGTGGTGACCACAGTGTGGCAGAACATTTGTGGCAGAACATTTGTTCTTTAGTTG
TCATCTGGGCTGGCATCCATGGAGATGCCAGTCTCTCCCTICATATCCTTGGCTGTTGGTCCAAGCAGGCAGTGGCT
TCTTCCTGGGCCATCTTTCATTCCCATGTGCAGTGACTTTCAGATCTGGATATCTCTCCGCTACTTTGATGCCCCC
ATTTTGTAATATCAAAAATCATCGTACTGTACCTTATGCCGTAGTAGGGTGGGCAGGAACTTTGGTAAGACCCATC
TGACTAGACGCTGTGCATATTICTTITICTTCIGACATACACTCCTATCCATTTAATGGGGAGAGTGATTCGCAGTGA
TTGTGTGTTGTGTCAGTGAGTTTCCATGGGGTCAGGAAGAGTGACAGACGAAGGAGTAGGGGAAACTCGCCACCCG
GTTTCCCTCAGAGATTCTCCTCAGAAATGAGGTCCAAGTCAGCTCTGCTTTCAGGTTCTCTCAGATCTICTCTCGGT
TTCTTCACTTCTCTCTACCTICCTTCCCTCCAGGGACACACACTGGTATTGAATTTTCTTGCTTCCTCTGCAATAT
CCCCTCATTTTCCTTCCCACAACCCGAAGAATCCTTTGTAGTGCAGGAAGGAGGAAAACCTTTCAGCCATCTTTTT
TTTTCTICTTTGAAATCTTTTGTCTTTTACCAGGCTTAGACTTTTCAAACTCGGAAACCATGAGAGTCTATATCTTC
ATAATTTATATTCTGCTATGTTAACCCTTCCCTAAGGAAATGACTAGTTGTCAATATGTTGGGGAAAGTGAAAGAG
TAACCAGAGTAAAAGGTTAATATTTTAAAATATTATTAGTCATACTTCCACATATTIGGGTAAGTACTTATTGATAA
TAGCTAGTATTTATTICAGTACCTCATAAGCATTAGATGGTGTGTGCACATGTGTGTGTTTCTGTGTGTTITCTGTGT
GTGTGTACAAAATCTTTACAGAATCTTGTGAGCTATATTITTATAATCCCCATTITTATAGACGAGAAAACAGGTTCC
AAGAACAGTTACTCGGCCGGGCGCGGETGGCTCACGCCTGTAATCCCAGCACTTGGGGAGGCCGAGGCGGGCGGATC
ACGAGGTCAGGAGATCGAGACCATCCTIGGCTAACACGGTGAAACCCCGTICTCTACTAARAATACAAAARAARATTA
GCCGGGCGTGGTGGCGGGCGCCTGTAGTCCCAGCTACTTGGGAGGCTGAGGCAGGAGAATGGCGTGAACCCGGGAG
GCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCACTCCAGCCTGGGCGACAGAGCGAGACTGCGTCGTTTACAA
ACAAGCAAAGAACAGAGCTTGGAATTTIGTAAATGTCTCTTTICTGACTTGAAAATCTGCGCTCTTTCTAGTATGTTT
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ACCATTTCCCATCTTGTTTTIGTTGCTTTTGTTAATGACCTTAATCATTGTACTAAGACTAAATACTTICTTTTGTICT
GAAATTATGTATGTTTTIGATTCACTTICCTAAAGACATGICTTICTTTCAGTTIGTAGTGATTIGCTAATTARAATAGGC
TGTTCTTGGTTTTGAARGTTTAACTCTTTATTGTIGCTTAAACAATGAATGTIGGATGTATGCTAATGTATTATTTIC
AGTAACACTAGCCACTATAACAGGTAATCTCCCAAATCTTGGAGGCTTACTACAGCAGAAATTTACTTCTTATTTT
AGTGCAGTCCAAAATAAGCAGCCCTCTATGAAGTCATTCAGGAACCCAAGCTCCTTCCATCTTTITGTGTCCAGAGC
ATAAGACTCATATGCATTTAATGGGCAGATGAAGAATGAGTATTACTCATGAAAATTTGTCATGAGCCACGCCTGG
AAATGGTGIGIGTTAATTTTGTTCATATTICTGTTGGATGGATCTTIGTCACATGGTCACACCTAACTGCGAGGGAAT
TAGGGAAATAGTGTACACTGTTGAGCCTAGGAAGAGGAACAGATTTGGTAAGATAGCCATACAATTGATTTAGCAG
AGCATTCCTCCACCATACTGGAACCTTGAGGGTTCTCCAACAAGTTGCAACACACTGACCCAAAAGAGTGAATCTT
AGTGAGTGATTTACTCAATATGAGACTGAATTCCCATTACACAGGTAAGTGATCAGTTTCTTGCCTGAGAAATATG
GAAATTTGGCAGTGAGGTTTATGCAAATCTIGAACATACTATACAGAGAGTICATTITGTTATTITTACTAATGAAAAAT
CACTTCAATTTTTTCCCTAAGAGGAAGACAATATGAATGTATTATACAGTATTTGTTCAACATTGTICTGAACATTT
TCCATTATCCCCTGCATTTTTTTTTCATATTGCATTGACTTITTTCATGATAGAGATTAAAATTGAATGACCGGAGG
GCAAGTTTGTATCTCTCTGCCAATATTCAGTIGATTTGAATAGTTCTTICTTITTCTAAGCTTITTIGTCTITTTAGGAATG
AATACCTTTATGAATATTTGCAGCCTAGTGGARAGGCTGTAATCCAAATGGTCCAAGAAAGCATTITTCTTAAAAGC
AAGTGTCTIGTICGAGATGTGTCATAGCGCTTATTAAGAGTCTAAGCTGGAATCTTAGTTCCAAATATGCCTGGAGCC
TCTAAATGGTACCAGGATAATTCTGACAAGATATGTTTATCTAAACAATGTCATTTGCAGCCCTGCTACACTTCAG
TTTATCTCTCCCTTTGAAATCTATAARATGGGATGGAAATTCAATACTCATAAACTTTTICGATCGTGTTCAAAATA
GAATTTTTCTTAGTAAAGATTTGGTTTTICAGGAAAAGGACAGAAATAAAATACTTGCTCATAAAATTGTATTTTCT
CATTTGATGATTTTGGICTTCCTTTTTATIGCCATGAAACTTCTAGAAATGCTCAAARAAGARARTCAGCTARATARA
GAAAAAATAGTTAATATATGTATGTAATACTATATTGAAACATTTITTICTTTCTCTGGTARATCCCATTTCATAACT
TTGAACAGTTGGGAAAATCTATACATAGTTATTGCAGTCTATCAAGAGAARAGTTCAGTACAAAGCTATTTATGTC
TACTAGAAATATTCATGTTAAACTTCAAGTAATTGGGTGTGCAAGCCACCACCATGTTITTACTATATGAAACTATT
ACCGIGGTATCTGTTGTATTCAGGTAATTATATTGATGGAAATCATGCAGTAATAATCTAGGTAAGAGAGTARATT
TTGTCTAAATCAGATCAAATGAAAAATTCTCCCTCTTTCTAATATTCGAATTGCTCATTTITTICTTTAACTCTTTGG
TGTCTGAATTTGTCAATCATTCCTGGCCATTTICTTCTGCAAAAGGGCTGGGTCAGGGGACCAAAAGCAGATAAGA
TTAGAAGAATTTAAATTTTCTTCCTTGGAGGCGTICTGAATTACATGAAACTCTTGTTICGTGTCTGTTAATACTGCA
AGGCATAATACCATAATACCTTIGCATAGCAGTGAAGAGGATTTGGARAAGATAAAACTGCTTICCTITITATCATTICTG
TTTATTTICACAAACAATATTGGTGAATGTCGTTCCTGTAACATTTGGATTTAAGAGCCTTGTTTCTGTAGCTTCTC
CCTCCGTAACCCCCACCACTACCATTTCGGGGCTATACAGCAATAGCATGCATTACTTTAARAGGCAGGCTGCCTA
GACTGGCCACTTIGTTAGCTTTGTGGCCTTGAGCAAATGACTAATCTCAGTAAACTATCTGCTCTTAGTTTCCTICT
CTGTAAAATAGGCTCACTTATAACTATCTCATGGGTTGGGAGGATTAGATGAAATAATTAATGTAGAGCCCTTAGA
TCAGGGCCATAGTAAAAGCTGAATGAATGTTAGCATTTGTTATTTTAATTATAATCTATTGGGGTGCTTTGAAGGC
TTAATGCAAAATACTTAATGAGCTTTTTGGTAGCTGTTTAGTTATTTCGCCCCCCACCACCACCCCARAAGGAGAG
ATTTAARAGACCGACAGGAGAAGGTTGCTTGGAAAAGATGGAATAAGATCTATAAATAGAATTAAACAAATATTCA
GGAAAGCCTTTTGTGGGAAATACTGCAAAATTTTITATTATCTATAAATTTAATAGGTAGATAAAATTACTACTCCC
ATTTTAGAGACAGAAAACCGAGACTCGGAGAGCTAACGTAACTTGTCTAGGGTCTTAGGAAGATGACAAGTGAGGA
AGTAGAATTCAAGCCCACGTCTATATGATTITTAAAGCCCGAGGCACATCAAATGGAAAAGGCTGGTTAGTCAGAAA
AATAGGAAGGTATATTTATCTGACAACTTAAAATATTAGGACTAACCTCAGGTAATTATAGTCTGGATATACATTT
TTGCTGCTCCTGTTTATACTTTTGACTTCTGTGTATTTGAGTGTCTAATCAAAGGATTGTICTTTTACATGTGTTGG
AGATGTACAGACTAGTGGACCCCAATGATCTATTAGCTGTGTAACCTTAGCCAAGTTAATTICTCTITTCCTARACTG
TGGTTCTCTCATCTGTCATGTGGGGCTAATAATAGTACTTATGCTGGTAGGGTGATTAAGARAGTAARATAATTGG
TGTTTCTAAAGTAAATATGTGGCACATATTAGATGCTCATTAAATGGTACATATTGTTATGGTGAGATGGATTTGG
TACAGAGAGAACTGGAGATGGGAGAATATGAAGGGTGTATAATGTGGCCTITTTATTAGCTAAACCAAGGGAAGGAC
TICTGAAACAGAATTCCAAGTTTTAAGAGGGAGTCGTTTATTTITGGAATTATTTTITTICAGCTAAGGATTTTTCAAC
CCAGTCCAGAATTICTITAGAGAAATTTAGTGATAGCTTATAAATTTTAAGAARAAGGAATTCACATTATATTGCATAA
AGAACTGGTATACAGGGCCATAGAAGGGGAGAATGTTCTTCTGTATGAGAATAAAARAAANACATCTCTCACACGAT
TTTTGAATTAACTGACAGTTTTATAGCAGCTTTGTCAACCCATCATTCATTGCTGCAACCAAATCTATGAAATCCT
TCATGGCGAAATAAAAAGGCTCTGTTGTTCTCCACATTTIGTATGAAATCTICTGTTIGCTAATGAAATGCCAGCCAGT
ATCTITCCICTCAGGTATTGTCTATTAGATGGTTIGCTTATTTTAGAAGAAGTGGAGTCAACCATATAAATTTCCTTC
TTTTGACATCTAGCACCTGCTGTCAACCTGTTATAGCTACAAGCAGCTCTCAAAATTCACATCCACTAGGATGCCG
CTGGCAACCAAAGAGTTCAGTTCAGTTCAGCGAACGTTTGAATGCCTACTCTGTGCTATCTAATATCAGAGATGGT
AGAGGGGATACAGGAAAAAAGTAAGATTCAGCCTITGTCTTTAAAGAGCTCACAATCAAATGTGGGTATTTGGACA
AGTATATTTAGGCAAGGCAGTTTAGGATAGGTGCTTCAGTAGAGCAGTATTACAARATGTTGAGAGAAAACTAGAG
GAGGAGTTTTAAATGAGGGCTTAGTGGAATGCTTCCAGGAGGAGGCTGAATTTGACCTGGTCATGAATAAGACTTT
GAARAGCAGAAGGAAGCTGGAGAGGGAAGGGTATTTCAGGAATTGATGACAGGAGAATACATAATTAGACCTGTTA
ACAGIGGGGTGGAAGACGAATATCAGCATGGGAGTGTGTGTIGIGIGTGTGTGTIGTGTIGTGIGTGTGTGTGTGTGTG
TGTTGTIGGAGGATAAGGGAGTAAATGAAGTCAGTAAGACCAGTTAGAAGGCAAGAGAGCCCAAGCTGGAGCAGTGA
CCATGGAGTAAAAAGAAAGAAGTGAAATTGAGACATAAGGTGGAGCTAGAATTAACAGGATTTTGACATTGATTGC
ATATATAAAACTGTCAATCTAAGAGAAGGCCTGCCTCTAAGAGTTGGAGATTGAATTICTTTGGAAGATTAATGTCA
TAACCAGAGACAAACTCAGGATAAGGAGTTGATTATGGGAGACAAAGTAATGTGCTTAACATGAAGCTAGATGACC
ATACTGAGATTTTAAAGAAATGGTTGAAAACATAGAGATTGCAGGAGTGATGTTACTTTTGGACAAGAATTCAAAA
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GTTACCTGGAATGTCTGAGCTTGCACAGAGAGAGGGTACCTGGTGCAAAGARAAGTGAACCTAGGAAAAAGCCTAG
AAGTTGGTTTACATTTAAGGAATTTGAGAAGAGGTAGCACCACCCACCCCCCACACAACCCCCAACCCTGCCAACT
TACAATATAGAAGCATTTAGACACACACTGAATAATAATTTTTTITTTTGAGACAGAGTCCTGCTCCATTGCCCAGG
CTGGAGTGCAGTGGTGCCATCTTTGCTCACTGCAACTCCGCCTCCCAGATTCAAGCTATTCTCTTGCCTCAGCCTA
CCGAGTAGCTGGCATTACAGGCTCCCACCATCATGCCCAGCTAATTTTITTIGTATTTTTAGTAGGGACGGGGTTTC
GTCATGTTGGCCAGGCTGGTCTCAAACTCTTGACTTCAGGTGATCCACCCGCCTCGGCCTCCCARAGTGCTGGGAT
TACAGACCTGAGCCACCGCGCCCAGCCTAAATAATGAATTTATAGATGCTACACTGTATGGTITICCTITTTTCTIGCT
GCTGTACAACCATTCAAGTAACATAAGTTITCATCCTIGGTTCTTAATGATACCATGAATAAAGTATAGAAACTCTTT
AGCTGAGGATTAAAGATTGTITGTGTTTAGGTAGACCAGGTTTICTGATGCAGCCCTCAGTATACCAGGGAAATTAGC
CATTACTGITTGCCTTGIAGGTCTAATGAACCCTTTAGCTTTTTATTTTGTATATGTCTAAGTTACTCTACAAATT
CTITATGGAAGTATAAAGAGATAGTGAAAGACAATCTTATGAGAAATTTTAATAAGAATTGAAATACAGGCTGGGCA
CAGTGGCTCACTCCTGTAATTCCAGCACTTTGGGAGGCTGAAGCGATGGATCACCTGAGGTCAGGAGTTCGAARACC
AGCCTGGCTAACATGGTGAAGCCCCATCTCTACTAAAAATACARARARATTAGCCAGGCATGGTGGCGGGCACCTG
TAATCCCAGCTACTCGGGAGGCTGAGGCAGGAGAATTGCTTGAACCCGGGAGGCGGAGGTTGCACTGAGCCGAGAT
CACGCCATTGCACTCTAACCTGGGCAACAAGAGTGAAACTCCATCGTAAATAAATAAATAAATAAATAATAAAARD
GAAATACAACTTACTTTTITIGTATCAAATAAATTITIGGTGCACAAACATCATAAATGACATAATATCTGTCACACAT
CCTTTAGCAARACAGGATTGTTAAAATTCTTACAGCTAATATTATGTGGTGAAGTTCTTCCTGTTGAATAATTAAG
TGGATTAAAATATCATATTTICCITTICTGTCATTAGAAATATATTGTGCATTAATCAGTCCTTGGGCCTGAGAACAT
TTATCTAGGTTTTCATCATCTGAAAACTCACAGTCCAATATTTCACCTGTATTATCAATTCACCATTATCATTAGA
GTITTAGAATGCTGCTGICTICTITTICCATCTATCTTICTGTTGTATCTAATAATTAGGAGATATATATATATATATATA
TATATATAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGTGAGAGAGAGAGAGAGATTGGTAATAATACTAATA
TATATAATAATATTATATATATACACACATACAGAGAGAGAGAGAGAGAGAGAGAGAGAGATTGATTTTAAGCCAT
TAACTCATATGATTGTGGGAGCTGAAAAGTCAAAAATCTGTAAAATCCARARAGCCTGGCAGGATGGAGACCAAGGG
AAGAGTTGATGTTGCAATCTTIGAGTCCARAGGTAATCCGATAGCAGAATTCCTTCCTTTITCTGGGGACTTCAGTCT
TTTCTCTTAAGGACTTCAAAATTGATTGGAGAAGGCCCACCCACATTGTGGAGGGTAATCTGCTTTACTCARAAGTC
TGCTGATTGAAATGTTAATCACATCTAAAAAATACCTTCACAGCAACATCTAGATTGGTGTTTGACCAAACAACTG
GGAACCATAGCCCAGCCAAGTTAACACATAAAATTTACCATCATCAGCCATCATCATGAGGTTCATAATGTCATGT
GITICTICACATATAAATCICGIGGTTCTTITTATTTTITTAGTAGTACCTAGTTAATAAGGTACCTGGAAATATAC
GTTAAATAATAGAAATGGTCTITTAATATCTTAATGAATTITCAGAGTTCTATCAGAGTAATTGTAACTTGTATATAA
AAACTGATATATAAAAAACAAGTATGTTTTTTCTTCCTATACGTTGTGTTAAATTAATACTAATTACCTATCATGA
AATGAATGTTTTCCATTTTTCATAAATGTATTTCATTTTTAAATTAAGAGGATTAATATCAAAACATATTTGAATA
GGATTTAAAATCCAAATTACCTGTTGCGATTATATTTAATTATAAATCTTTCAAGTGAGTTTATAATAGGAAAAAT
ATTTTTTATTAAAGTGATGTACCATAATTATGAACATAAATAGTGTTTTCTACTAATTGTTTTTGTICTTCATTATG
TTTCTTTTTAAGGGGAAAGATCTGGGTTAACAAATGTTTTATTCATCCACCTTGAAAATTAAACATAATAAACARAA
ACTATTAAATAAATAAACCAATTARAGAARRAATAGTTTTTCTTCCTTTTTTGTGATAARGATGATTATGAGTAAATA
TATTAAAGAATTTTATACTCAGACAAAGTGAGCTAATAAGACAAATACAAACAGAGATGAGCCCAGAAAGAGATAC
TCTACATGITTATAGGCTAGCATTTTTATCTTATGACCTACAGGGTCATTGTAACTAAAGTCTTGAATTTCTGTTA
TATTTTGGTACCTGTGGGCATAAATAGGAATATTACTCCCTGATGGCATCATGCATTTTAGATAAAACTAAGCCAA
GGGTTAAACACGTGCCATGGACTGTTCCTARAAAATGCTCTCAGCTCTCAAGTTATAGAAAATTGTAGGGATTATT
ATTTTGTACCTACTACTTICTTTCTTITACCAAAATTTACTTATACATGATTTGAAARATTGCTTGCCACCTGTICTTTA
TTCTGTTGTACTTIGTCTTAAGTAAAACATTTATAAAGTAAGTAGGAAGGATTAATAGATTGTGACCTTTCTACATG
AAAAGGGGAAAGCCGAGCTIGTITCTACTTTTGTCAGGAAAGAGTTTGAATAGTTACCTGTTACTGTAAAACAATCA
CCCCAAACTTAGTGTICCTAAAGTAGCAATAATCATTTATTATCACTCATAGGTTCTGTAGGTCAGGATTCATGCAT
TGCTTGGTTGAGGGGTTICTGTICTICACGATCACTCATGATGTTGCACTCAGATGTCAATTAGGCTGCAGTCATATGA
TGGCTTGACTGGGGCTGAAGGATTICACTTTCACAGTGAGTTACTTIGTATAGCTTIGTIGAGTTIGGTGCTIGTICTAGTTG
GTITTCCCICTAAACGAGTTICCTCCATGGGACTACTTGAGTGTICTTATGATGTGGTIGGCTGGCTTACCCCAGGACA
AGCAACCTATGAGTTTTGCCCTGAGTTTTCTGAAACATGATCCCATGTTIGCTITGAATATCCCCATTAGACACTCC
CACAAATGTCAATCATACTCITTGCCCTAAAAGTTGCAGACTACTTGTACATGTCCTTTATCCTACATGTGTACAG
GAAACACGTGCAGAATAACATGTGTITTITGTITICTTGAAAGAAACAAGAACCCACCAAAACTTTATAGCTCCGGGA
CATGATGATAATTATCTCAGGTCCACTCAGCCTGGCTCCACATGGAAAATATGGGTATTGTAAAGAAAGCTTTTIGA
ATTTTGGAGGCCTAACAARAAGACCTAGGAAGCTAATAGTITGGTTATGAGATAATTATAACAATGGTGATGAAAGC
AATTGCGATTATTACTTTTATGTTAGTGAGATAAATACATAAGAATGTCCTTCTTTAATTTCATTCCTTAATTTCC
TTAATCCCCATTICTTIGATTTCTGGATTAGAGGAAAGCTATACTATCTACCTGATTACACAAARAGACTGGACTGAG
GGGTAACCATTAGGACTCTTIGTTAGTTGAAGGTAATAAACTATATTACTTCAGTGGCTARAARACARACAGGAGCTTT
TTTCTCATATAAAACTAGAAGTCAGGARACAAATGGTTIGCTGATGTTGGTTTATCCGTTTGACAGGTTICTACCTTIT
ATCCTGGAGATTCTTTGGCCTTTATTTCTTTAGTAATATAGTAGTAACAGCACTGAATCTAAAATAAGAGCACTTG
GTCCAAGCACTGGCTCTGCCCCCTTAGTGACAGTGGGACCCATGGCAAATTATTTAATCTCTCCAACAGTTAATTT
TCTCATCTGTAAAACTGGGATCCTGATAACTTICCATACTAGTTTGGTGTTAGGATTCAATGAAATGACGCATGGAA
AAGTCCTTTTCAAATGGCTACTCACTATACAAATATTAATGTCTTAGTAAGCTCAGGCTGCTATAARATAATGCCA
TAGACTGGGTGGCTTAAACAACAGGCAGTTGTTTTTCACGGTTCTGGAGGTTGAGAAGTACAAGATCATGGTGCTG
ACAGATGTGGTTCCTGGTGAGAACCTTCTTCTTGCTGTATCCTICGTATGTTIGGGGAGAGAGGTGGTGCAGAGAGGT
ACTCTAGTCTCTCTTCTTGCICTITCTITAAAAGGACACTAATCCAATTATGGAGGCCTCAACCTATGACCTCATCTA
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ACCCTTATTATTTCTCAAAGGCCCCACCTCCAAATATCCATTGGGGGTTAGCACTTCAACATACAAATTTTAGCCG
GCGGGGGGGATGCCAGCATTCAGTCCATAACAATCAACTATCCTCATTATTGAGAGTTICCACTAGGCCTTCTCAAG
GGTTGACAATGATAGTGCCCTGCTAGCTATAAGAGTAAAAARATTTTCACATCTAGAAAATGGGTGCACGAATATT
GGTAACTGTTCTAATGTCTATGCACAGAATTTTTAGAACTTGCTCGAGARATTTGTCTTTCCTGACAGTGTTGCTT
CTCTTAAATTCCAGTCGAGGGCCTTGAAAARAAATAGGTTTTCCATCAAGATTICTCTGARTGAATAAATGAAATGCT
CTGATATTTTCTTTCAATATTAAGATAAAGCAAAATGTATACAGAATTTTICTATTTTCAGTIGTTTCCAATTACTGC
ATGGTTTGGCTTATTACCATCTCTAAGTCTAACCCTGGGTCATAGGAGTAAAGCCATTGGGGGTCCCCTACAAAGG
ATACAAGGCAGTGGTAGATACAATAAGCCTGACAATTGGAGTCAGATTTTTCTCTTTCATACAGGAACCATGGAAC
TGTTGCCCTGGGCCACAGCTGGCTCTCAGAAAAACGTAGAACTGGTCGAGGAAAGGARAGGCAGGGAGTCCTTGAT
TCACTTGTTATCAGAAAATTIGTCTIGTTCAAACAACAGAATGTTTGAAAAGATAAAATCAAGTCTCAAATGCACAGA
ATAAGAATGAGGGGAAAACACCTTTCTICTGTAATTAAACAGAAARAGTGTGCCATGAAGTGATAAAACCCAGTCAAC
CTGAAAATGTGAACATCAAGTGTAATTGTGCAGAACGATAAGGTAATATGAACAGCACAGGAATATATAGGCTCAC
GTTGGCATTTTAAAGCAATGGCACTTTACCTIGTITCCTICATGAAGGATTTIGGTTTAGTCTAATCCCTTGTAGGAGCC
ACTAAGAGGAGAAGGCACAGTCCTTTTGGGATGTAAAATGGGGAATTCTTTCTATGATTACAAGAATTTGTAAATT
GCTCAGAGTTTTAGGACAGCAGGTTATGTGICTCTCAATGTTGGGTACCATGCCARACGTACTTITAAGAGACATAG
CAATAAATAGAATGGGATTCATTTTTITICTTAATGTCTGGCAGGGCAACCAAAATGCCCACGTTTCCCTTCAGTAG
CTTGGTATTTTGGTAACTAAAAACATGTTCCAGGGAACTCCAGAATATGAAACATTTCAGACAATTTGAAACTGTC
AAMATTTTCACTTICTITTATGGGACAAATAAAATCTAACTTTATTCAGATTTTAAAGTATCTCATAAAAGAGTAATA
CTTIAGATTTGIGCTIGIGCTTTATACGAATTGGATGAGGAACTCTTATACATATATAAGTGGATTITTATTTTICACA
ACAGTCCCTATGGTAGATATIGTCCTTATTAAGTAAATGAGAGAACCAACTATCAAAGATATTAATATTTITGCATA
AGATCACACAGATAGCGGAACCAGGATTTAATCCAACTCCTCTGATTICTAAAAATAGGTGTTAGATGGGTATTCTT
TCCCCAAACCTATGCTGAAAGGAGGCTACATTTGGAGTCAGTITATTGARAAGTTTAAATATATGTGTATATATATAT
ATATATGTGTGIGIGTIGTIGTGTIGTGTGTGTIGTGTGTATICTTATATACTCATGCATGTAGATAGTTATAAAGTACA
TGCTTATATGICAATTTTATATATACGACTGATATATAAACTATCAATTTGTGATAGTTTATTTCAATTAAGTTCA
AACATATTGGGTATTTATTGACTCATGGGACTTAAAATTTCTCAGAGGCATTAATTTCTATGCCTTTAAGCAAAAT
AATGTTTAGCCCGTTTTAGAAAGATAAAAGGCTAACATATGTTTTGTTTITTIGTTTGTTTTGTTTTGTTTITGTITTTG
TTTTGTTGAGATGGAGTTTTGCTCTTGTTGCCCAGGCTGGAGTGCAATGGTGCGATCTTGGCTCACAGCAACCTCC
GCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCATCTGAGTAGCTGGGATTACAGACACGTGCCACCATGCCCG
GCTAATTTTGTATTTTITAGTAGAGACAGAGTTTCTCCATGTTGGTCAGGCTGGTCTCGAGCTCCCAACCTCAGGTG
ATCCACCCGCCTCGGCCTCCCARAGTGCTGGGATTACAGGCGTGAGCCACGGCTCCTGGCCGCTAACACATGTTTT
TAAAAAATAAACACCATTCGAGTAGGAAAAGTGGGAGAACTGGTGGTTCAGCTAGAGATACGGAGATGGGAGGGCA
AGTTGCTTTCTICATGTTGCCACATCTGTAAGTTACAAATGCCATAGATTAGGAATTITCAACGTTIGTTIGTGICTCTIC
TGAGGACATTCTCCATGTAGTATATGTTTCGCCTCCCTGATGGACAGTARAGCATCAAACGGTTACTCCTTTATATT
TGAATTATTTTAATTCTAACATCTTGTICTGAAAATAACGGGAATGCCATAAARTACTTACTGATTGATTGGACTGT
CTCGCAGGGGAGCTGGCAGCTAGTGTAGGCTACAAGCTGCCATCATCATCTCCATGACCATGAGTCATCACTGGAA
TTACCCTAAAGAGGTTAATAAAACGCCTTGTTTGAAAAGCAAACAAAAAGCCAGAAGAAACCCARAGCAAACAGAC
CCAGACTTTGCAATGGGTAGTGAATTTTCAGTCTTAAGGGATTGAGAGTCCTTTITAGTACAATCTCTCATARACAT
ATAACAGATTTTAAAAGCACCTITGGTCTGATTCCAGTTCACATACCTCATCCTTGCAGAATACARACATACTAGGCC
ATTTGAAATGTTCCTCAGTTTACTTTTGGAGGATCTGCTGATTTGAGCAAAATGGAAATGARATGTATATAGARAAG
CICTTAATTTTTITITITITIITTTITTTITGAGACGGAGTTTCGCTCTGTCGCCCAGGCTGGAGTGCAGTGGCGGGAT
CTCGGCTCACTGCAAGCTCCGCCTCCCGGGTTCACGCCATTCTCCTGCCTCAGCCTCCCGTGTAGCTGGGACTACA
GGCGCGCGCCACCATGCCCGGCTAATTITIGTATTITTTAGTAGAGACGGGGTTTCACCGTGTTAGCCAGGATGGTC
TCGATCTCCTGACCTCGTGATCCGCCCGTCTCGGCCTCCCARAGTGCTGGGATTACAGGCGTGAGCCACCGCGCCT
GGCCAGCTCTTAATCTTAAGAAGTTCAGTTTCGCAGCTCCCCCCCCACCAACCCCCAATCTTGAAAGCAGGAATTT
GGATTAGGGTTITTTAATAAAACTTTCTTTTITCTTATTACCATGATGTTTTTTGAGAGGGTACAGAGAACTCATTA
ARAATGTTATGTITATAACTTAAGACAAAATGGGAATGAGAATTTIGCATTATATAAACAAAGTGTATGACTAAGTAAC
CTIGTTACATATAARAGTGTTTGACTAAGTAACCTGTTGTCCCTAGGAGAAGTAGAATAAATATCAACATGTGGCAAC
TAACAGAATGTGTTGTGATCACTAAAGCAGCACATTCATTGACTTTACACTTCATTAAGTAGGTAACGAATTTTAC
AAATTTTAGGACTTAACCAGGCTGTCCATAATACTTTGCATCAGTAAGTACCAARATCTACGATAGGGCACTTICGG
AGTTCCTTAATTTAATAATATTGATAATATTITTIGTITTACATTTTGATTITAATTIGTATCATTTCATTATTTTTGTGT
CCTGATTCTAAATATATACGTCAACAAGCTATATGGCCATTCAAAACAGGTARACTTTARATATGTTTTTGACATA
GAAATTATGTAACAGTCTTCATCATGAGTATAGGAGTCAGATTTCCAATTGAAAATTTCATCCTCTAAAATACTTG
GCATATGTATACAGTTGTCTAGTTCAGACAAAAAAGTATTGAATATAAAGTTGATTTTGTAAAACCAGAATTGGCA
TCCTTAAGGAATACAAATARAGGGAATCTTAAGATAATATAATAATGCTGATTTGAAATGARAATTAATAAARTTG
TTATTCTATTTTAGTATGCTAAATTGGACAGATCCTTATTTICATTGAAAAATTAGATTICTTCAGTATATCAGTGCA
CTGTGCTAATAACACAAGAAGATTAAATTATGTCCATATGTGATTTGGTAGAATTTAATTATAAATATAATAAATC
CTTCAATATGTACAGCAGTGAATATTCCAAATTTATCTCTCATATAAGTTGTGAGCAACTTAAGGATAGGCACCAT
CCCTTAACATACCTAGATTAAGAACAGTACCTAGAAAACAGTCATCAAATGCTTCCTAAATAAATTTTCACCTTCA
AGCTTATGGCAGCAAATTAAACATAGATTGACCCTTTTICTAATAGAGACAGAATAGATGAGACTGATGACTTTTTT
TTATAAATGTGTAAGTCIGCAAATATTTAGTAAGGATCTAATTTACACAARAGARATCAACCTAGAGTGAGATTATT
TTATTCATTTCCCGGAGGCTGTGACTGAATTATATTTGCAACTTIGCCCTAATTTTTATACTTAATAATTTGCATTA
GTATTTAAATTATGTGAAGGARAAAATATAAGTTITAAAATACTGAAAAGTATATTCACACATTCATCAAATGTTGAT
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TATGTGCTTACAGTGTGCAAGGTATTGGGGCTAGGAATTATGTIGGTGTTCCAAGGAAACCATGATACAGCCTCTTT
CATTACAGTGITTATTATTAGGTAGAARAAGTAAAATTAGTATAATATTAGATAGGATATATGTGTCATAGGAGTA
ATATAAACAATATTTTATGAACAATGTATGAAGGTATAATTITTIGTITICATTITATCCATTITATCGCTCTGTACATCCA
TCCGTTTATTCATTGTTCATTACTTCATTTAATAATACTTTAGTGACCATTGGAARAGGGATTTATAAAAGTGAGT
AAAATGTTAATCATTITICTAAAGAAGTTGATAATCTAGGGAAAGACAAATGTGTACCAACAATAACTTGGATATAA
AGCATAARTTAGAGGTACAAGCAAAGAAAAATGAARAGTACAAAGGAGAAAAATATTTGGCTGCATGAGAGCAGGGA
CTIGTGICTTGTITTCATCATAGATTTTCCAGAACCTAGATCAGTGTTIGGCACARAGTAGGTTCAGATGAGTITIGTG
TTGACTGACTGTCTACTGAAGTAATTGTGGAACATATCATAGAAGAAGTAGATCAGAGGCTGGATCTTAAAACTGG
GAGAAATACATTTCAGCTCCGTGAAACCCCAGAAGTGATATTTGACATTAGAAAGCACAAAGTCACACTCTAACAG
TGACAGTACTGAGTGAAGTAAGAATTTTCTGCACCCCTICTTCTTCTTCCACTCCCATTAACCCTTIGTTAGGGTIGA
GAAATAGCAGCTGGTGAATGGTAGAGAAGACTAGCAAGACAGAAAGAGGAAGCCCACCATGCCCACTACCCCAGGT
AGTAAAGGACCTGTCCACTTCCATCCTCTTCTAATTGAGGAAGAAATCATATATGTGAGTTCAGATTIGAAGTATTG
ATTAATATATTGAGCTGGATATTCTAATTTTAATGTCTCGATATGGAGCAGGACTTTGTTTCCTTAATGATGACCA
GAAAAGACATGAAACTTACCCATATTTTCACCCAAGAACAGAACAGAACAACCTACTTGAACAGATTTAAAGGGAG
AACCAAAGGCAGATAAAGTTGTICTTTATTICTTACACAGCATAAGTICCTGATTATTICATCAATTTATACATTTITATG
AATTTAAGRAAAAAGGAAAGGAAGACTATAAAGGGATTCATATCAGGATACACATGAAGGTAATGTAGTICAGTTTT
TTAGTGGAACCAAAATATTACAGTCATCACTGAACGAAAATATTACAATCATTACATCATTCACTAGATTAAGTGA
ATAAATTAAAAATATATTAAATAAAATTAACAAAGACATGAGCTTITTICAAAGTGTGTGGTAACCTGGAGCAATAAG
CAGTGTAGTTGGAATGTTACCTCTTAAGGATTATCAAAGAGGCTGGCTGTTCAGTAGGACAGTGGTATGGTAAAGC
AAGCTTGCTACATTGCAGAACTCCAGAGGGCAACATTCTAATTATCTTITAGCTATGGGGTCTGTTCCCATAGGATA
ACTATAACTTAGTAGGTTGACAGAGCCTCCCAAGAAACCACAGCAGTGCTCAATTGTGGCGAATTACTTCTCTATC
CCATCAAAATGTCGTGATTGGACCCACAACTGTGCATACATTTITTITTGGCATTTTCCTGCCAGAAGCATATTTACA
TTTCTTTAATATCCAGTCATATCCTTCCCTTATTTAAAAATAATTATTCAGAGAATTCCAGTTTTITTGTAATCCTC
TCTTCTATGAATTTTAGCAACACTTATATACAGATACTTGATATTCTGGAGAAATATGCTTCAAGACCATGTGGAT
TAACAGATTTTCAAATGCCGTTATAGTATATGTATATACTATATATGTATAAGTATGTGTAGTCCCCAAAATGCGT
ACTTTAAAATCCTCATAATAGATCTCTTACAGATGAGGAAARAGAAGATGTAGAARAGGTTACATAAAGTAGCTAACA
AGTATTCCAAATAATATTGAACTTCAGICTGACTATTCCAAAATTGCATTCTTAACTCTGATTTCTATATTITGTTT
TCCATTCTARACTGTGTATTGTGATATAAGTTCCTCACTAAGGCTCTTTTITCAGGGTCTICCTAATACTAAAGTCA
CICTITACAATGAGTATTTTCTTTACGTGTGAAATCCAATAGGCAAAAANAARAARACTTGGCAATAAATTTTAGGCAT
TAACCTCATGCCAAGTAATTATCAGAAGGCTGTAATGCTTTGAAACTTCACAAGTCTGATTTTAAGATAATGGAAT
GAGGCTTGCATTGTGAACTTTCTTGATGCTTTACATTGCAATATGCTGTATAGATTGACTTCCTAAAAATAAAAARA
TAAAAAAAAAGATTTGTAGAGCATACTGGGAAGGTCTTGCCAATTAAAAACCGGAGATTGGCTGAAGGCTTGCAGTC
AATTGAATTTTGAATACAGATGGTGTCAAATCGAGTGTTTCCATAGCAACAGACTCTICCTTAATAACTTTTAGAT
GGGAGGGGGTACATAARAGAGAAAACCATCTTTTAGCAGATGTATGTTTTCAGCATGTTITTCAGATTIGATTTTGGA
AGCTAATTTGTACTTAACTAGTGATTGTTTTAAGTGGATCTARATATTACTAAATTCTCCTGAGGAAACATTTTGA
GAATAACAGARATAAACTCTAGGAACTTITATAAAGACATGAAAAGGGCACAATTTTACAAAACCTTTTITTITITITIG
GTCTGGAGCCAATCAAACAGTATTTTATATTIGAGTATGACCTATCAATAGTCAAAGAGTTICTTGATTICTTAATGCC
TGTTAATATTGAATGTTTAGAATATGGGTAAARATCAAGGAAAAAGTGCTATGTATCTCATGGATITGGAATATCTT
AATATACTCTTTCTTCAGGTTAATGATTATTTTTAAAAAATGATGATATAAATCATTTCAGGAAGGACTGCATAAA
GAGGTCATTGATAGAGTTCATATCATATAGCAGAGTTGTCGTAGATTITAATGTCCAATCCTCAGTITTTGCATAGCC
AACAACTAAATTTTAGTAGTTTACCTAGAGATGATCAGGCTCTGGGAGACTGATTCATGCTACACAAACTCACAAG
GCACTGGTTTATAAACCATTTGAAAGAAGAAATAATAATTCAAACTATTATTTTACAACAAGACTGGCAGGAAAAT
CAATAATGGTAATGTGTTCGGGGTGTCCTCCCCAGTGAGGACTATCCAGAAGACCAAATGATAGATTATTGTTCAA
AGTGATAGAATTGGGAGAAGGGTAATAAAGCATTATGAAAGCGATGCTTCCTTAAGTGAGAAAAGCTACATAAACTA
CCCATCTTTACTATTICTAGATGACCTTAAAAATATTAATAGAAACAGAGAAACAGACAATTCATCTCAGATGGTAC
AAAAAACATAATAGCACATGTITGCTICCCIGGCTTCCTTTTAGATTCCCTGCAAGAGGTTTTCCCCCAACCACCAC
CATATACAGATATACAGCTTTACCTTCACTCTCCTATTATCTGTCACAGAACAATATAAAACTCAGATATGTTAGT
ATAAGTTAATAGTTGGTAGCTTTATGTTAATGACATTGCTACCTGTTACCCCCAGATTCATCTGGGTTACTTCATC
CCCAAAACCCTTTCAAAACGACATTTCCCACAAAGATTTCTAGTATTACTGGCCATTICCCGGACATCTTGCTTCCA
ACATAAGAAATTCTGACATAATAGGGATATAAGAAGGCCTTGGGAATCTGTATTTATAACAAGCTCCCCAGGCTAT
CTGAGGCTCAGCCAGTTTATTTTTGCAGATAGCTATTACTATCCACAATCTCTTITTATCCTATTGTAATTGCAGAA
GAAAATCTTTCTTTCTAGTTTCTTTGARATTTCTGGAATGTTAGGACTTAGAGCCTCTAGGAACTTGTACATAARA
AGAGAGACTTAAAGAGATATCAAAGTAGAGATAGAGATAGATACAGATAAGTGCATAGACATAGAAGTAGACATAT
ATAATAGAARACATATATGTATACATAGAAATAGAAATATGCCATTTAGAACTCTITAAGAAATATGTGCACTCTITAA
AATATAGTTTAAAAATGTAAAGAACTTGCTATTAATTGAARAATAGCATAATAAACTTAAATGAAATAAGGACCCCA
AACGCAAATATTTCTCTCTGACACACCACACACACACACACACACACACACACACACAGACAGAGAGAGAGAGAGA
GAGAGAGAGAGCTGTACAATAACAACCAATTCCTGACCCAGATAAAGARAAAATTTTTATTTATCTTCTTTCTCAT
TCTATTATTATTTTTTCTAGATTAAATTAAAATGGTAATTATGTGTAAGAACAAGCATTATTGCCATATAAACAAT
GCAACAAAGGAATCAATTGAAAATTAAGTGAAAATAAAAGGTACAGCTTCGTTARAGACCCAGTTCTTAGAGCTTA
GTCTCAAACTCTTTGTACTCTGCACTCTTTTCTTGATTTGACTCGATTGATTIGATTGATTIGATTGATTGAGTCAGA
GTCTCACTCTGICACCCAGGCTAGAGTGTAGTGGCTCAATCTCGGCTCACTGCAACCTCCACCTCCTGTTTCGAGT
GATTCTCCTGCCTCAGCCICCTGAGTAGCTGAGACTACAGACATGTACCACCATGCCCAGCTAATTTTTIGTATTITT
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TAGTAGAGATGGGACTTCACCATGTTGGTCAGGCTGGTCCTGAACTCCTGAATTCAAGTGATCTGTCTGCCTTGTT
CCCCCAAAGAGCTGGGATTACAGGTGTGAGCCACCACGCCCAGCCGATTTTACTCICTITAGAACTGCAAAAGTAG
GAATCTAGCTCATATGCAGACATTCTAGAAAGTTITGATTITCAAAAGTCTTICTICAAAAGAAAGAGAGCAAGAGCAAG
AAAGAAAGCAGAGAGAGAAAGCAGAAGATAAAATGGCATTGTTTGAACAGGGATGGAAACTGAGTAAGAAATTTGG
TCACTAAACACTTTAGTGTCTATCATTTAAGATTGTAATTTGGTTATTTATCACTGGAAAGTGATTAATAATCTAA
AATGCATTTTATAATACTAATACTATTAAAACATTAATTTTTGGAGAAAGTTTATTATAGATTGATTTATACTTAC
CACTGAATATTAAAATGTTITAATGGAAGTAGTTTICAAATAGTATTITAATGATATAGGGAATTATTACAACATTAAT
GCTCAGGAAAAAPAAGTAGGATATGGAATTATTTATGCCATAGGATCCTAATTITTIGTAAAAAACAGAGAAAACCAGC
AAAAGARATTATAACTGGAAGGAAATACATCAAAGTGGTTTGCAGTTATCACTCATGAAATTGAGGTGAACTTGAT
TITTITTCCTTITTATATCCATCCGTGTITTTAATACCACAGACATGCTTTAGATCTGCCCGTATATTIGTGGCTTTCAG
AGGGTAATAAACCATIGTGACTCAGAAATAGCTAAGAATTTTTATCTCTICAAGAACAAATTTTCACTCCCTTGGGG
TGTCATTATCTGTTGAGAATGCATGCAATAGTTCAAGAGCCAAAAGACTCTGATTCAGTAAGTTTAGGGTAGAAAA
AAATTAAGTACATTTTTAAAATAGAGCTCTGGTGTTTCAAAGGCAATGTGCAAATATACCTACTTAATATTATTCT
AATTTTTTCAGGATAGCTGAAATATAAACATCTATTITTTAGTAATAACACAAATGATGGAATGCTTTTACATATTT
ATAAATCATTAAGGATTIGCTITTTITGTITTCTACTIGTICTGGAACATATAARATTTGAACACAATTTAGAACAACATTC
AGGAAATATGATTTATTTATTACCTTCTTGACCTTTATTTTATTTTTACCATCTACTTTTATGTAAGTCTTTTTTT
TCAATCATTGTTTATTTCTTTACTTTTCCTTCCACATAGAATTAAAGGGAGATTCGGGCTTAGTGTCCTTAATTCA
TAGTTCCATTGTGGCTATTAAAAGGTGAACTGAAAGCTTGCAAACACGTGGTACCTTGTAGATAATTTTCTCCAGT
CAGACAGTTAGATAAAGGCCTCTIGAGGTTTCTGGGGTCATTGTTGAAGCTATGTTTTAAAATCCTATATCCTTICIC
TCATTGTTGGTTCCTTTTCACAACACAGAAGTTTTICTTITTTTTITAATTITCAACTTTTAGATACAGAAGGTGCATGT
GCAGATTTGTCACGTGGGAGTATTGCATGATGCTGAGGTTTGGAGTACGGATCCCATCGCCATGTTAGTGAGCATA
GTAACTGATAGGTCGTITITTITTAACCCACTCCCCTCCCTICCTCCCTCTAGTAGTCCCCAGGGTCTATTGTTCCCGT
ATTTATGTCCATGTGTGCTCAGTGCTTAGCTCCCACTTATAAGTAAGTGAGAACATGTGATATTTGGTAGAACTTT
TCATTTTTAAGTTAAAAAACAAAACAARATGAGGATGAGTGGAAGAACTATTCAGCACAGCAGGTTATAAACCAAT
TAGGATGATGACGCCCTGAATGGAGATTTTCATGAACATCTICATATTAGCTATTTCAGCTTTGGTTTTTTTAATGT
TCAAAGTAAATAGAATAATGAAGAGGCTATTTAGGAAGGTTTAGACTGAGGGAAAAAAATCCTTTCATTAGGTTCC
AAATAACGGTTAGCTTATTAAACAGCAAGAGGCAGAGATTTAGCAGAGAAAAAATAAAAAGATTTAAAAAAAAACA
ACGAGATTAAAAGGTCAGTAATACCATTGGAACTGGCAGCATGGCAAGTTTATATCAGCTATCTTTIGTTTTGGAA
CACAACTATGCTAATTCTGTTCTGAACCTCTTGCTAATGCCTGTCTCAAGAAAATTTAACATACTTTATCTIGTIGTG
TACAAAAATACCTAAGGACAAAGCTATTACCCAAACTGTATTCAGATTGAAAGAATCCATATAGAAATTTGCAGCT
AACGTATTAGTCAGTGTATGTAATTTCTACTGCTTCACAGCACAACTCTTTCTAATTTTCAGGAGCAATATAGCAA
CTIGCTTGCCAGCCAAGAGAAAACCATAGGAGCATTCTITATCATTGGAGCCAACATTAGTTCTGCCTACAGTGACTA
ACATAGATGCGTTTATTGCTAGCTGGAATTTTCCATTGGCACTAGTTACATGTAATAAGTTAGTGCTTTCAAATGG
ACCGTGGAATATAGGAAAACTAGAGTCTGACGTAACCAAAAAAAAATGTTGATAAACTCAGAGATTATGAAAGAGA
GGAGAGGAGTGGTTTTTGTGGAAATGATAGAAAAGCAAAAAAAGATGGCAGGATTTGGAAAAAAGAAAATCAGGTT
AGAGATTTAATTAGTAAAGGAGCTCCTTTTAATAATTATATAAGAGTATGAGTTTAGAGTAACTGCCTGGCTAATA
TGTACAATCTTCAAGTTCAGTICGTTTTCCAAAATTICTAACTTITTAGCATTTITTTTTITGTAAATTTTAAGTGGAAA
TCTTCCACTTTTGTTGACTAACTTGGCTACCTGATATTTTACTCAACCTCCTACTTTCTTGTITCTCTACTICTICT
GAGTCTTTGCTTCCACAATGAGGTAGCTCATATTCCTTAAGTTITCCTGTCTGGTTTTGCTTITTTTITITTTITITTA
ACAGCTAAAATAAACTCTACAAGCATTTCTATCATTTTCTTTACATCCAATCTCTTGTCAGCCATGTCCTAATCAC
TTTGGTAAAGTATCAGTGACCACCCAAGAGGTTICACTITGCTTICGTCAAAGGACCACCTGTCATGCTTTATCTCCA
GAGCTTCTGCCTTGAAAGTAAGAATAATATAACCTTTCCTGAATGTCTTATTTCAATTTCATGCATTTGATCTGCC
TCTTCAGACCATTCCCAAGGCTTTGCCCTTGTTCTTTACCCTCATGGCTTCAGTTATTCATCACTATATGAATGAC
AGCTCTCAAACTGACAGCTCTGGCCTCTCACCTATTTCATCTATTICCATATGGCAAACTGTICTATATTACATTICA
TCATGAGGGATAATTATAATTCCACATTICAACAAGAAATTIGTGGGTCCGTGTTGATTTCCAACAGCAACCTTTATT
TTTTAGACTATGATAGAGAAAGGGTCAACTTTICTICICTTACTTATTITATCTCAAATAACTCAAAGTCAAGCTAGAA
AAGCCAAGCAAGTAATATTTCCCAACAAAGCAGCTTTAAGCAAAATGATTTTCAGACACGACATGCAGCCTGTATT
GTGGAAGAAGCACAGTGACCTAGGTGTACTTITGCTGAAAAGCAGTGGTCACAGTCCATTAGTTTCATCTTITTTCCT
GCAAGAGAGAAAAGTATGGCAGGGCCAAGACTCCTAAGACCCCTTAAAAAATTGTGAGGTTTTTATAACCCTGTTC
ATTTCCCATCAAAAGCATTCATGAAGCACCTGCCATGTACCAGATGATGCATTCTAGGCAGAGGGAAGAACTTGGG
CAAAGTCCTGTACATTTITATCTITCTAAATCTTACTAATCTTTTCTTATCTTTCCATCTACCACCCACCATCAGGCT
GTGCCTGGACTCCTATGCTAACATCTTACTCTGTTTTTCTGCATCTTTTTTGCCCTCCCCTCCAATCTACTCTCCA
ATTAGCAACATGACTAATGTTTTCAAGCCCAGATTAGACGGTGTCACTTCCCTGCTTTAAACCTTTCAGTGGATTC
CCATTGCACTGAGGTTGAAGACCAAAATCTTTACCATAACTCACAAGGCCACTGGGAGCTATGAAAATTTTICTTTT
TTAGTITTTTCCTTTTAATTAGTGATGCATTCAATAAGTGGAGTCTATCGTGARAGCATAGATTCCAAAGGCATGTG
AATACTCAATTATGTAATTTACTTACAGAATGTTTATTACTTCTTTTTTAGCTTTGATTTTGTATACATCCTAACT
CAATCTCAGTTATATAAGAGATTATAAAAAAGTTTGTGATGAATGCATACATAAAGGAACAAATAATTAACAAATA
TATAAAGACAAATCAGTATTGAATGACCAAATGGCTICTTTATTTATTAAAGAACTTAGAAAAATATAGTCTTIGCTT
GAGACCAAGTTCTGGCAACGTATGTGTGTICTITTTTGTTTIGGGTTAAAAAGCATTAGTTITTATATGTTTTAAAAGGA
TAGGATCTTCCCTTGGCTGCAAATAGTATAGGCAAAATGCTATTCTGTATCTTATTTTAAAGAAAATAACAATCAT
ACCTTATTATTTGCTGACAGTTTTGCAGTTTACAAAGCACTGTTCACATGGATTACCTTATTTTAAATTCCTCAAT
TTTTTTTCCTTTTACTATGGGAATTCTGTTTCAGGAGAATTTCCCTTTAAAATTAAGGTGATTATACTATTCTGTT
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CCTGTATTTCGTAGCCATATGTTTCACCAAGGTATTGICTICTICTCCAGGTCTTTCTICTICIGGATGTATAGTTATG
ATTTTCCAGGAGGTAAATGAAARACAGTGGGAGCAATTGACAGAGTGTTTTTTGTITTCCCATAAACCCAAGCATTGC
ATTTAAGGAGCTGCTGTACTATTGTAAGAGTTICCTATACTAATTTTAAAAGTTCATTTACATATTTTGTAGATTTT
TAGGATAAGTCATCAGAAAAAAATTAAARAATAAATTTACATATTITTGTATTAAGCTGTTITIGTTACTTGAATGGGG
ATTATTGGAACGAGGAAAGAATTACTTTTATCTCCCCATTTTTCAAATCATTTACTATAACATTCATGAATTGCTG
AAGTTTAAACAATCAAAAATATCTGAAAATGGAGCCTAGGAAGGGTAACTTATGTCTTTCATACTCCTTCCTITTITT
GGTTTTTCTACCAGCATTTTAGTCTAAAATATATTTTATTITICACTGATCCTGIGITTIGTICTTAATAATATAGTAT
GTATGTTAAATGAACCAGAATTCATTGATCTTTITTTTTATTATTCCTCTTTTITGCTTTTCTGGAGAAGCATTTGA
AGAAATCAGTTCAGGCTACACTTCATCAATTCATTTCCTCATCTTCCCCTTAATACAAAAGCCCCATTTTCACTCT
TCAAAACATTTGATCACATACTTAATTTTCATAGCATTGACTAAATGTATGTGTTTATTTTGTTTATATATTIGCAT
ATTTGTGATGATTTTCACTTTTACAGTTITAGGCATGGGTAGGAAGGACACTTACATGAGTACTTAAGTTCTTIGGTT
ATGACTTGAGAAACTCACAAGGTAGCATGGAATGGCACGTAAACAAGGCTTTGATAGGGTGAAAGGGAATTATCAG
GACAARACTGACTAGTGGCAGTGACTTTTGAGCAGAGTGCTGCAAACTGAAAAGGCAGAGAGCATTGTAGGCAGAG
AGAAAGCATAGACACATGTGAGATACATGTGAAATACTTAGACAAATGTGAGGTGTGTGGTAACATTGTACATACC
TAGGGCTCCTTCCTGTGTAGCTGTAARAAGCTGGAGTATAGGCATCACAACAGGCAGCAGAAGCCAAGAAACTAGAAA
AGTAGACAAAGGCCACGTTATAAAAGATCTTIGTAGGATAGGTAAAGAGTTTTAATACTATCCTGAAAGCAGTIGTGG
GGTGGGAGGCATGACATTAAGGAAATTTAATAAGTGATGAAAGACCAAGATTTTCATCTTCAGAAGACTTCTCTGG
AGGTGGGTGGACCACTTGATGTCAGGAGTTCAAGACCAGCCTGGTCAACTTGATGAAACCCCATCTCTACTAAAAA
TACAAAARAATAGCTGGGCATGGTGGTGCATGCCTGTAATCCCAGCTACTCAGGAGGCTGAGGCAGGAGAATAGCT
TGAACCCAAGAGGCAGAGGTGGCAGTGAGCCAAGATGGTGCCACTGCACTTCAGCCTGGATGACAGAGGGAGACTC
CCTATTAAARAAAAAAAAAARAAARAAGACTTCTCTGACTAGAGTTTTAAAGAAGGATGGGGAGTGCAAAAGGCTAACA
TTAAATCAGTIGGTTCTCATCCCTGGCTGCACGTTAGAATCACTAGGGGGAGTTTAAAAAAAATGCCAATACTTGGA
CTCCACCCCAAACCAGTTAAATCAGAGCCTTAATAGGGCCCAGACATTCGTAGTTTTTAAAGCAGCCCTCTTGATT
CAAATGCACAGACAAGGTTGTGTTCCGCTGAACTAGAGAGACCATCAGGAGGCTTTTAACTAAAGCAATCTAGGGA
AGAGAGAGATGAATGATATAGAGGCCAGAAGAGCTATTAAGGAGAAGTGACTCGGCATCTTICTTGGTTAAAGTATA
AGGAAGAAAGAAGAATGAAGGATAATTTGCATGTTTCTCCTTCAGTGACTAAGTAGAGGAACAGATGTGTATCAGT
GATTAGGGGAGAGGAAGAATGAAGATGATGTAATCCAGTTTGGATATGTTGGCTATTTICATAGAGATTTAGTAGGC
GITTGGCTCTATGGATACAGAGTTCAAGAGACAATTICTTAGCTTAAAACACAGATTTITACTCTGATTATTTTAGAG
ATAGTAAATGAAGCAATATACATACATGAACTCACCAGAGAGAATATGTAAAGTGAAAACAAAAAGATCAAAGGGA
GACCCCTAGGGAATAGCAACATTTAAGGAATGGGCCTAAGAGAGTGAGGAGTGGCCAAATAGGCAGAATAAAATCC
AAGAAGGAATCTTCCATATTAATCAAAAGAGAAGGTTTCAAAGAGGGTTCGTCAATTGGCAGGTACTGAAGGGATA
TCTGAAAACATAARAGACTTTAGACTCTCTAATACTGTAGCAACTTTAAGGTCACTGCTATCACCTACAARAAGTAAT
TTCAGTGGCAAARAGCCAAAACGTAATGGTTTAGAAGGGTATGTGAGGTGTGGATGTGGAAATAGTGGGTATAGACT
ATTGCTTCTCAAAATGTAATCACCTGAAAAATCTTATTTTAAAATGCAGATTTTGATTCATTAGCTCTAGAGTGGA
GCCTGAGATTCTGCATTTCTAACAAGTTATCAGGTGATGCTGATGCTGCTCATACACAAACCATCCTTTAAGTAGC
ACTGGTGTAAGCCACTCTCCCACAAAGGAGGAAGACATAGGGTTTCCATCAGGGGACGCAGGTGGGGETGTAGGACC
AAAGGAAATAATACTICITITGICTTTTGTITIGGTTGGTITITGGTITGTTTTICTITCTTAAAATAAACATGGTTGTAGA
CGGAGATTGAAGACATAGGAGGGGTAAAAGATGGAATCACTTCTCATAGAAGATGGCGAAGAGACTGGAACATTGAGT
ACAGCGAGGGAATTAGGCATGGGTAGGAGGGACACCTAAATCTGAAGAGAAGGAGGTAAGGAAGAATTGAAATACA
GAAARAGTTCTGTCAGTAAGCAATGTATGGAATTGTGCTTTTTAGCCATAGTTTICTGTTCAAGAAATTGTTTTCCAT
TTATTTTTATTTCTTAACTTGAATAGTTGGATGGTGGAGTATGCTTGTAAARATAAGAGTGAGGCCACTTTIGTITTT
TCGGGGTTAATTTCCGTTTTCTGCACTCATCAAGTAAAAGTTGAAGTGGCAAGGTGTAGATATGAAATTCAGTIGTG
TGCTAAGGGAGAAAAAAATGCTTITTTATTCTACATGATTTTAAAAATATTITATATTCCAACAAATGCATCAAATTT
GATGTGCAAATTTACAGTGATGAATGAGTTTITATTGTGTGCATTGCATGCTGGTGACATGGTAATAAATCTGTGGT
GCTAGAATTATAATGGTCCCCTTTAGCTTICGCTITAATGAACTCTIGCTGAACACTTTTGAGTIGITAGTACTTTA
TTTGCTACATITGGCACTTAATTAGTTAATGACTGAGATGCTGGACCGATGGATCATCTAATGATATGTTAGGCCT
ATTATCACATCTAGATAGTTTCTTTTCTGTGACTTGTAAGTGACCTAAGATGATAAACTGAAATATTTTTGCATAG
ATATACATCAAGCTTTTCTCCTAACTTCAGGCTTTCATCTTAAGCAATAGTTTCCAACACCCCCAAAAGAGAAGTC
ATTATGTTTTTAAAAAAATTATTCATTTTAATGTGATCAAATAATATCACATTTCAGCATTCACCTATTTAATTAA
TAAAACAACTTACATGTTTCATTATGACTGGATGTTGATATTTTTTCATAATCTATTATCCTCCAACCAGTGGTAA
AAACCCAATCCTCCTCTCACCCAGCTCATCTTTCCGTATGGGAAGCAATACATACTTCCCTATGTTTTATTACCAA
AACAGGAGAATGAGCTTTCTTTAGAAGGTTAACTCATTTTCTCTATTAGAATATTCAGCATACTTTTAAGGAGGTA
ATCTGGTCTTTGACAGTCTGTTGATTAGAAAATTAAGAGACCTGCCTAAATTCCATTTCCAACTCCTCTCCATACA
CATTGTIGACTTTGAGCARAACGTTTTIGCCATTTCCACTCGTATAAGTTCTIGTTTAGTATCTTTARACTTCCATATC
CCACAGATGGTATTTTTTTCTICATTGGAAAGTGGTGTTAGTGATTCAGAAAACTGCTTAAATAATACACTGCTTT
GTGTTTTCTGTIGAGAGAATTTTTTTTTITITTTTTGAGACAGAGTCICACTATGTTGCCTAGGCTGGAGTGCAGTGGC
GCAATCTCGGCTCACTGCAACCTCTGCCGCCCGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGAGTAGCTGGGA
TTACAGGTGCCTGCCACTGCGCCTGGCTAATTTTTGTATTTTTAGTACAGACAGGGTTTCACCATCTTGGCCAGGT
TGATCTTAAGCTCCTGATCTCATGATCCGTTCACCTCGGCCTCCCARAGTGCTGGGATTACAGGTGTGAGCCACCG
TGCCCAGCCGAGAGAACATTTTATCTAACATTICTATTTTARAATTTTTCAAATACACAGAAAGCTGAAAGAATTGT
ACAGTGAGTGCTCATGAACCCACTCTCTAGATTTTGTTGTATCACTTTACTTICTTTCTCTACCCGCCAACCCCTAT
TATTTTCTGATGCCCTTCAAAGTAAGTTGGTGACATCGGTTCCCTTTACCCCTAAGTTCTTCAACATGCATGTCAT

90



TAACCAGAGCTCAATATTTGTTICACATTTCTTTTGTTTIGTTITGTTIGTGGCAAAATTTGTATAGACTAGAATGTGT
AAATCTCATGTIGTATTATGAAATGAGTTTTIGATGAATGGGTATACCTIGTIGTGACACATGCCTCTCTTAAGATACAA
AAAAATAGCCTTIGGCCCAGACAGGAGGGAACATITTTTAGGTTIGGCTTGAGTTTCCTTITAACTGACATGTAGCATG
ACTGAATATATGACCATAAGATTGCCAAGTTGAAATTTACCAAAGGTCCATCCAGGGGAACAGTATGGCTATTGAT
ACGTCATTTGTITCATCTAGGCACTGGGCTGGGTGAGTICTTCACAAAAACCTTIGTAAGGTGAGCTTTCAGCTCTGA
CAGAGGCATCAAGAAACGTATTTCACAAACTGTTAGAGCTGAARACATCTCCAGGGATCATCCAATCTATCCTCCT
TTGCTTTATGACTCAGGATTTAAGAAGCCCCAGAAAAGTCCAACAGTGTTACCAAAGTACACGATTGCCTATTTAC
GCCCCTATAATTGAGAGCTGTCTAGGGGTCAGGTACTTTTCTCAGTGCCTTGTGTACATTATTITCCTTITTATCTTT
CTAGATTATTAATTTTCTTGTTATTATCCCCATATAATAGAGGAGTAAACAGTGTGAAAATAGCACTAAACTGTTG
ATCTTTTCCATGTTCCAAACTAACCTTAAATGTTAGGCTAATATTATAAAATTTTAAAATTTAGTCATTIGTICTG
GGTCTGGCTTICCATGAACTTAACCAAAATGCTTIGGCTGTTTCTGCATICTAGCTTTTITGGGATTTAGAGAAARAAGC
AACTTGGTCATCATAGTGGCCAGGATTTATTTATGTGCCAATAACTCCCCTCTGTTTTTAGCTTITTITGATCTGTTA
CATCTCAGATACTTTATTCTCTATTTGTAAAACAACCACATTCCTCCTTTTCTATATCTAAGTGAAAAARAAATGCC
CGTTCATACTAGCTACATGGTTAGCATATATGTTICTTCCICTTTIGTGGGTTTGAGTTGAAACTTICTTTTGCAAAG
CTTAACTATAGATAGGTCTTCCACAGAACCCTGTITTAAATGCCTTGTGGAAGTAGAAGGGACATATCTTAATATTIC
CITATAATCTIGTIGTTATTATTITGGACTTITCCTCAGTTCCTTATATGTCTTTGTATGTCAAACATTGAGTTATGCTT
ACATTACTCTAGGTATAGTTIGTGTCCTAGCTTITGTACAAGGTTACAATAATGGTGGTTTCCTTGTTTTCAGCTTCA
TTCTTGATCATGCCTAACATTTTTTGATGGTTTTAGCCTCGGAGRAACAGTCTACTGCTATTTCTCCCTTTTITCCTG
ATCCCAACAAATAGTTTAGAAATCTTTGTCTTAACTGCAATTGGGATCATTTTTICCTTITAGAGTTGCCCACAGTTA
GTCATGTCCGTCACTCTTCACTCACTCAAATGACCTCAAAAGATTTACCTGCAATTTAAGCCTTTCACCTIGGCAT
TTTCTACCTGGAACTCTGGCGTACTCTGTGGGATCAGTGAGATCCATAGTGTGCACTCCCTAGCAGATCGTGAATG
TTIGTTGATAACTATAATTCATTGTTTAGTCTTIGTCTATACAGAGAAGCAGTAGCACCTTGCTTTAGTAGGATCCT
TTATGCTTTTATTCATTATTGAATTTTATCTTCACAATAATTCTGTGGTTCTGCAGTTGTCATTATTTICAGTTTGG
GAGTTGAGGAAACTGAGATCGTGGCAAATCAACTTITTICCCATTITAAATCCACTATTTCATCGCTAATCCAGGGTTA
TAACCCAAGACTAACTGCTAGTCAAAGTTGCTTTCTARAAATCAGTTACACAGACTTCTAATTCTICGTIGCTGTACA
GTCAGTGCAGAAATTGCAACAGAACTGTTICTTTGTTCTGTAGCAATGTGTATTICARAAGGTAATCATTTCTTGTGT
ATAAATAACATTCCICCCTAAGAGAGATGTIGTGGGAATTTATATCAGTCAAGAATGTATATCGATAATTAAACAT
AGCTAGTCTARAAAACTTGAAGTGAAAGATTGGTTCGTATTICAATCAACTGAACTGTTICTTTCICTGCAATATIG
TGGTTCTTGACATGATTGCTGAGTTTCCAATTTGACACTTCTGGAGGTTCGTAAATCAGCACACATGCTGGGTCTIC
AGTCTGTCATCCTGAGTCTTAGCATTGGTTATTTATTTCCCTTTATTACCCAACATCTATTTACTGCACAAATTAG
TCGAGAAGCTTTCCATGACGGACCTTTGTGAGAAAAAAARAATGTGTACATTGGGTAGCTCTTCAATTACAAACAT
GCACAGATTGTCTGGGTTTATGTGCATATACTTITATTATTATTTCACTTITTGTATGTCAGATGAATTTIGGTGTAAA
TGTAAATCTAACAATATGGGCTCTAGTGGCCAAATACATTGCCATAATATGTITTITGATCTGTCAGTICTCCTGGGT
GAAGTGTCGCAAGTGTGGTAAAATTCTGTAGTATAAATTGATGCTCAGTTATGGACAATTACCAGGTCTATATGAT
GTCAGACTACCACACTGATCCACTTTTAGGATAACAGCTTCGCTCTGATGATCTTCAGATTTTAGATTTGCTTTCA
TTCCTTGACAAAATGAAATACATTTAAAACTTCTAAAATTGTCTTITTGTATATATTTCTGCAGGGTCTACTCTTIGG
GACTACTATAACAATCAATTGTACTIGCITIGITICTITITATTAAATAGCAGAATAGCTGCTTGATTCGICIGTATG
TGCTGATGTGTIGTCTGTGAATCTAGTCCAGTTCACTGTCCAATAAGAATTTCTGAAATGTTICTTTGTCACATCAAT
GTACAGTCAAAATCGTATTGTGTTTGTAGCAGAATGATTGCATCTTTTATTATTCACAGCAGCCAAAATGACACAT
ATTTCACACGIGACACCTTITTTTAAAAAAGATGAATTGTCCAAAGTTGTATGTAGAATATATTTCACAAATCARAT
TCCCTATTTAATAAATGGTGCTGGGAGAACTGGCTAGCCATATGCAGAAGAGTGAATTTCTATAAATAGAATGCAA
CTGTGTAAATAGCATCCAAATCAAGAAACATAATATAATATAGCCAGAAGCTCAGGATCCCCCTTCATGTICTTICTC
CAGTCATGAACATTTCACAAGGGTGACTACTATCCTTACTTICAAAAGTTTITCTATTACTTTTTCCTGTTTTTGTGT
ATTATATGAAGGAATCGAACAGTCATATCTACTTIGTICTGTGGCTGTATTTITTCCCCCCAACAATATGTTTGTGAGA
TTCATCCATATTATTIGTATGTAGTTIGTGGATTIGTTCACTTTTCTITACTGAATAATATTICTATTIGATACCACAGTGT
ATTTACACATGTTGATATAGATGAGAAATTGAGTAGTTITCCAACATGAGGAAATTGCTGTCAACAATTCTGCAATC
CATAGCCATGCTATCAACAGTCTAGTACATGGTTITTTGGTGAATATATTAATAACTATGCATTTCTGTTGGATATA
CACCTGGGAGTGGAATTACAACTCAAATAATATTCATTTTAAAAATTTTATTTCGTTTTTAGTCGACAACTATATT
ATGGGGTACATTIGTGATGTTTCAATCCATATATATACATTIGTGGAATAATCAAATCAGGCTAATAGCATATCTATC
ACCTCAAATACTTCTCATTTTTIGTGGTGAGAATATTTAAAATCCTCCTTTTTAGCTATTTGGAAATATACAATATG
ACAATATTAGCTATAGTTCCTGTGCTGTGCAAAAGAACACCAGAACTTATTICCTCCTGTCTAACTGGAACTTTGTA
CCCATTGATAAACGTCTCTCATTTTTCCATCCACCCACCACTGCAGCTTTTGATCACCACCATAATACTCTCCATT
TCTATGAGTTCAACTTTTTTTAAACTGCACATACAAATGAGATTATATGATATGTGTCTCTCTGTGCCAAGTTTAT
TTCACTTAACCTAATGTCCTCCAGGCTCATCCTTATTATTCCAAATGACAGAATTTCCTAGGTTTTTAAAATTTITT
TITTTATTTTTAATTITTTTGGGGTACATAGTAGGTATATATATTTACGGGGTACATGAGGTGTITTTGATATAGGCA
TGTAATGTGAAACAAGCACATCATGGAGAATGAGGCATCCATCCTGTCAAGCATTTATCCTTTGTGCTACAAACAA
TGTAATTGTACTITTAGTTATTTTTTAATGTACAATTAAATTATTATTGACTATAGTCCCCCTGTTGCACTATCAA
ATACTAGGTCTITACTCATTCTTTCTAACTATTITTITGTAGCCGCTAACAATCCCCACCTATCCCCTACCTCCACAC
TACCCTTTGTAGCCTCTGGTAACCATCCTTTTATICTIGTICTICCATGAGTTCAATAGTTTTAATTTTTAGATCCCAC
ARATAAGTGAGAACATGCAGTGATTITTICGTTCTGTGACTGGCTTATTTICATTTAATGTAATGACCTCCAGTTCCAT
CCAAGATGTTGCARATGACAGGATATAATTCTTTTTTATTGCTARAATAGTACCGCATCATTTATATGAGCCACATT
TTCTGTATCCATICGCATGTTGATGGACAGTTAGCTTGCTTICCAAATCTTGCCTGTTGTGAACAGTGCTACAACAA
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TGTGAGAGTGCAGATAGCTCTTCAATACACTCCCTCCTTTTICTTTTGAGTATGTACCCAGAAGTGGGATTTCTGGA
ACATATGGTCATTICTCTTTTTATTATTITGAGAAACATTCATACTGICTITATGGAGGCCGTTACTAATTCACAAT
ACTACCAATAGTGGATAAGGTTTCCTITATTCTICTGTATCCTCATGAACACTTIGITATCTTITCAACTTITTTGATAAT
AGCCAATCCAAAAGATATGAGGTGATATCTCATTGTGATTTITAATTTGCATTTTTTGATGATTAGAGATGTTGAGT
ATTATACATATATGTGTGTGTATATATATATATATATATATATATATATATATGCTGTTTGTCATCTTTTGAGAAT
GTCTATTCATATATTTGCCCATTTTTTTATTAGGGTTATTTIGTTTITCTTGTTATTGAGTAGCTTGAGTTCCTTGTA
TATTTTGGATATTAGCACCTTATCTAATGTATGATTTGCAAATATCTICTCCCAATCTGIGGGTTGTCTCTTTATT
CCATTAATTGTTTCCTTTGCTGTGCAAAGCTTTTTAGTTTGATGCAATCTTACTTACCTATITTTGTGTTGATTGT
GTTTGGGGGTCATATGCAAGAAACCACTGCCCAGACCAATGTCATGGAGCTCTTCTICTITATGTTITITGTAGTTITTT
AGTTTCAGGTATTACATTTAAGGCTTITAATCCATTITIGAGTTGATICTTIGTATAAGGGGTGAGATAAGGGTCCAGT
TTTATTCTIGTATGTGAACATTCAGTTTTCCCAATACCATTTATTGAAGAGACTGTCCTCTCCCTATTGTGTGTITCT
TGCTACCTTTGTCAAAAATCAATTGATCAAAGGTGTGTAGGTTTATTITTAGTCCTCTTITGTICTTATTCCATTGGTC
TGTTTTTATGTACTTGCCATGCTGTTTTGATTATTATAGCTTTGTAATACATTTTGAAATCCAGTAGTGACATACT
TCCAATTTTATTCTTTTTAGTAAAGACAGCTITGGCTATCCAGGGTCTTTITGTIGGTITCCATGCAAATTTTAGGATT
TTTTAAARRARATTCTATAAAGAACAATATGCAGATTTTIGTTAGTATTGTGTCGAATCTTTAGATTIGCTTTATGTT
TAACAATATTAATTTTTCCAATTTATGAACACAGAAATCTTTCCATTTATTTGTIGTCATCTTCAATTTCTTTCGTC
AGTGTCTTATAGTTTCAACACGCAGATCTTTCACTTTCTTGGTTARATTCACTCCAAATATTTTTTCATGCTATTA
TAAGTGAGATTGTTTCCTTAATTTCTATTTTAGACAGTITTGITGITATTGTACAAACAATAACAATTGTTATCGCT
ACTGATTTTTGTAAGTTGATTTTGTACCCTGCAACTTITACTAAACTTGTGTATGAATTCTAACAGTTTTCAGTGGA
GTCCTTAGGATTTGCTGTATAAGATTATGTCATCAGCAAGAAGGGGCAATTTTACTTCATCCTITTITCAGTTTGGTT
GCCTTTTATTITCTTTICTCCTGCCTAATTGCTCTGGCTAGGACTCCCAGTACTAAGTTAAACAAGGGTGGGGAGAGT
GGGCATCTTTGTICTTGCTCCTGATCTTAGAGAAAAGCCTICTACGTTITACTGTTGTGCATGATGTTAGCTGTGGG
CTIGTAATTTATGGCTTTTATTICTTTTGGAGAACATTTCTTICTATACCTAATTTIGCTAAGAGTTTTTCTCATAARA
GGATGTTGAATTTTGTCAAATGCTCTTITCTGAGTTTATTAAAATGATCATACGGTTTTTIGTACTTCATTCTGTTAT
ATGTTGAATCACATTTATTAATTTGCATATATTGARACAACCTTICTATCCCAGGGATAARATCCCTCTTGGTCATGG
TGAATAATCCTTCTAATAAACTATTAAATATGGTTCACTAGTATTTCATTGAGRATTTTTGCATCTAATTTCATTC
GTGATATTGGCCTATAGTTTITCTTTCCTTGTAGTIGTCTTTGCCTGGCTTTGGGATCAGGGTATTIGCTGGCCTTGTA
ARATAAATTTGGACGAATCCCTTICCTCTTTAGTTTTICCAAAAGAGTTTGAGAARAGATTTGTGTITAGGTCTTICTTTA
AATGTTTGTAGAATTCTCCCATGAAGCCATCTGGTCTTIGAGCTTTCCTTTGATGTGAGAACTTTTAAATACTGATG
CAATCTCCTTAACTCTTTCCTTAGCTGTTACTGGTCTTTTCAGATTTCCAATTTTICATTATTICAGTTTTGGTAGAT
TATGTATTTCTAAGAATTCATCCATTTCTGTTAGGATGTCCAATTTICTTGGTATATAATTGTTICATCGTAGTCTCT
TAGGATCCTTTGTATTTCTGTIGTTATCAGTCATAATGTCTTCTCTTITGATTTCTGATTITGATITATTTGAGCCTGC
TCTCTTCATTCTTAGTCTAGCTAAGGATTTGTCAATTIGTGTTTAGCTTTICAAAAAACCAACTTTTAGTTTITATTG
ACTTTTTTTCTATTGTTTCTICTAGTCTCTATTTICATTTATTTICTGCTCTGATCTTTGTTATTTTICTTICTTTICTGCT
AACTTTGGGCTTAATTCATTCTTICTITTTTGTAGTTITCCTGAGGTATAATGTTAGGTATTTCATTTGAGATATTTCT
TCTTTTTTGATGTAGGAATTTATTGATATAAACTTICCCTCTTAGCACTGCTTITTGCTACCCCCAGAAGTTTTTICTA
TGTTGTGTTTTCATTTCTGTTTGTCTCAAGACTTTTAAAAAATTTCCTCTTGAATTITCTTICTTITTIGACCCAATAAT
TGTTTAGGAGCATATTGTTTAGTTTICCACATATTTCTTAATTTTATATGATTTCTCATGTAATTGATTTCTAATTT
TATATTGTGGTCAGAAAAGATACACGATGGGTTTTCTTAAATTTGTTGAGACTTGTCTGTGGCCTAACATATGATC
TATCCTGGAGAATGTTACATGTGTACTTGAGAAGAATCTGTATITTICCTACTGTTCAGGGCACAATGTTCTGTATA
TGICTGTTAGGTCCATTTGGTCTAAARATGTCATTCAAGTCCAATGTTITTCTTATGAATTITTTCTIGTCTATTGCTTA
AAGTGGAATATTIGARATTGCCTGCTATTATTATGTTATAGGCTATGTTICCCTTCAGATCCCTTAATGTTTGCTTT
ATATATTTAGGTGCTICTGATTTGGGATGCTTATATACTTGTTATGTCCTCTTGATGAAATAACCTTTATCAATATA
TAATGATGTTCTTTGTCACTTTGAACAGATTTGACCTAAAGATTATTTTGTICTGAAGTAAGTGTAACTACCCTGCT
CICTTTTIGTTCTCATGTACATGGAGTATCTTTTTITCATCCCTTTACTTTCAGICTATGCATGTICCTTITAAGGTGA
AATGAGCCACTTGTAGGCAGCACATATTTGGGTICTTGTTITTTITGTTIGTTGTICGTTAATCCACTCAACCACTCTATG
CCTTTTGATTGGAGAGTTTAATCTATTTACATTCAAAATAATGATGGATGGGTAAGGACTTACTAGTGTCATTTTG
TTCATTIGTTTCCTIGGTTGTCTTACAGATTCTTTIGTTCCTTTCTTCCTCTATTGCTGTICTTCCTTTIGTGTTTTGATG
GITTTGTGTAGTAGTATACTTTIGGGTCTTTTGTTITTTATCATTICATGTATGTATTATAAGTTTGTGCTTTGTGGAT
ACTCCGAGGCTTACATAAAACATTTTATAAGCTGATAATAACTTAAATTITGATTGTGTGCATATACTCAACACTTT
GACTCTCCCTCCTCCCACATTTTATGTTITCTAACATCACAACTTACTTITTITTTTITTAATTATACTTTAAGTTCTAG
GGTACATGTGCACAACTTGCAGGTTTGTTACATATCTATACATGTGCCGTGTTGGTATGCTCCACCCATTAACTTG
TCATTTACATTAGGTATATCTCCCAATGCTATCCCTCCCCCGTCCCCTICACCCCACGACAGGCCCCGGTGTGTGAT
GTTCCCCTTCCTGCGTCCAGGTGTITCTCATTGTTCAATTICCCACCTATGAGTGAGAACATGCGGTGTITTGGTTITTIC
TGTCCTTIGTGATAGTITTGCTGAGAAAGATGATTTCCAGCTTICATCCATGTICCCTACAAAGGATGTGAACTCATCCT
TTTTTATGGTTGCATAGTATTCCATGGTGTATATGTGCCACATTTTCTTAATCCAGTCTATCATTGATGGACATTT
GGATTGGTTCCAGGTCTTTGCTATTGTGAATAGTGCAGCAATAAACATACCTGTGCATGTATCTTTACAGCAGCAG
GATTTATAATCCTTTGGGTATATACCCAGTAATGGGATAGCTGGGTCAAATGGTATTTCTAGTTICTAGATCCCTGA
GGAATCGCCACACTGACTTCCACAATGGTTGAACTAGTITTACAGTCTCACTAACAGTGTARAGTGTTICCTATTICT
CCACATCCTICTCCAGCACCTGTTGTITTCCTGACTTTTTAATGATTGCCATTCTAACTGGTGTGAGATGGTATCTCA
TIGTGGTITTIGATITGCGTTTCTCTGATGGCCAGTGATGATGAGCATTTTTTCATGTGTCTTTTGGCTGCATARAAT
GICTICTTITTGAGAAGIGICTGTTCATATCCTTICGCCCACTTTTTGATGGGGTTGTITTIGTITITTITICTTGTAAGTTT
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GITTTGAGTICITTGTAGATTCTGGATATTAGCCCTTTGTCAGATGAGTAGATTGCAAAAATTTTCTCCCATTCTGT
AGGCTGCCTGTTCACTCTGATGGTAGTTTCTTTTGCTGTGCAGAAGCTCTTTAGTTTCATTAGATCCCATTTIGTCC
GTTTIGGCTTITGTTGCCATTGCTTITTGGTGTITTAGACATGAAGTCCTTGCCCATGCCTACGTCCTGAATGGTAT
TGCCTAGGTTTTCTTCTAGGGTTTTTATGGTTTTAGGTCTAACATTAAGTCTTCAATCCATCTTGAATTAATTTTT
GTATATGGTATAAGGAAGGGATCCAGTTTCAGCTCTCTACATATGGCTAGCCAGTTTTICCCAGCACCATTTATTAA
ATAGGGAATCCTTTCCCCATTTICTTGTTTTTIGTCAGGTTTGTCAAAGATCAGATGGTTGTAGATGTGTGGTATTAT
TTCTGAGAGCTCTGTTCTGTTCCATTGGTGTATATCTCIGTTTTGGTACCAGTACCATGCTGTTTTIGGTTACCGTA
GCCTTGTAGTATAGTTTIGAAGTCAGGTAGCGTGATGCCTCCAGCTTTGTTICTTTIGGCTCAGGATTGTICTTGGCAA
TGIGGGCTCITTTTTIGGTTICCATATGAACTTTAAAGTAGTTTTTITCCAATTCTGTGAAGAAAGTCATTGGTAGCTT
GATGGGGATGGCATTGAATCTATAAATTTCCTTIGGGCAGTATGGCCATTTTCACGATATTGATICTTCCTATCCAT
GAGCATGGAATGTICTTCCATTTIGTTITGTIGTCCTCTTTTATTITCCTTGAGCAGTGGTTTGTAGTICTCCTTIGAAGA
GGTCCTTCACATCCCTTGTAAGTTGTATTTGTAGGTATTTITATTCTCTTTGAAGCAATTGTGAATGAGAGTTCACT
CATGATTTGGCTCTCTGTTTGTCTGTTATTGGTGTATAAGAATGCTTGTGATTTTTGCACATTGATTTTATATCCT
GAGACTTTGCTGAAGTTGCTTATCAGCTTAAGGAGATTTTGGGCTGAGACGATGGGGTTTTCTAAATATACAATCA
TGTCGTCTGCAAACAGGGACAATTTGACTTCCTCTTTTICCTAATTGAATACCCTTTATTIICTTITTITCCTGCCTGAT
CGCCCTGGCCAGAACTTCCAACACTATGTTGAATAGGAGTGGTGAGAGAGGGCATCCCIGICTTGTGCCAGTTTTIC
AAAGGGAATGCTTCCAGTTTTGCCCATTCAGTATGATATTGGCTGTGGGTTTGTCATAAATAGCTCTTACTATTTT
GAGATACGTCCCATCAATACCTAATTTATCGAGAGTTTTITAGCATGAAGGGCTGTTGAATTTGGTCAAGGGCCTTT
TCTGCATCTATTGAGATAACCATGTIGGTTTTTGTCGTTGGTTCTGTTTATATGCTGGATTACATTTATTGATTTIGC
GTATGTTGARACCAGCCTTGCATCCCAGGGATGAAGCCCACTTGATCATGGTGGATAAGCTTTTTGATGTGCTGCTG
GATTCGGTTTGCCAGTATTTTATTGAGGATTTTTGCATCGATGTTCATCAGGGATATTTGTCTAAAATTCTCTTTT
TTTGTTGTGTCTCTGCCAGGCTTTGGTATCAGGATGATGCTGGCCTCATAAAATGAGTTAGGGAGGATTCCCTICTT
TTTCTATTGATTGGAATAGTTTTAGAAGGAATGATACCAGTTCCTICTTTGCACCTCTGGTAGAATTICGGCTGTGAA
TCCGTCTGGTICCTGGACTTITITTGCTTTGTAGGCTATTAATTATTGCCTCAATTITCAGAGCCTGTTATTGGTCTA
TTCAGGGATTCAACTTICTITCCTIGGTITTAGTCTITGGGAAGGTGTATGTGTGCAGGAATTTATCCATTTICTICTAGAT
TTTCTAGTTTATTTGCGTAGAGGTGTTTATAGTATTCTCTGATGGTAGTTTGTATTTCTGTGGTGTCGGTGGTGAT
ATCCCCTTTATCATTTTTTATTIGCATCTATTTIGATICTTCTICTCTITTTICTICTITATTAGTCTTACTAGCGGTCTA
TCAATTCTGITGATCTTTTCARAAAAACTGGCTCCTGGATTCATTGATTITTTITGAAGGGTITTITTITGTGTCTIGGATC
TTGTAGGTATGCTTICATTIGTTTCTTATTATTTTTTTCTTITTGTICTTICTICTGGCTGTGTATTTTCAAATAGGCTGTC
TGCCTACAAGATCCAGAAAATAGCCTCAAAAGGGTCAATCTAAGAGTITATTGGCCTTAAACAGGAGGTAGAGAAAG
AGATAGGGATAGAAAGTTGATACAARAGGGACAATATCAGAGAACTTCAGAAACAGAGAAAGATACCAACATTCAAG
TACGACAAAGTTATAGAACACCAAGCAGAATTATCTCAGAGACTACCTCAAGGCATGCAATAATCAAACTCCCACA
GGTCAAGGATAAAGAAAGAATCCTAAAAGCAGCAAGAGAAAGGAAACAAATAACATGCAGTGGAGCTTCAATACAT
CTGGCAGCAGATTTTTCGGTGGAAATCTTAGGCCCCGGGCATATCCAGAGATGCTGTCTGAGGGCCAGTCATTGGA
GTCAAAAACCTTAGCAGTTTACCTCATGTTCTATTCTATTGTGGCTAAGCTAGCACTCACACCACAATATAAAGTG
CICCCTIGCTICTICCTTGCCCTTTTAAAAGGCAGAGGATCCTICTCCCTGTGGCCCTCACCACCATGAGGGTTCTGCT
TGGCCTCCACTGGTGTTCACTTAAAGCCCAAGGGCTCTTCCATCAGCTTIGTGGTGAATGCTGAGAGAACTGGGACC
CATATTTTAGGGCCTTGGGCTCCCCTCTGGCCCAAGGCAGGACCAAAAATGCTGTCCAAGAACCTAGGCCAGGACT
CAGAAATCCCAGAAGCCTGCCTGCTTCICTGCCTITTICTGTGGCTGAGCTGGTACCTAAGGGGCAAGACAAAGTCCC
CITTACTTTTCIGICTACTTTTCTCAAACAGAAGGGGTICTTITCACCATAACCACCACAGCTGGGAATTTIGCTGGGT
GACCTATGAAGCCAGCACATCTCAGAGGCCAAGTCCCACAGTIGTACTCCCTGGGTATTGCAACTGGTITATTCAACG
TTCAAGGCCTCTTTAGTTAGTAGCTGATGAATCCTGATAGGACTGAGTICCTITCCCTTTAAGGTAGCAGATTICCCTT
TTGGCCCAGGGTGTGTCTAGAAATGCTATCCAGGAACTAGGGCCTGGAATGGGGGCCTCATGACTCTGCCCATGCC
CCATCCTACTGTGGCTGAGCTGGTATCCAAGATGCAAGACAAAGTCTTCTTTACTTTTCGCTCTCTTCTCCTTAAC
GAGAAGTAAGGAGTCACTTCTGTTGCTGCAAGCTTCACTGCTGGGAGTAGGGGAGGTATGGTGCAACCACTCCCTT
AGCCATGCCAGCTGGTGTCTCCCTAGGTCATGTGGGAGACCCTAATCCACTGGCTTCAATATATAGAGGGACGTTT
CTAAATTATTTATCTGTAATTTGATTAAGAAGATAGACACAGGCAATAGGATATGCCAACAGATTCTCTCTAACCT
ATAGTTATTTTAAGAAAGTTAGGGAAAGAGAGGTCATTGATTAGTTTTGGCTTACTGAATTATTTGACCCTCCCAT
ATCTTTTAATTTATGGATTTTATATAAGGCACAGATATTCTACTAGTAAACATGACATTAAAGATGTITTATACAA
ATGAATGTGGTTGATACAAAGGCATTAAATAAGAAACAAAGGAAATTCAGAGGACATITGTTICGCCTGGAATAGAG
ATCATTAGCATAAGCATAAGAGGAAAATAAGGAAGGAAATGGGAAAGTCTTGAGTICCATTTTCAAATTATGAAAAC
TTGAAATGCAACAAACAAATAGTGGTTACTTAAGAAGAAAGACTGAAGATGCTGGGCAAAGGTTAACTTTAGAAAT
GGCATTTTTATATCATTATAAAGAGAAAGTGGGGATAATGGAAATAATCTACATGTACAACTCATTTGACAGACAT
TTATTGAAGGTATTICCAAATGCCAAACACTAGTTTIGIGCACTAAGGATGTTTITTAATTTTTACTITTTITACTTITATT
TTTATTTTCTAGCTTICTITICCGCTITGCCAGAGAAGGATTITTTITTAAATGGATAAAATACTAACTTAGGCTAGCTTC
TTTCAGAAACAGACCTTTAARCAATGATTAATGGTGAAAGTGGTTTGGTTGTAATGTGATCCCAGGAAGTACCAGT
AGGAGAGTGGGACAATGAGATAATAAATGAAAGAAGCCAATAATTAAGCCAGTTATGGAACTAGTTATTIGCTTTGG
GCCACTGGGGTTTGATCCTGATGAAGGAGCTCTGGGAGATAGTAAACAAACAAACAAACAAAAAACATGCCTCAAA
GITGTCAACCACAAGGGGGTAAAGGCAAGGAACCAGGGCTAACTATTCCAACTCTITATCCATCATTGGCTAAATGC
TTCCTGGTACATAAACTTTCCAGCACTICTIGGCCAGCGCACCTAGCAAGCTGAGGAAAATCTCTCAGGTITTIGCAGT
AGGGCAAATGCTTGTACTAGGACACTGCTGGCATATACTTGAAGGATGAGTGCCAACGGCAGATAGATGGGCCCTG
ACAGCATCTTCTACAGATICTIGTICCTTGCCTTTIGAGGCAAGGACACTGICTAGAGTCAGAGACAGAAATGTAAAAT
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GTAAAAATGTAAATCATAGTAGCACACAGTACAAGTTTITAAAATCTTAACAAAGTGTTATGGGAGAACCACGGTGA
GAGAAAATGACTGCACATATGAGAGCAGGGGAAGTCTTTATATGTGATGATGACATTITGAGTGGGTGTTCCGTTAT
CARAGATCTACTTAAAAGGGAAAAAGAGTAGAATTATTTTARACCATGGATGTAACCAGGCGTGGCCACCCTATAT
GTGAATGTCCTGGGATAATTTTGTCCCCAGATGTICTCTCTITTTTGAGTGTCATTITTCATTTATGTATTCATAATAT
AAAGAAATTGAATAGAAAGAGGTAAACATTGGTGGCAAAAATCCCTTCCTACCCATAAGGCTCACAGAATAATGTT
GICTAAATGCCATAACATTTTTGGTAAGTTITTGGTICTATGGGCTTTGGAAATTTTTTATGTAGGAACTCCTCCAA
GGTGATATAAGCATTCAGTGTATTTATCTAGATACCCTAGTITAAAGCTACTTTAAGCAGGATCAAAGTCCTCTTTT
ARACTTTTGIATTITGAAAGCTATTCCCATGTACAATTCCCATGATTICTTIGTACAATTCCTAGGAGACCTTTGTTTA
CATCAAAAGAGTTTGTCTICTCTICTATAAGTTAGAACTTGTACATTGTAGTAATGGAAAATCCATTTICAAAGTAGCT
TAGACTTACTCAGACAAAATGTATTGATCAGTGTCATTAAACAGTTGAAAGATAGACGAGGCTTGATTCAGGAATT
AAATAGCATGACCAGATTCTAGTTTICCTICTCCATTGCATGGCTCTGCTCCCCAGTATTTGTTICCGTTTAATTCC
TCTTAATTGTTCTAAGATGGATATCAGGATACTGCAGAACTACGTGCTTICTCATCCATCTTAAACAAGAAGCAAT
GGGTTTTCTCTTTTAGAATCACGAACAACAACAACAACAACAAAAATCCTAGAGTTIGTTTCATTIGGTTCTGATTGA
CCTTACTTGGAACCATAAGTCCATCTITTIGAATTAACCACTAAAGCCAGGGAGATGAGTTAAAACTAAGTACACACC
ATCCACAGAGCAAAGAGAGGTCTATTGTGGGAAAACTGCACAAATGGAAAAATAACAGGGGAAACACAGGAGAAGG
AGGTAGTTAGTTAATGTTCAATACACGCACCTTICTCAGGGACTITICTICCATCTGGCATCATCTTTGTICTTTITGA
CCATTTTCCCCAATCAATACCTATATTCATACTCAAGTTTTCCATATTTGGGAAAAAACTTCTCTTGACACCAAAC
TCCCCTCTGACTTCCTITICTTATAATGATCTATGGTTGGATAGTCTACAATTTACTGTCCTTACTTITTTCATAGGTA
TTTTTTAATCTICCTACAGTAAGATTTCTACCACTGCACTGAAATCATTTTGTGTATGGTCTTCAGGGAATTCCATG
TGGCCAAAGCCAATGGATACTTTTGGCATGGGCTTTGGAGGTICTAACTICTIGAATCCAAGTGTCGGCTCTAACAA
TCACTATCTATGTGACCTTAGACCAGTTATTTAACGCTGTICTTITATTTICCTCATTTGTTAAATGAGGATAATTGCA
GCAATAGARAARAGAACGTAAACAATTATACTITATAGGATTIGTATGATGATTAAGTGATTAATGCAAGGCGAAAGAACA
ACACAGAGCTITCAGACAGTGTAGATATTCAAATAAATGTTAGTTATGATTTTTATTATGTICTIGIGACATCTATGA
GATTTGAAAGTGTTAATCACTICTTGTIGTTTTTGAAAATCTTTCTTTTCCATGTICTATAAAAGTACACTTTCTTGA
TATTCCTCCTCCTTICTICTAGTCTTTCATTCATCTTATTTGCTCTTTGTIGTTTTATTITATICTTITTTACGTTIGTATT
TTCCAGGAGTCCATTCCCAGCCCGGTGTTGGGCTCAGTCTATGTGCCATATAAATGAGAATGCACTTGCATTTGAG
GCTTTGCTTTTTATTITCICTIGTAGTGACGGCCAATCCCAGATTTCTGTCTCTCCCAAAATACACAGCTATGCTATA
GATCCTTCAGTCCTICCIGACTAAAATGTITAGTITTTATGTGTGTGTTCCTCACAACCTCCCAGTGAATAGGTCCAAA
ACTGAACTCATTATCTTCTCCATGCTCACTCTGCATTCTTTGGATAGGCAGTGAATAGCACCACTATCTAACAGGC
ACCTAAACCAGAAGCCAGGTAATCTGTCTTAAACCCTTTITGTITTTCCAAGTTCTTATCATAATGGCTGGTGTCTAA
CAGATGGTAAATAAAATAGAGACTAGCTIGGCTACATGGATGGATGTGTGGGGATGCACAGAGGGATAGATGGATTA
TTGAGTGAGTICICTAGCCTATAAATATTTTTAATTAACTAATAAATTATGATAATGTACAGTTGAAGGTCAAGGGT
GAAARAGCATACCCTCAGTGGGATGCACACCCCAAGGAGCCATTTTAACTTIGCTACATAACACACATATGACCACT
TTTTTGCTGAAAGCCTTCTATTATTGAGCAAGCATTCAAATCCCATGTITTIGCCTGAAATAATGGTTCAGGTTATAA
AAGTTTCCTTCTTTTTCCAGGATTAAAATTATCTTCCTACATAATAGGAAGAACTGCTTTATCTTTTCCTAATATC
TAGAGATGGCCTTTTAAAAATATAGACTGTTTTCCCTATTGAAATGAACTGTAGGATGTACAAAATATTTACTGGC
ATGAATCAAAAGAGCTTGCTATGTTTATGTGAAAACCACTAGGCATTCTAAAAAATATTIGCTAGCATAGTAAAATG
TTAGTAATTAAGACTAACGAAAGCGAAGGCAAATTGGAATCAGAGACTATTTTTAAGGAATGTCAACTGTATTATT
TTCARATACACATGGTACATAACAGTAGGATATGAGAAAAAGTCCCAAGTATGTIGTACTAAAGTAGCCTGCTATGA
TAAGTTGAAAAAGGGTTTGTAATTGGAATATCCACAGAATATTTCAGAACACTTAAAGACATTITTCATTTACACTT
TATACAGCTTTCTITATAAGAGCATTTACACCATTITATTITTATAAACCAAAGATTAATTAGAAGACTAAACAATTAC
AAGGCCTCAACTACGAAAGCTGTTCCACTACCTAGTGGAACAACAACAATGAGACACACAAAACAATGGCGTTCAA
AGATTAGAGAGAGACTTACGGTTAAACAGAGGTTGACATGTTAACTGAAGTTIGCAATATAATATGTCGACTAGTTT
TGCAATACATAGCAAACACCCAAACAGAAATAAACCTGATAAAAAAACAGTAGTCTATAATGTGTGCCACTTACTG
AGTITTTAATTATTCTGGGGACTATATTTITTGATTTCATGTITACAATCACTAGTTITTGTIGGGGTCTTTICTAGTCCTG
ATGCTTATTTACAAAATATCTGAAGTATTITICTITICTATGTATTITATTITTTGAGATGGAGTTTTGCTCTGTCACCCA
GGCTGGAGTGCAGCGGCATGATCTCGGCTCACTGCAACCTCTGCCTCCCGGGTTCAAGTGATTCTCCTGCCTCAGC
CTCCTGAGTAGCTGGGATTACAGGCGTGTIGCTAATTTTTGTATTTTTAGTAGAGACTGGGTTTCAGCATGTCGGTC
AGGCTGGTCTCGAACTCCTGACCTCATGATCCACCCGCTTTGGCCTCCCAGAGACCTGGGATTACAGGCGTGAGCC
ACCGCACCTGGCCATCTCAAGTATTTCTTTAACTTATAACTTCACATAACTTTGTGGAGGCAACAGGGTTAATTAA
AAAGGACTTTACTTACATAACAAAATARGAAGCATAGTTTTATATTCCTGTGCCATATACATTTTGTTTGTCCATC
TGTAGCCATTCTTTGACCTTCTCTCCCTTGCTCTTTATTCTGGGAGGCTGACCTCTGTCATCATTGGGCTCCCATG
CCCTTTGGCTTCCAGTTGGTTTAGGCACCCAAGAGCCCTAGAAGGARATTGAAGACAGGAGGTAAAGTGAGGTCAA
GATATTTATTCTCCTAATTCCCTCCCTITITGAGGTTGCCACAGGCTGACTATGTCCTTTGACAAAAGGTTATTGCTC
TICTCAGGGTGGTTTCTCATTCCAATTCTCTGCTTTTGGCCACTTTTCCCTCCCCTCATCCCTTGGGCCTAGATGT
AGTAACAGCTCTACTGTTGCAAGGTTCTTGTATTATCTGTGATGGTTTCTTATACCCTGCTTATCTTGTGATTTIGT
TGCTTTGTAGATAAACCTCTCAGATTATCTAGGCAAGATCATAGAAGAACACGTATGTCCAGCTAAGATATTCCAG
ARGACAGTAGGGAAACATTGAAGGGTTTTATAAGAGGGAGTGCAGTGATCAGATTTATGTTAGTTTTAATCTTTAA
TTGGGGTAGAATTTACATTCTAAAACAGAGATTTIGGGTCTIGGGAGGATGATATAGAGCCTCTTATGGATGTGAGGG
CAAAAARATGATAGAGGTTTGCAGTGCCAATAGAAAGAGGAAAGAAGTTATATATGAGAGAAATTTGTAACTAATTA
TATGAGGTGTTGGGTGACGCTTAGGAAAGAATCTAGAATGTCTATCAGGTTTCATGCTTAAGGGATAAAGTAGATG
GCAGTTTTATTACTTIGTTTTCTGTATTATTTTTATTTCATAAAACCAGCTTAGAGAAGTTGCATAGAAAANATAAT
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GTAGTCCTGTTTATTTTAATATTTGAAAAGAACATATTTCAGAGTAGAATCTATATAGTACCTCCCTICTTGGACTT
CCAATGATACCAGTGATAGCCTCAATATAAGCCAGTCTTACAAAATGCACCCAGCGTGAATTICTTAGGTATTGTITA
AAAGAAGTTGGCCAGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTITGGGAGGCCGAGGCAGGTGGATCACCTG
AGGTCAGGAGTTTGAGACCAGCCCGGCCAACATGGTGAAACCCTGTCTCTATTAAAAATACAAAAAARAAAANAATTA
GCTGGGCATGATGGCACGTGCCTGTAGTTCCTGCTACTCGGGAGGCTGAGACAGGAGGATAGCTTIGAACCCGGGAG
GCGGAGGTTGCAGTGAGCGGAGATTGCACCATTGCACTCCAGCCTGGGTTACAAGAGCAAAACTCCATCAAAAAAA
AAAAAGAAAGARAAAGAAGAAGTTTCTAATACACTTATCTTCCCTTGGGTTCACTCAGAAGACCCTTGGARAAGGT
TTTAAGAGCAAGTGATTTATTTGGGGGGTAAATTAATCAGTAGAAGAGTGGARARATGAGACAGGTGAGGCAAGGC
AGCCAGTAARAGAGTGGTGCATTATCAAGCCAGCTGCTGTTGTGGGTCACTGGAGCTITATCCCTTGGGAAACTCTG
GAACCCTTGTAAAATACATGCCTCAGAGTTATTITCCCCTAGCATCAAGGGAGCTAGTIGTAACAATATCCCAATTCC
TACAATTAGTCATTATATACAGGCTGCCTICTGGGAGCTGGAGGGGAGGCATCAGTITGCCTIGGTATGTCTAGCCTGT
CACATGGATGGCAAAGCAARACTCCTGTGGCAACAGAAAGCCTTCAGGCAATGAAATGCTGGCACTGGGAAATCAGG
CTGATGGGTGCTGAAGTGGCAAGGATGAGGGGATATGGATATTCTGCTGTAGTIGCTTTTCTAACAGATGATTCATA
TTTGGTTCTAGGGATCAAGAATTGAGTTAAAATTTTATATATATGTTGATGTTCTATGTCACCTTCAGGAAAATAA
TTTAACAGAAACTAATATTTGCCATCAAAAAAGCAAAGAATCCTGTTGTTCATCATCCTAGCCATAACACAATGAA
TAATTTITTAAATAAGCAACATAAATGTGAGATAACGTTTGGAAGTTACATTTAAAATGTCTCCTCCAGACTAGCA

TTTACTACTATATATTTATTTTTCCTTTTATTCTAG (SEQ ID NO: 754)

[000236] Homo sapiens dystrophin (DMD), intron 52 target sequence 1 (nucleotide
positions 1614980-1615029 of NCBI Reference Sequence: NG_012232.1)

GTAAGTTTTTTAACAAGCATGGGACACACAAAGCAAGATGCATGACAAGT (SEQ ID NO: 755)

[000237] Homo sapiens dystrophin (DMD), intron 52 target sequence 2 (nucleotide
positions 1614980-1615024 of NCBI Reference Sequence: NG_012232.1)

GTAAGTTTTTTAACAAGCATGGGACACACARAGCAAGATGCATGA (SEQ ID NO: 756)

[000238] Homo sapiens dystrophin (DMD), intron 52 target sequence 3 (nucleotide
positions 1615029-1615068 of NCBI Reference Sequence: NG_012232.1)

TTTCAATAAAAACTTAAGTTCATATATCCCCCTCACATTT (SEQ ID NO: 757)

[000239] Homo sapiens dystrophin (DMD), intron 52 target sequence 4 (nucleotide
positions 1664873-1664926 of NCBI Reference Sequence: NG_012232.1)

GAATCCTGTTGTTCATCATCCTAGCCATAACACAATGAATAATTTTTTAAATAA (SEQ ID NO: 758)

[000240] Homo sapiens dystrophin (DMD), intron 52 target sequence 5 (nucleotide
positions 1664953-1665002 of NCBI Reference Sequence: NG_012232.1)

GAAGTTACATTTAAAATGTCTCCTCCAGACTAGCATTTACTACTATATAT (SEQ ID NO: 759)

[000241] Homo sapiens dystrophin (DMD), intron 52 target sequence 6 (nucleotide

positions 1664774-1665023 of NCBI Reference Sequence: NG_(012232.1)

TCAAGAATTGAGTTAAAATTTTATATATATGTTGATGTTCTATGTCACCTTCAGGAAAATAATTTAACAGARACTA
ATATTTGCCATCAAARAAAGCAAAGAATCCTGTTGTITCATCATCCTAGCCATAACACAATGAATAATTTTTITAAATA
AGCAACATAAATGTGAGATAACGTTTGGAAGTTACATTTAAAATGTCTCCTCCAGACTAGCATTTACTACTATATA

TTTATTTTTCCTTTTATTCTAG (SEQ ID NO: 760)

[000242] Homo sapiens dystrophin (DMD) intron 52/exon 53 junction (nucleotide
positions 1664994-1665053 of NCBI Reference Sequence: NG_012232.1)

ACTATATATTTATTITITCCTTTTATTCTAGTTGAAAGAATTCAGAATCAGTGGGATGAAG (SEQ ID NO: 761)
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[000243] Homo sapiens dystrophin (DMD), transcript variant Dp427m, exon 53
(nucleotide positions 7905-8116 of NCBI Reference Sequence: NM_004006.2; nucleotide

positions 1665024-1665235 of NCBI Reference Sequence: NG_012232.1)

TTGAAAGAATTICAGAATCAGTGGGATGAAGTACAAGAACACCTTCAGAACCGGAGGCAACAGTTGAATGAAATGTT
AAAGGATTCAACACAATGGCTGGAAGCTAAGGAAGAAGCTGAGCAGGTCTTAGGACAGGCCAGAGCCAAGCTTGAG

TCATGGAAGGAGGGTCCCTATACAGTAGATGCAATCCAAAAGAARATCACAGAAACCAAG (SEQ ID NO: 762)
[000244] Homo sapiens dystrophin (DMD), exon 53 target sequence 1 (nucleotide
positions 1665027-1665073 of NCBI Reference Sequence: NG_012232.1)

AAAGAATTCAGAATCAGTGGGATGAAGTACAAGAACACCTTCAGAAC (SEQID NO: 763)

[000245] Homo sapiens dystrophin (DMD), exon 53 target sequence 2 (nucleotide
positions 1665044-1665098 of NCBI Reference Sequence: NG_012232.1)

TGGGATGRAAGTACAAGAACACCTTCAGAACCGGAGGCAACAGTTGAATGAAATGT (SEQ ID NO: 764)

[000246] Homo sapiens dystrophin (DMD), exon 53 target sequence 3 (nucleotide
positions 1665089-1665141 of NCBI Reference Sequence: NG_012232.1)

AATGAAARTGTTAAAGGATTCAACACAATGGCTGGAAGCTAAGGAAGAAGCTGA (SEQ ID NO: 765)

[000247] Homo sapiens dystrophin (DMD), exon 53 target sequence 4 (nucleotide
positions 1665158-1665206 of NCBI Reference Sequence: NG_012232.1)

GCCAGAGCCAAGCTTGAGTCATGGAAGGAGGGTCCCTATACAGTAGATG (SEQ ID NO: 766)

[000248] Homo sapiens dystrophin (DMD), exon 53 target sequence 5 (nucleotide
positions 1665173-1665228 of NCBI Reference Sequence: NG_012232.1)

GAGTCATGGAAGGAGGGTCCCTATACAGTAGATGCAATCCAAAAGAAAATCACAGA (SEQ ID NO: 767)

[000249] Homeo sapiens dystrophin (DMD) exon 53/intron 53 junction (nucleotide
positions 1665206-1665265 of NCBI Reference Sequence: NG_012232.1)

GCAATCCAAAAGAAAATCACAGAAACCAAGGTTAGTATCARAGATACCTTTTITAARATAA (SEQ ID NO: 768)

[000250] Homo sapiens dystrophin (DMD) exon 53/intron 53 junction target sequence 1
(nucleotide positions 1665218-1665264 of NCBI Reference Sequence: NG_012232.1)

AAAATCACAGAAACCAAGGTTAGTATCAAAGATACCTTTTTAAAATA (SEQ ID NO: 769)

[000251] Homo sapiens dystrophin (DMD), intron 53 (nucleotide positions 1665236-

1716747 of NCBI Reference Sequence: NG_012232.1)

GTTAGTATCAAAGATACCTTITTTAAAATAAAATACTGGTTACATTTGATAAARATTATACCATAGATTGTAATTTAA
TGATGTTTAATGTAAAGTTATTAACAGAAAATCACGTITAAAGCTGARATGAACAGTAGACTTITGTATATTTATTITT
CTTAGAGACAGAGTCTCACTGTCACCCAGGCTAAAGTGCAGTGGCACAATCATAGCTCACTGAGCCTTGAACTICTG
GGGCTCAAGCAGTCCTCCTGCCTCAGCCTCCCTAGTAGCTGGGACTACTAGCCAGGCGTGTACCACCACGCCTGGT
TAATTTTTTAARAAATTTTTGTTTTICTGTAGAGATGGGTTCTTGAACTCTTGGCCTCAAGCAATTCTCCTITCCTIGG
CCTCCCAAAGCACTAGGATTACAGGCATGAGTITAGCATGCCTAGCCAGTAGACTTTTIGAGTCAAGGTAGAGAATAG
AGGAAAATTGACAGCTAATGTCAATGTTAAAGTTAATTTTGTITTAGTAATCTGGATATAGTTGGCTGGTTTITCTGT
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TGCACCATCTTITAAGATCACTITCAAAATTGGTATACGTATTTATGTAGTTGCATGAAGTCAACCATTICGGGCTITAA
TTCCTICCTAGAAAAAGTAACAGGTCTACTCTTTCATATCTTATTTGGAGGCCCTGGATCAAGARATGGGGGTGAG
TGGGTATCAGGATTGGGGAGGAATAAGGAGTACTCTCACTTTCTICCCCCCATTICTICTTACCTCCAGCCCAGCTCAT
TCTTCTICTITCTTTCTCTTTCCTCTGAAATTTCCTCAAATATCTGTCTGCTTAGTAGTCTATAATTCCTCAGGATAA
AAGAAAAAGGAAAAGGAAGAAAATTGCTTAATAACTATGTTTITATCAAGCAGCATGCATAGTIGCTTITGCATGCGTT
TAATCCCTTCAAACTTAGTATTTACTAGTCAGTTTGAAAAGCCCTTARATGTTAAACAATGGTTAAGCTTTAGGGT
ATTTTGAGCAGGGAAGTAACATGGTAGGAGGTTGATCAGATTGGGCACTTGATCAARACCCTCTATAGATATTTTA
TCTGACAGAAAAGGCCTTTTGCTAAACCAGTATCTGATTICTCAAATTGGTTATGTCATCTAAGAAGGAAACCGTAT
CATTTTCTTGGATGAAATGGCTTCCATTITCCAAATTAGTCAGGTTAGGCTATGCTAAGCTATAGTAAGAAATGAAC
TCTGAAATCTCAATAGCTTAACACAATAAAGACTGCTTTCTTGGTTATATCATAGTCCAGTAGAGGTTGACAAGCC
ATTCTTAGGAGCTGTCCCCCAACATGGTCACTTGGAARACCCAGACTTTITICCAATTITTGTGACACTTGTICATTITTCA
ACACACTGCCAAAAGCCACTGCAGAAAAGGAAGACAGAATGTGGTCAGTCAATCCATGGTGTTTTATGGCCAGGCC
TGGAAATTATGTATATCACTTCCACCACATCCCATCACACAGAACTTIGTITCTCGATTGAATTTCAGGAAGAGTTAA
TGGAATTAGTGAGCTTTTAGCCAATCTCTGTCATAGCCATTITTATCGAAGGGACCTGAGCTGCTATGAGGACAAGG
TTTTAGTTTATATGATGAGGATGTTAGAAAGCCACATAGAATTTTACAGTCTTATCATTAGCTCTGTTGGAGTCAA
AATCTAGGTGAATAARAATTCTTTCAAGAGACACATGTTACCACTAATGGTTITTITCAATGGATGAGCATAGATGA
ATTAGGAATCTCCAATGGTCATTTTCCTAATTCCTGGTCTGACTATGTAATATATAGAATCATGTGGTTATTCTTG
AAAGCTCTAGTCATATTCGTGAGGTAGICAGCATGTTATGCTACTTICTTTTTICTTCTCTATAAGTTTCGGATACTA
TGAATCTATTGGATCACAAACCAAAGTAGTTAACTGGTAAGAAGGTATAAGCAGAAAATACGAAGTTTGGACTGGA
TCCTTGAGTTAGATGAGAAGAAGGAGAGATGAGAGGCATACAGTGATAGATTTGACTAGGGCAAGAGGACTCTGGT
AGTTAGCAAATGAGAAATAAATTTAACCTAAGAARATCCTARAGTGATGGTARGAATGGTTAGGGTTTAATTGCTC
TTAGAAGAGCAAGTAGCTTTAAATAAGAGACAAAAATATCTGCAGAAGGAAATATGAAAGTAGAAAACAAAACAAT
TGCATTGTCAAAACATGTAAGATGTTTTAATCACCTAAAATAAAACCAGAATTGTATTATAATTGCTATCCTTTGT
CAAACTTTTGAAATTAAAAAAAAAAAACGCTTTGGAATGGTCTAAAACTACATCATAAAAATGGCTCAGCCACTAT
CTATAGAGATTGACATTTTTTGTTTIGTGCTCTGTIGTTITAGGAATTTAATGATGTGTATTGCTGCAGATTCAATGTA
AGTTCCCGATACAGATAAAGATGGCCAAAGCTGTAATTTTTTCATCCATTTCTTGAATGATGTATGCTAARATTAA
AGTAATCCTAATGTTAATAATAACTTITTAGTGAATGCTTGCTGTGTGTCAAAAAGTATGCTAGTCACTTTATATAT
ATTGGTTTATTTCATCCITTCAAAAACACTCTITTGAAAAGTACTCTTATTATTCTTAGTTTGCAGAGAAGAARAACT
GAAGGCTAGAGAAGTTCAGAATCTTCTTTITGAAAGTAGTAGAGTTGTGATGCGAATGCATAGCAATTACTCTTGTA
GATGACCTCACAGGCTTCCTCTTCCAATTGTCTACGTGGCTAAAACAAAGCAAGARRACCCCATAAGAATCTGARA
AAGACTCATGTAATTATTAATTGACAAATAAGATTATATTACATTACTGATAAACCAACAGGTAGAAAATGAAAGC
AATGAAATAGTATACTGCGAAAAAAAATTTCATATTATATTCTTTGATGAAAAAATAAAACAATAATTGCARACTG
CATTTCATTTTTAATGAAACGACAATGTTTAATTCTTCTAARAGGTAGGGAGCAAATAAAATGGTTATCTGGTCTT
TACATCGAATGTGTCATCACTACTAAGTGATATTAGCTGGCTTATTACTTAAAATTTTCTTTTAGGAAAAAAGTGT
GAARATAGACAGGAGGAGACATTAAATGGCTAAAGCAACACCCCCTTGCTCCGTAAGTITCTTTCTGAGTCTGTGTG
CCTAAGATTAACAAGAGAGCCTGTGAGCCTCACAAGGCAATCACAAAGCTATGTICTACAGCCTTGGAGAGCTGTGA
TTACAGCAGCCAGCCTCCTTTGCAGCACCTCAGTGATGACTACACTAACTCTCACTACTGAGCAACAATGAARATGT
TTCAAACCCAACCACCAACACTGTTATAACTCTTAAAATTTGAGCCAGTCACCATACCTGAACGTAARAAAGAAAAT
TACCAAARATGCTTGATACCAAAAAGCAATTAATGATTCATAATTGCTAATCTTTATTIGACAGTCTCTTCTAGTTC
TTATCTACATATATTTTAATTGTCTACATAATGTAAATTAAATTTTAAATTCTGATTTGTAAACTTAATATTGCAT
AAATATTTATCAATGTTGTTAAACATCTTTTAATAATTATTTTAACTTCTTTATATTATTTCATTAATTTCCATCT
TTATGTCCTTGCTGGTCTGACATTTAGAAAAAACTCCICCTTTITATTTAGAAAAAAAGAATGGTGAGGCCGGGCGC
GGTGGCTICATACCTGTAATCCCAGCACTTTIGGGAGGCCGAGGCAGGCAGATCACGAGATCAGGAGTTTGAGACCGG
CCTGACCAACATGGTGAAACCCTGTICTICTACTAAAAATACAAAAACTAGCCTGGCGTGGTGCTGCATGCCTGTAGT
CCCAGCTACTTIGGGAGGCTGAGGCAGGGGAATCGCTTGAACCCGGGAGGCGGAGGTTGCAGTGAGCCAAGATCACG
CCACTGCACTCCAGCCTGGGTGACAGAGCAAGACTCTGTCTCAAARAATACATARATAAGGAGAATAAATGGGGACA
ATAACAACCTATTCACAGAACAGAAATAAAACCGGAGATGTCATGTGGAAAAAGCTTATCTTGARAGCGTGGTCAG
AGTGGAAAGAAACAGCAACAGGAGAGTCTTGATTTGGTGAAAAAACAGAATGCAGATGGCATAGAGTATCAACAAT
TAATTAGCAGGCCATCAAGAGACGGCCATAACATATTIGGTAATTIGTTTTICTTTCACCCTTAATTTITTTICTARAACA
AAANCATGAAGTTAGAAAGTAGTTAATTTTGTTAGCCACATGGCTTICATGGTTTAATTTTATCTTCTCTATGGGCC
TGGTACAACAATAAAGTTCTTTTGAGATAGAAAGACAGATGTTAGGCAAAAACATACAAGATTTTICATTICTAATCA
AAATCTTTGCCAATAGGCTATGACAGAATCCTATGAGAGATGATGCCATTTAGAACTTTCACAAGAGGCAAAAATA
GTATGCCATTGGCACCTAAAACTGCCAACAGTGATCATCATAGGATTITATTITCATTTGGCGGATTCTTGGTTGAGT
TCATAACCTGTTCCCTAGGCTTTTAAGATTIGGTICCAAACTTGGCAATGGATTICTTTGGAAARATTATTTCTTGATC
GTTTTAAACTTTCTTTTICCAGTGTICAAGAGAGATTTTCCCAGGCTCCGAGTTITTICATTTATTITTITTICCCCTGICAG
TTTTTGAAAGAGAAATCCCCTTTTTGTCGGCTTITGTGATTGCTTTTGTGTCAAATTCAGCGTAAAAGCTTTTCAAA
CGTGACAGCATTAGCTGTITTTGTIGCTTGGCTGAGCTAAGAGTACATGAATTCAATAGAGAAGTGAAATCTTGTTTG
AGCCTGGCTGATTTGGCTATATAATATTGAAAACTATCTIGAAGCAAGAAATTCAATACTTTTCAAATTATTGAATA
AACATTTCTAAGGCTGCAAAATCTCTGTIGTTTTTGAAGGCATTCTTITAGGAAACTTGAAACACAGACATTCTATAA
TCACATAATTAATTTTAAAAGTTGAACTTATIGTATGTAGTAACTAAGGCAGCTATTTGAGTIGTCTCAAATTATTT
TACTAAAAAGGGAGACATTTTTCAAATATGGAAGTAGTGCCTTACATTITTITAGTTATCTGTGGAAGGATCGATGGC
ATCATATATCTCATCCACCATAAAAATATGTACGGTAGTGGAAACTGAATTTTTICTTTITATATATTITIGTGTATTT
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TTTGGAGTTGTACAAAATTAAATCAGCAAATTGACCCACACTAGTAGTTITGAGGTITGGGTTTCTGGTACAATAAT
GAAAAGCATTATTAGAARATCTTCTTGCCAGGACCTACCATTITCTTCATGTATITICTTTATTCCCTITTGTTICTCC
CCTAAAGCTTCTATGTGATTAAAGAGAAAAGATCAATAACCCAATAGTACTTITITCCTTCTARAGTATGCATGAAAC
TCTTAAAGTTCTCAAAGCATACAAACAGAGTGCTCTCTACATTGCTGATAGAACACAGGTAGTAATGGGCTAGTTT
CCCCAGGTAACTATTATATTATATAAATATTTAATGCAGAGTCACCAAGCCTTGAATAACTTTATGCTTTGATTGT
ACCATATTTTCTCTAGITTIGCTTTTCACAATTTAACTTATCCCGTIGCTTGAAAATATAATGTGGTAACTGTGTAAA
TCTGCTCCTCAAAAAATTTTCGAAATCATCTTTTICTTTTITTICTTITICTITTICTTITTITTTICCTTITTITTTGAGATGGAG
TCTCACTCTGTCACCCAGGCTGGAGTGCAGTGGCATGATCTTGGCTTAGTGCAACCTCCACCTCCTGTGATCAAGT
GAGTCTCTCAGCATCCCAAGTAGATGGAACTACAGGCACATTCCACCACGCCCAACTATTTICTCGTGTTTTTAGTA
GAGACAGGGTTTCACTATGTTGGCCAGGCTGGTCTCAAACTCCTGACCTICGAGTGTTCCGCCCACTTCAGCCTCCC
AAAGTGCTGGGATACAGGCGTGAGCCAACATGCCTGGCCCCACATCGCCTTITTICTGAACCCTGGGAATTAACCAAA
GGCTGGCAACAATTITTGAAATGCTGACTCTCAATAARAAATGGCAAAGTTTGAGGTTITTTTAAGTTGGCLCTTTCCC
GTCACTTTCTCCCAGCTCCACAGTAGCCTTGAAAATCAGTAGCCTIGCAACCATAATAGCTGTGAAAACTAGCAGC
CTTTTAGCCACCAGAGAGTGTAGACCAGGATTGGAATTCTTCAAAAAGGCCAATTTTATTCCAAGAACCTTGCCAC
TGTTTGACCTATCTTGCAGCTCCCTGGAATAAACCTATATACATGGCCTTGCCTTTATTITGGCCCGACTTAGAGAT
AACTTTCTAGGAAAAGCCCTAGCTCCAGGGTGTTGGTCCAAACCAATTAGCAGCAATTCTTTAACATAACAGGTTC
CTAAGGCTGTGATGCTAGTTGAGATAAACATAGGTCTGGAGAAAAACTTCCAGTGAAGCTCTGGAGAATGAGGTGT
CCATAGGGGATTTTGGCAACCTCTGACATGTTCTTGCGGGATCTAGAAGCCCATGTIGCTTGTCTTAACARATAGAG
AGTATCAATAARAGAGATAGARATTGTAAATAAGAACTCAGTGGAATATCTIGGAGTTGGAAAGCACAATAACTAAAA
TTAAATTTTCACTTGACGTCAGATTCAAGCTGCAAAAGAAAGAATCAGCAAACTTIGAAAATAGGTAARTGGGATAA
TCCAATCCAAAGAAAAGAAAGAAAAAATATTAAGGAAATACAGARAGCAARRARACTGACTGAACTGAARAGAAGAATT
AGGTAATTCAACAAAAATAGTTGGAGACTTCAACATCTCACTTITTAATAACAGGTAAAAGAACTAGGCARATTAAC
AAGGAAATAGACACTTGAAAAAGACTATAAAGACTATAAACTTACAAGACCTAACAGATATCTATACAGCGTTTCA
TCCAATAATAGCAGAATACTCATTCTTTTCAACTGTACACGARATATTCTCTAGGGTAGGCCATATGCTAGGTCAT
AAAATAAGTCTCACTACATTICAAAGGGATTAAAATCATACAATGCAGATTITTATGACCATAATGGAGTACAATTAA
AAATCAGTAACAGATGTAAATTTGGGAGTTCATARATATGAGAAAATTATACAACACACTCTTAAATAGCCAATGG
GACAAAGAAGAAATAAGAAAATACAAAAATATCTTGAGATAAATGGAAATAAARATACAATATACCAAAACTTATG
GGAGGAGGCTGAAGCAGTGCTTAGAGTAAAATGTATAACTATAAATACCTATATTTAARAAGGAAAAAGATCTGAA
ATCAGTAGCCTAAGCTTCTACCTTAAGAAACTAGAAARAGAAGAGAAAAGTAAATCTACAGTAAGCAGCAGGAAGT
AATAACAATTAGTGTGAAAAAAATCAGATAGAGGAAGAAAATATAATAGAAARAATCAACAAARCCAAAATCTAGA
AATTTAGTTATTTGAAAAGGTCAACAAAATTGACARAGTTTTAGCTGATTGGTTAGGAAAGAAATGGTCAAATTAC
TAATATTAGAGAAAAAGAGGGTGCATTACTACCAACATTACAGAAATAAARAAGAAGTAARAGAGGATATTATGAAC
AACTAAACAAATAGATAACCTGGATAGACCTATAACAAGAAATTGAATTGGTATTAAAAACTTICTCCCAATGARAAG
GCTCAGGCCCAGAAGTCTTICCCCCGATGAATTCTACCAAACATATAAACAACTCTICCAAAAAATAGAAGAGAAAG
GAACACTTCCTAACCAGACAAAGATATCACAAGAAAACAAGCTACAGAGCAATATGCCTTATGAATATAGACTTGA
AACGCCTCAAAARAATTATCAAACCTAATACAACAACATATTAACATGATTGCTACCATAACCAGGTAAGATTTATC
ACAGGAATGTAAGGTIGGTTTAACATCCAAAATTTAATCAATGTATTATACCATATCAATAGAATAAAGGACAAAA
ATCGTATGGTCATCACAATAAATATAGAAAATTCATGTGACAAAGTACAAAACCCTTTCAAGCTTGARAAATAAAG
AACACTTAACAAATGAAGAATAGAAGGTATTGGCCAGGTGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAG
GCCGAGGCAGTTGGATCACGAGGTCAGGAGATTGAGACCATCCTGGCTAACACGGTAAAACCCCGTICTCTGCTAAA
AATACAAAAAATTAGCTGGGCACGGTGGCGGGCGCCTGTAGTICCCAGCTACTCAGGAGGCTGAGGCAGGAGAATGG
CGCGAACCCTGGAGGCAGAGTTTGCAGTGAGCCGAGACAGCAGCACTGCAGTCCGGCCTGGGCGAAAGAGCGAGAC
TCCGTCTAAAAAAAAAAAAARARAAGAAGGTTITTIGTGGATTGAATAGTGTCCCCCGCTCCCAARAGACATACTARARA
GCCTGAGCCCAGGTATCTGCAAATGTGACCTTATGTAGAAATAGAGTCTTTGCAGATGCAGTCAAGTTAAGATGGT
ATTTTTATAAGAAGAGGAAAAGAGGCATACACAGAGAGAAGAATGCCACATAAAGGCACTGACCACGGGAAAAACA
CCATGTGATGTTACAGTTAGAGATTAARAGTGCTACAGTTGCAAGACAAGTAAAACTAATGATTAACGGCCATCATT
AGAAGCAAGGAAGAGGCAAGGAARAAATTCTCCCCTACAGGTTTCAGCAGGAGTATGGGCCTGCTGGAATCTTGATT
TTGGATCTAGCCTCCAGAAGTCTGAGACAATGAGTTTTGTCTACCCAGCTACGCAAATTGTGACACTTAATTACAG
AAGCCCGAGGAAACGAATACAGAAGAGGATTTCCTCAACCTGATAAAAGGCAGCTACAAAAATTCCACAGCTAATG
TTATTGTGAAACACTGAATGCTTTCCCCTAAGATCAGGAAATAGTGAAGGATGCCTGGTCTCACCACTTCTATTICA
GTATTGTACTGGAAGTTCAGGCCAGGGAAATTAGGCAAGAAARAATAAATAAAAGACATCCAGATTAGAAAGGAATA
AGTAAAATTATCTCTACTTGCAGACAACATGACCTTGTAATTAGARAATTTTGAAGAATCTATGAAAAAATATTAG
AAATAATAAAATAATTCAGCAAATTTGTAGGATACAAGATCAATATACAAAATGAATTATTTTATACATTAAARAAT
GAATAATCTAAAAGTGAAATTAAGAAAATATTTACAATGGCATCAAAAAATGTTAAAAACTTAGGRAATAAAAGAGA
TGCAAGGCTTIGTATACTGAAGAATACARAGCAGTGTTGAAAGAARATTAAAGATAARARAATAGAAAAATATCACAT
GTTCTCAGATCAAAAGACTTAATATTATTAAGATATCAATATCCCCCCAATTGATCTACAGACTCTATGGAATCAT
TATCAAAATCACAACTGGCTTTTITTTITITTITTCAGAAATTGACAAGTGGATCCTACCATTTCTATTGARATGCAA
GGGATGTAGAATAGTCAAAACAACCTTGAAAAAAGAACAACATTGGAGGAGTTAACTTTCCAATTTCARAAACTAC
TACAAAGCTACAATTATTAAGTCAATGTGGTACTAGAATGTGAATAGACATATAGATCAATGAAATAGAATTGAAR
GTTCAAAAGTAAACCTTTGCATTTATGGTCAACTGATTTTTGACAAGGGTACCAAGAGAATTCAATGGAAAAAGAA
TAGTCTTTCACAACCTGGTGCTAGAATAACTGGATATACACATGAAAAATAATGAAATTTGGCCCCACCTCACACC
ATACACAAAAATTAGCTTAAATGTATCATAAAAGAAAACAAATAATCTGATTAAAATGGGCAAAACACTTAAACAT
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TTCTCAAAAGAAGATGTACAAATAGCTAACGGGTTTGTGAAAAATGCTCAACATCACTAATCATTGGGGAAATGCA
TATTACAATCGCAGTGAGATGTCACCTTACACCTIGTITAGAATGGCTGTTATAAAAAGAGAAGAATGATAACAAGTG
TTGATCAAGGATATGGAARAAAAGGTAACACTTIGTATATCATTGGTGGGAATGTATATTAGTACAACCATTATGGAG
AACAGTATGGTAGCTCCTCAAAARAACTGAAAACAGAATTACCATAGGATCCAGCAATCCCACTTCCGGGTATATAT
CCAAAAGAATTTAAACCAGTATGTCAAAGAGATATCTTCACTCCTGTGTTTATTGCAGCATTAGTCACAAAAGCCA
TGATATGGAATCAACCTAAGTTTCCATCAGTGGATGAATGGATAAAGAAAATGTGGTACATATACACAATGGAGTA
TTATTCAGCCTITAAATAAAGAATATCCTTTTIGTITTATGACAGCGTGGATGAACCTGGAGGACATTATACTAAATGA
AATAAGCCAGGCACAGAAAGTCAAATACTGCGTGATCTCACTTATGTGTGGAATCTAAAAAAGTCARACTCATTGA
AGTAGAGAGTAGAATGGTGGTTACCAGAGGCTGTGGATTTAGGGGTGGAAAATGGGGAGATGTTGATCAAAAGGGG
TTAAAAACTTTAGTCAGGAGGAATAAGTTTTTGAGACTTTATGACACAACCTGGTGACCATAGTTAATAATATTAT
ATTGTATATTTICAARATTGCTAAAATAACAGATTTTAAATGTTCTIGCTATAAAATATGATAAATATATGCAGTGA
TAGATACGTTAAATTGCTCGATATAATCATTCCACAGTGTATACATATATCAGAACATACATGTACCCCATAAATG
TATATAATTATTTGTCAAAGCAAAATAAAATTAAAAATAAAATGTTTTARAACTTTTGTAAAATAAACTTTATAAT
AATAATATATTTTTAATGAATCATAGAGCTAAATATATTAATAAGAACTAAAACTTTAAAACTCTTCTAAGAAAAT
GTAGGAATACAATGGATTATGCAGTIGTITTTCTTAGATATGACACCAAAAGCAAAAGTAACCGAAAAATACACAATT
TGGACTTTAACAAAATTAAAACTTTTGTACTGCAAGCAATATTGTARAGAAAGGGAAAAGACAATCCTCAGAATGG
GTAAAAATATTTGTAAATCATATATTTGATAAGATACTTGTATCAAGAATATATAAARACTCATAATTCAACAACA
AAAAGGATAAATGACTTAATTACAAGTGAAGAAACAGTTTGAATAGGCATTTCTCCAAAGTAGATGTATAGATCTC
CATAAGCACATGAAAAGATGGTTAACATCATTGATTIGTITAAAAAATGCAAATGAAAACCACAAGGAGATAGTACT
TTTTACCCACTAGGATGGCTAATACAAAAAATACAGACAATAACAAGTGTTGAGAAGATGAAGAATGCTTGGAATT
TTCACATTACTGGTGGAAATGTAAAATGGTGAAACAACTTTGAAAACAGTTTGGAAGTTCCTGGAAATATTTTTTIT
AATTTTTAATTTTTGTGGGTACACAGTAGGTATATATATTTATGGGATACAGGAAATATTTTGATATAGGCATACA
ATGTGTAACAGTCACATTGGGGTACCTGGCCTATCCCTCACCTCAAGCAATTATCTTTTICTGTTACAAACGACAAT
CTAATAATAATCAGTTATTTTTAAATTCACAATAAATTTTTTGACTGTAGTCATCCTCTTGTGCTATCAAATACTA
GATCTITATTCATTICTATCAAACTATATTITTTGTATTATAAATTTCACTACCCATTAGCCATCCCCCCCTTTCCLCCC
TACCACTACCCTTCCCAGTCTCCTGGAAATATTARAACATGAAGCTACCATATGACAAAACCATTCTACTCCCAGGT
GTATGCTGAACAGAAATAAAAATACATATGTACACAGAAAACCTTTATACAGATGTTICATAGCAGCATTATITATA
ATAGCCAAAAAGTAGAACCAACCCAAATGTCCATCAGCTAATGAATAAATTTTAAAATGTCCTCTACATCCAARARA
TGGAATATTATTTAGCAATAAAAAGAAATGAAATACTGATATGCACTGTAACATGAGTGAACCTCARAAATATGCT
AAGTGATGGAATCCAGTCACAAAAGACCCCAAATTGTATCAATACATTCATATAAAACATCCAGTAAAGACTGAAG
GAGGAGGAGAATAGACAATAGAAAGGGACTGTITAATTIGGTATGGGTTTCATTGGGGGCAAATAARATGTTCTCAAA
TTAGATCATAATAATGGTTGCACAACCCTGAATACATTAAGAACCAGAAAATTATGCACTTTAAGTGGGAGAATTT
TATGGTATGTTAAARAGTATATCTGCATGTCATTIGACTACAGATCTTTTICTTATITTITTCAAGTTTTATGAACACA
GTTTTAGAAACATAGTCTCCATTITTITCTICTTITCATGAAGCTGCTTGCCAGCTATAGAAATGAAAAAATAGCCATGT
CTGTGGAACATAACTGCTACCTAGATGGGAGCCTCCATCACACAATGGATAGGGAGCTATTTTCTTTTATGGTCAA
GATAGGCAGGTTCTGTCCTATAGAATATATTICTGAGATGTTACCTGTAGTICAGAAAAACAGGGATATTGTTGTTC
TAAACATTTICCICAACATTTATGTGGCTTCCTATTTATTAATAAGAGAACCTGTTICTITTATGTGTCATTATACTAG
TTTATTCTAGCCCTGGTCCTGGTCCAGGACTGTCTGGAGGTATTAGAATTGCCCTACTCTATGTGAAATAAGGTCA
TATCTGAATAGGTATGTCAGTCAGCATAGGCTAAGCTACAGTAATAAGCAACCTCAAATCTAGAGGCTTAATAGTC
TATATTTTACTCATGTTACATGTTCGTTGTAGACTGATGAGAGCATTCTACTTAGCTTAGTCACTCGGGGACCATG
GCTGATGGTATCTCCATCTTGGTACATTCTTTCATGATCATAGAGGCAAGGAACATGGTTCTTGAGCCTTCTGCCT
GGAAGTGACCAGTAGACAAAACCAGTCACATGGCCATTCCTGAGTTCAATGGGAATGCCGATGTATAATCTTICTIGG
CGTGAAAAGGCACTGGATATTTGAGAACAATAATGCAGTCTACCACAATATGCTCATGGGGTCTGAAAAGGAGCTG
AAAAAACGCCATTTTICTGGGGTTCTGTCCTCTGGCATTGTTTICTGGAATCGTTTCCACCCATCCATTTCTACACCC
TCTCAACTGACTTITICTCAGATGCCTGGGGTAGCTGGGTGATTTGTTAATTACAGTATTGCTTAAGCCTTITTAATA
AAGTCAGCAAATTAAAGAGAGAGCCCAGATAAAGAGAATGCTTTCAARAATGTCATAATGAAATTAAGGTAACGAA
GCACTTGGAGACCTCTCCTCCCTTCTTITTTGTATGAAACTTATTCCAAAGCAGCTGGAAGAGAAATGGGGCCTGAA
AGTAAAGAGGGGAAAAATATATTGTATGCCATTAGTTTAATTATAARAATTCATTACATGAAGCCATGTAAGACAG
AAAATAATGGAACTCTAATGGGTTGGCCGATAACACATTTACTAGTCTGCTCTCAGCTTGTAGTCATTGTTGAAAG
GACAGAAAAGTAACGACGTITGGTATGTAGTICTTICAAAGCTATTGTAAAGATTAATCATTTTCAGTAAGCCGGAAAA
TGAGGGCCATTTTCTTAAATAGTATGCCCTGTATAGAGIGTTACCTTCTGAAACAGAGTTIGTTTGGTAATGTCAGA
GGTTTAATAGATGAGTCTTGAAGTTAATGGTGAGAGGCTTTACTTTTGAAATGGCTTTCTTACAGCTATTTTAACA
TTTCTATTATAAATCCATAAAGAGGTTTTATAGGTCGTITTTAATTCACACAAGGAGGGAAGAAATTGTGCTTICICT
TTTCCCAATAAGGATTTATAGAACATTAATTICATICTITGGGACCAAATTIGTTITAGTGATTITTCAAAAATAAACTAT
GTATTTTITCTIGCTGTCTITTITITTCAGAAATGCCTTACTTITATTATACATAATAATTTTICCAGTCATGCTATAATCA
TCAAGATTGTTTTATATTCTTCAAAGCTCAGTTAAAATAAACCCAGTCCTTTTCCTTAAATTTICTTTATATGGATG
CATAACTTCTTTAACTGAATTGARATGAAACCTGAATTGAGAGTCCAGAAACCTGCATTTTITATGATGACTCTTTC
ACTGACTAGCTATGTICACCTTGAACAAGTCACTTAACCTTTCAGAGCATTTATATTCTICATGTGGACAATTATGGA
ATTGCTCAAAAAGGAAGAAGATATCAAAAGATGAAAGTGAATATGTAGGTAGGGGTCATATATTCGAGGGCCTTGT
AATCCARAGAGAGAGGTTAGGACTTTGTCTTGCAGGTAATAGCAAACCATTGAAAGGTTTTACACAGAGGAGAAAT
GAGGTTCTATTTGCATTACAARAAAGATCATTTACGCAGTTIGTATGTAGGTGGAAGGGTGGTTTGAGAGTGGAGGGA
GGGAGCCAATAAAAAAGATTATTTTAGTACCTGAGCAAGAGATGATAGGGACGTAAATTAAGGTAGTGTCAATGGA
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AGTAGAAGATTTGGATAAAAGTTAAAAAARARAAARAAAAAAAACTTATGATACAACTACCCAGGGAGTATGTTCCCT
GCCTCCTGCTCCAGTTGAGGACCAACATATCAGATTGATCCAGAGACAGAATTTTGGAGAACATTAATATTITARAAG
GACAGGCAARAAAAAAAAAAAAAAAGCTTGAACACTCAGAGAATACAGAGGCGACCAAAAGAGTGGAAGCCAAGAA
AGCAGAGAACTTCGAGAAGAGAATAGTCAGCAGCACCAGTTGCTGCAAATAAATCAAGTAAATAAGAACTTAAATC
TTTCCATAGGCATTGGCTTTTGGTAACTGAATCAGTTAACTATTTTCACAAATGTGAGTGGCATATAGCAATAAGC
CCATATTGCCTTTCATGAATTTTCAGCTTGGGTGGGGTGGCACTTCTTICATGTTGCAGGTTGATTGGGGTCGCICT
GCTCCATATGTCACTCATTCTCCTCCTGAGATGAGTAGGCTAGTCCAGAGCATGTITTIGTICTTAAGGTAATGGTGAA
GTGCAAAAGGGATAGCCACACTGCATAAATACATTTCAAGCCTICTGCTTGTGTTACTTCTAGTAATATCCCACTGG
GATTAGGCAAAGCAAGGCGCATGACCAAGCTCAATGTCAAGGGCATGCTGTICTITTCGTAGGAAGAATTTCAGAGTT
ACTTAGCAAAGGGCATGGATACAGGGAGAGGTAAAGAATTGGGGCCAGTAATTCAATTTGCCATAGTGACTTCTGT
CAGAATAGTTTTAGTGGAACGATGATGGCAGAAGCCTGATTTTCATGAATTGGAGAGTGGCACGAATGTAGTCAAG
TTGAGATAATGAGTGAATATCTGCCTTCTAAAGAGTGTGACTGTGAAAGGARAGAAAATGATAGAGTGCAGATTAT
TGTTGTTGTTGTTGTTTAARAGATGAGAGAGACACTCATGTTTGAAGTCTCTAGAGAAGGTCCCCGCAGAGAGGCAA
GAAGTTGGAACACACAAAGAGAGAGGGAGTATGTGGAGGAGGATCCCAGAATAGATGGGTGCCCAGATGGTGAAAT
CAACTTCCAATAGCAGAAAAGTCGCCTCTTCCTCTGAGACTAGAGAGAAGGATGCAAGATGTAAAGTCTGATATTT
CATGAAATGTATGTTITGATATATTARATTITCCCCCTGTGGAATTIGTAGGTAGGATCATTTACTGTGAGATTTICTTT
CAGTTCGTGTTGTCAGGAATTAGTCTGTAAACCACATTCGATATTTCAAACAGAGGAAATTCAATACAGAGGACTG
GCTCCTCCATAGGAATGAAGGAGCTGACAAACCCAACAGAGGACAGTGAGGCAACCCAGAGTTTAGCAACTTCAGG
AAACTATTACCACCTICAAGGGCTGGGGAACCGACAAGTTTTACCAAAGCCCAGAAACCAGAACCATCGGGTGCTAA
TTCACCCAATGTAAGGTCTGCACAGCAGGTAATGGAATTACAGAGGGAGCAGCCGTCCAGTGGGAAACGGAGACAA
AGGAGATACTGCCAAGACAGAGAGAGAAGGGGGATAATTATCTTIGTTTCACCCTTITCTCATGCTCTICTGTICTCCC
ACTAGTGTGTCTCATGACTTAACCTAGTTAGAAGCCAGCTAGCAAGAAATCCCAGGAAATTCTGACCTCCTATGGG
AGTTAGTACATCTCAATACTGAGTGGAGTAGGAAATGGGTAGAGAATGGATCTAAGAGCAAACGACCTCTTGGTGG
TTAGCTAACAGAGTTAAATTTTTCCATGAATCCCTTGGTTCATGAATGTAAATACAGGATCCAAGGAAAAATAACA
AATCCAACATGTAGAACTTITTTGTTCATAAGCATATTAGGATCCTGTITTTACAATTTTCCGAGCAATTGCTTGATT
TTGACACTTCAGGACAAGCCGGAGGCATGGTCAGAGCAAGTAACCCCATCCTAGTTTACAGATGACAAAACTGGGA
CTTACAAGGTTAATGACTTCCTTAAGATCAAACTGCAGAACAATGGACAAGCAAAACTTCCTGGGAAGATGTCCTT
TCGTTACTCTGCACTGCCTTTCTTGAAGTTCCTTTGAGACACAGTCATTAAARATTTAAGTAATAGTTCACCCGGA
ACAAACATTTATTTTACTTGTAGGTGAATATCACAAAACACATTTTAAAAGGAAATTTAACCAATATTCAACCTTA
AAATTTTAATGATAGAGCTATGCACTTGCTTTTATCTTCCAAGTTAAAGGGAGAATTTTAGAGTTGCAGCATTTCT
AGACAATGTCCATAAAACAGCGAGCTACTTGCTTTGCATTICAGAAGGGGCTCACACTGTGGGGAATATAGTTTIGAC
TCATTAAAATTAGTAGTAGATGTGCTAGCAGTAGTAATGATGATGATGATGCTGATGCTGATGATGATTAATATTT
ATTTAATCCTTCGGGCACGCCAGGCACCTTITGTAAATGTTICTCCCTGAATTCTCTAAGTTAACCCACCTAATCATA
TTTCCACATAAATACTGTTAATATTCCCATTTAGCAAAGGAGGAAACTGAGGCACAGAAAAGATAATTAACTCTICC
CATTTGCCACTAAGCGATCACGCCAGGATTCAAACCCAGCAGGCTCATTGTATTGCTCAGGCTTTTAGCTACTCTT
TCTCTTCCTICCICTCTTTTCTACCATGTAGGGTCAATATCACTAAAATAAGTTCTTACACATAAAAGAAATGAGAG
AAGACAAACAATTAAAGTAGAAAAAARTACTCAAAATTCTTGAAATTAATTCAGGTTGTCTCATAGTICCACAATCA
CTTTTTCTACCTAAGATACTGTGAATATATATCAAGCACATAGTGCAGTAGCAGCATAATGGGTITGAATGTGAAA
CATTTCTTTCCTGGTTGGGGAAACAATCTTTTGGGGATTTAGCATTTTATATTCTTCATAGAAAACACACACACAT
ACACACACACACACATACACACACACACATATACAAAGGCAATCTTTTTTTATAAGCTAGTGCTCACAGTATTTTA
AATTTCTTCACACACCATGATCACCACACAAGCAATTCCCTGTGGTGTACACCATTGTCAATGGAATTCAGAAAGA
GAAAAGGGTGTGTIGTGAAGTCTGTTGTATTTTTGAATTTACACTCCTTCTGAGGTCTGGAGTTATCCCAGTAGTAA
ATTTCACAGCAGTAGGCAAAGCTGGTCAAGGTCATGGTTCCTAGTGTGAATGACACTTGGGTAAAACCCAAGGTGG
GCGGGCAGAATATTACCGTAGGAGAAAGGGAAARACATTCTIGTGTGGGGAATGTCTTTAAGAAGGGAGAAARAAARAR
ARAAGGCTACCTTTGAGAACCTTTIGIGTTTATATAAGGGCCTGAGCCCCCTCAATGTCAGTCAAGGTCAGTGGGAGT
TTTACTTTTTAATCCTACATCCTCACAAAACCTGGGCAGTATTCAGTGAGGGTTAGCACTCAGTCAAGATTTCCTT
AGGTATAACAGICCTAACTTTCGCTGTGAATACAATTTTGCAGAAAAATATATGGCACGCGTATTTCTACCTTTCA
AGCATTAAAGTACATCAAAAAGTTCTGGTTTGACGTCAAGCCTCACTCTTTACTACCTTGTTTAGTAGGAAATCTG
TCATTTAACTCTAGCTTACTATTTCTTTCAGAGATTITTGGAAAATTCTAGGATATGTTATAATTTATAATTTTAGG
CATTTTTATGATCTATTGATTATGTITTITTAGATTICATTGGCACCTTICTGCATTTTATGTTTTITTAATTTTAACAGC
TTTATTGAAGTGTAATTGATATACAAAAACTGCATAAAATTATATGGGCTAGAACATGTGCATATACCCATGARAC
CATCCAAATGGTATAACCTCTTATATCTAGACTTTTCAAACAGGAACCTATGAGTGATGGGTGGCTTCCAAGGTTA
TTTAACTTGCTTGAGTAARATAAATGATTTTAATTATATATTTACTAAAAATTTTGTTITTATTITGTATICCTGA
GCTTTTACATATATGCTCTGATACTGGTICCATCATAAGTATTTITATTAACAATTCAGTGTITITATAAAAGGAATTC
ATTTGAAARARRAGGTAACCAAGTTATTIGGTCTCAGTITTIGTGGATGTTCATGCTATTAATTAGCAATTITAATAGAT
GAGAGATAATAAGCTCTTCTTTTAAAATGCAAATAGCACCCTCTGGATACTAAGGGCCAATTACATGTTCTITCGT
ATCTTGGAATACATTTCTTITTATCACTTTAGGTTTGGCTTAAGTGAGGAGGAGAAAGAAAGAAGTGGTAATTTTGT
ACCCTAGGATATTITCTAGAAAAGGCAAGCCTTTGGCAGAAGTTCCCTCAGAAGGGCTTTCAAATAGTGCGAGGATC
TGAARAAGTGGAGAATAGAAACTGTAATGCTTGATAAAAGGAGTATGGAAGAAAAGGCAGGCATTCCACGCGGATAA
ATGTTAATTGTTTTGTAATAGCAGCAACTATGCTCTGTGCCTTTAGACACTGTCCTCTGCTTTCATAGCAAAAGTC
AGTGATATTGGCATTAGCTTICTTGATAATAGTTTGGTAATCTGGGTICTATTITIGCTATATGCAGTAAATACTATTAC
TTGGTTIGATTICTAGGATGTTTTAGTTAACTGAGAAATTACATTATATATAGATTIGTATATGTTICAATAGGAGTTIC
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ACCAAACACGCTIGAAATTATGCTAAGAACACTGTTTIGATTTTTATTCTGTAAATATCATACTAACGCAAAAGAACA
AATATTAAAACAAARRTGATTITITCTCCTCAGAAGCATTATTITTCAATTTICTTICCATTITCGTGTTCAGCTCATGAT
TATGTATTCTTAGAGATAAACACAGTGTAGTTAAAAATTIGTGTTICTGTITITTITTACACARGARARATTGTGCTCTTTT
TACAGTGATTACTGTGCACATTTGCTACATATTGGACCATTGGAATGATGTATTATGTTCTTTTAATGTCCCTGCA
TTAAACATCGACATTIGTITTICTCTITTTITITTTTTTTITTTITTTTTTITTTTCCGAGATGGAGTCTCACTCTGTCGC
CCAGGCTGGAGTGCAGTGGCGTGATCTTGGCTCACTGCAACTTCCATCTCCTGGGTTCAAGCAATTCTCTGCCTCA
GCCTCCCGAGTAGCTGGGATTACAGGAGCCTACCAGCACACCCGGCTAATTTTTATATTTTTAGTAGAGACGGTGT
TTCACCATCTTGGCCAGACTGGTCTTGAACTCCTGACCTCGTGATCCACCCGCCTTGGCCTCCCTAAGTGCTGGGA
TTACAGGCATGAGCCACCGCACCCGGCCTGTTICTCATTITTITTTACTGCTTITGGTTAATGAAGATTTTAAGTCATA
TAGTATATTGATCTTCTITTTGAAGATTTTATCAGGATAAAGTACCAARAGTGAGATTATTGAGTCAATGGGAATAA
GCATTTGTATGTCACTTGGTATCTATTGCCAAATTGTCCTAATAGATAACGGTCCCCAGCAGTAATACGTGAATGT
GCTAGTTTTACTGGTCTTTTCAGCTTTGGATTTTATTITTTGTTAATTTAATTGGTGTCCAATTGTACCTTTTCAA
TTTAATACTCTATTTTTTATTACTTGAAAGTTAARCTTITTTICTTTTTAAATAAAATCATCCCACTCTTTCTCTTGT
TTGAACTACCTIGTTCCTATTCCTIGTGTCCATTTATCAATGACTTAACCCATCCTATTGAATTTGATATAACTATCT
TAACAATTAGTATTATCTTAATGCTTAGAAGCCTCCTCTICTGCACTTIGCAGAAATGTTTAATAGAARATTTCAGGTT
GATATGCTTCGAGATAAAACCTACCATTAATTGACTICTTITCTITTGAAATATGTTTCAAGTGATGAGATAGCAAGT
TTGAAAACACTGAATTGCCAAAGACAARACAACGAAGARARATGTAGGTGATTTGGTTTAGTAAGATTCTTATATTTT
GACTTTTTTTCTAATTTTAAAGTAAGGTATTCTAAAAGTATITTGATCCTTCAAAAAATTCGTGACTAGAATAACA
GTACTATTCTITTGTTGTTCAATATTTICTGTATGCAGGTITAGTTGAACGCCAGTAGATGGCACTAATTACATAA
ACAATTCAACAAGTTAATGAAGAGGGARAGAAATGTATGAGGTTTITITTCGTTCAAATGTIGTTATATGTCACATA
TTCAACAATTATATATGAGCTTATTTTTGTAGTITTITTTTICTCTTGTGATAAAAACAATTAAGCCCACTTTATTGCC
AATTAATTGCTACTAAGTTGAAATACTTGATACTGGTTATTIGCTCAAGATGCTGCATTTIGARAAGTTIGTCCTGAA
AGGTGGGTTACCTTATACTGTCATGATTGACTAAATCATATGGTAGGTTAARAGCAATCTAATATATGTATTCTGA
CCTGAGGATTCAGAAGCTGTTTACGAAGTATTTTAAGACACTCCAACTAGAGATTTCATAAARAARACTGACATTC
ATTCTCTTTCTCATAAAAATCTATAGCAGTTGGCCAAAGACCTCCGCCAGTGGCAGACARATGTAGATGTGGCARA
TGACTTGGCCCTGAAACTTCTCCGGGATTATTCTGCAGATGATACCAGAAAAGTCCACATGATAACAGAGAATATC
AATGCCTCTIGGAGAAGCATTCATAAAAGGTATGAATTACATTATTICTAAAACTACTGTTIGGCTGTAATAATGGG
GIGGTGAARACTGGATGGACCATGAGGATTTGTTTITTCCAATCCAGCTAAACTGGAGCTTGGGAGGGTTCAAGACGA
TAAATACCAACTAAACTCACGGACTTGGCTCAGACTTCTATTITTAAAAACGAGGAACATAAGATCTCATTTGCCCG
CTGTCACAAAAGTAGTGACATAACCAAGAGATTAAACAAAAAGCAAAATACTGATTTATAGCTAGAAGAGCCATTT
ATCAGTCTACTTTGATAACTCTATCCAAAGGAATATCTTTICTATCTICATCATGGCGCACACTGCCTTACCTGTTAT
CTGATAAATAAGTCACTTTGGGATTCATGATAGAGTTATAGCTGTACATGGTCTCATCCTAGTATCTCACTCCACA
CACCCAATGGGAAAATTTGTGGAGGGCAATATGACTCGTICACTTICATTTCCCATTATATATGAATGGAAATTAACA
GCGCTTATAGACAGTATCTCCTCAAACTAAGCCTTGTATCCTITATTATACCTCTICTTIGATCTCTAGTGCTTTITTTIC
ACTAGCATTTATTCCAATCATAAATAAAAATATAAATTATGTAACTAATTGTTARATATTTGTCCTTTAAATTAAT
CTAAATGCCATGAGGGCAGAGATTTTGTICTTTCTCATTTGATACATCCCCAGGTCCTGAACCACGTGATATAATAG
GGAGCTAGTAAATGTTTTTTGAATGATGACTCCCTTTGCAGAATGTACAATTACCTIGTGCAAGCTGAAARAATAG
CACCTGTACAATATGAGGAAGACCACGGTGAAAAATAATTGAGTTCCAAAATATGACATCAATTACTGAARANMATA
AGCTCGGTGATTTTTAACAAGAAGTAAAAGTCACCACTGGGGCCAAAACAGATTITTGAACTAAGAGTAGGAAGTCT
TAGGAGAAATGAGATAATGATATATGGAAATTAAGCGGCCAACTAAATTTTGARACTGAGCTAGACATTAGAGAGT
AAAAACTCCTGTGAAGCTGAATTITAAGCTGGTCACCCTGGGGAATAGAGCAACTCTAATCCTGARTTICCAGACAGT
AGGTGTATAGATGGAAAAGACCATGGAAARAGAAGATTCAACCTAAAGTTGGGAAGTTTTAATTGGAGCCCTATGAA
AAAGACCCTGGTGGAGAAAGGGCAAACTTGAATATGGAGCTGATATTTGGAAAAATTCTCATAGTAACTACTTTTT
CTCAATGGCAAGGCTTGGACTTTCTTCTCAARATACAGATCTTATATGTGTTCAATTAAACAGGGACAGATTAGGT
TCAGGAAGAATTATTCACATGGAATCAATTGGTATCAGAGAGTCAACCATTAGATCTTAGTGGGAAATATCTGCTT
CTCAAAGAGAAGTCTTTTGGGGARAGCAAATTAAAGTCAGAGATTAATTTGATGAGTITTAGGTAATATAAACTAAG
GGGCCAAGAAAAAAGCTTGCTCATGGTATGAAACTAGAGCTTGAGGACACTGATCTAGTCTATCTATACTACTCTT
TCTGACAGACCCCTCTCTTCATTCTCATGCTCCTTGATGGCCCAAGCCACTCTCTICAGTTTTITTAAAAAATTGTTT
TATCAAGGTCTCTIGGATTCTTCATGGGAATGACTTCCAGTTITATATTTITITGGCTTIGGTTCCAAAAAGCTATCAGC
TAAGGAATGCATATACTTACTTCCCCTATGGGTAAAGTAAATGAGAATTTITAGAAGCCAACTCACATTTITTAGCCT
GTACAGAATCTGCAATTCACCAAGCTACTTCTGACTCATGTICTATAAAGTTICTTCCCTIGTTCTTITITCTCACTTCAC
ATGTACTCTTTGCAAGAATTCATCCACTTGTGTAGTTTCAGICTGTTGATGACTACCCATCTATAATTCCAGCTGA
GAATGATCTTITGAGTTTTAGACATGTAGATCCTGCTGCTTICTTICGATGTTAATGTCCCACAGGAACTTCACAT
TGAAGAGGTCCAAAGCTAAACTCATCTITTIGCCTTICTTICCAATCTCTTTCTCCAAATGCAACCTACTTCTGTTGTCC
TTIGTCTTAGTCCTTTTCGTGCTTCCGTAACAAAATACCACAGACTGGGTAATTTATAATGAACAGGGATTTIGTTIGG
CTCATAGTTCTGGAGGCTGCGAAGTCCAAGATCAAGGGGCTGGAATCTGGTAAGGGCCTTCTTIGTTGTIGTCATGAT
TCCATGATGGAAGGTGGAAGACCAAAAGAGAGAAAAAATGGGGCCAAACTTGTCCTTATATGAAACTCACTCCCAC
AATAATGATGCTAATCCGTTCATGAAGGCAGAGCCTTCATGICCTAATCACCTCTTCAAGGTCACATTTACTACTG
TTGCAATGGCAATTAAATTTTACCATAAGTTTGGGAAGGGAAAAACATTAAACCATAGCATTCTGCCCCCTTTTCC
CCAAAATTCTTGTTCTTCTCAAAGACAAAATACATTCATTTCATCCCCAAAGCCCCAAAAATCTTATTITCAGCATA
AACTCAAAAGTGCAATCTAATATAAATTAGATATGGGTGAGACTCAAGGCACAATTCATCGTGAGGCAAATTCCCT
TCCATCTCTGAGCCTGCAAAATCGAATCAAGTTCATCCCCTCACCCCCTACCCTTICCCAGCATCAGGTAACCACCA
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ATCACAGAAAGTTTTACTGATAGTCCTGCTCTAGATCATCTTITGTICTATGTITCACTTTAGCTATTTATCCTAGTGT
TCCATTATTGGAATACTAAGCATGTGGGAATTATTTATATTCTACTGTTCAAGGTCCTCACCAAGGTCTGATTGCA
AAAATTCAAAAAATTGCAACCTTAGGCATAAATGGGTTAAGCAGTTITAGGGTACATTITATAATAATTATTTACTGT
GCTACTTCAAAAATCTTATTGCCTCTATTTATAAATAARAAGTGTTGTCTCTACACAGTGGCTTGTTGTAATGCAT
TTACTTGTTTCTGCCTGATTTTTTCTATTTATACATTTTCTTTTTTATTTTTATTTTTATTTTTTCACTTTTAAGT
TCAGGGGTACATGTGCAGGTTTGTTACATAGGTAAACTIGTGTCATGGGGGTICTGTTGTACAGATTATTTCATCAC
CTAGGTATTAATCCTGGTACCCGTTAGTTGACTTTCCTGATCCTCTICGCTCCTCCCACCCTCCACACTCTAATAGT
CCCTAGCATGTIGTTGTTCCCCTCTACGTGTCCATGTGTTICTCATCATTITAGCTCCCACTTATAARATGAGAACATGG
GGTATTTGGTTTTTTGTTCCIGTATTAGTTTGATAAGGACAATGGCCTCCAGATCCATCTATGTCCCTGCAAAGGA
CATGATCTICATTCTITTITITTTATGGCTACGTAGTATTCCATGGTATTTGTGTITGGTCTCAARAACTACAACTATGAC
AGGATGGCATTTTCACTTTTGTTGTTATATTAAACTCATCTTARARAAGGAAAGATTAATAATGTCAATATTTIGGGT
TATGGAGARAAAGTATCTCATATCTTITGAAAAAGTTCTGTAACTATAGCTTTTTAGGTAGGAGGGATTCTGTGGAA
AGTTTTCTGATTACATCATTTCTCACAGTTCAGGTTAGACACCATTTTACTATGAAACACTAATGCATTGCCTGCA
CTGAGACTTTCAGTCACATGGAGAAACCTAGGCAAAATTTTTGTACACTTIGGAAGAATATITAAATTAGTAATAAA
ATCTTTAGTTTTAAACTGTTGAATGTTAAATAAGATATAAAATGTACTTGAAAGAAATTTGCTTTGATATCAGACA
CTGCCATGTTGCAGTTTCAAGACATAATAAAAAAGTAAACTAATGTTTATATTTTGCTGITTAAGTTTATTAATAC
ATCAGATGAGTCTTCAAATTCTACAGTGGCTTTTGATATGATCATTTTTACTTGCCATTTTATATAGAATAAATAT
AAATAGGCATTTATGCTTARARAGGAACTAATCTATCTATGGAARAAAAGAGAAGGCTGCTTCTCAACTAAATTGTAC
AGTTTAGAAACCCAGATCTGAACATAGATTATTGTTGTGACCTATGTAGGARAATATGTTGTTTITCCTTATCGTAG
TCCTTACAGAGTCCATGATAACATATAAAGCCAGAAATGTGAGCCTICTGCAAGTTCATTITCTITGTCTTCAATCTC
TGTGAATAGATATGAGTTTGTGAATAAGATAATATTAGATGTGATATTACAAATTATTIGTGAGAAGCCTCTARGGA
TTAGATTTCAAGGACTGCCATCTGGCTGATGACTTITATGATGACACTGTCATGAGATTITCATTITICCTTATTTICTGT
TCCAGGATCACTICTTTAAACAAGAAATAAGCATTAACTCTGAATTGTCTGCTTGTAGCTGTATGAGGGCTTCCACA
ACTGCCAACTAGCCAGGTACAAACTCATCAAGCAGAGGAGATGGTCCTTGCATCAGAGGGTTAAACATGCCTAGAA
GTTCCTTAGCTAAGCTCCCAGATACTAAAAAATCCCTCTAGGTTCTAAGARAGATTCAGCATGTACATGTGTGTAC
ATGTATGTGTGTACATATATACATATACGTGTATATGCATATGCATGCATATACATACAARCACATTTTCTTCCAT
AACATCTCAGTATTICTCTGTTICTTTATAATACTGTITTTIGTATTTTAATGATCAAAATTAATAGTTGATCATCTGAA
AACATTTTGACCTGTTTTCTCCGTCTTTGACAACCTTGAAGGCACTTGTAAGTCACTCTTITGCTTCTICTATTICCTA
GGTCCTTTCTCATCTTCATTGCAACAAGAAAAGAGAAAACAATTGAGCCCTATTTTGTGTGTAGCAAGGAGCTACT
CTAGTTAAACACTAGATCTCTTTTACATTCTCCAACATGTTGTTTTAGTAATTATTCTACTTTICCTTTTITTTGGGA
TATTCAATTTCTTCTTTCTTTTTGCTCCTCCCCTTTAGCAGGCCAACATACTCAAGTCTCCCTCATCCTAAGAGAA
CTTTTTTAGTATATCATTITTTITTITCTATCCAGCTGTACTTGCTTICTGCTTACTATATCATITTTAAGCAGTAGTTG
GCATTACTGTTTCCTGTITCTTTAGCTACTAGTTGTACTTITGACCCACTCCAGTICTCACTTICCCCAGCACCACCACT
TTATGAAAACAAGGACTTACTAAGATCATCAGTGACTTTGTAATAGCTAATTAGTGTATITTAATTCGTCCATCTT
CTTGACTATATTTTAACATTGATCCTGTTGGTCAACTCTGCTAATCAAAACTTTATCCTCCTTGGTTCCCAGAACA
ATATTATCTTGAATATCTCATTTCTCTAATCATATAATAATTGTGAGGTGCTTGGCACAATGCCTAGTGCGTAGTA
AGRAACTCAGTAAAATATCATCTGCCATCGACACCATAAAAATTAATTTACTTACTCAACAAATACTTTTGTATGAA
GITTGTGCTAGGTAGGCCCAGTAATTGGTACTTIGGTATAGAGCAATGAARAGCCCTACCCTCATAAAGCTTATATT
CTTGGAAGCAGAAGTTGGAAGACAGACATTGACAAATAAARATTAAATACATGATGTGTCAGATGGTCATACACAC
AGTGTGGAAGAACAAAGAGGAAAACAAGTGGAGAGAGAGAGGGAGGTGGAAGAGGAGTGCTGCCATGAAAATGTGG
TAATCAAAAARAGGTCTTACTGAAAAGGTGGCATTTAAGCAAATTCTAAAAGACCTGAGGATGTGGGCCATATGTAT
AATTGGGGGGGAAAAAGTAGTCCAGGAGAGTCCTAATAAGTTAAAATGCCCCARAGCAGGAATATTCTTGGCATGT
TGAAGGAACCTTAAAAGGGAGATCAGTTAGGCAGAAAAGGATCAAGCGAGCAGGAAGGTAGTTGACAATAAATTTA
GAGGGGTAACTGGCATCTGATTATATTGGCCTITTITAGGCCTGIGGACTTITAGCTITTAATCTGAATGAGATGGGAG
TTATTGGAGGGTTTTGAATGGAGGAGTGACATGTTTTGTCTTATCTGGCTCCTCTGTTACAATAGACTAAACAGAA
GTAGTGAGACCATTAGGAAACTGTTIGTICATAATTICAGTCAAGAGATGACTGIGGCTGGGATCAGAATGGGAGAGGT
GAATGTGGTGAGGAGTGGTTGGATTCTACTATATTITTGGGTACAGAGCACAACAGATTTTATAATGGAATAAATTT
AGGTGTGAGAGAAAGAGTCAAGAAGACTCAAGAATTTTTAGCCTGAGCAACGGARAGATGGGGTCATCATTTACTG
AGATGGGGAAGGCTCCAGGAGTAACATATTTIGGGAGGAAGATGTGGATATGTTACATTTGAAATGCCTATTATAC
ATCTAGGAGATGIGTGGAGTAGATAGCTGGATATATGAATCTTAAGTTATGGGGAGTAGCTCAAGATACARAAGTTG
GGAGTTGTAACAATGATCAGTGCAAGTTCTCTGTCTTCAATGCAATTTTAAATGTTGATGTTCCATTICTTAATTGT
CTCTCTTCTTTCTCTCTGCACATTTTGAGTAGCTTTGTCTGTTGGCTTCAGTTAACATTAAGACTCCTCAGTGTCA
ACTTCCATCTTACACTCTTCTCCTGATCTCCAGAACTGTACTTTICTGCCACCTAACCTACATTACCACCTGGATAT
GCTACAGGCTGCAAAATGTIGTICAAGTAGAATGCATTATCTTIGCCCCTARAAGARAGTTAARATTTICTIGTGTTTTICA
GTGTIAGTGTAATTGTCTAACTTAATTGTCTCTAAAACTGGAAACCTAAGAATTACCTTICTACCTITCTICTTGATCT
CTCTTTCCCAATCTACTGACACATGTATTAAACTGGCTTCCAAATTCTGTGAATTCTACTTICAAAAATTGCTCTAG
AAACAATTCCCTCTICTTTATCCCTATTGTCACCTCATCCTAAAGCCTCTTCATCCTTTGTAGATTITCTGGGAGATT
GTAACCAACTTTTCTCTATTCTGCCAGTTATCAAGTCTTTACGCTCATTTGACATTCACAACAGCCTTIGGATCTGT
CTTCCTTGAAATGAATCTTCTTGCTTCCCTITTGATTCCAGTGCTTTITTITTTACCCTCCTGAGACTTIGATGCATGA
TATTTACATGTATGACATGTTTCCAAAAGCATTICTCAAATTTTTCTGAAAGTAAAAACAAATGAARAAGTAAAACA
TTTTCCTGGGAAGAAAAGCAAATAGTGTTATACATTITTITGCTTGTTCATTTGTTTGTTTATTTAGGAGAGGGACAA
GCATTAGAACTTCATAAGAGICITATATGCTGTATCTACAAATACCGTCCCTTGGCAATATAATTTTAGAGTTCCT
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TTTCTGGAACTACTTAAGGACTGTTTTATGATCCTCAGCAGACTGTITATATTATTTTATAGCCATACCTTITTATTT
GCTGAGTAATTGTACTCAATAATTGTTIGTAATTGAATGAAACAATTCATCAGATGTTIGGGCACTGAATGGCTTTG
GATTATTTCCAAAAATTTAAAGGATAAAGATTTGCTGCCTITCAAAGCTATGTACAAARATATGATAGAATGCTAGC
GGGATATTTGTTTAAAATACAACCTTTATTACATTIGGGGCCTGCTCATAATATATATGTGGCACATTTTATTTAAA
ATATTAAAGTTCCTGGTGGGACATGTCCCCATAATCCCAGCACTTITGGGAGGCCGAGGTGGGGGTGGGAGGATCAC
TAGAGGCCAAGAGTTITGAGACCAGCCTGGGCAACATAGTGAGATACCATTITCTACAAAACATAAAAAAAARAAARA
AARAGCCAAGTTTGTAGTCCCAGCTACTTGGGAAGCTGAGGCAAGAGGATTICTTGAACCTAGGAGTTCAGTTCAA
GGCTGCAGTGAGCTATGATCATGCCAGTGTACTCCAGCCTGGGTGACGTAGTGAGACTCCATCTCTTAAAATTAAA
TTAAATTTARAGCTACAAATGACCCCAAAGCCACCAGTTCAACCCTICTCAATTITTGAATACCCTATTTTAAATTCC
TCTTATGCGAAATGTACCTTIGTAGTCCATTTTAAGGACTGAGAGGATTTIGGTATGTITAAAAAATTCAATCCATTAT
CAACTCCTTTAGGTACACTTAGCAGTATGAAAATGTIGTICTTTICGGCTCITCAGGAGAGAGTICATATGTATAGTITAC
AAGACAATCCCATTTTTATATTGCTGAGACCCAAATCTTCCCAACTGATTATGAAGCATAAGAACTCTTCGGAGGT
TTAAGTGAGCTGAGATTGTGCCACTGCACTACAGCCTGGGCGACAGAGCAAGACTTTGTCTCAAARAAAAAAARAAAA
ATTCTCTGCATTCTACAGTAGGGTAATATAACATCTATGATGTGAAATCTTGGGGCTCCGGGCCAGAGAGTGTCAT
GATCCATATGGATCTAAAAGGTTCATAGTGGTAACAGCCTGCTTCATTTTATGTCATCTICCTTITCAAGTAATTAGA
ATGTTTCTAGCTTGCAGGGATTGCACACAAAGGGAGACATTTGGAACCATGTCATTIGGTGATTTACTGGTGTGGAA
AATTACCTGGTGATGTAGCCAAGTAGCCATTTTCATTCTAACCCAGTCCTACAGTCCTGAACTGGGCTGAACCAAC
GCACCAAAATATATGCTTAGAAATGCTCCTATGTATCAGTTITTCCCAGGAAAAACAATAGTATTATCGAAAACTTA
CCATTGTTICCTAATAAAAAATTATAGGATACCAACAGACTGTITITTITGTTCATAAATTTAATATTACAGTATCAA
ATATTAAAGCAAATGGGAGAAAGTTTTTCTITATTTGGTTITAATTGAACCATTAATGTTAGCTACAARTACCCATCAT
GTTACTTTTCARATTATATTTATATTTTCATTITTATTTICTATCTGTATCATTCTCAGARAGACTTCTTTAAAACATT
CAATAAAAATAGAATTTAGGTAGATTTATTITTAGAAAGTTGAGTTTTTTITAATARATGAATATAATCATCACTTG
ACTTAATTTTTTTCIGCACAATTCTAGAAATCTTATAGTITIGGGATCCTTTGGCTTTATTCAGTATGTAACAGGG
ATCTGTTICCTTICICTAAATCATTAATTCAAATGATTTCTTATATTAAARATGTTTGGACATATAGGTATTAATG
AGTTTTATGAAATCTAATCTTTCCAATTTCCCCCTAAAAAGGGATGTCATTTAATCAGTTICTAGGTTGTGATCAAT
AGCAGATTTTTTITTTTTTITTITTTITTTTTITTTITTTTTTTTTITTTTTTTTTGCAGCTCCCTTTCACCCCGTAGG
GAAACCTGATATCATCCTTGACTAATTGCAGCAAAGAGCCTGGCTCAGGTCCTTTGTCTTATACCGAGTGTTTATA
GATTCTTGAGCCCAGCAGAATCTGAACTCCTGGCTACTGCTACCTACTICCCAGCCCAGGCCCCARAAGCCCTATG
TCTGCAGCCCCGTGCACCACTGTGTGTTTTITGTGGCATTTCTGAAACACAGAGCTACTTAACTTGTTTCTAAGCCC
AGATTGTGCCTTTTTGATTTTCTATTTTGGTATTTTATCTACCATTTTTICTGTGTTTGGATGTTTCTTCTATATTT
TGAAATAACTTICTTTCCTTTAGTACAAGTGATTCTTATTIGTAGAAACTATCAAAAATTTACARATAAAGAATCATT
CTCAACATTCTTAGCAATTCCTTCTATCATATTTITTIGCAAATATATTTTTGCCTATTTTTATTTTACTTACTCCCT
GTTTATTAACAGTTAAAAGCATTTICAGATAGTITITATTTTTTCATTTAAAAARATCTTACCACATTTITTATTAGG
AAGGAAATGGACAGGTGTTTATCTITTTCAATAAAAAACATGGGGGAAATAATTTCTTGAAGTACATAGTGACATTC
TTCCAGCCAATGTTTTATGCTGTGGTCATTCCGTCTGTCATCAGTATTCATAGAAAGAGATGAARATTATTTAAAT
TAACTAGGAAATCAATTCCCCATTCAAAGCAGTAGTTGTGTGTTTCAAATATCTTCTAATAGTCAGTITTCACACTT
AGCTTTATCAAATTCCTAATTATGATACTCATTACATCACICTGIGTCCAGTCAGTGTGTITATGCCACAGAGCAA
TTAAAGCAAATCAGGTGAACCAAATTCAATCACCTTTGTAGATAATAACCTACGTTGCTTAAACTTATGGCCGCTC
ATACAATTACTGATGGATTGCCTTITTTCTTTTATATTGCCAGTATTTTAAATGTCCTAGTGAAGTTGGGGTAGCTG
TTGAACTTCAACTTTATCACAACCTICTTTTTTAAAATGTGTAAACGAAAAAACCCTICCATGAAATGACCAAATACA
GTTTTCATGCTIGGGACARATTAGATGAATAATAATCATAAATTICATAATGATTATTITATGATTTTATGTTTITTATA
GTGAGATATGTITTGTTGAAATGTGTTATATAAGTGATACTTAAGTTTICCTATTAAAATAGAAATGCTAAAATGGC
ATTGTTCTCTTTAGCTGTGAGTCTAGCTTTTGACCTCTGCTTAAACGGAACTGTTIGTTCCATCCCAAATCTGCAAC
TCTGAGGCCTATGCTCCCTTCACTGCTGTCTAATGGATACCTATCAATTTGGAAGGAGGTTTCAGGCAGCTATTCC
CGGTAATCTAATCTICAGCTCTGTCCTTTTCAATATTTTCATCAGTGGCTTGGATGAAGACATAGATAACATICTTA
TCAAATCAATGCCACAAAGCAGGGAGAAATAGCAAATATAGCAGACAAGAGTATCAGGAGCCAAAAAGTTTTCAAC
AAGTTGGACTGGTAGGCTGAATACTGAAAGATGTAATGTAAATGCAAGGTGCTACATGTGGGTTCAAAAGAAACAT
GAAACAAAAAACCCATCTAACTTAGACTGGGCTCCCTGGAAATAGACTAAGATAGAGAGTTGTGTGCATAAGGTTT
GTTGAGGAGTGTTCCCATGAGATACATGTGTAAGGTTGTAAGATAGGCAAGATTGCACAGACGAAGAAGTGCAGTG
AAGCCTGCAGTGCGITGCGGCCTCATCAGATTTTCAGGGGAGTTCTGGARAATTGCATGGCCCTTTAGAGACACGCT
GAATTGAAGCAAGGGATCTGGACCTITTGAACCCAATACTAGAGAGTTAATGGTCCTGGGTCACCCCATGGGARAGA
GCAGACTGGAGTAAGATTGTTACCTACAGCTGAAGGCAATTTCCAGGGAGGGAGGCAGCTGTGAGCTGTTAGTAGT
CAATATTCCAACCAGCTAGGGCATGAGGTCTIGGCAGAGCAACAGTGTACCCAAGACCGCAGTIGTTACCCAAAGTA
TGGTCCTCTGACTGGCAGCATTGGTATCACCTATGAGCTCACTAGAAATTTAAATTTGTAGGTCCTACCCCATCCA
ACTAARTCAGAATCTCTGGGGATGGGACTTGGGGAACTTTTAACAAGCTTTCAGGCCTCCAAGTTATTICTATGCA
TATTAAAATTTGAGAACCACTGCCTACACCAACCAAAAACATTCCAAATATGGAGATAACATAGAGTITTTAGCAA
CAATAATCTCCTTCTGTTTCACTTCTCTCTTTACACACACACACACACACACACACACACAACACACAACACACAA
TGTGATAGAACAGTGGGAAAGGAAAGCCAAAGGGGATCTTAGGCCGAATARATTTAAGCATATAACCTAGTCCTAA
GAACGTATATTTCAGCTTAATAGAGAGAGGAATATTGTTATAAAGCTGTCCARAGATGGAACAGGCTGCCTTGTAA
AGTTGTAGAAGTATTCAGGAACAGGTTGGTGATACCTTIGGIGGTTIGTATGGTATAACATCCTGATCTTCACATACT
CATCATCTAGAGTGGGAGTTTTCTITTTCCAAATGGGGTTTTGGCAGAACTAGTTCCACTGTATCTTAATAAGTAA
TAACTCAAGAAAGGGTTCTATGGATGAAAAAATGATTAGGTAATATCAAGTTAAATCAAAGCGAACAGACTTICTTT
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CCCATAGGAGTAATCAGACCCTTATTACAGTGCATGCTTGGTGAATCAACAAAGTATGTGTATTTATGAAAGTATG
GGGGGAAGGGATAATCTATACAGTATGCATCCCTICTAAAAGTTIGACCATGAAAACAATTTCTCAAGAATCTTAT
ACAACACTACAGTATCTGGTCCAATACTATGCATAGAACATGCACTCAGTAAGTGTTTGTAAGATAGATAGCATAG
CATATAGGCCAGGCCACTGAAGGGAAATCATCTCACCGTGAGTTACCTGAATAGTATTCTCTAGTGCCATTAGCTC
AATTCTTCACGTAGGCATAAGCCTATACATTTGCCATGCTAACCAAGGGAATTTGTGTITACGTGAATTTTGACTCT
ATTCAGACATTTTTTTCTATGACTCCTCCAAGGCTGTTATTICTTACCTCATATTCTGGTAGAAGTTTAAGGACTTT
TTTCTGGGAATATTGATTAATTAGCTAGCTAGCTAGAGACAGAGAGAGGATAGAGATTGATTCTICTGGCAGAGCCT
ATTTGAATCATATTGAATCTTITITTTTTTCCTGAGACTTCCCACAAGGAGGATGGAGGAGAAATTTTTTAGAAATCC
ACCGAAGTAATCAGGGATATCTTCAGTAAAAGAAGCTATACTTAATAAAGTCTCTATTTTAGCAGATGGCAATCAA
CAATAGAGGCAATAGACAATAGAGTICTATTAAAATTGCTGGGATCTGCTAATAACGTTTTICTTITTCCCTGAAACA
AATGCCATTAACCCTCCTTGACACTCTGTCTTCATCAACATTCTAATAGAATGGAAGTAACTCATAATTTTGAGGA
TTTTTTTCCCACACAAAACCTATAAACCACACCACGCTAGTGATTACTTTTAGCCTAGTTGCTAGGTTGCTGCTGG
TAACAGTAAAACTTATCCTGACAGGTAGGCAATTCCAGAAGCCCAGCCAAGCACTTGGTGTGTGTGAGTAAACCCC
CATACACTTCTCATGTAGAGTAACCCTGGCCAACCCATAACTCTTAGCAACTATTCCTGGTGGACGGACCTGGTICT
ACTCTAAGAAGAGGCCAAGGTTCTTTAATAGTGCAGTTGCAAGAACCAGAATTGAAAGTCAAAGTTCTAGCAAGAT
TTTGCAGACTCCTIGGCAAACCAGTGGCTTGGGACTCATTICTTGACTTICAAGCCCTTAATTGATAATGGTAGGACA
GCTTGCTTGCGCTGGGTTCTGCTCCCTGGGATATGCACTGTTTGCCAAATGAGTAGCAGGTGGACAGACATCTTTA
CAATTTGCTGTCCCATATTCTAARATGAACGTGACATTCTATAGGTCTGAGTTAACCTATGAAGTCACCAATTTCAA
TATCAAAATATTTATGACAGAGAAAAGGATACTGAGGCACAGAGAGTICTGTGACTTTCCTAAGCTCAAAACACCAG
TTTGTGTTAATTCTGACACAGAAATTCTTGTATTTGCTATCAGTICICCTITTITICTIGTIGTGTIGTGTIGTIGTTTTTACA
TTGCAGCATCACCTATATGATGTTAGGTTCTGTAACTTTTTGAGAATTTTCTCACATACAGTGATGTGTTACTTTT
TGATATTTCAAATAGTTICTAGTAAGTCTTTTCTACTTTTATTAGCGTATTAACATACTGGCTCTAAGAGGGCATCT
CACCACATCTTTGCCATTICTICCTGGAAAGGCAAGTTTCTCTCCATCTTICTTTTTTGTATTICCAAAGTTTTGCCAA
AGTTTGCTTTTGAARAATGGGTTACCTGGCAGAGCTTTATTATTCTAACTTTGAAAGTACAAGTCAGAATCAGACAG
TGGCAGTTATATATGCACTACTGTGATTACTATATAATGAAAGTATCTATGGTGAARATACTGATACTGACATATA
TTTGCCATTTTCTAATTAAGTGCTTCAGTAAAAATTAAGCACTCACTCTTTGCCAGATACTGCAATAGATATTGAG
CACATTGAACAAAATTCICCATATACATATATATGAGTCCACATTICTATGAAAGTATAATGTTITTICTGAGAAAAG
GCATAATATTCTATTAATATCAGCTTTTGCTTCTTCCACCATATATTGAAAGAATTCTIGAATACTGTITATAATTTA
ATGGGAGAATCTAGAGAATTCTGTATTTGCTTTCACTGCATTIGATGAACTAAGATTTTTAAAAAATGTATTCTTCA
TAGAACTACTTTTCCATATTTACCTAATATTATTCTTATATCATTTGAGCACATATTTCACTAACAAAACARAATGT
GCAATGTTATTAGTTICTAACATCAAAATTACACTGATACTTTAATTTTTATCCTATTATTTTTICATGCAGATTAAA
ATAATTATAGCTACATCACATGTTGCAAGTTTTAAGAGCTACTTTAAAAATATATGCTTCAGGAAAGACATGATTA
GATGGGGAAATGGATGATGTTICATATTITTCAAATGAAAAGTTTTAAAAAAGTGCCTATCACAAACACTAAATTTTIT
ACATAAATTATCAACTACTAATATATCTACAAGAAATACCATTTITTICCCTACAAAAACTCTTAACAATAATTIGTITA
AACTTAGTCCTGGAACCTGCTAATATAATCGGACAAATGTTGTCAATAAGAAGGTGARAAAAGAAAGCATATATAGT
TTATCAAACTATAAAATATAGTTTATCAAAACCAATTTTTCCTATTGACATTTATTCAGGAAGGAAAATGGATGAG
TGAAATGAACAATGGTCTCTAAGAGAGGTGGGAGATAGCAATAAATTCAGACCACGTTTCCTGTICATTACAGCAGG
GAAGTAAAAGAGCTACAGTICAACTCTCGAAAGTACTTGGGGGAACTAATGATTCCCTGTAGACCTGTGATGTTTTT
GAAATTTAATTCAACAATTTGATATACACCGCAAAGCGAACAGATAGTCAGATCAAAATCGGAAGAACGATTGTCT
GAATGGCATCCATTTTICCTAGATGTGCTGTCCCATCCTIGTGTCAATTAAACTTTCAGGTGATCTTICAAACATATT
TCCAAGTAAAAGGTATTGCAGTTATCCTATAAACTGGCCTCTTCCCCAGCACTGCTTTTIGCTGTIGGTCAACTTTAT
TTCTTTGGGCTCACAAAACTGATAGAGCAAAATAAGGAAAACGGAACATTGGATTAAAATAAATTAATTCCCATTC
TGTGACTCACTAAAAAAAARAATGATAACTATGCTTCTGTGAGCATTAATAAGGARATGAATAAGGAAATGACCAAA
TTGTTCAGTGGACAACTTGTATGGGATTTTTAAGTATTGTGTCATCATCAATGTTGTCAATTAGCATATACTTTGA
AATCAACTAAAGCAAATCAGTTGACTAATCATTAAGGGTCTTITTTAAATGACAACATCTAAACAGCAAATGTTTTA
TTTTGGAAAATCATGACAGCACAAGAATGAGCCAGATGTITITTACAACATGATATCCATAATTTAAAGTATGTAGTA
GTCACTCAAAGGATTTCTATTTCAGTTTCCTTATGATTTGGCTAAGCTAGAATTTGGAAAAACACTTTAAGGTAAT
GTGAGAAACAGCAAAATTCAACATGTGGATTITTTTCACTAAAGCTTATTTCTGATTATTTTTTACAAACTTTACTA
GGTATATGTITAACTTCATGACACTTATAGCAGIGGACCGTAGTTTTAATAAAATGTGAATGTATACTCTITTTCTCA
ATAATATTAARAGAATGTTGACTTITCGTGAGGATATTTTTATTTTICTCAACATTAAGAACTGTCAAAGATTTAATT
CTACAACAGAAGACGTGAATTTTGTTTTICTAAAGGAGAACAGAATCTATAGAAGAAGTGTTGCTCATAGTACTCAG
ATTGTTGACCAATCTTAAAGGAGAAACCGTCAATTAATTTACCGAGAAGTAATAACATTATCTTTTTCTTCAATTA
TGCACATCCACAAAGATTTGGGGCAAAATCCACTTAAATGATATTATACATAATAGATGAGTATTCATATGTTGTA
AGAGTCCTGGCTTCITTCCIGCAAAATGATTAAAACTTGGATCAGAAACCAATTAAARATCCATTCTAATTCCCAA
ATGTATGTAACTGTACTATAAGAAAAATAAATATTITCTTICTTGAGGGATATCCATTAGTTAAGGATATTCATAACA
TGGTGTCTTGTAGGAAATGTTAATCTTTGGGTGAATAGGGATGTTTGGGAATAACAAGACTCAAAGAGATGTTGCA
CTTACTCACTTTTCTCTGAGTTGTTATTTCTGTCATTTCCCCAGTGCGCCTGTCCTCAACTTTGCCTCTCTCCTTA
TTCCTTTTTTTTITTITTITITITTITITGAGACGGAGTCTCGCTCTCTTGCCCAGGCTGTAGTGCAGTGGTGCGATCTT
GGCTCACTGCAACCTCTCCCTCCTGGGTTCAAGCAATTCTICTGTCTCAGCCTCCCGAGTGGCTGGGATTACAGGCA
CCCACCACCACGCCCTIGCTAATTTTTTTITIGTATTITTITAGTAGAGACAGGGTTTCACCATCTTGGCCAGGCTGGTCT
TGAACTCCTGACCTCGTGATCCACCCACCTTIGGCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACCATGGCCG
ATCCCICCTTATTICTTTTTATCICTACCICIGCCICAATGGTATTTCTCTATTACTGTTAGCATTTGCTTTICTGT
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GAGCTCTTGCACACTGTCAGCTTATATACATGTTCCTGTITCACATGTITTITCCTGTCCCCAGTGGTTACAACATGTIC
TTCTATCTCAGCCCACTCTAGAATTGTICTTACTTITTCCAGGTICTCCTGCTCCTCAGTATTTTITCCCACTTITTICTAG
ATTCATGTTTICCCATCTGCATATTICTCTTICCATGTICTGCACTGTCATCCGCTTAGAAGACAGCGCATAAGGACA
CTGTTATCTGAGCAAATCTTCAGCACAGCCACCATGAAGCATGGTTACCTTGTCACTTITCCATTITTTCCCATAGTG
TGTGCAAACTGCCCTGATCTGCATAGAAAGGTATCATAATTGAGGAAACAAAATGCACAAAAATGTCCTTGGTTAT
TCCACCCCTCAGAAATATAGGAGAGAAGTAATTTACAGAATTACACAGAATAACGCTATGTCACATGGACATGGAG
TTATCGGGTTAGCATATAATTGGAAAATATTTCCTAGGACCTTGACATTTACTCACTTITTIGTTTTCAAATTACAT
GTCCCTATICTATTAGTTGCAAATTATTTTAATGCACCGTTTACCAAAGAAAGGCTGTTICTTCTGAAAGCTTTCAT
TTGACAAGTAACTTIGTAAAAATATTCACATTGTGTATCTGTITTITCCCCTTCTAGTCCAAACTCTAGTTATCTTARA
CTTTGCGCAGTTATAAARAATCATAACAAAAAAAGCTTICCTCGTTGTCATTICTTGTCAAAACAGGTTTACCAGACT
TAGGTAAACTTAAAATAGTTAGTGTAAAAGTTAAAAAGCTGATTTGCTCCTTICCAGCGTGTITTGTITIGCCTTTTITGC
CACAGCAAAATTGTAARATGTAAACGTATTCCCTAGGAGATGAGCTGGGCTGCAATTTTCAGCTAATTGGGAGAAGC
AGCCCTGAGTTGAGCACTGTCAGGCTGATTTGAGTCTTAAGATATGATGATGATTATTGTGTCAAATGTAATCAAG
AACGTGGGCTICTGAACTGACTCAAGGGCTGGCTGTTTTTAATTCAGGTTCGTATATGAAGTAGACCTCCGGTTCAC
CGATAGTCACAGCTGGTTIGTAGAAGAGAGCAATTTTTAAAATGCTATTTCATTICTICTATGGAGCTCTAGGGATCAG
AGATTGGATGCACAGGGAGGGGACACATCCTCATTICTICTCCTGAARAATTCTATTAATTTTCAGTATAATAAACTT
TCTCTTGAGATTCCCCAGTGGCTCTGTATCGGTGGTTTTCAAACTTCTCAGACCCAATGCCACCCCTCTTTTCTTT
TTTAAATAACAAATACTTTGTAATACCTTCTTTACGATTATAAGCCAAAATATGTAGACAACATACCCTACTTATA
CAGGCAATAGTTTAAATGATGCCGTAACTCTATTTTAAAGAGAAATAAGAGTCATTTATAATAAAATAATATGTGT
TGTAGTATGCAGTTATTCAGGCAGGATCACACTGGAACACAAGTGAAGTTTTTAGATCACGAGACTATCAATGCAG
TATAAACARATGCAGAATGACACCATTGTGTTGTATGGAGACTCAAATACCATGAGGGGCATTGGTCATCCATAGC
GTAATTTTCCAAAATGCTGAACAACTCTTGGCAAAATTCCTAACACCATGAAATAAATTTTTITCTTGGATCGTTAT
GGCAGTTAGTTGCATGGCTGAAAAATTCAATGTCTTAAAATCATGAGGAAAATATCTTATGTTTACGTGTAAAATT
GAGTTACGTTCCAGGTITTAGGTGTTTATAAACAGGGTTTCCACATACATGCATGTICCAGTGGGATATTCCAAAGTG
CIGTCAGACTTIGGGAGAGTTCTTTIGTTGTATAAGAAGTCTACCATCTTCATTCCCTCTCCACAGAATGCTATTATA
GTAACACTCTTCAATCACTGTGATAGTCAAATGTCCTCCCTCAATTTCTAGGATGCCTCTTTTTTTTGTGGTCTGT
ATAATTTGGTTAAATATCTTTCCAGACAAATACTGATTTGTGAATTAATGAAATAGCAGTATTTTCGGAGCACCTA
ACCTATTTICTGAGTGATACAGTTGCCATTTTTACAAGACTAAATGAAATTACCATTTCAGACCTGCCAGATTIGICT
AGCCCAGTCTTTTACAATTCTGTGATTATCACTGCAATTATAATCTATTITICACCACTTGAATGGCATGATCTCTA
TAAAAGGGTGGTGATAACACTCATCTATTCTCCTTCCCCTCACATAGCTATATCAATCGCCCCCTAACCAGTTGTT
GATAAATGCAGTTGAATTTTATGTAAAAATTATAAGAGATATTATTGTAGCTGTCCAAGACATTTAAAATGCTAAA
TGCAACTTACGTGGAGGCTATAAGAGAAATATGAACCCATTTATTGAAGAGATTAGCTAATTTAGTAAAACAACAC
AGATATACCTGCATACAGGGATAAATCCCTATTGTCTAAATTATTGAGATAAAATAATGTTTTACAATGAAAAACT
TTTAGACAAGTAGGTAAGTAARATGCAGCAGTCTATTTGCATTITCATCTGGGCATTTGACAAAGTICTTITCGTTATA
CTCTTGTGAATAAGTTGGAGAAATACTGGCTAGATGCAAGATAAATTGGATGGCTTAGAAGCCACTTCATGATTTT
ACGCAAAGGATGTCGATTAATAGACCAGTGTCAGGTGGTGATGGAAGATCTCTGGTGCTATGTCACAAGCTTCTGT
TCTCAACCCTGACACACTGGATGITTTTGACAGAACATGAGTAGAACTACAGAGAGGAGGCCCATCARACTTATGG
GTGATAAAAAGCAGGGAGGGCAGGAGTATTTITGGGTGACAGAAGCCAAATGGGTGTICTGGACAGGATGCGTTTTAA
GGCACTTTTGGTACTTGATGTCTGAAGACCAGGATCAAACTTATAGGCAATCTGAACATTTGCCAAAATAACAGGT
TAATTTTGACAGAAGTTATTATTTGTATGCTGTCTATTICTTTAATACACCTAGAAAGTATTGAAATAACATTTTT
TGCAGACACTCATTTTGAAAATTCAGARAAAAAATTGTTAACTTTCGTGGAAGAGTAACAGARACTCAGTCATTGA
CAGCTAAATACAATGTGTTGCCCAGTAARAATAGTCCACCCCTTCACTTTCATGGCTAATATAAAATTTGATGAAAG
ATACAAATTCCAAAGATTGAATATCTGTACATTTGCAAAGCAAAACACAATTTTGGGCACAGAATTGCTCATTCTC
ATTTTTAAACATCTTGGTITATAACTGAACAATAGTTTTTTATAACAAAGATAATATTITTCAAATTATTATGAGGTT
CAACTGARATAATTTATGTGAAAGCAATGTCTAAACTCTAAAATTCTATATAAATATARATTATTATTICAATAAAT
TCACATCAAGAAAATTTTAAGTTITTTAAGAACAAGAGCCTATGGCCTTIGTTITITAGAAGCTGTATACCTTATCGG
TAGTAGGTTTATTGACTTTAATTAAATTTATTGAGTATCTATTAAATTGCCAGGAACTGTGGTGTGAATCTTTGCC
CTICAAATAATTTACAGTAAGTTGTGGTTGATGAATGGTGATGACGATGATGAATATCCAGACTATAGTAAGTGGTA
TATTCATAAGTCAGAGGATTCTTAAAACCAGATGCACCCTCAGATTCATTCCTTTCATGTTGTACTTICTAATTGAA
AAARAATAAATCCTAAATTATGACTGTTICTTTATAAATTTTAATTGATCTTATAAAAGGCCATCAATACATTTCAARA
GTATCTAGGTCTTTTAAATGCAATTTTTCACCCTGGTAATTAAAAGTACGAAAGCAAGAAACTTTAAATCTTTATT
TTGATAAGTTTTAATTAGCTCAAGCTACTTGTAATCCCACATCTTGTCTTGTAAATCATATCTGAGCCATTARAAT
AGGTTTACAATTAGAAGGGCAATTCTTTTAGAATCTACTTAAACTAAGTCACTTCGACAAATTAATTCATCGTTCA
GITIGGTTITTATTAAAATGTATTTATTTCACTGTAAAATGTCTAGTAAAGCAATGTATGAAGTATTITTATTTTCATG
TTAGAAATTTTATGTAAAAGATATCCCAAAATACATAGACATTCAGATACTCTCTGTATCATTAACCAACATTTAC
TAACTTATCATTTAGAGAAGGCCAAAATTGTATGTACTATAACTTTGTATAATTTCATAAGAATTAAAATATTCGA
TTAATGCCTGTAATGCCTTCTTTCTAAATCAAATCCTCAAGCTTACCTCGAGTTCAAAGTTCAGTATTITATTGTAA
CACATCTCATAGATGACGGATGAAGATGGTAAGCAAAGGAATAATAATTTICTTTTCTCTTTTICACACATATATACA
CACATACCCCATAATCCTAATTCATATAATAATAACAGAARACAAAGGGCTTTTGAGAATAGTGACATATTAATAT
CCATTATATTTACTTCACAGGGAGACTGGCAAGTCTACCTTGAGAGGTAATGTCTTATAGTACAGTGGACTAGATT
GITTCAAGATTTGTCATTTATTTTGGCAACTCACCCAGCTTCCCTGARAGTTAAGTTCCTCATCTATAARACTGTTC
ATGATAATTACAACCTGCCTCATTAGCCTCATCAAGCTATTTAAAATATGAAAGGAGGTGCTATCTGTIGGATCCTG
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TCAAAGGAGCTTGAAAACTGCAGAACATTATTTTAGTGTAAAATACTATAACAATACATGTTGAATATAAAATGGEC
TTTTTICTTAACTTTTATTITAAGTTCAGGAGCACGTGTGCAGGTTTGTTATATAGGTARACTCATGTCATGGGGGT
TTGTTGTACCGATTATTTTGTTACCCAGGTATTAAGCGTAGTACACATTAGATATTTTITCTTGATCCTCTCCCTCC
TCCCACCCTCCCCACTCCAGTAGGCTTCCACGTCTGTTGTTCCTCTCTGTGTCCATGTGTTCTCATCATTTAGCTC
CCACTAATAAGTGAGAACATGCAGTATTTIGGTTTTICTGTTCCTGCATTAGTTTGCTAAGGACAATGGCCTGCAGCT
CCATCCATGATCTCTGAAGAATCTCCACACTGGTTTTCACAATGACTGAAATAACATACACTATAACCAACAGTTT
ATAAGCAATGCTTTTTCTCCAGAACCTGTTATTTTTGACTATTTAGTGATAGCCATTCTGACTGGTATGTGATGGT
ATCTCCTTGTGGTTTTGATTTGCATTTCTICCAATGATCAGTGATGTTGAGCTTTTTTTCATATGCTTGTTIGGTCGC
ATGTATGTTTTICTTTTAAARAAGTGTICTGTTCATGTGCTTTGCTAARAGGGCCCTTTCAAATGTGTATTATTAACCA
CAAGAGAGTACTGAGTAAGAGACTAGGTAATAAAAGTCACAAATATTTCGATATCATAATTCAGAATTTAGATCAG
CGGTTATGAAATTGTTCGTATTTCCAAATTCCACTGACAGGACTCTACTATAAGTTTATTTCATCTGTITGATATGT
TTTTAGCCACTTCTTTCTTTTAAAGTGAATCTGTTGTGTGTITTIGCCATTTGATATTAGAARAACTGAACCTGCCTGC
TTTGCTGICTTCTGAATATTATGTATCAACAACTAACAAGCTACAGTTAGTTGTTTTGTTICTGTTTTTCTCTAAGT
TATTGTGGATGAGGATATATATAACTGCACAGTCTTATCAGGTTTGTAAGAGATGATCTTAGGCTCATCTTTTAAA
TTGGTTTTTATACTATTTTAAACAAATCCTTTTAGGAGAGAAGARAAGCTGCTTAGTICTATCAACATTAGGARATA
TATCTTTAAAGAGTTTATCACTGCAAGTAACCAAAGCCAACTTAAAAATTCGCATTATACAAATCATTGAGAATTT
ATTTAGAACAGAAATGTGTCCAACTATAGGTCAACACCAATTTTAAGTGTGTAATTATCTGGGAAGTAGTGTTAAC
TGCATTTTTTTCTAAAGATCCCTTACAGTTGTATAAATGCCCAAAAGGATATTTTGAGTCTCTGTATATTAACCAA
ACCAAATGTAATTCATTACTCCCAACATTATATTTCAACCTICTCCAAATAGTACCTTITTCGTATTGTATCAGCAGA
AAAATATAAAATGCAGATCTTAAAGAGTATCAATCTCTTTAARAATTCAAGAAAGAAAARAATATGTGTGTATAGA
GACGTGTATTTCATCTGCTCATAACACTGTIGTACATTICTTTATCAACTAATTTTTTTCAGTGATTITATGAGTTGA
AATACAAATCAAATGAAACGGGTAATGCAAAGTAAAGTAGAAAACACATTTTCTACTGCTGTCTCCTAATGCAGGT
CTTTTCAGGAAAGTACTAATGGTTTTAGGGAAAGTGTATAATTATGGTTGTITICCCTAATGATAAATTCGCAAATC
TCTATTTTAAAAACATTCATAAGGTTAAAAARAATGAGAGATGARAATGTGTCTITCAAAATTCCTTACGTGATTGAT
AATGCCTATACTCTCTTACTATCTARAGTCTAGGTGATATGTATATTTTTTTTAAAAAATAAAATGTCTGTATCAG
TGAAGGAAGTTTACACAGATAGCTTCAAAGCTGTGGTTTATCTTTGGAGGATTAATCTATTTCTCATGCCAGTGTG
TTGCTACTGCACATGTTAAAAAGTCATCCTGTIGGTGTCTGGGGTGACAAAAGATGGGAATGAGTTTITCTGAGAACT
AATCAGCAATACTTTGGGAACATTTAGGTCATGGTTTCCAATTAACTCTGGAGAGTTTGAGTAATTTAGTACCAGA
CCTCAAGAGAGAGGGGATGAAAACCTCGTTAATTCATATGTTIGGTGAACGGCAAACCAGCAAATTTGCATTAAAARA
TGGATTTTTATTTTAAAGCAAAGAGCAGCCAGATCTTTTICTIGCAATAGTTTGGGTAGGAGAATATCTTTGTATGTA
TGTGTTCCCTTATGTIGTAGGTATTTGTATGTTITCAACGACCCTGCATATGGCAATAACAGAAAATTAAATTTGTGC
TCTAAAATGAAGACCAGGATTCAGTGACATAATCTTCCTTGTIGCCTTITCTTTCTTTTAGTACAATGAATATATCAG
AGAGGAGTGTATTCCAATATCTGTCTTCAGAGTTACAAAAACTICTTTTCTAGAATGCAAGACTTGGGCTATACCC
CCAGCTCTGCCACTTAACTTGTATACAACCTTGGGAACATCATTACAATTCTICTCAGAATCAATCTCTCCAGCCCT
ARAATGAAACCAGCAAAAGCCTGTACTGTATATCTAAAAGGTTTTTTATTTTTATGAAARATTAGTTAGGCAAACTT
TTGTTAAGCATCCATCACTCTATTTTGAGATARAGCCTTGCTGGATGATCTCCACCTICTTITTGATGGAAAGAGTAA
AACATGTTTAAGATACATTTATCACTTGTTTGGCARAATTGAGATAGAAGTTTATGAAAGCAGATTGATATATGTTA
CATTTGAGCTACTGGGAAGGACTCCAGATGGTTTATAGCCTTAATTACATTIGTAACTCTAGTTAAATGTTTACCTA
TCTGTACCCTCTGTTAAACTTGAATATGTTAAATACCAAAGTCCATGTATTATTGGATTTTCTGTCACCATCATCA
GGCACAGATCCTGGTACACAATAGGTACGGAATGGATGCATGGATGAATTATTGAATTAGATGTTGGTAGGCATGT
GGAAATAAGAATGAGGTTCAGAATTAAAGATAATCTIGTATCGAGTGTAAAGCCATTGGCAGAGAATGAAATATCCA
GCTGAGTATACATAGAAAAAGAAGGTAGGTAGAAAAATGGAAAATATCTTATGAAGTGATGATAGAATAACTCTGA
ATATGTTTGAAAACATATAAAGAGTTATGTGGATGTTAGCTTITAAAAATTATCTTCCATGCTGTACATTAGATCTG
CCATTCTTCATGCTGTGGATGAAAAGCAAGCATCAGAAGTTAAATTAAAATGATGTCATATATTCCTCGCCTTACA
GTTTCATAACAGAGGAGAAAAGAGAAACATTICTCTCATTGCCACCACCCTITCTCCAGTCATATTTCTAGGTAGATG
TTGCCCAAAAACAGATAAAACCACAGAGTTGGTTTTIGCTAGGAATGGACTACTAATCCAGGCAATGTTGACAGCTT
TTGCTTCTCATTAGTGCACGTTACTAATAGAATTGCTAGAGATTAAAAGGAATCCTTTCTACAAAGTGCTGTATAT
CCATAGGTGACAAAATTCTAGCTTCCCCTCACAAGTACAATATAAAGTTATGTTTTAAAATCARAATGCAATTTAC
TAGCAAACTAGTAGGAACTGTTATGGTTACAGGAAATTTGAATTITCAGATTAACTCTGGTTICTATGAGTAGCGGTT
GATATGGCAAGAATCATTTTGATCTTACATCCAGGTGCTACTAAGGTCTCTCTGACCTATATCTCACCAAAARAAG
GAACAAAATAATGATCCTTTAATCTTTCTCCTAAAATATCATAGGAAATGATAGTGGCTAAATTGCAAATAAACTA
GGAAGGAAAGATTCAGAGTATTTTATGTGATTACTCTATAACAATGCCAGGCCATAGTGARAGTGTTATTTAGCAG
AAGACTGAGTTICTITIGAATGTTCCTAATTTATCACATTTTAAAAATAACCTGGGCAAAATAACCTTITCATATCAGA
TTGAGCCTTTTTCTAAAAATACTCAATATGTTTCTGTAATTATACCTACACACTTACAATTCCACAGTATAATGCA
CCGATAAAGTATTITTITCATCCATATATCTAATAGTAGAATGGTGTGTATACAATAATTAAGCTCTTITAGGCTTACC
CCGGAAAGCAACAAGTTTCCCTTCCTITTITTCCTTTTTATGTATTATGTTGGCCATAAGAAATTGATGATATTCAAC
TCAATGCAGTCTTAGAGATTTATTCAGAAATACCATGGTGTGTGTGTGTGGCGGGAGTAGGGTTCTAATGACAGGT
CAGAACTTACTTIATTITGATTTCTTCATTGATAATCAGGTCTTAAARAAGAAAATGGGTATGCTGAAAACATGCCTTC
TGTGATTICTTTACCTTCATGTGCAGTTGTCTCTGGATAAACACTTTCTTITGGCACGTATAGGGTTGCACTAAGCTT
TATAGCTCCAACACTCCGCCCCTTCAGTAGATTICTITIGCTTGTAACTGATGATAATGCAAACCTGTATTATCTATAG
GTCTCCTTAAAGGGCAACCAAAAGTTCAGTAGCAATTCAGGCACAATTACTGCATGTGAGAATCCTCCATCTTGTT
CCCTTTGGAGACCACATATATTTCTTAGGCAAGTATATTTTTAAAATCCTITGTITCAGCATGACAATTCAGGAGGTC
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AAGTTCTCCCAGAAAGCAGATTCTGAGAAAGTGATTAGCATGAAGGAATTTTATTGGAGAGTGCTCTCAGGATTAA
CACCTGTGAGCGGAGGAAAGGAAAGGGAGCAGGATTGGGCAGAAGGAGAAGCTGGGCTACCATACAGTCACAACTA
CAACACAATCAACCCTCCGCCTCTCCTTCCTAGCCTTCCCCAGGAGGATCTCTGAAGTCTGAAGGTAGAATAGCCC
TTCAGAATTGTCCTGAGTTGCAGCAAGGGACCCAGGATTTTATACCCCACAACTCTCCCATCAACCAATACGTGCA
GCCCGICTCGGGGACATAGTGGGTAACTTTGGGCTAGGCACCTCTCTTTAGCTGAGTCCAGCTCTCAGACAGGAAT
AACAGCTGAGGACTGTCAGCCAGTAGCACTACCAGCAGCTGGGGTCAGAAGTATTTCAGTCCTGAAAAGGGGTCCG
GGCAGCCCAGCTTAGCATCTACTATGCCAGTCGTTCTCAAATCTGGTTCCTGGCAACTGTGATTICTCAAGCTTITAG
CATATATTGGAAGGCTTGTTAAAACACAGCTTGCCGGATTTTACCCACAGAGTCTICTGATTCAGTAGAGCTAGGCT
GAGGCCTGGGAATTTGCATTITCTAATAACTTCTCAGACGTTIGCTGGTGCTGCTGGTCCATGGACTATGAGAACACT
GTITTICATGCIGCCCTTATTTACATACTGAGAATGGTACACAGTGCTCTTATGAATAGAATGAAAACCTTTTGAAAT
CACATTATTCCTTACTCCATCAAATTICTCAGCTATTTTIGTGCACCATAAAGCTGGAATAGCTGATTATAARACTT
TGTTATGTAAAAAAGTACTTAACCAATACAGTAGATTICTIGTTTGCAAAGCATTATTACAGTTTCTAATATCTIGGTC
ATTGTTACTTGTAAARATTCAGCCAAATTTTCTCCAGGGCCTGTAGTTTGATAACTTGGACAAAGGAATTTAARAAA
AAATCTAATTCAAGACCTTTGGTTTTTTTTCTGAACATATCTTITTITTTICTTITATGATTICTTATTTTTACATTTTA
CTTATCATATAAGCCACTTAAACCCATATGGTTCCGGAAAATTTAAAACTATATGATACATTTAGAGCATGTTGAA
TGCACAGATATGGAAATTAAGTATTCTTGACTCATTICTAGACTAGACCTGGCACAATTAARAATTTAGGGATTCAAC
GTACACACACATAGATTCCGAGAGRAATGTTGAAGCCGTAAAACCCCCACACAAGCAGGAAACAACAGTCTTACCT
ATTATTCAAGAGGCACGTAAAGGAGCTCATTTGAGGAGATTITTICTGCTGTTATTGCCATCGAATTTTTAACGTATT
TTCCAAATTAGAAAATATTCAGCCTGATGTTGTCAATATTTCAGACCACAAGGGTATCATTTAGGAARATGGTTTIC
TTACTGTCCTGARAGAGTTACTGTITCTTCCCTAAGGGCCTAATTTACAAAGCAGCARACTTIGCTGGTAGGATTTGG
CTGAAAATCACATTGTCTCGGTAGAACTCTTTCATCTGATTTATGTGCATTGCATTTIGCAAATARCTCTTGGAAA
GTTATTTACTAGTTACTTTCTCTGGAAGCAGAGGGTAAGCGGCATTTCTAGTTTAAGGATAGAGGAGCTAAGATGC
ATCAAGCGCAGCTCATCATGAAGCTGATGCTGATAAAATGCACAATATTACATTCTCTAAGTTTCACTCTGCCATG
GGAGAATTTCATATTTTTAAATTTTGTTTGAAATTGGACTACATTAGAAAATATGTCAAATGTCTAACCCTGCATT
TATATTCTGGAATGTGACAGCTTATTTICTGTTCCAAATTTTGCACTGGAGATGGAGTAAGTCTTAATGCAAACTGC
ATGAAACTGCCACTTTTATAGGTCACACCCAGTCAATTGTCAGCAGTTACACATGGTTCAAACTGTAAGGTGTATG
CCCAATTGTAGCATTGAGATTCGTGGAGTTGTTGCAGTGGTICTGAATTTTICAAGCATGATACATAAAAAGATAA
ATGACTCITTIGATATTITCICCITGCATTIGATAGTTTGCCTGAAAACTAGATAAGCAGGGAGCCGGCAGTCCACGT
TAGCCCTTGAACTACATGAGGTTTAATTTATTTGCCCAACCAGAACCCTACACTACCTITTCAGCTGTGCAGTATTA
AAGTTTATTTAGGAGTTGATAAATAGCTTAGTGCAATGCTTICCTTTTTTCCAGTAGCTACATCCTCATAAACCTAT
TCTACCCTCCACCAGTTAATGCAGACAGAAGATTTTTATCCAGTATGAGCACTGAAACTCCACTGTGGAAGACTGT
GTGCTCAGCAAAAACCTCACCCATGATGAATAAACAGCTICTTICCGGGGGCTTTGCTGCCGCTGGCTCGGCAGGAGT
TGTTTATTGCCTGGTTTGCACATCCCATGATAAAGTTGCTGCTGAAATAAATTGCAGTITTITGCATAATTATTGACA
ATCACATCTTAACAAGCAATGTGTATCATATTCAAGTGTTCAATTITTITTAAARATCCATTTTTAGCTTATGTTTAAT
CCCAGAAAGTGTTTGTGTAGTAATAGAAGGCAAATAAGACATTTAAATAGAGTACTAATTTCCTCATTGCAGACAA
AGTTTACCTGAATCTTTTTCCATAGGACTGTTACTGCCTAAGGCAATTTITCCTTITCTAAGCTATTATTATATAGAT
ATTTGCTGAGGGCATATGTGTGTGTATCCACAATACATGCATTTTATATATATATATATATATATATATATGATCA
AAAATATGAATACATTTTTAGAGTTTITTGTCATGARAGAGTTITGTITTICATCTTITTAAAATATTACAGGAATGGGG
AAATGGGATATGGGTAGAAGGAACTAATGTTTTTGAGTAACTGTAATGTATAACTGTATAACGTGGGGCACTCAAC
TTCACAGGAATTTTTTATTTTAATTCTCATCACAGCAATAGATATTGCAGATGAGAAACTGAGAATCAGAGAGGGA
ACTTGCCATATCACGTAAGTGGTAAAGAACACTGGGAATTGAACTCAGATCTGCCTAGTTTTTAAAACTCTACTCT
TTTTCATTACACATAACATTTTTATTTTGGAAAATGTTCTCAGTTGTATGATCAAGTAGTTAAATATGAAACTAAC
ACAATAATTATAACTGATGTCATGCAAAATGATAGTTTGCACAAAATGATAGTTTCTATGAAATGTTATTTCTTTA
CTTGTITAAGTCTTTCTTCCTTTGCCCTCCAATCCCCTTCTTTITTIGICTTITTCCTCTAGTICTTITTCCTTTTGATTCT
AGGTTTGTATTTICTITGACTTTICICCTITGCATATCAAATCCTITGTITTICTGCCTICAGAGCAGCATCAAAGACAAG
CATGGTACAGGGATTTTAGGGTTTTAACTATAAAGGTTIGTICTCAAATTTGGCAGTATATTAAAAATAAGCTTTICA
AAATTGACCAACAAAAACTACAAAATTGAAAAAAAGGTACTTTGAACTTITCACATGTTCAAATATATGTATATATA
TTTCACATATATATATGAAACCTCCTCTGTGGAGAGGGGTTTATAGAAATCTGTAATTGTCATTCTTGCATGCCTT
CCCCCATACAAACGCCTTTAAGTTAAATAAAAATGAAAGTAAATAGACTGCACAATATTATAGTTGTTGCTTAAAG
GAAGAGCTGTAGCAACAACTCACCCCATTGTTGGTATATTACAATTTAGTTCCTCCATCTTTCTICTTTTITATGGAG

TTCACTAGGTGCACCATTCTGATATTTAATAATTGCATCTGAACATTITGGTCCTTTGCAG (SEQ ID NO: 770)

[000252] Homo sapiens dystrophin (DMD), intron 53 target sequence 1 (nucleotide
positions 1665236-1665285 of NCBI Reference Sequence: NG_012232.1)
GTTAGTATCAAAGATACCTTTTTAAAATAAAATACTGGTTACATTTGATA (SEQ ID NO: 771)
[000253] Homo sapiens dystrophin (DMD), intron 53 target sequence 2 (nucleotide
positions 1665342-1665385 of NCBI Reference Sequence: NG_012232.1)

ATCACGTTAAAGCTGARATGAACAGTAGACTTTGTATATTTATT (SEQ ID NO: 772)
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[000254] Homo sapiens dystrophin (DMD), intron 53 target sequence 3 (nucleotide
positions 1686260-1686309 of NCBI Reference Sequence: NG_012232.1)

ATGCTGCATTTGAARAAGTTTGTCCTGARAGGTGGGTTACCTTATACTIGTC (SEQ ID NO: 773)

[000255] Homo sapiens dystrophin (DMD), intron 53 target sequence 4 (nucleotide
positions 1686339-1686382 of NCBI Reference Sequence: NG_(012232.1)

AAGCAATCTAATATATGTATTCTGACCTGAGGATTCAGAAGCTG (SEQ ID NO: 774)

[000256] Homo sapiens dystrophin (DMD), intron 53 target sequence 5 (nucleotide

positions 1716498-1716747 of NCBI Reference Sequence: NG_012232.1)

GTTTATAGAAATCTGTAATTGTCATTCTTGCATGCCTTCCCCCATACAAACGCCTTTAAGTTARATAAARATGAAA
GTAAATAGACTGCACAATATTATAGTTGTTGCTTAAAGGAAGAGCTGTAGCAACAACTCACCCCATTGTTGGTATA
TTACAATTTAGTTCCTCCATCTTTICTCTTTTTATGGAGTTCACTAGGTGCACCATTCTGATATTTAATAATTGCAT
CTGAACATTTIGGTCCITTGCAG (SEQ ID NO: 775)

[000257] Homo sapiens dystrophin (DMD), intron 53/exon 54 junction (nucleotide
positions 1686464-1686495 of NCBI Reference Sequence: NG_012232.1)

AATTGCATCTGAACATTTGGTCCTTTGCAGCAGTTGGCCAAAGACCTCCGCCAGTGGCAG (SEQ ID NO: 776)

[000258] Homo sapiens dystrophin (DMD), transcript variant Dp427m, exon 54
(nucleotide positions 8117-8271 of NCBI Reference Sequence: NM_004006.2; nucleotide

positions 1686466-1686620 of NCBI Reference Sequence: NG_012232.1)

CAGTTGGCCAAAGACCTCCGCCAGTGGCAGACAAATGTAGATGTGGCARAATGACTTGGCCCTGAAACTTCTCCGGG
ATTATTCTGCAGATGATACCAGAAAAGTCCACATGATAACAGAGAATATCAATGCCTCTTGGAGAAGCATTCATAA

AAG (SEQ ID NO: 777)

[000259] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets a splicing feature in a DMD sequence (e.g., a DMD pre-mRNA). In
some embodiments, a splicing feature in a DMD sequence is an exonic splicing enhancer
(ESE), a branch point, a splice donor site, or a splice acceptor site in a DMD sequence. In some
embodiments, an ESE is in exon 53 of a DMD sequence (e.g., a DMD pre-mRNA). In some
embodiments, a branch point is in intron 52 or intron 53 of a DMD sequence (e.g., a DMD pre-
mRNA). In some embodiments, a splice donor site is across the junction of exon 52 and intron
52, in intron 52, across the junction of exon 53 and intron 53, or in intron 53 of a DMD
sequence (e.g., a DMD pre-mRNA). In some embodiments, a splice acceptor site is in intron
52, across the junction of intron 52 and exon 53, in intron 53, or across the junction of intron
53 and exon 54 of a DMD sequence (e.g., a DMD pre-mRNA). In some embodiments, the
oligonucleotide useful for targeting DMD promotes skipping of exon 53, such as by targeting a

splicing feature (e.g., an ESE, a branch point, a splice donor site, or a splice acceptor site) in a
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DMD sequence (e.g., a DMD pre-mRNA). Examples of ESEs, branch points, splice donor
sites, and splice acceptor sites are provided in Table 9.

[000260] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets an exonic splicing enhancer (ESE) in a DMD sequence. In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping) targets an
ESE in DMD exon 53 (e.g., an ESE listed in Table 9).

[000261] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 53) comprises a region of complementarity to a target
sequence comprising one or more full or partial ESEs of a DMD transcript (e.g., one or more
full or partial ESEs listed in Table 9). In some embodiments, the oligonucleotide comprises a
region of complementarity to a target sequence comprising one or more full or partial ESEs of
DMD exon 53. In some embodiments, the oligonucleotide comprises a region of
complementarity to a target sequence comprising one or more full or partial ESEs as set forth
in any one of SEQ ID NOs: 689-715. In some embodiments, the oligonucleotide comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8)
consecutive nucleotides of an ESE as set forth in any one of SEQ ID NOs: 689-715. In some
embodiments, the oligonucleotide comprises at least 4 (e.g., 4, 5, 6, 7, or 8) consecutive
nucleotides of an ESE antisense sequence as set forth in any one of SEQ ID NOs: 723-749.
[000262] In some embodiments, the oligonucleotide comprises a region of
complementarity to a target sequence comprising at least 6 (e.g., 6,7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, or more) nucleotides of one or more ESEs (e.g., 2, 3, 4, or more adjacent
ESEs) of DMD exon 53. In some embodiments, the oligonucleotide comprises a region of
complementarity to a target sequence comprising at least 6 (e.g., 6,7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, or more) nucleotides of one or more ESEs (e.g., 2, 3, 4, or more adjacent
ESEs) as set forth in any one of SEQ ID NOs: 689-715. In some embodiments, the
oligonucleotide comprises at least 6 (e.g., 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or
more) nucleotides of one or more ESE antisense sequences (e.g., antisense sequences of 2, 3, 4,
or more adjacent ESEs) as set forth in any one of SEQ ID NOs: 723-749.

[000263] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 53) is 18-35 nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8)
consecutive nucleotides of an ESE as set forth in any one of SEQ ID NOs: 689-715. In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such as for

skipping exon 53) is 20-30 (e.g., 20, 25, 30) nucleotides in length, and comprises a region of
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complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8) consecutive
nucleotides of an ESE as set forth in any one of SEQ ID NOs: 689-715. In some embodiments,
an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such as for skipping exon
53)is 20-25 (i.e., 20, 21, 22, 23, 24, or 25) nucleotides in length, and comprises a region of
complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8) consecutive
nucleotides of an ESE as set forth in any one of SEQ ID NOs: 689-715. In some embodiments,
an oligonucleotide useful for targeting DMD (e.g., for exon skipping) is 30 nucleotides in
length, and comprises a region of complementarity to a target sequence comprising at least 4
(e.g., 4,5, 6,7, or 8) consecutive nucleotides of an ESE as set forth in any one of SEQ ID NOs:
689-715.

[000264] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets a branch point in a DMD sequence. In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping) targets a branch point in
DMD intron 52 or intron 53 (e.g., a branch point listed in Table 9).

[000265] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 53) comprises a region of complementarity to a target
sequence comprising a full or partial branch point of a DMD transcript (e.g., a full or partial
branch point listed in Table 9). In some embodiments, the oligonucleotide comprises a region
of complementarity to a target sequence comprising a full or partial branch point of DMD
intron 52 or intron 53. In some embodiments, the oligonucleotide comprises a region of
complementarity to a target sequence comprising a full or partial branch point as set forth in
SEQ ID NO: 686, 687, or 717. In some embodiments, the oligonucleotide comprises a region
of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, or 7) consecutive
nucleotides of a branch point as set forth in SEQ ID NO: 686, 687, or 717. In some
embodiments, the oligonucleotide comprises at least 4 (e.g., 4, 5, 6, or 7) consecutive
nucleotides of a branch point antisense sequence as set forth in SEQ ID NO: 720, 721, or 751.
[000266] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 53) is 18-35 nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, or 7)
consecutive nucleotides of a branch point as set forth in SEQ ID NO: 686, 687, or 717. In
some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such
as for skipping exon 53) is 20-30 (e.g., 20, 25, 30) nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, or 7)

consecutive nucleotides of a branch point as set forth in SEQ ID NO: 686, 687, or 717. In
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some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such
as for skipping exon 53) is 20-25 (i.e., 20, 21, 22, 23, 24, or 25) nucleotides in length, and
comprises a region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6,
or 7) consecutive nucleotides of a branch point as set forth in SEQ ID NO: 686, 687, or 717. In
some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping) is
30 nucleotides in length, and comprises a region of complementarity to a target sequence
comprising at least 4 (e.g., 4, 5, 6, or 7) consecutive nucleotides of a branch point as set forth
in SEQ ID NO: 686, 687, or 717.

[000267] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets a splice donor site in a DMD sequence. In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping) targets a splice donor site
across the junction of exon 52 and intron 52, in intron 52, across the junction of exon 53 and
intron 53, or in intron 53 (e.g., a splice donor site listed in Table 9).

[000268] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 53) comprises a region of complementarity to a target
sequence comprising a full or partial splice donor site of a DMD transcript (e.g., a full or
partial splice donor site listed in Table 9). In some embodiments, the oligonucleotide
comprises a region of complementarity to a target sequence comprising a full or partial splice
donor site across the junction of exon 52 and intron 52, in intron 52, across the junction of
exon 53 and intron 53, or in intron 53 of DMD. In some embodiments, the oligonucleotide
comprises a region of complementarity to a target sequence comprising a full or partial splice
donor site as set forth in SEQ ID NO: 685 or 716. In some embodiments, the oligonucleotide
comprises a region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6,
7, or 8) consecutive nucleotides of a splice donor site as set forth in SEQ ID NO: 685 or 716.
In some embodiments, the oligonucleotide comprises at least 4 (e.g., 4, 5, 6, 7, or 8)
consecutive nucleotides of a splice donor site antisense sequence as set forth in SEQ ID NO:
719 or 750.

[000269] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 53) is 18-35 nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8)
consecutive nucleotides of a splice donor site as set forth in SEQ ID NO: 685 or 716. In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such as for
skipping exon 53) is 20-30 (e.g., 20, 25, 30) nucleotides in length, and comprises a region of

complementarity to a target sequence comprising at least4 (e.g., 4, 5, 6, 7, or 8) consecutive
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nucleotides of a splice donor site as set forth in SEQ ID NO: 685 or 716. In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such as for
skipping exon 53) is 20-25 (i.e., 20, 21, 22, 23, 24, or 25) nucleotides in length, and comprises
aregion of complementarity to a target sequence comprising at least 4 (e.g., 4, 5, 6, 7, or 8)
consecutive nucleotides of a splice donor site as set forth in SEQ ID NO: 685 or 716. In some
embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping) is 30
nucleotides in length, and comprises a region of complementarity to a target sequence
comprising at least 4 (e.g., 4, 5, 6, 7, or 8) consecutive nucleotides of a splice donor site as set
forth in SEQ ID NO: 685 or 716.

[000270] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) targets a splice acceptor site in a DMD sequence. In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping) targets a splice acceptor site
in intron 52, across the junction of intron 52 and exon 53, in intron 53, or across the junction of
intron 53 and exon 54 (e.g., a splice acceptor site listed in Table 9).

[000271] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 53) comprises a region of complementarity to a target
sequence comprising a full or partial splice acceptor site of a DMD transcript (e.g., a full or
partial splice acceptor site listed in Table 9). In some embodiments, the oligonucleotide
comprises a region of complementarity to a target sequence comprising a full or partial splice
acceptor site in intron 52, across the junction of intron 52 and exon 53, in intron 53, or across
the junction of intron 53 and exon 54 of DMD. In some embodiments, the oligonucleotide
comprises a region of complementarity to a target sequence comprising a full or partial splice
acceptor site as set forth in SEQ ID NO: 688 or 718. In some embodiments, the
oligonucleotide comprises a region of complementarity to a target sequence comprising at least
4(e.g.,4,5,6,7, 8, or 9) consecutive nucleotides of a splice acceptor site as set forth in SEQ
ID NO: 688 or 718. In some embodiments, the oligonucleotide comprises at least 4 (e.g., 4, 5,
6,7, 8, or 9) consecutive nucleotides of a splice acceptor site antisense sequence as set forth in
SEQ ID NO: 722 or 752.

[000272] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping, such as for skipping exon 53) is 18-35 nucleotides in length, and comprises a
region of complementarity to a target sequence comprising at least 4 (e.g., 4,5, 6,7, 8, or 9)
consecutive nucleotides of a splice acceptor site as set forth in SEQ ID NO: 688 or 718. In
some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such

as for skipping exon 53) is 20-30 (e.g., 20, 25, 30) nucleotides in length, and comprises a
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region of complementarity to a target sequence comprising at least 4 (e.g., 4,5, 6,7, 8, or 9)
consecutive nucleotides of a splice acceptor site as set forth in SEQ ID NO: 688 or 718. In
some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon skipping, such
as for skipping exon 53) 1s 20-25 (i.e., 20, 21, 22, 23, 24, or 25) nucleotides in length, and
comprises a region of complementarity to a target sequence comprising at least 4 (e.g., 4, 3, 6,
7, or 8) consecutive nucleotides of a splice acceptor site as set forth in SEQ ID NO: 688 or
718. In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon
skipping) is 30 nucleotides in length, and comprises a region of complementarity to a target
sequence comprising at least 4 (e.g., 4, 5, 6, 7, 8, or 9) consecutive nucleotides of a splice
acceptor site as set forth in SEQ ID NO: 688 or 718.

[000273] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a junction of an exon and an intron of
a DMD RNA (e.g., any one of the exon/intron junctions provided by SEQ ID NOs: 753, 761,
768, and 776). In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to at least 10 (e.g., 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or more) consecutive nucleosides of a junction of an
exon and an intron of a DMD RNA (e.g., any one of the exon/intron junctions provided by
SEQ ID NOs: 753, 761, 768, and 776). In some embodiments, an oligonucleotide useful for
targeting DMD (e.g., for exon skipping) is complementary to any one of SEQ ID NOs: 753,
761, 768, and 776.

[000274] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
(e.g., a target sequence provided by any one of SEQ ID NOs: 755-760, 763-767, 771-775, and
769). In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for exon
skipping) comprises a region of complementarity to at least 10 (e.g., 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, or more) consecutive nucleosides of a target sequence of a
DMD RNA (e.g., a target sequence provided by any one of SEQ ID NOs: 755-760, 763-767,
771-775, and 769). In some embodiments, an oligonucleotide useful for targeting DMD (e.g.,
for exon skipping) is complementary to any one of SEQ ID NOs: 755-760, 763-767, 771-775,
and 769.

Table 9. Example target sequence motifs

SEQ Motif SEQ Motif
Location in DMD Type ID Sequence! ID Antisense
NO: q NO: | Sequence'

Across exon 52/intron 52

junction Splice Donor 685 AAGTAAGT 719 ACTTACTT
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SEQ Motif SEQ Motif
Location in DMD Type ID Sequence! ID Antisense
NO: q NO: | Sequence’
Intron 52 Branch Point 686 TTAAC 720 GTTAA
Intron 52 Branch Point | 687 TGTTGAT 721 | ATCAACA
Across ‘j‘f};";lii/ exon 53 | gilice Acceptor | 688 | TATTCTAGT | 722 | ACTAGAATA
Exon 53 ESE 689 | GAATTCAG | 723 | CTGAATIC
Exon 53 ESE 690 TCAGTGG 724 | CCACTGA
Exon 53 ESE 691 CAGTGGG | 725 | CCCACTG
Exon 53 ESE 692 GTACAAG 726 | CTTGTAC
Exon 53 ESE 693 TCAGAAC 727 | GTTCTGA
Exon 53 ESE 694 AACCGGA 728 | TCCGGTT
Exon 53 ESE 695 CGGAGGC 729 | GCCTCCG
Exon 53 ESE 696 TTAAAGG 730 | CCTTTAA
Exon 53 ESE 697 | GGATTCAA | 731 | TTGAATCC
Exon 53 ESE 698 ACAATGG | 732 | CCATTGT
Exon 53 ESE 699 | GGCTGGAA | 733 | TTCCAGCC
Exon 53 ESE 700 CTAAGGA 734 | TCCTTAG
Exon 53 ESE 701 CTGAGCA 735 | TGCTCAG
Exon 53 ESE 702 AGCAGGT 736 | ACCTGCT
Exon 53 ESE 703 TCTTAGG 737 | CCTAAGA
Exon 53 ESE 704 CTTAGGA 738 | TCCTAAG
Exon 53 ESE 705 GGACAGG | 739 | CCTGICC
Exon 53 ESE 706 GACAGGC 740 | GCCTGTC
Exon 53 ESE 707 | GGCCAGAG | 741 | CTCTGGCC
Exon 53 ESE 708 CCAGAGC 742 | GCTCTIGG
Exon 53 ESE 709 TGAGTC 743 GACTCA
Exon 53 ESE 710 AGGAGGG | 744 | CCCTCCT
Exon 53 ESE 711 GGTCCCTA | 745 | TAGGGACC
Exon 53 ESE 712 ACAGTAG | 746 | CTACTGT
Exon 53 ESE 713 CCAAAAG | 747 | CITTIGG
Exon 53 ESE 714 TCACAGA 748 | TCTGIGA
Exon 53 ESE 715 CACAGA 749 TCTGTG
Across e;}‘;‘; giﬁmmn 3| SpliceDonor | 716 | AGGTTAGT | 750 | ACTAACCT
Tntron 53 Branch Point | 717 TTCTGAT 751 | ATCAGAA
Across ir.ltron.53/exon >4 Splice Acceptor 718 | TCCTTTGCAGC | 752 GCTGCAAAG
junction GA

t Each thymine base (T) in any one of the sequences provided in Table 9 may independently and optionally be
replaced with a uracil base (U). Motif sequences and antisense sequences listed in Table 9 contain T°s, but

binding of a motif sequence in RNA and/or DNA is contemplated.

[000275]

In some embodiments, any one of the oligonucleotides useful for targeting

DMD (e.g., for exon skipping) is a phosphorodiamidate morpholino oligomer (PMO).

[000276]

In some embodiments, the oligonucleotide may have region of complementarity

to a mutant DMD allele, for example, a DMD allele with at least one mutation in any of exons

1-79 of DMD in humans that leads to a frameshift and improper RNA splicing/processing.

[000277]

as sodium, potassium, or magnesium salts.
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[000278] In some embodiments, the 5’ or 3’ nucleoside (e.g., terminal nucleoside) of any
one of the oligonucleotides described herein is conjugated to an amine group, optionally via a
spacer. In some embodiments, the spacer comprises an aliphatic moiety. In some
embodiments, the spacer comprises a polyethylene glycol moiety. In some embodiments, a
phosphodiester linkage is present between the spacer and the 5° or 3’ nucleoside of the
oligonucleotide. In some embodiments, the 5’ or 3’ nucleoside (e.g., terminal nucleoside) of
any of the oligonucleotides described herein is conjugated to a spacer that is a substituted or
unsubstituted aliphatic, substituted or unsubstituted heteroaliphatic, substituted or unsubstituted
carbocyclylene, substituted or unsubstituted heterocyclylene, substituted or unsubstituted
arylene, substituted or unsubstituted heteroarylene, -O-, -N(R?)-, -S-, -C(=0)-, -C(=0)0-, -
C(=0)NRA-, -NR*C(=0)-, -NRAC(=0)R*-, -C(=O)R*-, -NRAC(=0)O-, -NR*C(=0)N(R*)-, -
OC(=0)-, -0OC(=0)0-, -OC(=0)N(RA)-, -S(0)NR*-, -NRAS(O)2-, or a combination thereof;
each R* is independently hydrogen or substituted or unsubstituted alkyl. In certain
embodiments, the spacer is a substituted or unsubstituted alkylene, substituted or unsubstituted
heterocyclylene, substituted or unsubstituted heteroarylene, -O-, -N(R*)-, or -C(=0)N(R?),, or
a combination thereof.

[000279] In some embodiments, the 5° or 3’ nucleoside of any one of the oligonucleotides
described herein is conjugated to a compound of the formula -NH2-(CH2)a-, wherein n is an
integer from 1 to 12. In some embodiments, nis 6,7, 8,9, 10, 11, or 12. In some
embodiments, a phosphodiester linkage is present between the compound of the formula NH3-
(CHz2)y- and the 5° or 3’ nucleoside of the oligonucleotide. In some embodiments, a compound
of the formula NH»-(CHz)s- is conjugated to the oligonucleotide via a reaction between 6-
amino-1-hexanol (NH2-(CH2)s-OH) and the 5’ phosphate of the oligonucleotide.

[000280] In some embodiments, the oligonucleotide is conjugated to a targeting agent,

e.g., a muscle targeting agent such as an anti-TfR1 antibody, e.g., via the amine group.

a. Oligonucleotide Size/Sequence
[000281] Oligonucleotides may be of a variety of different lengths, e.g., depending on the
format. In some embodiments, an oligonucleotide is 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 75, or more nucleotides in length.
In some embodiments, the oligonucleotide is 8 to 50 nucleotides in length, 8 to 40 nucleotides
in length, 8 to 30 nucleotides in length, 10 to 15 nucleotides in length, 10 to 20 nucleotides in
length, 15 to 25 nucleotides in length, 21 to 23 nucleotides in lengths, 20 to 25 nucleotides in

length, etc.
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[000282] In some embodiments, a nucleic acid sequence of an oligonucleotide for
purposes of the present disclosure is “complementary” to a target nucleic acid when it is
specifically hybridizable to the target nucleic acid. In some embodiments, an oligonucleotide
hybridizing to a target nucleic acid (e.g., an mRNA or pre-mRNA molecule) results in
modulation of activity or expression of the target (e.g., decreased mRNA translation, altered
pre-mRNA splicing, exon skipping, target mRNA degradation, etc.). In some embodiments, a
nucleic acid sequence of an oligonucleotide has a sufficient degree of complementarity to its
target nucleic acid such that it does not hybridize non-target sequences under conditions in
which avoidance of non-specific binding is desired, e.g., under physiological conditions.
Thus, in some embodiments, an oligonucleotide may be at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% complementary to the consecutive nucleotides of a
target nucleic acid. In some embodiments a complementary nucleotide sequence need not be
100% complementary to that of its target to be specifically hybridizable or specific for a target
nucleic acid. In certain embodiments, oligonucleotides comprise one or more mismatched
nucleobases relative to the target nucleic acid. In certain embodiments, activity relating to the
target is reduced by such mismatch, but activity relating to a non-target is reduced by a greater
amount (i.e., selectivity for the target nucleic acid is increased and off-target effects are
decreased).

[000283] In some embodiments, an oligonucleotide comprises region of complementarity
to a target nucleic acid that is in the range of 8 to 15, 8 to 30, 8 to 40, or 10 to 50, or 5 to 50, 15
to 20, 20 to 25, or 5 to 40 nucleotides in length. In some embodiments, a region of
complementarity of an oligonucleotide to a target nucleic acid is 5, 6,7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40, 41, 42,43, 44, 45, 46, 47, 48, 49, or 50 nucleotides in length. In some embodiments,
the region of complementarity is complementary with at least 8 consecutive nucleotides of a
target nucleic acid. In some embodiments, an oligonucleotide may contain 1, 2 or 3 base
mismatches compared to the portion of the consecutive nucleotides of target nucleic acid. In
some embodiments the oligonucleotide may have up to 3 mismatches over 15 bases, or up to 2
mismatches over 10 bases.

[000284] In some embodiments, the oligonucleotide is complementary (e.g., at least 85%
at least 90%, at least 95%, or 100%) to a target sequence of the any one of the oligonucleotides
described herein (e.g., the oligonucleotides listed in Table 8). In some embodiments, the

oligonucleotide is complementary (e.g., at least 85% at least 90%, at least 95%, or 100%) to a
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target sequence of the any one of the oligonucleotides provided by SEQ ID NO: 335-684. In
some embodiments, such target sequence is 100% complementary to an oligonucleotide listed
in Table 8. In some embodiments, such target sequence is 100% complementary to an
oligonucleotide provided by SEQ ID NO: 335-684. In some embodiments, the oligonucleotide
is complementary (e.g., at least 85% at least 90%, at least 95%, or 100%) to a target sequence
provided herein (e.g., a target sequence listed in Table 8). In some embodiments, the
oligonucleotide is complementary (e.g., at least 85% at least 90%, at least 95%, or 100%) to
any one of SEQ ID NO: 160-334.

[000285] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
(e.g., a target sequence provided by any one of SEQ ID NOs: 160-334). In some embodiments,
an oligonucleotide useful for targeting DMD (e.g., for exon skipping) comprises a region of
complementarity to at least 8 (e.g., 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, or more) consecutive nucleosides of a target sequence of a DMD RNA (e.g., a target
sequence provided by any one of SEQ ID NOs: 160-334). In some embodiments, an
oligonucleotide useful for targeting DMD (e.g., for exon skipping) is complementary to any
one of SEQ ID NOs: 160-334.

[000286] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence comprising at least 8 (e.g., 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, or more) consecutive nucleobases of a DMD-targeting
sequence provided herein (e.g., an antisense sequence listed in Table 8). In some embodiments,
the oligonucleotide comprises a sequence comprising at least 8 (e.g., 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or more) consecutive nucleobases of any one of SEQ
ID NOs: 335-684. In some embodiments, the oligonucleotide comprises the sequence of any
one of SEQ ID NOs: 335-684.

[000287] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
(e.g., a target sequence provided by any one of SEQ ID NOs: 212, 206, 224, 277, 214, 209,
207, 208, and 205). In some embodiments, an oligonucleotide useful for targeting DMD (e.g.,
for exon skipping) comprises a region of complementarity to at least 8 (e.g., 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or more) consecutive nucleosides of a target
sequence of a DMD RNA (e.g., a target sequence provided by any one of SEQ ID NOs: 212,
206, 224,277, 214, 209, 207, 208, and 205). In some embodiments, an oligonucleotide useful
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for targeting DMD (e.g., for exon skipping) is complementary to any one of SEQ ID NOs: 212,
206, 224, 271, 214, 209, 207, 208, and 205.

[000288] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
provided by any one of SEQ ID NOs: 212, 224, and 209.

[000289] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
provided by any one of SEQ ID NOs: 206, 277, and 205.

[000290] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
provided by any one of SEQ ID NOs: 206, 224, and 209.

[000291] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
provided by any one of SEQ ID NOs: 214, 207, and 208.

[000292] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
provided by any one of SEQ ID NOs: 212, 206, and 209.

[000293] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
provided by any one of SEQ ID NOs: 214, 207, and 205.

[000294] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a region of complementarity to a target sequence of a DMD RNA
provided by any one of SEQ ID NOs: 277, 214, and 208.

[000295] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence comprising at least 8 (e.g., 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, or more) contiguous nucleobases of a DMD-targeting
sequence provided herein (e.g., a sequence of any one of SEQ ID NOs: 562, 556, 574, 627,
564, 559, 557, 558, and 555). In some embodiments, the oligonucleotide comprises at least 8
(e.g.,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or more) consecutive
nucleosides of a DMD-targeting sequence provided herein (e.g., a sequence of any one of SEQ
ID NOs: 562, 556, 574, 627, 564, 559, 557, 558, and 555). In some embodiments, the
oligonucleotide comprises the sequence of any one of SEQ ID NOs: 562, 556, 574, 627, 564,
559, 557, 558, and 555.
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[000296] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence of any one of SEQ ID NOs: 562, 574, and 559.
[000297] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence of any one of SEQ ID NOs: 556, 627, and 555.
[000298] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence of any one of SEQ ID NOs: 556, 574, and 559.
[000299] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence of any one of SEQ ID NOs: 564, 557, and 558.
[000300] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence of any one of SEQ ID NOs: 562, 556, and 559.
[000301] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence of any one of SEQ ID NOs: 564, 557, and 555.
[000302] In some embodiments, an oligonucleotide useful for targeting DMD (e.g., for
exon skipping) comprises a sequence of any one of SEQ ID NOs: 627, 564, and 558.
[000303] In some embodiments, it should be appreciated that methylation of the
nucleobase uracil at the C5 position forms thymine. Thus, in some embodiments, a nucleotide
or nucleoside having a C5 methylated uracil (or 5-methyl-uracil) may be equivalently
identified as a thymine nucleotide or nucleoside.
[000304] In some embodiments, any one or more of the thymine bases (T’s) in any one of
the oligonucleotides provided herein (e.g., the oligonucleotides listed in Table 8) may
independently and optionally be uracil bases (U’s), and/or any one or more of the U’s in the
oligonucleotides provided herein may independently and optionally be T’s. In some
embodiments, any one or more of the thymine bases (T’s) in any one of the oligonucleotides
provided by SEQ ID NOs: 510-684 or in an oligonucleotide complementary to any one of SEQ
ID NOs: 160-334 may optionally be uracil bases (U’s), and/or any one or more of the U’s in
the oligonucleotides may optionally be T’s. In some embodiments, any one or more of the
uracil bases (U’s) in any one of the oligonucleotides provided by SEQ ID NOs: 335-509 or in
an oligonucleotide complementary to any one of SEQ ID NOs: 160-334 may optionally be
thymine bases (T’s), and/or any one or more of the T’s in the oligonucleotides may optionally
be U’s.

b. Oligonucleotide Modifications:
[000305] The oligonucleotides described herein may be modified, e.g., comprise a
modified sugar moiety, a modified internucleoside linkage, a modified nucleotide or

nucleoside and/or (e.g., and) combinations thereof. In addition, in some embodiments,
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oligonucleotides may exhibit one or more of the following properties: do not mediate
alternative splicing; are not immune stimulatory; are nuclease resistant; have improved cell
uptake compared to unmodified oligonucleotides; are not toxic to cells or mammals; have
improved endosomal exit internally in a cell; minimizes TLR stimulation; or avoid pattern
recognition receptors. Any of the modified chemistries or formats of oligonucleotides
described herein can be combined with each other. For example, one, two, three, four, five, or
more different types of modifications can be included within the same oligonucleotide.
[000306] In some embodiments, certain nucleotide or nucleoside modifications may be
used that make an oligonucleotide into which they are incorporated more resistant to nuclease
digestion than the native oligodeoxynucleotide or oligoribonucleotide molecules; these
modified oligonucleotides survive intact for a longer time than unmodified oligonucleotides.
Specific examples of modified oligonucleotides include those comprising modified backbones,
for example, modified internucleoside linkages such as phosphorothioates, phosphotriesters,
methyl phosphonates, short chain alkyl or cycloalkyl intersugar linkages or short chain
heteroatomic or heterocyclic intersugar linkages. Accordingly, oligonucleotides of the
disclosure can be stabilized against nucleolytic degradation such as by the incorporation of a
modification, e.g., a nucleotide or nucleoside modification.
[000307] In some embodiments, an oligonucleotide may be of up to 50 or up to 100
nucleotides in length in which 2 to 10, 2 to 15,2 to 16,2 to 17,2 to 18,2 to 19, 2 to 20, 2 to
25, 2 to 30, 2 to 40, 2 to 45, or more nucleotides or nucleosides of the oligonucleotide are
modified nucleotides/nucleosides. The oligonucleotide may be of 8 to 30 nucleotides in length
in which2to 10,2to 15, 2to 16,2 to 17,2 to 18,2 to 19, 2 to 20, 2 to 25, 2 to 30 nucleotides
or nucleosides of the oligonucleotide are modified nucleotides/nucleosides. The
oligonucleotide may be of 8 to 15 nucleotides in length in which2to 4,2t05,2t06,2t0 7,2
t08,2t09,2to 10,2to 11, 2to 12,2 to 13, 2 to 14 nucleotides or nucleosides of the
oligonucleotide are modified nucleotides/nucleosides. Optionally, the oligonucleotides may
have every nucleotide or nucleoside except 1, 2, 3,4, 5,6, 7, 8,9, or 10
nucleotides/nucleosides modified. Oligonucleotide modifications are described further herein.
c. Modified Nucleosides
[000308] In some embodiments, the oligonucleotide described herein comprises at least
one nucleoside modified at the 2' position of the sugar. In some embodiments, an
oligonucleotide comprises at least one 2'-modified nucleoside. In some embodiments, all of the

nucleosides in the oligonucleotide are 2’-modified nucleosides.
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[000309] In some embodiments, the oligonucleotide described herein comprises one or
more non-bicyclic 2’-modified nucleosides, e.g., 2’-deoxy, 2’-fluoro (2°-F), 2’-O-methyl (2’-
0O-Me), 2’-O-methoxyethyl (2’-MOE), 2’-O-aminopropyl (2’-O-AP), 2’-O-
dimethylaminoethyl (2°-O-DMAGQOE), 2’-O-dimethylaminopropyl (2’-O-DMAP), 2’-O-
dimethylaminoethyloxyethyl (2’-O-DMAEOE), or 2’-O-N-methylacetamido (2’-O-NMA)
modified nucleoside.

[000310] In some embodiments, the oligonucleotide described herein comprises one or
more 2’-4’ bicyclic nucleosides in which the ribose ring comprises a bridge moiety connecting
two atoms in the ring, e.g., connecting the 2°-O atom to the 4°-C atom via a methylene (LNA)
bridge, an ethylene (ENA) bridge, or a (S)-constrained ethyl (cEt) bridge. Examples of LNAs
are described in International Patent Application Publication W(0O/2008/043753, published on
April 17, 2008, and entitled “RNA Antagonist Compounds For The Modulation Of PCSK9”,
the contents of which are incorporated herein by reference in its entirety. Examples of ENAs
are provided in International Patent Publication No. WO 2005/042777, published on May 12,
2005, and entitled “APP/ENA Antisense”; Morita et al., Nucleic Acid Res., Suppl 1:241-242,
2001; Surono et al., Hum. Gene Ther., 15:749-757, 2004; Koizumi, Curr. Opin. Mol. Ther.,
8:144-149, 2006 and Horie et al., Nucleic Acids Symp. Ser (Oxf), 49:171-172, 2005; the
disclosures of which are incorporated herein by reference in their entireties. Examples of cEt
are provided in US Patents 7,101,993; 7,399,845 and 7,569,686, each of which is herein
incorporated by reference in its entirety.

[000311] In some embodiments, the oligonucleotide comprises a modified nucleoside
disclosed in one of the following United States Patent or Patent Application Publications: US
Patent 7,399,845, issued on July 15, 2008, and entitled “6-Modified Bicyclic Nucleic Acid
Analogs”; US Patent 7,741,457, issued on June 22, 2010, and entitled “6-Modified Bicyclic
Nucleic Acid Analogs”; US Patent 8,022,193, issued on September 20, 2011, and entitled “6-
Modified Bicyclic Nucleic Acid Analogs”; US Patent 7,569,686, issued on August 4, 2009, and
entitled “Compounds And Methods For Synthesis Of Bicyclic Nucleic Acid Analogs”; US
Patent 7,335,765, issued on February 26, 2008, and entitled “Novel Nucleoside And
Oligonucleotide Analogues”; US Patent 7,314,923, issued on January 1, 2008, and entitled
“Novel Nucleoside And Oligonucleotide Analogues’; US Patent 7,816,333, issued on October
19, 2010, and entitled “Oligonucleotide Analogues And Methods Utilizing The Same” and US
Publication Number 2011/0009471 now US Patent 8,957,201, issued on February 17, 2015,
and entitled “Oligonucleotide Analogues And Methods Utilizing The Same”, the entire contents

of each of which are incorporated herein by reference for all purposes.
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[000312] In some embodiments, the oligonucleotide comprises at least one modified
nucleoside that results in an increase in Tm of the oligonucleotide in a range of 1°C, 2 °C, 3°C,
4 °C, or 5°C compared with an oligonucleotide that does not have the at least one modified
nucleoside. The oligonucleotide may have a plurality of modified nucleosides that result in a
total increase in Tm of the oligonucleotide in a range of 2 °C, 3 °C, 4 °C, 5 °C, 6 °C, 7 °C, 8
°C,9°C, 10°C, 15 °C, 20 °C, 25 °C, 30 °C, 35 °C, 40 °C, 45 °C or more compared with an
oligonucleotide that does not have the modified nucleoside.
[000313] The oligonucleotide may comprise a mix of nucleosides of different kinds. For
example, an oligonucleotide may comprise a mix of 2’-deoxyribonucleosides or
ribonucleosides and 2’-fluoro modified nucleosides. An oligonucleotide may comprise a mix
of deoxyribonucleosides or ribonucleosides and 2°-O-Me modified nucleosides. An
oligonucleotide may comprise a mix of 2’-fluoro modified nucleosides and 2’-O-Me modified
nucleosides. An oligonucleotide may comprise a mix of 2’-4’ bicyclic nucleosides and 2’-
MOE, 2’-fluoro, or 2°-O-Me modified nucleosides. An oligonucleotide may comprise a mix of
non-bicyclic 2’-modified nucleosides (e.g., 2’-MOE, 2’-fluoro, or 2’-O-Me) and 2’-4’ bicyclic
nucleosides (e.g., LNA, ENA, cEt).
[000314] The oligonucleotide may comprise alternating nucleosides of different kinds.
For example, an oligonucleotide may comprise alternating 2’-deoxyribonucleosides or
ribonucleosides and 2’-fluoro modified nucleosides. An oligonucleotide may comprise
alternating deoxyribonucleosides or ribonucleosides and 2’-O-Me modified nucleosides. An
oligonucleotide may comprise alternating 2’-fluoro modified nucleosides and 2’-O-Me
modified nucleosides. An oligonucleotide may comprise alternating 2°-4’ bicyclic nucleosides
and 2’-MOE, 2’-fluoro, or 2’-O-Me modified nucleosides. An oligonucleotide may comprise
alternating non-bicyclic 2’-modified nucleosides (e.g., 2’-MOE, 2’-fluoro, or 2’-O-Me) and 2’-
4’ bicyclic nucleosides (e.g., LNA, ENA, cEt).
[000315] In some embodiments, an oligonucleotide described herein comprises a 5'-
vinylphosphonate modification, one or more abasic residues, and/or one or more inverted
abasic residues.

d. Internucleoside Linkages / Backbones
[000316] In some embodiments, oligonucleotide may contain a phosphorothioate or other
modified internucleoside linkage. In some embodiments, the oligonucleotide comprises
phosphorothioate internucleoside linkages. In some embodiments, the oligonucleotide
comprises phosphorothioate internucleoside linkages between at least two nucleosides. In

some embodiments, the oligonucleotide comprises phosphorothioate internucleoside linkages
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between all nucleosides. For example, in some embodiments, oligonucleotides comprise
modified internucleoside linkages at the first, second, and/or (e.g., and) third internucleoside
linkage at the 5' or 3" end of the nucleotide sequence.
[000317] Phosphorus-containing linkages that may be used include, but are not limited to,
phosphorothioates, chiral phosphorothioates, phosphorodithioates, phosphotriesters,
aminoalkylphosphotriesters, methyl and other alkyl phosphonates comprising 3'alkylene
phosphonates and chiral phosphonates, phosphinates, phosphoramidates comprising 3'-amino
phosphoramidate and aminoalkylphosphoramidates, thionophosphoramidates,
thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates having normal
3'-5'linkages, 2'-5' linked analogs of these, and those having inverted polarity wherein the
adjacent pairs of nucleoside units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2'; see US patent nos.
3,687,808; 4,469,863; 4,476,301; 5,023,243; 5, 177,196; 5,188,897; 5,264,423; 5,276,019;
5,278,302; 5,286,717; 5,321,131; 5,399,676; 5,405,939; 5,453,496; 5,455, 233; 5.466,677,
5,476,925; 5,519,126; 5,536,821, 5,541,306; 5,550,111; 5,563, 253; 5,571,799; 5,587,361; and
5,625,050.
[000318] In some embodiments, oligonucleotides may have heteroatom backbones, such
as methylene(methylimino) or MMI backbones; amide backbones (see De Mesmaeker et al.
Ace. Chem. Res. 1995, 28:366-374); morpholino backbones (see Summerton and Weller, U.S.
Pat. No. 5,034,506); or peptide nucleic acid (PNA) backbones (wherein the phosphodiester
backbone of the oligonucleotide is replaced with a polyamide backbone, the nucleotides being
bound directly or indirectly to the aza nitrogen atoms of the polyamide backbone, see Nielsen
et al., Science 1991, 254, 1497).

e. Stereospecific Oligonucleotides
[000319] In some embodiments, internucleotidic phosphorus atoms of oligonucleotides
are chiral, and the properties of the oligonucleotides by adjusted based on the configuration of
the chiral phosphorus atoms. In some embodiments, appropriate methods may be used to
synthesize P-chiral oligonucleotide analogs in a stereocontrolled manner (e.g., as described in
Oka N, Wada T, Stereocontrolled synthesis of oligonucleotide analogs containing chiral
internucleotidic phosphorus atoms. Chem Soc Rev. 2011 Dec;40(12):5829-43.) In some
embodiments, phosphorothioate containing oligonucleotides comprise nucleoside units that are
joined together by either substantially all Sp or substantially all Rp phosphorothioate intersugar
linkages are provided. In some embodiments, such phosphorothioate oligonucleotides having
substantially chirally pure intersugar linkages are prepared by enzymatic or chemical synthesis,

as described, for example, in US Patent 5,587,261, issued on December 12, 1996, the contents
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of which are incorporated herein by reference in their entirety. In some embodiments, chirally
controlled oligonucleotides provide selective cleavage patterns of a target nucleic acid. For
example, in some embodiments, a chirally controlled oligonucleotide provides single site
cleavage within a complementary sequence of a nucleic acid, as described, for example, in US
Patent Application Publication 20170037399 A1, published on February 2, 2017, entitled
“CHIRAL DESIGN”, the contents of which are incorporated herein by reference in their
entirety.

f. Morpholinos
[000320] In some embodiments, the oligonucleotide may be a morpholino-based
compounds. Morpholino-based oligomeric compounds are described in Dwaine A. Braasch
and David R. Corey, Biochemistry, 2002, 41(14), 4503-4510); Genesis, volume 30, issue 3,
2001; Heasman, J., Dev. Biol., 2002, 243, 209-214; Nasevicius et al., Nat. Genet., 2000, 26,
216-220; Lacerra et al., Proc. Natl. Acad. Sci., 2000, 97, 9591-9596; and U.S. Pat. No.
5,034,506, issued Jul. 23, 1991. In some embodiments, the morpholino-based oligomeric
compound is a phosphorodiamidate morpholino oligomer (PMO) (e.g., as described in Iverson,
Curr. Opin. Mol. Ther., 3:235-238, 2001; and Wang et al., J. Gene Med., 12:354-364, 2010;
the disclosures of which are incorporated herein by reference in their entireties).

g Peptide Nucleic Acids (PNAs)
[000321] In some embodiments, both a sugar and an internucleoside linkage (the
backbone) of the nucleotide units of an oligonucleotide are replaced with novel groups. In
some embodiments, the base units are maintained for hybridization with an appropriate nucleic
acid target compound. One such oligomeric compound, an oligonucleotide mimetic that has
been shown to have excellent hybridization properties, is referred to as a peptide nucleic acid
(PNA). In PNA compounds, the sugar-backbone of an oligonucleotide is replaced with an
amide containing backbone, for example, an aminoethylglycine backbone. The nucleobases are
retained and are bound directly or indirectly to aza nitrogen atoms of the amide portion of the
backbone. Representative publication that report the preparation of PNA compounds include,
but are not limited to, US patent nos. 5,539,082; 5,714,331; and 5,719,262, each of which is
herein incorporated by reference. Further teaching of PNA compounds can be found in Nielsen
et al., Science, 1991, 254, 1497-1500.

h. Mixmers
[000322] In some embodiments, an oligonucleotide described herein may be a mixmer or
comprise a mixmer sequence pattern. In general, mixmers are oligonucleotides that comprise

both naturally and non-naturally occurring nucleosides or comprise two different types of non-
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naturally occurring nucleosides typically in an alternating pattern. Mixmers generally have
higher binding affinity than unmodified oligonucleotides and may be used to specifically bind
a target molecule, e.g., to block a binding site on the target molecule. Generally, mixmers do
not recruit an RNase to the target molecule and thus do not promote cleavage of the target
molecule. Such oligonucleotides that are incapable of recruiting RNase H have been described,
for example, see WO2007/112754 or WO2007/112753.

[000323] In some embodiments, the mixmer comprises or consists of a repeating pattern
of nucleoside analogues and naturally occurring nucleosides, or one type of nucleoside
analogue and a second type of nucleoside analogue. However, a mixmer need not comprise a
repeating pattern and may instead comprise any arrangement of modified nucleoside s and
naturally occurring nucleoside s or any arrangement of one type of modified nucleoside and a
second type of modified nucleoside. The repeating pattern, may, for instance be every second
or every third nucleoside is a modified nucleoside, such as LNA, and the remaining nucleoside
s are naturally occurring nucleosides, such as DNA, or are a 2' substituted nucleoside analogue
such as 2'-MOE or 2' fluoro analogues, or any other modified nucleoside described herein. It is
recognized that the repeating pattern of modified nucleoside, such as LNA units, may be
combined with modified nucleoside at fixed positions—e.g. at the 5' or 3’ termini.

[000324] In some embodiments, a mixmer does not comprise a region of more than 3,
more than 4, more than 3, or more than 2 consecutive naturally occurring nucleosides, such as
DNA nucleosides. In some embodiments, the mixmer comprises at least a region consisting of
at least two consecutive modified nucleosides, such as at least two consecutive LNAs. In some
embodiments, the mixmer comprises at least a region consisting of at least three consecutive
modified nucleoside units, such as at least three consecutive LNAs.

[000325] In some embodiments, the mixmer does not comprise a region of more than 7,
more than 6, more than 5, more than 4, more than 3, or more than 2 consecutive nucleoside
analogues, such as LNAs. In some embodiments, LNA units may be replaced with other
nucleoside analogues, such as those referred to herein.

[000326] Mixmers may be designed to comprise a mixture of affinity enhancing modified
nucleosides, such as in non-limiting example LNA nucleosides and 2’-O-Me nucleosides. In
some embodiments, a mixmer comprises modified internucleoside linkages (e.g.,
phosphorothioate internucleoside linkages or other linkages) between at least two, at least
three, at least four, at least five or more nucleosides.

[000327] A mixmer may be produced using any suitable method. Representative U.S.

patents, U.S. patent publications, and PCT publications that teach the preparation of mixmers
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include U.S. patent publication Nos. US20060128646, US20090209748, US20090298916,
US20110077288, and US20120322851, and U.S. patent No. 7687617.
[000328] In some embodiments, a mixmer comprises one or more morpholino
nucleosides. For example, in some embodiments, a mixmer may comprise morpholino
nucleosides mixed (e.g., in an alternating manner) with one or more other nucleosides (e.g.,
DNA, RNA nucleosides) or modified nucleosides (e.g., LNA, 2°-O-Me nucleosides).
[000329] In some embodiments, mixmers are useful for splice correcting or exon
skipping, for example, as reported in Touznik A., et al., LNA/DNA mixmer-based antisense
oligonucleotides correct alternative splicing of the SMN2 gene and restore SMN protein
expression in type 1 SMA fibroblasts Scientific Reports, volume 7, Article number: 3672
(2017), Chen S. et al., Synthesis of a Morpholino Nucleic Acid (MNA )-Uridine
Phosphoramidite, and Exon Skipping Using MNA/2'"-O-Methyl Mixmer Antisense
Oligonucleotide, Molecules 2016, 21, 1582, the contents of each which are incorporated herein
by reference.

I8 Multimers
[000330] In some embodiments, molecular payloads may comprise multimers (e.g.,
concatemers) of 2 or more oligonucleotides connected by a linker. In this way, in some
embodiments, the oligonucleotide loading of a complex can be increased beyond the available
linking sites on a targeting agent (e.g., available thiol sites on an antibody) or otherwise tuned
to achieve a particular payload loading content. Oligonucleotides in a multimer can be the
same or different (e.g., targeting different genes or different sites on the same gene or products
thereof).
[000331] In some embodiments, multimers comprise 2 or more oligonucleotides linked
together by a cleavable linker. However, in some embodiments, multimers comprise 2 or more
oligonucleotides linked together by a non-cleavable linker. In some embodiments, a multimer
comprises 2, 3, 4,5, 6,7, 8,9, 10 or more oligonucleotides linked together. In some
embodiments, a multimer comprises 2 to 5, 2 to 10 or 4 to 20 oligonucleotides linked together.
[000332] In some embodiments, a multimer comprises 2 or more oligonucleotides linked
end-to-end (in a linear arrangement). In some embodiments, a multimer comprises 2 or more
oligonucleotides linked end-to-end via an oligonucleotide based linker (e.g., poly-dT linker, an
abasic linker). In some embodiments, a multimer comprises a 5’ end of one oligonucleotide
linked to a 3’ end of another oligonucleotide. In some embodiments, a multimer comprises a
3’ end of one oligonucleotide linked to a 3’ end of another oligonucleotide. In some

embodiments, a multimer comprises a 5’ end of one oligonucleotide linked to a 5° end of

126



another oligonucleotide. Still, in some embodiments, multimers can comprise a branched
structure comprising multiple oligonucleotides linked together by a branching linker.
[000333] Further examples of multimers that may be used in the complexes provided
herein are disclosed, for example, in US Patent Application Number 2015/0315588 A1,
entitled Methods of delivering multiple targeting oligonucleotides to a cell using cleavable
linkers, which was published on November 5, 2015; US Patent Application Number
2015/0247141 A1, entitled Multimeric Oligonucleotide Compounds, which was published on
September 3, 2015, US Patent Application Number US 2011/0158937 A1, entitled
Immunostimulatory Oligonucleotide Multimers, which was published on June 30, 2011; and
US Patent Number 5,693,773, entitled Triplex-Forming Antisense Oligonucleotides Having
Abasic Linkers Targeting Nucleic Acids Comprising Mixed Sequences Of Purines And
Pyrimidines, which issued on December 2, 1997, the contents of each of which are

incorporated herein by reference in their entireties.

C. Linkers
[000334] Complexes described herein generally comprise a linker that covalently links
any one of the anti-TfR1 antibodies described herein to a molecular payload. A linker
comprises at least one covalent bond. In some embodiments, a linker may be a single bond,
e.g., a disulfide bond or disulfide bridge, that covalently links an anti-TfR1 antibody to a
molecular payload. However, in some embodiments, a linker may covalently link any one of
the anti-TfR1 antibodies described herein to a molecular payload through multiple covalent
bonds. In some embodiments, a linker may be a cleavable linker. However, in some
embodiments, a linker may be a non-cleavable linker. A linker is typically stable in vitro and
in vivo, and may be stable in certain cellular environments. Additionally, typically a linker
does not negatively impact the functional properties of either the anti-TfR1 antibody or the
molecular payload. Examples and methods of synthesis of linkers are known in the art (see,
e.g. Kline, T. et al. “Methods to Make Homogenous Antibody Drug Conjugates.”
Pharmaceutical Research, 2015, 32:11, 3480-3493.; Jain, N. et al. “Current ADC Linker
Chemistry” Pharm Res. 2015, 32:11, 3526-3540.; McCombs, J.R. and Owen, S.C. “Antibody
Drug Conjugates: Design and Selection of Linker, Payload and Conjugation Chemistry” AAPS
J. 2015, 17:2, 339-351.).
[000335] A linker typically will contain two different reactive species that allow for
attachment to both the anti-TfR1 antibody and a molecular payload. In some embodiments, the

two different reactive species may be a nucleophile and/or an electrophile. In some
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embodiments, a linker contains two different electrophiles or nucleophiles that are specific for
two different nucleophiles or electrophiles. In some embodiments, a linker is covalently linked
to an anti-TfR1 antibody via conjugation to a lysine residue or a cysteine residue of the anti-
TfR1 antibody. In some embodiments, a linker is covalently linked to a cysteine residue of an
anti-TfR1 antibody via a maleimide-containing linker, wherein optionally the maleimide-
containing linker comprises a maleimidocaproyl or maleimidomethyl cyclohexane-1-
carboxylate group. In some embodiments, a linker is covalently linked to a cysteine residue of
an anti-TfR1 antibody or thiol functionalized molecular payload via a 3-arylpropionitrile
functional group. In some embodiments, a linker is covalently linked to a lysine residue of an
anti-TfR1 antibody. In some embodiments, a linker is covalently linked to an anti-TfR 1
antibody and/or (e.g., and) a molecular payload, independently, via an amide bond, a
carbamate bond, a hydrazide, a triazole, a thioether, and/or a disulfide bond.

L Cleavable Linkers
[000336] A cleavable linker may be a protease-sensitive linker, a pH-sensitive linker, or a
glutathione-sensitive linker. These linkers are typically cleavable only intracellularly and are
preferably stable in extracellular environments, e.g., extracellular to a muscle cell.
[000337] Protease-sensitive linkers are cleavable by protease enzymatic activity. These
linkers typically comprise peptide sequences and may be 2-10 amino acids, about 2-5 amino
acids, about 5-10 amino acids, about 10 amino acids, about 5 amino acids, about 3 amino
acids, or about 2 amino acids in length. In some embodiments, a peptide sequence may
comprise naturally-occurring amino acids, e.g. cysteine, alanine, or non-naturally-occurring or
modified amino acids. Non-naturally occurring amino acids include B-amino acids, homo-
amino acids, proline derivatives, 3-substituted alanine derivatives, linear core amino acids, N-
methyl amino acids, and others known in the art. In some embodiments, a protease-sensitive
linker comprises a valine-citrulline or alanine-citrulline sequence. In some embodiments, a
protease-sensitive linker can be cleaved by a lysosomal protease, e.g. cathepsin B, and/or (e.g.,
and) an endosomal protease.
[000338] A pH-sensitive linker is a covalent linkage that readily degrades in high or low
pH environments. In some embodiments, a pH-sensitive linker may be cleaved at a pH in a
range of 4 to 6. In some embodiments, a pH-sensitive linker comprises a hydrazone or cyclic
acetal. In some embodiments, a pH-sensitive linker is cleaved within an endosome or a
lysosome.
[000339] In some embodiments, a glutathione-sensitive linker comprises a disulfide

moiety. In some embodiments, a glutathione-sensitive linker is cleaved by a disulfide
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exchange reaction with a glutathione species inside a cell. In some embodiments, the disulfide
moiety further comprises at least one amino acid, e.g., a cysteine residue.
[000340] In some embodiments, a linker comprises a valine-citrulline sequence (e.g., as

described in US Patent 6,214,345, incorporated herein by reference). In some embodiments,
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[000341] In some embodiments, after conjugation, a linker comprises a structure of:
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[000342] In some embodiments, before conjugation, a linker comprises a structure of:
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wherein n is any number from 0-10. In some embodiments, n is 3.

[000343] In some embodiments, a linker comprises a structure of:
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wherein n 1s any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4.

[0600344] In some embodiments, a linker comprises a structure of;
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wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4.

ii. Non-cleavable Linkers
[000345] In some embodiments, non-cleavable linkers may be used. Generally, a non-
cleavable linker cannot be readily degraded in a cellular or physiological environment. In
some embodiments, a non-cleavable linker comprises an optionally substituted alkyl group,
wherein the substitutions may include halogens, hydroxyl groups, oxygen species, and other
common substitutions. In some embodiments, a linker may comprise an optionally substituted
alkyl, an optionally substituted alkylene, an optionally substituted arylene, a heteroarylene, a
peptide sequence comprising at least one non-natural amino acid, a truncated glycan, a sugar or
sugars that cannot be enzymatically degraded, an azide, an alkyne-azide, a peptide sequence
comprising a LPXT sequence, a thioether, a biotin, a biphenyl, repeating units of polyethylene
glycol or equivalent compounds, acid esters, acid amides, sulfamides, and/or an alkoxy-amine
linker. In some embodiments, sortase-mediated ligation can be utilized to covalently link an

anti-TfR1 antibody comprising a LPXT sequence to a molecular payload comprising a (G)a

130



sequence (see, e.g. Proft T. Sortase-mediated protein ligation: an emerging biotechnology tool
for protein modification and immobilization. Biotechnol Lett. 2010, 32(1):1-10.).
[000346] In some embodiments, a linker may comprise a substituted alkylene, an
optionally substituted alkenylene, an optionally substituted alkynylene, an optionally
substituted cycloalkylene, an optionally substituted cycloalkenylene, an optionally substituted
arylene, an optionally substituted heteroarylene further comprising at least one heteroatom
selected from N, O, and S,; an optionally substituted heterocyclylene further comprising at
least one heteroatom selected from N, O, and S, an imino, an optionally substituted nitrogen
species, an optionally substituted oxygen species O, an optionally substituted sulfur species, or
a poly(alkylene oxide), e.g. polyethylene oxide or polypropylene oxide. In some
embodiments, a linker may be a non-cleavable N-gamma-maleimidobutyryl-oxysuccinimide
ester (GMBY) linker.

iiil. Linker conjugation
[000347] In some embodiments, a linker is covalently linked to an anti-TfR1 antibody
and/or (e.g., and) molecular payload via a phosphate, thioether, ether, carbon-carbon,
carbamate, or amide bond. In some embodiments, a linker is covalently linked to an
oligonucleotide through a phosphate or phosphorothioate group, e.g. a terminal phosphate of
an oligonucleotide backbone. In some embodiments, a linker is covalently linked to an anti-
TfR1 antibody, through a lysine or cysteine residue present on the anti-TfR1 antibody.
[000348] In some embodiments, a linker, or a portion thereof is covalently linked to an
anti-TfR1 antibody and/or (e.g., and) molecular payload by a cycloaddition reaction between
an azide and an alkyne to form a triazole, wherein the azide or the alkyne may be located on
the anti-TfR1 antibody, molecular payload, or the linker. In some embodiments, an alkyne
may be a cyclic alkyne, e.g., a cyclooctyne. In some embodiments, an alkyne may be
bicyclononyne (also known as bicyclo[6.1.0]nonyne or BCN) or substituted bicyclononyne. In
some embodiments, a cyclooctyne is as described in International Patent Application
Publication W0O2011136645, published on November 3, 2011, entitled, “Fused Cyclooctyne
Compounds And Their Use In Metal-free Click Reactions”. In some embodiments, an azide
may be a sugar or carbohydrate molecule that comprises an azide. In some embodiments, an
azide may be 6-azido-6- deoxygalactose or 6-azido-N-acetylgalactosamine. In some
embodiments, a sugar or carbohydrate molecule that comprises an azide is as described in
International Patent Application Publication W0O2016170186, published on October 27, 2016,
entitled, “Process For The Modification Of A Glycoprotein Using A Glycosyltransferase That

Is Or Is Derived From A p(1,4)-N-Acetylgalactosaminyltransferase”. In some embodiments, a
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cycloaddition reaction between an azide and an alkyne to form a triazole, wherein the azide or
the alkyne may be located on the anti-TfR1 antibody, molecular payload, or the linker is as
described in International Patent Application Publication W02014065661, published on May
1, 2014, entitled, “Modified antibody, antibody-conjugate and process for the preparation
thereof”; or International Patent Application Publication W02016170186, published on
October 27, 2016, entitled, “Process For The Modification Of A Glycoprotein Using A
Glycosyltransferase That Is Or Is Derived From A p(1,4)-N-Acetylgalactosaminyltransferase”.
[000349] In some embodiments, a linker comprises a spacer, e.g., a polyethylene glycol
spacer or an acyl/carbomoyl sulfamide spacer, e.g., a HydraSpace™ spacer. In some
embodiments, a spacer is as described in Verkade, JM.M. et al., “A Polar Sulfamide Spacer
Significantly Enhances the Manufacturability, Stability, and Therapeutic Index of Antibody-
Drug Conjugates”, Antibodies, 2018, 7, 12.

[000350] In some embodiments, a linker is covalently linked to an anti-TfR1 antibody
and/or (e.g., and) molecular payload by the Diels-Alder reaction between a dienophile and a
diene/hetero-diene, wherein the dienophile or the diene/hetero-diene may be located on the
anti-TfR1 antibody, molecular payload, or the linker. In some embodiments a linker is
covalently linked to an anti-TfR1 antibody and/or (e.g., and) molecular payload by other
pericyclic reactions such as an ene reaction. In some embodiments, a linker is covalently
linked to an anti-TfR1 antibody and/or (e.g., and) molecular payload by an amide, thioamide,
or sulfonamide bond reaction. In some embodiments, a linker is covalently linked to an anti-
TfR1 antibody and/or (e.g., and) molecular payload by a condensation reaction to form an
oxime, hydrazone, or semicarbazide group existing between the linker and the anti-TfR1
antibody and/or (e.g., and) molecular payload.

[000351] In some embodiments, a linker is covalently linked to an anti-TfR1 antibody
and/or (e.g., and) molecular payload by a conjugate addition reaction between a nucleophile,
e.g. an amine or a hydroxyl group, and an electrophile, e.g. a carboxylic acid, carbonate, or an
aldehyde. In some embodiments, a nucleophile may exist on a linker and an electrophile may
exist on an anti-TfR1 antibody or molecular payload prior to a reaction between a linker and an
anti-TfR1 antibody or molecular payload. In some embodiments, an electrophile may exist on
a linker and a nucleophile may exist on an anti-TfR1 antibody or molecular payload prior to a
reaction between a linker and an anti-TfR1 antibody or molecular payload. In some
embodiments, an electrophile may be an azide, pentafluorophenyl, a silicon centers, a
carbonyl, a carboxylic acid, an anhydride, an isocyanate, a thioisocyanate, a succinimidyl ester,

a sulfosuccinimidy] ester, a maleimide, an alkyl halide, an alkyl pseudohalide, an epoxide, an
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episulfide, an aziridine, an aryl, an activated phosphorus center, and/or an activated sulfur
center. In some embodiments, a nucleophile may be an optionally substituted alkene, an
optionally substituted alkyne, an optionally substituted aryl, an optionally substituted
heterocyclyl, a hydroxyl group, an amino group, an alkylamino group, an anilido group, and/or
a thiol group.

[000352] In some embodiments, a linker comprises a valine-citrulline sequence
covalently linked to a reactive chemical moiety (e.g., an azide moiety or a BCN moiety for
click chemistry). In some embodiments, a linker comprising a valine-citrulline sequence
covalently linked to a reactive chemical moiety (e.g., an azide moiety for click chemistry)

comprises a structure of:
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wherein n is any number from 0-10. In some embodiments, n is 3.

[000353] In some embodiments, a linker comprising the structure of Formula (A) is
covalently linked (e.g., optionally via additional chemical moieties) to a molecular payload
(e.g., an oligonucleotide). In some embodiments, a linker comprising the structure of Formula
(A) is covalently linked to an oligonucleotide, e.g., through a nucleophilic substitution with
amine-L1-oligonucleotides forming a carbamate bond, yielding a compound comprising a

structure of:
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wherein n is any number from 0-10. In some embodiments, n is 3.
[000354] In some embodiments, the compound of Formula (B) is further covalently

linked via a triazole to additional moieties, wherein the triazole is formed by a click reaction
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between the azide of Formula (A) or Formula (B) and an alkyne provided on a bicyclononyne.

In some embodiments, a compound comprising a bicyclononyne comprises a structure of:

F
Fj i :FO y H \
F OJ\/\{O/\,}N O

F m\g/ H

wherein m is any number from 0-10. In some embodiments, m is 4.

©

[000355] In some embodiments, the azide of the compound of structure (B) forms a
triazole via a click reaction with the alkyne of the compound of structure (C), forming a

compound comprising a structure of:
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wherein n is any number from 0-10, and wherein m is any number from 0-10. In some
embodiments, n is 3 and m is 4.
[000356] In some embodiments, the compound of structure (D) is further covalently

linked to a lysine of the anti-TfR1 antibody, forming a complex comprising a structure of:
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wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4. It should be understood that the amide shown
adjacent the anti-TfR1 antibody in Formula (E) results from a reaction with an amine of the

anti-TfR1 antibody, such as a lysine epsilon amine.
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[000357] In some embodiments, the compound of Formula (C) is further covalently

linked to a lysine of the anti-TfR1 antibody, forming a compound comprising a structure of:
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wherein m is 0-15 (e.g., 4). It should be understood that the amide shown adjacent the anti-
TfR1 antibody in Formula (F) results from a reaction with an amine of the anti-TfR1 antibody,
such as a lysine epsilon amine.

[000358] In some embodiments, the azide of the compound of structure (B) forms a

triazole via a click reaction with the alkyne of the compound of structure (F), forming a

complex comprising a structure of:
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wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4. It should be understood that the amide shown
adjacent the anti-TfR1 antibody in Formula (E) results from a reaction with an amine of the
anti-TfR1 antibody, such as a lysine epsilon amine.
[000359] In some embodiments, the azide of the compound of structure (A) forms a

triazole via a click reaction with the alkyne of the compound of structure (F), forming a

compound comprising a structure of:
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wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4. In some embodiments, an oligonucleotide is
covalently linked to a compound comprising a structure of formula (G), thereby forming a
complex comprising a structure of formula (E). It should be understood that the amide shown
adjacent the anti-TfR1 antibody in Formula (G) results from a reaction with an amine of the
anti-TfR1 antibody, such as a lysine epsilon amine.

[000360] In some embodiments, in any one of the complexes described herein, the anti-
TfR1 antibody is covalently linked via a lysine of the anti-TfR1 antibody to a molecular

payload (e.g., an oligonucleotide) via a linker comprising a structure of:
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wherein n is any number from 0-10, wherein m is any number from 0-10. In some

embodiments, n is 3 and/or (e.g., and) m is 4.
[000361] In some embodiments, in any one of the complexes described herein, the anti-
TfR1 antibody is covalently linked via a lysine of the anti-TfR1 antibody to a molecular

payload (e.g., an oligonucleotide) via a linker comprising a structure of:
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wherein n is any number from 0-10, wherein m is any number from 0-10. In some
embodiments, n is 3 and/or (e.g., and) m is 4.
[000362] In some embodiments, in formulae (B), (D), (E), and (I), L1 is a spacer thatis a
substituted or unsubstituted aliphatic, substituted or unsubstituted heteroaliphatic, substituted
or unsubstituted carbocyclylene, substituted or unsubstituted heterocyclylene, substituted or
unsubstituted arylene, substituted or unsubstituted heteroarylene, -O-, -N(R#)-, -S-, -C(=0)-, -
C(=0)0-, -C(=0)NR*-, -NRAC(=0)-, -NRAC(=0)R*-, -C(=0)R*-, -NRAC(=0)0-, -
NRAC(=0)N(RA)-, -OC(=0)-, -OC(=0)0-, -OC(=0)N(R?)-, -S(0)2NRA-, -NRAS(0)s-, or a
combination thereof, wherein each R is independently hydrogen or substituted or

unsubstituted alkyl. In some embodiments, L1 is

A/\OW /\/\/O\/y Wo/y

wherein L2 is
A/\/\/O\/ ’ A/\o/\/o\/, N0 Y NSOy
\(\/\o/\/o\/’ O N

\(\/\/OW , L sl afie 4 or \(\/\/\/OY; wherein a labels

the site directly linked to the carbamate moiety of formulae (B), (D), (E), and (I); and b labels
the site covalently linked (directly or via additional chemical moieties) to the oligonucleotide.

[000363] In some embodiments, L1 is:
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wherein a labels the site directly linked to the carbamate moiety of formulae (B), (D), (E), and
(I); and b labels the site covalently linked (directly or via additional chemical moieties) to the

oligonucleotide.

[000364] In some embodiments, L1 is \(\/\/\)\

[000365] In some embodiments, L1 is linked to a 5° phosphate of the oligonucleotide. In
some embodiments, the phosphate is a phosphodiester. In some embodiments, L1 is linked to a
5’ phosphorothioate of the oligonucleotide. In some embodiments, L1 is linked to a 5’
phosphonoamidate of the oligonucleotide. In some embodiments, L1 is linked via a
phosphorodiamidate linkage to the 5’ end of the oligonucleotide.

[000366] In some embodiments, L1 is optional (e.g., need not be present).

[000367] In some embodiments, any one of the complexes described herein has a

structure of:
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wherein n is 0-15 (e.g., 3) and m is 0-15 (e.g., 4). It should be understood that the amide
shown adjacent the anti-TfR1 antibody in Formula (J) results from a reaction with an amine of
the anti-TfR1 antibody, such as a lysine epsilon amine.

[000368] In some embodiments, any one of the complexes described herein has a

structure of:
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wherein n is 0-15 (e.g., 3) and m is 0-15 (e.g., 4).
[000369] In some embodiments, the oligonucleotide is modified to comprise an amine

group at the 5’ end, the 3’ end, or internally (e.g., as an amine functionalized nucleobase), prior
to linking to a compound, e.g., a compound of formula (A) or formula (G).

[000370] Although linker conjugation is described in the context of anti-TfR1 antibodies
and oligonucleotide molecular payloads, it should be understood that use of such linker
conjugation on other muscle-targeting agents, such as other muscle-targeting antibodies, and/or

on other molecular payloads is contemplated.

D. Examples of Antibody-Molecular Payload Complexes
[000371] Further provided herein are non-limiting examples of complexes comprising
any one the anti-TfR1 antibodies described herein covalently linked to any of the molecular
payloads (e.g., an oligonucleotide) described herein. In some embodiments, the anti-TfR1
antibody (e.g., any one of the anti-TfR1 antibodies provided in Tables 2-7) is covalently linked
to a molecular payload (e.g., an oligonucleotide such as the oligonucleotides provided in Table
8) via a linker. Any of the linkers described herein may be used. In some embodiments, if the
molecular payload is an oligonucleotide, the linker is linked to the 5" end of the
oligonucleotide, the 3’ end of the oligonucleotide, or to an internal site of the oligonucleotide.
In some embodiments, the linker is linked to the anti-TfR1 antibody via a thiol-reactive linkage
(e.g., via a cysteine in the anti-TfR1 antibody). In some embodiments, the linker (e.g., a linker
comprising a valine-citrulline sequence) is linked to the antibody (e.g., an anti-TfR1 antibody
described herein) via an amine group (e.g., via a lysine in the antibody). In some embodiments,
the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting
oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334).
[000372] An example of a structure of a complex comprising an anti-TfR1 antibody

covalently linked to a molecular payload via a linker is provided below:
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wherein the linker is linked to the antibody via a thiol-reactive linkage (e.g., via a cysteine in
the antibody). In some embodiments, the molecular payload is a DMD-targeting
oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table 8, provided by any one
of SEQ ID NO: 335-684, or complementary to any one of SEQ ID NO: 160-334).
[000373] Another example of a structure of a complex comprising an anti-TfR1 antibody

covalently linked to a molecular payload via a linker is provided below:
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wherein n is a number between 0-10, wherein m is a number between 0-10, wherein the linker
is linked to the antibody via an amine group (e.g., on a lysine residue), and/or (e.g., and)
wherein the linker is linked to the oligonucleotide (e.g., at the 5° end, 3’ end, or internally). In
some embodiments, the linker is linked to the antibody via a lysine, the linker 1s linked to the
oligonucleotide at the 5’ end, n is 3, and m is 4. In some embodiments, the molecular payload
is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table &,
provided by any one of SEQ ID NO: 335-684, or complementary to any one of SEQ ID NO:
160-334). It should be understood that the amide shown adjacent the anti-TfR1 antibody in
Formula (E) results from a reaction with an amine of the anti-TfR1 antibody, such as a lysine
epsilon amine.

[000374] It should be appreciated that antibodies can be linked to molecular payloads
with different stoichiometries, a property that may be referred to as a drug to antibody ratios
(DAR) with the “drug” being the molecular payload. In some embodiments, one molecular

payload is linked to an antibody (DAR = 1). In some embodiments, two molecular payloads
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are linked to an antibody (DAR = 2). In some embodiments, three molecular payloads are
linked to an antibody (DAR = 3). In some embodiments, four molecular payloads are linked to
an antibody (DAR = 4). In some embodiments, a mixture of different complexes, each having
a different DAR, is provided. In some embodiments, an average DAR of complexes in such a
mixture may be in a range of 1to 3, 1 to 4, 1 to 5 or more. An average DAR of complexes in a
mixture need not be an integer value. DAR may be increased by conjugating molecular
payloads to different sites on an antibody and/or (e.g., and) by conjugating multimers to one or
more sites on antibody. For example, a DAR of 2 may be achieved by conjugating a single
molecular payload to two different sites on an antibody or by conjugating a dimer molecular
payload to a single site of an antibody.

[000375] In some embodiments, the complex described herein comprises an anti-TfR1
antibody described herein (e.g., the antibodies provided in Tables 2-7) covalently linked to a
molecular payload. In some embodiments, the complex described herein comprises an anti-
TfR1 antibody described herein (e.g., the antibodies provided in Tables 2-7) covalently linked
to molecular payload via a linker (e.g., a linker comprising a valine-citrulline sequence). In
some embodiments, the linker (e.g., a linker comprising a valine-citrulline sequence) is linked
to the antibody (e.g., an anti-TfR1 antibody described herein) via a thiol-reactive linkage (e.g.,
via a cysteine in the antibody). In some embodiments, the linker (e.g., a linker comprising a
valine-citrulline sequence) is linked to the antibody (e.g., an anti-TfR1 antibody described
herein) via an amine group (e.g., via a lysine in the antibody). In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
listed in Table 8, provided by any one of SEQ ID NO: 335-684, or complementary to any one
of SEQ ID NO: 160-334).

[000376] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
CDR-H1, a CDR-H2, a CDR-H3, a CDR-L1, a CDR-L2, and a CDR-L3 of any one of the
antibodies listed in Table 2. In some embodiments, the molecular payload is a DMD-targeting
oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table 8, provided by any one
of SEQ ID NO: 335-684, or complementary to any one of SEQ ID NO: 160-334).

[000377] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 69, SEQ ID NO: 71, or SEQ ID NO:
72, and a VL comprising the amino acid sequence of SEQ ID NO: 70. In some embodiments,
the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting
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oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334).

[000378] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 73 or SEQ ID NO: 76, and a VL
comprising the amino acid sequence of SEQ ID NO: 74. In some embodiments, the molecular
payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 335-684, or complementary to any one of SEQ
ID NO: 160-334).

[000379] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 73 or SEQ ID NO: 76, and a VL
comprising the amino acid sequence of SEQ ID NO: 75. In some embodiments, the molecular
payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 335-684, or complementary to any one of SEQ
ID NO: 160-334).

[000380] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 77, and a VL comprising the amino
acid sequence of SEQ ID NO: 78. In some embodiments, the molecular payload is a DMD-
targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table 8, provided by
any one of SEQ ID NO: 335-684, or complementary to any one of SEQ ID NO: 160-334).
[000381] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 77 or SEQ ID NO: 79, and a VL
comprising the amino acid sequence of SEQ ID NO: 80. In some embodiments, the molecular
payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 335-684, or complementary to any one of SEQ
ID NO: 160-334).

[000382] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
VH comprising the amino acid sequence of SEQ ID NO: 154, and a VL comprising the amino
acid sequence of SEQ ID NO: 155. In some embodiments, the molecular payload is a DMD-
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targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in Table 8, provided by
any one of SEQ ID NO: 335-684, or complementary to any one of SEQ ID NO: 160-334).
[000383] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 84, SEQ ID NO: 86 or SEQ
ID NO: 87 and a light chain comprising the amino acid sequence of SEQ ID NO: 85. In some
embodiments, the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-
targeting oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334).

[000384] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 88 or SEQ ID NO: 91, and a
light chain comprising the amino acid sequence of SEQ ID NO: 89. In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
listed in Table &, provided by any one of SEQ ID NO: 335-684, or complementary to any one
of SEQ ID NO: 160-334).

[000385] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 88 or SEQ ID NO: 91, and a
light chain comprising the amino acid sequence of SEQ ID NO: 90. In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
listed in Table 8, provided by any one of SEQ ID NO: 335-684, or complementary to any one
of SEQ ID NO: 160-334).

[000386] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 92 or SEQ ID NO: 94, and a
light chain comprising the amino acid sequence of SEQ ID NO: 95. In some embodiments, the
molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide
listed in Table 8, provided by any one of SEQ ID NO: 335-684, or complementary to any one
of SEQ ID NO: 160-334).

[000387] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 92, and a light chain

comprising the amino acid sequence of SEQ ID NO: 93. In some embodiments, the molecular
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payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 335-684, or complementary to any one of SEQ
ID NO: 160-334).

[000388] In some embodiments, the complex described herein comprises an anti-T{R 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 156, and a light chain
comprising the amino acid sequence of SEQ ID NO: 157. In some embodiments, the molecular
payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 335-684, or complementary to any one of SEQ
ID NO: 160-334).

[000389] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 97, SEQ ID NO: 98, or SEQ
ID NO: 99 and a light chain comprising the amino acid sequence of SEQ ID NO: 85. In some
embodiments, the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-
targeting oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334).

[000390] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 100 or SEQ ID NO: 101 and
a light chain comprising the amino acid sequence of SEQ ID NO: 89. In some embodiments,
the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting
oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334).

[000391] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 100 or SEQ ID NO: 101 and
a light chain comprising the amino acid sequence of SEQ ID NO: 90. In some embodiments,
the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting
oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334).

[000392] In some embodiments, the complex described herein comprises an anti-TfR1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a

heavy chain comprising the amino acid sequence of SEQ ID NO: 102 and a light chain
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comprising the amino acid sequence of SEQ ID NO: 93. In some embodiments, the molecular
payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting oligonucleotide listed in
Table 8, provided by any one of SEQ ID NO: 335-684, or complementary to any one of SEQ
ID NO: 160-334).

[000393] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 102 or SEQ ID NO: 103 and
a light chain comprising the amino acid sequence of SEQ ID NO: 95. In some embodiments,
the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting
oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334).

[000394] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to a molecular payload, wherein the anti-TfR1 antibody comprises a
heavy chain comprising the amino acid sequence of SEQ ID NO: 158 or SEQ ID NO: 159 and
a light chain comprising the amino acid sequence of SEQ ID NO: 157. In some embodiments,
the molecular payload is a DMD-targeting oligonucleotide (e.g., a DMD-targeting
oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334).

[000395] In any of the example complexes described herein, in some embodiments, the
anti-TfR1 antibody is covalently linked to the molecular payload via a linker comprising a

structure of:
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wherein n is 3, m is 4.
[000396] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to the 5° end of a DMD-targeting oligonucleotide (e.g., a DMD-
targeting oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334) via a lysine in the anti-TfR1 antibody,
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wherein the anti-TfR1 antibody comprises a CDR-H1, a CDR-H2, a CDR-H3, a CDR-L1, a
CDR-L2, and a CDR-L3 of any one of the antibodies listed in Table 2, wherein the complex

has a structure of;
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wherein n is 3 and m is 4. It should be understood that the amide shown adjacent the anti-TfR1
antibody in Formula (E) results from a reaction with an amine of the anti-TfR1 antibody, such
as a lysine epsilon amine.
[000397] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to the 5° end of a DMD-targeting oligonucleotide (e.g., a DMD-
targeting oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334) via a lysine in the anti-TfR1 antibody,
wherein the anti-TfR1 antibody comprises a VH and VL of any one of the antibodies listed in
Table 3, wherein the complex has a structure of:

SL L1/oligonucleotide
o N7
H
H
N Q N\)\\N
H 1 N d/\/“\N : H
N~\\/\ - H e} )/
N

% d H
NH H
o} ¢ o)\NH2
HN’@L

antibody O ®
wherein n is 3 and m is 4. It should be understood that the amide shown adjacent the anti-TfR1
antibody in Formula (E) results from a reaction with an amine of the anti-TfR1 antibody, such
as a lysine epsilon amine.
[000398] In some embodiments, the complex described herein comprises an anti-TfR 1
antibody covalently linked to the 5° end of a DMD-targeting oligonucleotide (e.g., a DMD-
targeting oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334) via a lysine in the anti-TfR1 antibody,
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wherein the anti-TfR1 antibody comprises a heavy chain and light chain of any one of the

antibodies listed in Table 4, wherein the complex has a structure of:
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wherein n is 3 and m is 4. It should be understood that the amide shown adjacent the anti-TfR 1
antibody in Formula (E) results from a reaction with an amine of the anti-TfR1 antibody, such
as a lysine epsilon amine.

[000399] In some embodiments, the complex described herein comprises an anti-TfR1
Fab covalently linked to the 5’ end of a DMD-targeting oligonucleotide (e.g., a DMD-targeting
oligonucleotide listed in Table 8, provided by any one of SEQ ID NO: 335-684, or
complementary to any one of SEQ ID NO: 160-334) via a lysine in the anti-TfR1 antibody,
wherein the anti-TfR1 Fab comprises a heavy chain and light chain of any one of the

antibodies listed in Table 5, wherein the complex has a structure of:

(o] . .
)L _L1~oligonucleotide

N
gt
-0
N, Q n\)LN
QLI 'a ol
N H O
S0 i )/
NH HN
HN’é)(
antbody ~ ° ®
wherein n is 3 and m is 4. It should be understood that the amide shown adjacent the anti-TfR1

antibody in Formula (E) results from a reaction with an amine of the anti-TfR1 antibody, such

as a lysine epsilon amine.

[000400] In some embodiments, in any one of the examples of complexes described

herein, L1 is:
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wherein 12 is A/\O/\/Y, MO\/\'/, /\N\O/y,
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the site directly linked to the carbamate moiety of formulae (B), (D), (E), and (I); and b labels
the site covalently linked (directly or via additional chemical moieties) to the oligonucleotide.

[000401] In some embodiments, L1 is:

wherein a labels the site directly linked to the carbamate moiety of formulae (B), (D), (E), and
(I); and b labels the site covalently linked (directly or via additional chemical moieties) to the
oligonucleotide.

[000402] In some embodiments, L1 is linked to a 5° phosphate of the oligonucleotide. In
some embodiments, the phosphate is a phosphodiester. In some embodiments, L1 is linked to
a 5’ phosphorothioate of the oligonucleotide. In some embodiments, L1 is linked to a 5
phosphonoamidate of the oligonucleotide. In some embodiments, L1 is linked via a
phosphorodiamidate linkage to the 5’ end of the oligonucleotide.

[000403] In some embodiments, L1 is optional (e.g., need not be present).

III. Formulations
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[000404] Complexes provided herein may be formulated in any suitable manner.
Generally, complexes provided herein are formulated in a manner suitable for pharmaceutical
use. For example, complexes can be delivered to a subject using a formulation that minimizes
degradation, facilitates delivery and/or (e.g., and) uptake, or provides another beneficial
property to the complexes in the formulation. In some embodiments, provided herein are
compositions comprising complexes and pharmacentically acceptable carriers. Such
compositions can be suitably formulated such that when administered to a subject, either into
the immediate environment of a target cell or systemically, a sufficient amount of the
complexes enter target muscle cells. In some embodiments, complexes are formulated in
buffer solutions such as phosphate-buffered saline solutions, liposomes, micellar structures,
and capsids.

[000405] It should be appreciated that, in some embodiments, compositions may include
separately one or more components of complexes provided herein (e.g., muscle-targeting
agents, linkers, molecular payloads, or precursor molecules of any one of them).

[000406] In some embodiments, complexes are formulated in water or in an aqueous
solution (e.g., water with pH adjustments). In some embodiments, complexes are formulated
in basic buffered aqueous solutions (e.g., PBS). In some embodiments, formulations as
disclosed herein comprise an excipient. In some embodiments, an excipient confers to a
composition improved stability, improved absorption, improved solubility and/or (e.g., and)
therapeutic enhancement of the active ingredient. In some embodiments, an excipient is a
buffering agent (e.g., sodium citrate, sodium phosphate, a tris base, or sodium hydroxide) or a
vehicle (e.g., a buffered solution, petrolatum, dimethyl sulfoxide, or mineral oil).

[000407] In some embodiments, a complex or component thereof (e.g., oligonucleotide or
antibody) is lyophilized for extending its shelf-life and then made into a solution before use
(e.g., administration to a subject). Accordingly, an excipient in a composition comprising a
complex, or component thereof, described herein may be a lyoprotectant (e.g., mannitol,
lactose, polyethylene glycol, or polyvinyl pyrolidone), or a collapse temperature modifier (e.g.,
dextran, ficoll, or gelatin).

[000408] In some embodiments, a pharmaceutical composition is formulated to be
compatible with its intended route of administration. Examples of routes of administration
include parenteral, e.g., intravenous, intradermal, subcutaneous, administration. Typically, the
route of administration is intravenous or subcutaneous.

[000409] Pharmaceutical compositions suitable for injectable use include sterile aqueous

solutions (where water soluble) or dispersions and sterile powders for the extemporaneous
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preparation of sterile injectable solutions or dispersions. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof.
In some embodiments, formulations include isotonic agents, for example, sugars, polyalcohols
such as mannitol, sorbitol, and sodium chloride in the composition. Sterile injectable solutions
can be prepared by incorporating the complexes in a required amount in a selected solvent with
one or a combination of ingredients enumerated above, as required, followed by filtered
sterilization.

[000410] In some embodiments, a composition may contain at least about 0.1% of the
complex, or component thereof, or more, although the percentage of the active ingredient(s)
may be between about 1% and about 80% or more of the weight or volume of the total
composition. Factors such as solubility, bioavailability, biological half-life, route of
administration, product shelf life, as well as other pharmacological considerations will be
contemplated by one skilled in the art of preparing such pharmaceutical formulations, and as

such, a variety of dosages and treatment regimens may be desirable.

IV.  Methods of Use / Treatment

[000411] Complexes comprising a muscle-targeting agent covalently linked to a
molecular payload as described herein are effective in treating a subject having a
dystrophinopathy, e.g., Duchenne muscular dystrophy. In some embodiments, complexes
comprise a molecular payload that is an oligonucleotide, e.g., an antisense oligonucleotide that
facilitates exon skipping of a pre-mRNA expressed from a mutated DMD allele.

[000412] In some embodiments, a subject may be a human subject, a non-human primate
subject, a rodent subject, or any suitable mammalian subject. In some embodiments, a subject
may have Duchenne muscular dystrophy or other dystrophinopathy. In some embodiments, a
subject has a mutated DMD allele, which may optionally comprise at least one mutation in a
DMD exon that causes a frameshift mutation and leads to improper RNA splicing/processing.
In some embodiments, a subject is suffering from symptoms of a severe dystrophinopathy, e.g.
muscle atrophy or muscle loss. In some embodiments, a subject has an asymptomatic increase
in serum concentration of creatine phosphokinase (CK) and/or (e.g., and) muscle cramps with
myoglobinuria. In some embodiments, a subject has a progressive muscle disease, such as
Duchenne or Becker muscular dystrophy or DMD-associated dilated cardiomyopathy (DCM).

In some embodiments, a subject is not suffering from symptoms of a dystrophinopathy.
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[000413] In some embodiments, a subject has a mutation in a DMD gene that is amenable
to exon 53 skipping. In some embodiments, a complex comprising a muscle-targeting agent
covalently linked to a molecular payload as described herein is effective in treating a subject
having a mutation in a DMD gene that is amenable to exon 53 skipping. In some embodiments,
a complex comprises a molecular payload that is an oligonucleotide, e.g., an antisense
oligonucleotide that facilitates skipping of exon 53 of a pre-mRNA, such as in a pre-mRNA
encoded from a mutated DMD gene (e.g., a mutated DMD gene that is amenable to exon 53
skipping).

[000414] An aspect of the disclosure includes methods involving administering to a
subject an effective amount of a complex as described herein. In some embodiments, an
effective amount of a pharmaceutical composition that comprises a complex comprising a
muscle-targeting agent covalently linked to a molecular payload can be administered to a
subject in need of treatment. In some embodiments, a pharmaceutical composition comprising
a complex as described herein may be administered by a suitable route, which may include
intravenous administration, e.g., as a bolus or by continuous infusion over a period of time. In
some embodiments, administration may be performed by intramuscular, intraperitoneal,
intracerebrospinal, subcutaneous, intra-articular, intrasynovial, or intrathecal routes. In some
embodiments, a pharmaceutical composition may be in solid form, aqueous form, or a liquid
form. In some embodiments, an aqueous or liquid form may be nebulized or lyophilized. In
some embodiments, a nebulized or lyophilized form may be reconstituted with an aqueous or
liquid solution.

[000415] Compositions for intravenous administration may contain various carriers such
as vegetable oils, dimethylactamide, dimethyformamide, ethyl lactate, ethyl carbonate,
isopropyl myristate, ethanol, and polyols (glycerol, propylene glycol, liquid polyethylene
glycol, and the like). For intravenous injection, water soluble antibodies can be administered
by the drip method, whereby a pharmaceutical formulation containing the antibody and a
physiologically acceptable excipients is infused. Physiologically acceptable excipients may
include, for example, 5% dextrose, 0.9% saline, Ringer’s solution or other suitable excipients.
Intramuscular preparations, e.g., a sterile formulation of a suitable soluble salt form of the
antibody, can be dissolved and administered in a pharmaceutical excipient such as Water-for-
Injection, .9% saline, or 5% glucose solution.

[000416] In some embodiments, a pharmaceutical composition that comprises a complex
comprising a muscle-targeting agent covalently linked to a molecular payload is administered

via site-specific or local delivery techniques. Examples of these techniques include implantable
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depot sources of the complex, local delivery catheters, site specific carriers, direct injection, or
direct application.

[000417] In some embodiments, a pharmaceutical composition that comprises a complex
comprising a muscle-targeting agent covalently linked to a molecular payload is administered
at an effective concentration that confers therapeutic effect on a subject. Effective amounts
vary, as recognized by those skilled in the art, depending on the severity of the disease, unique
characteristics of the subject being treated, e.g., age, physical conditions, health, or weight, the
duration of the treatment, the nature of any concurrent therapies, the route of administration
and related factors. These related factors are known to those in the art and may be addressed
with no more than routine experimentation. In some embodiments, an effective concentration
is the maximum dose that is considered to be safe for the patient. In some embodiments, an
effective concentration will be the lowest possible concentration that provides maximum
efficacy.

[000418] Empirical considerations, e.g., the half-life of the complex in a subject,
generally will contribute to determination of the concentration of pharmaceutical composition
that is used for treatment. The frequency of administration may be empirically determined and
adjusted to maximize the efficacy of the treatment.

[000419] The efficacy of treatment may be assessed using any suitable methods. In some
embodiments, the efficacy of treatment may be assessed by evaluation of observation of
symptoms associated with a dystrophinopathy, e.g., muscle atrophy or muscle weakness,
through measures of a subject’s self-reported outcomes, e.g., mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression, or by quality-of-life indicators, e.g.,
lifespan.

[000420] In some embodiments, a pharmaceutical composition that comprises a complex
comprising a muscle-targeting agent covalently linked to a molecular payload described herein
is administered to a subject at an effective concentration sufficient to modulate activity or
expression of a target gene by at least 10%, at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 95% relative to a control,

e.g. baseline level of gene expression prior to treatment.

ADDITIONAL EMBODIMENTS
1. A complex comprising an anti-transferrin receptor 1 (TfR1) antibody covalently linked
to a molecular payload configured for inducing skipping of exon 53 in a DMD pre-mRNA,
wherein the anti-TfR 1 antibody is an antibody identified in any one of Tables 2-7.
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2. The complex of embodiment 1, wherein the anti-TfR1 antibody comprises:

(1) a heavy chain complementarity determining region 1 (CDR-H1) of SEQ ID NO: 33,
a heavy chain complementarity determining region 2 (CDR-H2) of SEQ ID NO: 34, a heavy
chain complementarity determining region 3 (CDR-H3) of SEQ ID NO: 35, a light chain
complementarity determining region 1 (CDR-L1) of SEQ ID NO: 36, a light chain
complementarity determining region 2 (CDR-L2) of SEQ ID NO: 37, and a light chain
complementarity determining region 3 (CDR-L3) of SEQ ID NO: 32;

(i1) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 8, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(iii) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 20, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(iv) a CDR-HI of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 24, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(v) aCDR-HI of SEQ ID NO: 51, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ
ID NO: 50;

(vi) a CDR-HI of SEQ ID NO: 64, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ
ID NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of
SEQ ID NO: 50; or

(vii) a CDR-HI of SEQ ID NO: 67, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ
ID NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of
SEQ ID NO: 50.

3. The complex of embodiment 1 or embodiment 2, wherein the anti-TfR1 antibody
comprises:

(1) a heavy chain variable region (VH) comprising an amino acid sequence at least 85%
identical to SEQ ID NO: 76; and/or a light chain variable region (V1) comprising an amino
acid sequence at least 85% identical to SEQ ID NO: 75;

(i1) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 69;
and/or a VL. comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;
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(ii1) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 71;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(iv) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 72;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(v) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(vi) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 75;

(vil) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO:
76; and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(viii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO:
77; and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 78;

(ix) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 79;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80; or

(x) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 77,
and/or a VL. comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80.

4. The complex of any one of embodiments 1 to 3, wherein the anti-TfR1 antibody
comprises:

(1) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;

(ii) a VH comprising the amino acid sequence of SEQ ID NO: 69 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(iii) a VH comprising the amino acid sequence of SEQ ID NO: 71and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(iv) a VH comprising the amino acid sequence of SEQ ID NO: 72 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(v) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 74;

(vi) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;

(vii) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL.
comprising the amino acid sequence of SEQ ID NO: 74;
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(viii) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL.
comprising the amino acid sequence of SEQ ID NO: 78;

(ix) a VH comprising the amino acid sequence of SEQ ID NO: 79 and a VL comprising
the amino acid sequence of SEQ ID NO: 80; or

(x) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: 80.

5. The complex of any one of embodiments 1 to 4, wherein the anti-TfR1 antibody is a

Fab fragment, a Fab' fragment, a F(ab")2 fragment, an scFv, an Fv, or a full-length IgG.

6. The complex of embodiment 5, wherein the anti-TfR1 antibody is a Fab fragment.

7. The complex of embodiment 6, wherein the anti-TfR1 antibody comprises:

(i) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 90;

(ii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 97; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(iii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 98; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(iv) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 99; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(v) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 8§9;

(vi) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 90;

(vii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to

SEQ ID NO: 89;
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(viii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 93;

(ix) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 103; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 95; or

(x) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to

SEQ ID NO: 95.

8. The complex of embodiment 6 or embodiment 7, wherein the anti-TfR1 antibody
comprises:

(1) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(ii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 97; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(i11) a heavy chain comprising the amino acid sequence of SEQ ID NO: 98; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(iv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 99; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(v) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 89;

(vi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(vii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a
light chain comprising the amino acid sequence of SEQ ID NO: 89;

(viii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a
light chain comprising the amino acid sequence of SEQ ID NO: 93;

(ix) a heavy chain comprising the amino acid sequence of SEQ ID NO: 103; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95; or

(x) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95.
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ol The complex of any one of embodiments 1 to 8, wherein the anti-TfR1 antibody does
not specifically bind to the transferrin binding site of the transferrin receptor 1 and/or wherein

the anti-TfR1 antibody does not inhibit binding of transferrin to the transferrin receptor 1.

10.  The complex of any one of embodiments 1 to 9, wherein the molecular payload

comprises an oligonucleotide.

11.  The complex of embodiment 10, wherein the oligonucleotide promotes antisense-

mediated exon skipping in the DMD pre-RNA.

12. The complex of embodiment 10 or 11, wherein the oligonucleotide comprises a region

of complementarity to a splicing feature of the DMD pre-mRNA.

13. The complex of embodiment 12, wherein the splicing feature is an exonic splicing

enhancer (ESE) of the DMD pre-mRNA.

14.  The complex of embodiment 13, wherein the splicing feature is in exon 53 of the DMD
pre-mRNA, optionally wherein the ESE comprises a sequence of any one of SEQ ID NOs:
689-715.

15.  The complex of embodiment 12, wherein the splicing feature is a branch point, a splice

donor site, or a splice acceptor site.

16.  The complex of embodiment 15, wherein the splicing feature is across the junction of
exon 52 and intron 52, in intron 52, across the junction of intron 52 and exon 53, across the
junction of exon 53 and intron 53, in intron 53, or across the junction of intron 53 and exon 54
of the DMD pre-mRNA, optionally wherein the splicing feature comprises a sequence of any

one of SEQ ID NOs: 685-688 and 716-718.
17.  The complex of any one of embodiments 12 to 16, wherein the region of

complementarity comprises at least 4 consecutive nucleosides complementary to the splicing

feature.
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18.  The complex of any one of embodiments 1 to 9, wherein the molecular payload
comprises an oligonucleotide comprising a sequence complementary to any one of SEQ ID
NOs: 160-334 or comprising a sequence of any one of SEQ ID NOs: 335-684, wherein each
thymine base (T) may independently and optionally be replaced with a uracil base (U), and
each U may independently and optionally be replaced with a T.

19.  The complex of any one of embodiments 1 to 9, wherein the molecular payload
comprises an oligonucleotide comprising a sequence of any one of SEQ ID NOs: 627, 562,
521, 559, 557, 558, 556, 555, and 574, wherein each thymine base (T) may independently and
optionally be replaced with a uracil base (U), and each U may independently and optionally be

replaced with a T.

20.  The complex of any one of embodiments 10 to 19, wherein the oligonucleotide

comprises at least one modified internucleoside linkage.

2]1.  The complex of embodiment 20, wherein the at least one modified internucleoside

linkage is a phosphorothioate linkage.

22.  The complex of any one of embodiments 10 to 21, wherein the oligonucleotide

comprises one or more modified nucleosides.

23.  The complex of embodiment 22, wherein the one or more modified nucleosides are 2’-

modified nucleosides.

24.  The complex of any one of embodiments 10 to 19, wherein the oligonucleotide
comprises one or more phosphorodiamidate morpholinos, optionally wherein the

oligonucleotide is a phosphorodiamidate morpholino oligomer (PMO).

25.  The complex of any one of embodiments 1 to 24, wherein the anti-TfR1 antibody is

covalently linked to the molecular payload via a cleavable linker.

26.  The complex of embodiment 25, wherein the cleavable linker comprises a valine-

citrulline sequence.
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27.  The complex of any one of embodiments 1 to 26, wherein the anti-TfR1 antibody is
covalently linked to the molecular payload via conjugation to a lysine residue or a cysteine

residue of the antibody.

28. A complex comprising an anti-TfR1 antibody covalently linked to an oligonucleotide
configured for inducing skipping of exon 53 in a DMD pre-mRNA, wherein the

oligonucleotide comprises a region of complementarity to any one of SEQ ID NOs: 160-334.

29.  The complex of embodiment 28, wherein the anti-TfR1 antibody is an antibody

identified in any one of Tables 2-7.

30. A complex comprising an anti-TfR1 antibody covalently linked to an oligonucleotide
configured for inducing skipping of exon 53 in a DMD pre-mRNA, wherein the

oligonucleotide comprises a region of complementarity to a splicing feature of the DMD pre-

mRNA.

31.  Anoligonucleotide that targets DMD, wherein the oligonucleotide comprises a region

of complementarity to any one of SEQ ID NOs: 160-334.

32.  The oligonucleotide of embodiment 31, wherein the region of complementarity

comprises at least 15 consecutive nucleosides complementary to any one of SEQ ID NOs: 160-

334.

33.  The oligonucleotide of embodiment 31 or 32, wherein the oligonucleotide comprises at
least 15 consecutive nucleosides of any one of SEQ ID NOs: 335-684, optionally wherein the
oligonucleotide comprises a sequence of any one of SEQ ID NOs: 335-684, wherein each
thymine base (T) may independently and optionally be replaced with a uracil base (U), and
each U may independently and optionally be replaced with a T.

34.  The oligonucleotide of embodiment 33, wherein the oligonucleotide comprises a
sequence of any one of SEQ ID NOs: 627, 562, 521, 559, 557, 558, 556, 555, and 574, wherein
each thymine base (T) may independently and optionally be replaced with a uracil base (U),
and each U may independently and optionally be replaced with a T.
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35. A method of delivering a molecular payload to a cell, the method comprising

contacting the cell with the complex of any one of embodiments 1 to 27.

36. A method of delivering an oligonucleotide to a cell, the method comprising contacting

the cell with the complex of any one of embodiments 28 to 30.

37. A method of promoting the expression or activity of a dystrophin protein in a cell, the
method comprising contacting the cell with the complex of any one of embodiments 1 to 27 in
an amount effective for promoting internalization of the molecular payload to the cell,

optionally wherein the cell is a muscle cell.
38. A method of promoting the expression or activity of a dystrophin protein in a cell, the
method comprising contacting the cell with the complex of any one of embodiments 28 to 30

in an amount effective for promoting internalization of the oligonucleotide to the cell,

optionally wherein the cell is a muscle cell.

39, The method of embodiment 37 or 38, wherein the cell is in vitro.

40. The method of embodiment 37 or 38, wherein the cell is in a subject.
41. The method of embodiment 40, wherein the subject is a human.

42.  The method of embodiment 41, wherein the subject has a DMD gene that is amenable

to skipping of exon 53.

43.  The method of any one of embodiments 37 to 42, wherein the dystrophin protein is a

truncated dystrophin protein.

44. A method of treating a subject having a mutated DMD allele that is associated with a
dystrophinopathy, the method comprising administering to the subject an effective amount of

the complex of any one of embodiments 1 to 30.
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45. A method of promoting skipping of exon 53 of a DMD pre-mRNA transcript in a cell,
the method comprising contacting the cell with an effective amount of the complex of any one

of embodiments 1 to 30.

46. A method of treating a subject having a mutated DMD allele that is associated with a
dystrophinopathy, the method comprising administering to the subject an effective amount of

the complex of any one of embodiments 1 to 30.

EXAMPLES
Example 1. Exon-skipping activity of anti-TfR1 antibody conjugates in Duchenne
muscular dystrophy patient myotubes
[000421] In this study, the exon-skipping activities of anti-TfR1 antibody conjugates
comprising an anti-TfR1 Fab (3M12 VH4/V«3) covalently linked to a DMD exon 51-skipping
antisense oligonucleotide (ASO) were evaluated. The DMD exon 51-skipping ASO is a
phosphorodiamidate morpholino oligomer (PMO) of 30 nucleotides in length and targets an
ESE in DMD exon 51 having the sequence TGGAGGT (SEQ ID NO: 778). Immortalized
human myoblasts bearing an exon 52 deletion in the DMD gene were thawed and seeded at a
density of 1e6 cell/flask in Promocell Skeletal Cell Growth Media (with 5% FBS and 1x Pen-
Strep) and allowed to grow to confluency. Once confluent, cells were trypsinized and pelleted
via centrifugation and resuspended in fresh Promocell Skeletal Cell Growth Media. The cell
number was counted and cells were seeded into Matrigel-coated 96-well plates at a density of
50.000 cells/well. Cells were allowed to recover for 24 hours. Cells were induced to
differentiate into myotubes by aspirating the growth media and replacing with differentiation
media with no serum. Cells were then treated with the DMD exon 51-skipping oligonucleotide
(not covalently linked to an antibody — “naked”) at 10 uM ASO or the anti-TfR1 Fab (3M12
VH4/V«3) covalently linked to the DMD exon 51-skipping oligonucleotide at 10 uM ASO
equivalent. Cells were incubated with test articles for ten days then total RNA was harvested
from the 96 well plates. cDNA synthesis was performed on 75 ng of total RNA, and mutation
specific PCRs were performed to evaluate the degree of exon 51 skipping in the cells.
Mutation-specific PCR products were run on a 4% agarose gel and visualized using SYBR
gold. Densitometry was used to calculate the relative amounts of the skipped and unskipped
amplicon and exon skipping was determined as a ratio of the Exon 51 skipped amplicon

divided by the total amount of amplicon present:

Skipped Amplicon " 0
(Skipped Amplicon+Unskipped Amplicon)

%Exon Skipping =
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[000422] The results demonstrate that the conjugate resulted in enhanced exon skipping
compared to the naked DMD exon 51-skipping oligonucleotide in patient myotubes (FIG. 1).
This indicates that anti-TfR1 Fab 3M12 VH4/V«3 enabled cellular internalization of the
conjugate into muscle cells resulting in activity of the exon 51-skipping oligonucleotide in the
muscle cells. Similarly, an anti-TfR1 antibody (e.g., anti-TfR1 Fab 3M12 VH4/V«3) can
enable internalization of a conjugate comprising the anti-TfR 1 antibody covalently linked to
other exon skipping oligonucleotides (e.g., an exon skipping oligonucleotide provided herein,
such as an exon 53 skipping oligonucleotide) into muscle cells and facilitate activity of the

exon skipping oligonucleotide in the muscle cells.

Example 2. Exon skipping activity of anti-TfR1 Fab-ASO conjugate in vivo in
cynomolgus monkeys

[000423] Anti-TfR1 Fab 3M12 VH4/V«3 was covalently linked to the DMD exon 51-
skipping antisense oligonucleotide (ASO) that was used in Example 1. The exon skipping
activity of the conjugate was tested in vivo in healthy non-human primates. Naive male
cynomolgus monkeys (n=4-5 per group) were administered two doses of vehicle, 30 mg/kg
naked ASO (i.e., not covalently linked to an antibody), or 122 mg/kg anti-TfR1 Fab (3M12
VH4/V«3) covalently linked to the DMD exon 51-skipping oligonucleotide (30 mg/kg ASO
equivalent) via intravenous infusion on days 1 and 8. Animals were sacrificed and tissues
harvested either 2 weeks or 4 weeks after the first dose was administered. Total RNA was
collected from tissue samples using a Promega Maxwell® RSC instrument and cDNA
synthesis was performed using qScript cDNA SuperMix. Assessment of exon 51 skipping was
performed using end-point PCR.

[000424] Capillary electrophoresis of the PCR products was used to assess exon skipping,

and % exon 51 skipping was calculated using the following formula:

Molarity of Skipped Band « 100
Molarity of Skipped Band+Molarity of Unskipped Band ’

Calculated exon 51 skipping results are shown in Table 10.

% Exon Skipping =

Table 10. % Exon 51 skipping of DMD mRNA in cynomolgus monkey

Time 2 weeks 4 weeks
Group Vehicle Naked Conjugate Naked Conjugate
ASO? ASO?
Conjugate dose® 0 n/a 122 n/a 122
ASO Dose® 0 30 30 30 30
Quadriceps® 0.00 1.216 4.906 0.840 1.708
(0.00) (1.083) (3.131) (1.169) (1.395)
Diaphragm ¢ 0.00 1.891 7.315 0.717 9.225
(0.00) (2.911) (1.532) (1.315) (4.696)
Heart? 0.00 0.043 3.42 0.00 4.525
(0.00) (0.096) (1.192) (0.00) (1.400)
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Biceps ¢ 0.00 0.607 3.129 1.214 4.863
(0.00) {0.615) (0.912) (1.441) (3.881)

Tibialis anterior * 0.00 0.699 1.042 0.384 0.816
(0.00) (0.997) (0.685) (0.615) (0.915)

Gastrocnemius ¢ 0.00 0.388 2.424 0.00 5.393
(0.00) (0.573) (2.329) (0.00) (2.695)

2ASO = antisense oligonucleotide.
Conjugate doses are listed as mg/kg of anti-TfR1 Fab 3M12 VH4/VK3-ASO conjugate.

°ASO doses are listed as mg/kg ASO or ASO equivalent of the anti-TfR1 Fab 3M12 VH4/VK3-ASO dose.
Exon skipping values are mean % exon 51 skipping with standard deviations (n=5) in parentheses.

[000425] Tissue ASO accumulation was also quantified using a hybridization ELISA
with a probe complementary to the ASO sequence. A standard curve was generated and ASO
levels (in ng/g) were derived from a linear regression of the standard curve. The ASO was
distributed to all tissues evaluated at a higher level following the administration of the anti-
TfR1 Fab VH4/V«3-ASO conjugate as compared to the administration of naked ASO.
Intravenous administration of naked ASO resulted in levels of ASO that were close to
background levels in all tissues evaluated at 2 and 4 weeks after the first does was
administered. Administration of anti-TfR1 Fab VH4/V«3-ASO conjugate resulted in
distribution of ASO through the tissues evaluated with a rank order of
heart>diaphragm>bicep>quadriceps>gastrocnemius>tibialis anterior 2 weeks after first dosing.
The duration of tissue concentration was also assessed. Concentrations of the ASO in
quadriceps, bicep and diaphragm decreased by less than 50% over the time period evaluated (2
to 4 weeks), while levels of ASO in the heart, tibialis anterior, and gastrocnemius remained
virtually unchanged (Table 11). This indicates that anti-TfR1 Fab 3M12 VH4/V«3 enabled
cellular internalization of the conjugate into muscle cells in vivo, resulting in activity of the
exon skipping oligonucleotide in the muscle cells. Similarly, an anti-TfR1 antibody (e.g., anti-
TfR1 Fab 3M12 VH4/V«3) in vivo can enable internalization of a conjugate comprising the
anti-TfR1 antibody covalently linked to other exon skipping oligonucleotides (e.g., an exon
skipping oligonucleotide provided herein, such as an exon 53 skipping oligonucleotide) into
muscle cells and facilitate activity of the exon skipping oligonucleotide in the muscle cells.

Table 11. Tissue distribution of DMD exon 51 skipping ASO in cynomolgus monkeys

Time 2 weeks 4 weeks
Group Vehicle Naked Conjugate Naked Conjugate
ASO? ASO?
Conjugate Dose® 0 n/a 122 n/a 122
ASO Dose® 0 30 30 30 30
Quadriceps ¢ 0 696.8 2436 197 682
(59.05) (868.15) (954.0) (134) (281)
Diaphragm ¢ 0+ 580.02 6750 60 3131
(144.3) (360.11) (2256) (120) (1618)
Heart ¢ 0 1449 27138 943 30410
(396.03) (1337) {6315) (1803) (9247)
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Biceps ¢ 0 615.63 2840 130 1326
(69.58) (335.17) (980.31) (80) (623)
Tibialis anterior ¢ 0 564.71 1591 169 1087
(76.31) (327.88) (253.50) (110) (514)
Gastrocnemius ¢ 0 705.47 2096 170 1265
(41.15) (863.75) (474.04) (69) (272)

2AS0 = Antisense oligonucleotide.
®Conjugate doses are listed as mg/kg of anti-TfR1 Fab 3M12 VH4/VK3-ASO conjugate.
°ASO doses are listed as mg/kg ASO or ASO equivalent of the anti-TfR1 Fab 3M12 VH4/VK3-ASO conjugate

dose.
4ASO values are mean concentrations of ASO in tissue as ng/g with standard deviations (n=5) in parentheses.

Example 3. Exon-skipping activity of antisense oligonucleotides in Duchenne muscular
dystrophy patient myotubes

[000426]
antisense oligonucleotides (ASO) was evaluated. Each DMD exon 53-skipping ASO tested is a

In this study, the exon-skipping activity of a panel of DMD exon 53-skipping

phosphorodiamidate morpholino oligomer (PMO) of 20-25 nucleotides in length and may
target various splicing features in DMD exon 53 and the immediately preceding and following

introns.

[000427]
seeded at a density of 1 x 10° cells/flask in Promocell Skeletal Cell Growth Media (with 5%

Immortalized human myoblasts bearing an exon 52 deletion were thawed and

FBS and 1x Pen-Strep) and allowed to grow to confluency. Once confluent, cells were
trypsinized and pelleted via centrifugation and resuspended in fresh Promocell Skeletal Cell
Growth Media. The cells were counted and seeded into Matrigel-coated wells of 96-well plates
at a density of 50,000 cells/well. Cells were allowed to recover for 24 hours. Cells were
induced to differentiate into myotubes by replacing the growth media with differentiation
media containing no serum. Cells were then treated with each DMD exon 53-skipping
oligonucleotide at a final concentration of 10 pM ASO, with each ASO tested in three
replicates across three wells. Cells were incubated with ASO for ten days, then total RNA was
harvested from the 96 well plates. cDNA synthesis was performed using 75 ng of total RNA,
and mutation specific PCRs were performed to evaluate the degree of exon 53 skipping in the
cells. Mutation-specific PCR products were run on a 4% agarose gel and visualized using
SYBR gold. Densitometry was used to calculate the relative amounts of the skipped and
unskipped amplicon and exon skipping was determined as a ratio of the Exon 53 skipped

amplicon divided by the total amount of amplicon present:

. Skipped Amplicon
9 =
Y%Exon Sklppln'g (Skipped Amplicon+Unskipped Amplicon) * 100.
[000428] The results shown in Table 12 demonstrate that treatment with certain of the

ASOs tested resulted in enhanced exon skipping.
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Table 12. Exon 53 skipping antisense oligonucleotides

SEQID | % Exon 53 Skipping |
| ASOID ASO Sequence NO: Mean St.Dev.
ASO001 | TTTGTGTGTCCCATGCTTGTTA 569 2.26 0.16
ASO002 | TTTGTGTGTCCCATGCTTGTT 568 2.34 0.50
ASO003 | TTGTGTGTCCCATGCTTGTT 628 1.50 0.32
ASO004 | TTGTACTTCATCCCACTGATT 627 47.64 4.44
ASO005 | TTGTGTTATGGCTAGGATGATGA 629 0.72 0.45
ASO006 | TTGTACTTCATCCCACTGAT . 626 9.10 2.10
ASO007 | TTCTTGTACTTCATCCCACTGATT 562 73.55 6.92
ASO008 | TTGTGTGTCCCATGCTTGTTA 565 2.04 0.44
ASO009 | TTGTGTTATGGCTAGGATGATGAAC 566 1.13 0.09
ASO010 | TTGTACTTCATCCCACTGATTC 564 53.11 3.97
ASO011 | TTGTGTTATGGCTAGGATGATGAA 684 0.85 0.25
ASO012 | TTTGTGTGTCCCATGCTTGT 567 1.48 0.47
ASO013 | TTCTTGTACTTCATCCCACTGAT 561 61.72 4.24
ASO014 | TTCTTGTACTTCATCCCACTGA 560 18.09 10.96
ASO015 | TTCTTGTACTTCATCCCACTG 559 52.26 9.47
ASO016 | TTCTTGTACTTCATCCCACT 625 35.53 2.96
ASO017 | TGTTCTTGTACTTCATCCCACTGA 557 45.01 6.11
ASO018 | TTATGGCTAGGATGATGAAC 683 191 0.36
ASO019 | TGTTCTTGTACTTCATCCCACTGAT 558 59.56 16.00
ASO020 | TGTTCTTGTACTTCATCCCACTG 556 81.55 2.95
AS0021 | TGTTCTTGTACTTCATCCCAC 624 2.51 0.15
ASO022 | TGTTCTTGTACTTCATCCCACT 555 67.30 3.26
AS0023 | TGTGTTATGGCTAGGATGATGAAC 554 1.23 1.27
AS0024 | ATCTTTGATACTAACCTTGGTT 580 4.30 2.19
ASO025 | ATTATTCATTGTGTTATGGCTAGG 640 0.81 0.31
ASO026 | ATTATTCATTGTGTTATGGCTAG 639 0.93 0.32
ASO027 | ATCTTTGATACTAACCTTGGTTT 638 3.46 1.65
ASO028 | ATTATTCATTGTGTTATGGCTAGGA 641 0.58 0.58
ASO029 | AACCCACCTTTCAGGACAAACTTT 573 2.26 0.69
ASO030 | AAATGCTAGTCTGGAGGAGACATTT 572 221 0.95
ASO031 | AACCCACCTTTCAGGACAAACTT 630 4.67 1.67
AS0032 | AAATGCTAGTCTGGAGGAGACATT 571 3.73 2.90
ASO033 | ATAGGGACCCTCCTTCCATGACTC 510 15.76 8.08
ASO034 | AGGTATCTTTGATACTAACCTTGGT 635 6.25 1.21
ASO035 | ATCTACTGTATAGGGACCCTCC 577 242 2.03
ASO036 | ATAGGGACCCTCCTTCCATGACT 576 48.79 38.26
ASO037 | AGCCATTGTGTTGAATCCTT 633 16.87 4.47
ASO038 | ATCTTTGATACTAACCTTGGT 579 2.43 0.34
ASO039 | ATCCTCAGGTCAGAATACATATAT 637 1.31 0.50
ASO040 | AGGGACCCTCCTTCCATGACTC 575 15.89 2.64
ASO041 | AATTATTCATTGTGTTATGGCTAGG 632 0.38 0.17
ASO042 | AACCCACCTTTCAGGACAAACTTTT 631 1.32 0.41
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ASO043 | ATCTACTGTATAGGGACCCTCCT 578 2.11 0.37
ASO044 | ATAGGGACCCTCCTTCCATGAC 636 16.70 2.50
ASO045 | AGCCATTGTGTTGAATCCTTTA 634 16.56 1.07
AS0046 | AACTGTTGCCTCCGGTTCTGAAGG 574 91.78 2.46
ASO047 | AAATGCTAGTCTGGAGGAGACAT 570 8.38 5.76
ASO048 | GCCATTGTGTTGAATCCTTTA 661 22.22 1.27
AS0049 | GTACTTCATCCCACTGATIC 537 52.90 18.27
AS0050 | GTCTACTGTTCATTTCAGCT 673 0.87 0.61
ASO051 | GACCCTCCTTCCATGACTCAA 523 11.25 2.38
AS0052 | TCTTGTACTTCATCCCACTGAT 541 51.15 5.02
ASO053 | TCTTGTACTTCATCCCACTGATT 542 62.64 9.05
ASO054 | TCCAGCCATTGTGTTGAATCCTT 678 31.57 3.71
ASO055 | TCCAGCCATTGTGTTGAATCCTTT 679 26.62 6.68
AS0O056 | CATCTACTGTATAGGGACCCTCC 511 4.69 3.83
ASO057 | CATCTACTGTATAGGGACCCTCCT 512 3.75 1.31
AS0O058 | CCTCCGGTTCTGAAGGTGTTCTTG 585 89.21 1.52
AS0059 | CTTCCAGCCATTGTGTTGAATCC 656 44.29 4.59
ASO060 | CTTCCAGCCATTGTGTTGAATCCTT 658 63.55 27.70
ASO061 | GCATCTACTGTATAGGGACCC 660 4.13 1.03
ASO062 | CTCCGGTTCTGAAGGTGTTCTT 655 79.38 9.80
AS0063 | CTCCGGTTCTGAAGGTGTTCTITG 588 88.63 1.84
ASO064 | CTCCGGTTCTGAAGGTGTTCTTGTA 589 84.93 6.15
ASO065 | CTCCTTCCATGACTCAAGCT 519 3.05 1.00
ASO066 | GCTTCCAGCCATTGTGTTGAATCCT 665 32.20 12.34
ASO067 | TGCCTCCGGTTCTGAAGGTGTTCT 544 93.40 1.75
ASO068 | TGCCTCCGGTTCTGAAGGTGTTCTT 545 79.58 18.76
AS0O069 | TGTGTTATGGCTAGGATGATG 621 1.27 0.90
ASO070 | TGTGTTATGGCTAGGATGATGA 622 0.92 0.44
ASO071 | TGTGTTATGGCTAGGATGATGAA 623 0.87 0.73
ASO072 | TGTACTTCATCCCACTGATT 620 50.15 4.67
ASO073 | CCTCCGGTTCTGAAGGTGTTCT 583 87.82 3.64
ASO074 | CCCTCCTTCCATGACTCAAGCT 514 11.09 6.70
ASO075 | CCCTCCTTCCATGACTCAAG 653 3.15 1.87
ASO076 | CATCTACTGTATAGGGACCCTC 645 3.44 0.62
ASO077 | TCCAGCCATTGTGTTGAATCCTTTA 680 59.05 20.32
ASO078 | TCCAGCCATTGTGTTGAATCCT 677 55.73 12.25
ASO079 | CTTGTACTTCATCCCACTGATTC 521 92.61 2.02
ASO080 | CTTGTACTTCATCCCACTGATT 593 77.61 10.11
AS0081 | CTTGTACTTCATCCCACTGAT 520 62.03 0.97
ASO082 | CTTGTACTTCATCCCACTGA 592 67.71 10.26
ASO083 | CTCCGGTTCTGAAGGTGTTCT 654 86.47 5.84
ASO084 | CCTTAGCTTCCAGCCATTGTGTTGA 518 41.65 11.35
ASO085 | CCTTAGCTTCCAGCCATTGTGTTG 517 58.30 8.49
ASO086 | CCTTAGCTTCCAGCCATTGTGT 586 18.78 4.58
ASO087 | CCAGCCATTGTGTTGAATCCTTTA 650 39.06 8.29
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ASO088 | CCAGCCATTGTGTTGAATCCTIT 649 38.87 3.99
ASO089 | CCAGCCATTGTGTTGAATCCTT 648 52.62 7.79
AS0O090 | TCTTGTACTTCATCCCACTGATTC 543 79.70 2.54
ASO091 | TCTTGTACTTCATCCCACTGA 540 49.66 6.71
AS0092 | TCTTGTACTTCATCCCACTG 539 66.75 6.16
ASO093 | GGGACCCTCCTTCCATGACTCAAG 669 3.18 2.25
AS0094 | GGGACCCTCCTTCCATGACT 604 8.01 2.02
ASO095 | GCTTTGTGTGTCCCATGCTITGTTA 532 2.44 1.95
AS0096 | GCTTTGTGTGTCCCATGCTIT 528 16.63 18.02
AS0097 | GCTAGTCTGGAGGAGACATTTTA 600 18.15 6.20
AS0098 | GACCCTCCTTCCATGACTCAAGCT 659 1.83 1.83
ASO099 | GACCCTCCTTCCATGACTCAAG 524 3.13 0.00
ASO100 | GACCCTCCTTCCATGACTCA 522 15.94 15.94
ASO101 | TGCTTTGTGTGTCCCATGCTTG 548 1.82 1.54
AS0102 | TGCTTTGTGTGTCCCATGCTT 547 2.74 0.72
ASO103 | TGCTTTGTGTGTCCCATGCT 546 5.60 4.56
ASO104 | GGACCCTCCTTCCATGACTCAAGCT 668 21.61 8.35
ASO105 | GGACCCTCCTTCCATGACTCAAGC 667 1.98 2.80
ASO106 | GGACCCTCCTTCCATGACTCAA 602 6.27 6.32
ASO107 | GGACCCTCCTTCCATGACTC 533 13.82 7.50
ASO108 | TTCTTGTACTTCATCCCACTGATTC 563 83.98 5.29
ASO109 | GGACCCTCCTTCCATGACTCA 601 19.19 4.91
ASO110 | TGCTTTGTGTGTCCCATGCTTGTTA 551 5.83 0.76
ASO111 | GACCCTCCTTCCATGACTCAAGC 525 28.29 13.82
ASO112 | GCTAGTCTGGAGGAGACATTTTAA 662 3.49 0.84
ASO113 | GGGACCCTCCTTCCATGACTCAA 605 10.71 11.45
ASO114 | GGGACCCTCCTTCCATGACTCAAGC 670 67.65 32.35
ASO115 | CCAGCCATTGTGTTGAATCCT 647 58.35 10.19
ASO116 | CCCTCCTTCCATGACTCAAGC 513 11.02 0.00
ASO117 | CCTCCGGTTCTGAAGGTGTITCIT 584 94.25 1.82
ASO118 | CTTCCAGCCATTGTGTTGAATCCT 657 56.75 14.87
ASO119 | GCATCTACTGTATAGGGACCCTC 596 0.00 0.00
ASO120 | GCATCTACTGTATAGGGACCCTCC 527 3.50 1.57
ASO12]1 | GCTTCCAGCCATTGTGTTGAATC 663 26.42 0.00
AS0122 | GCTTCCAGCCATTGTGTTGAATCC 664 43.43 17.09
ASO123 | TGCCTCCGGTTCTGAAGGTGTTC 682 96.86 2.25
ASO124 | ATTGTGTTATGGCTAGGATGATGA 581 0.00 0.00
ASO125 | ATTGTGTTATGGCTAGGATGATGAA 642 7.29 10.31
ASO126 | CCCACCTTTCAGGACAAACTTTTCA 652 7.14 3.82
ASO127 | CCTCCTTCCATGACTCAAGC 515 7.17 5.08
ASO128 | CCTCCTTCCATGACTCAAGCT 516 8.37 1.63
ASO129 | CTTAGCTTCCAGCCATTGTGTTG 590 51.44 23.31
ASO130 | CTTAGCTTCCAGCCATTGTGTTGA 591 40.09 2.77
ASO131 | GATTGCATCTACTGTATAGGGACC 595 1.85 1.85
ASO132 | GGATTGCATCTACTGTATAGGGACC 534 3.57 3.57
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ASO133 | GTAACCCACCTTTCAGGACAAACT 608 1.52 2.14
ASO134 | GTAACCCACCTTTCAGGACAAACTT 536 2.38 1.09
ASO135 | TAAATGCTAGTCTGGAGGAGACAT 612 4.40 1.74
ASO136 | TAAATGCTAGTCTGGAGGAGACATT 613 5.78 1.05
ASO137 | TAACCCACCTTTCAGGACAAACTT 614 0.90 0.69
ASO138 | TAACCCACCTTTCAGGACAAACTTT 615 1.63 2.30
ASO139 | TATCTTTGATACTAACCTTGGT 617 6.31 1.18
ASO140 | TATCTTTGATACTAACCTTGGTT 676 4.40 2.19
ASO141 | CAAAGTCTACTGTTCATTTCAGCT 643 35.59 45.59
ASO142 | CAGCCATTGTGTTGAATCCTTTA 644 68.26 13.46
ASO143 | CCACCTTTCAGGACAAACTTTTCA 646 2.94 2.70
ASO144 | CTTTTGGATTGCATCTACTGTAT 594 5.99 9.93
ASO145 | GTAAATGCTAGTCTGGAGGAGAC 671 0.00 0.00
ASO146 | GTCCCATGCTTGTTAAAAAACTTAC 672 1.60 1.15
ASO147 | TAGCTTCCAGCCATTGTGTTGAATC 675 58.00 17.17
ASO148 | TAGGGACCCTCCTTCCATGACTC 616 14.29 14.29
AS0149 | TCCTCAGGTCAGAATACATATAT 681 1.19 0.84
ASO150 | TCTTTTGGATTGCATCTACTGTA 618 2.17 1.03
ASO151 | GGACCCTCCTTCCATGACTCAAG 666 2.20 1.71
ASO152 | TGCTTITGTGTGTCCCATGCTTGTT 550 2.20 0.75
ASO153 | GCTAGTCTGGAGGAGACATT 597 14.24 7.06
ASO154 | GCTAGTCTGGAGGAGACATTT 598 28.85 14.86
ASO155 | GCTAGTCTGGAGGAGACATTTT 599 4.88 1.11
AS0156 | GCTTTGTGTGTCCCATGCTTG 529 0.84 0.35
ASO157 | GGGACCCTCCTTCCATGACTCA 535 24.78 10.92
AS0O158 | CCTTAGCTTCCAGCCATTGTGTT 587 77.55 16.31
ASO159 | GTGTTATGGCTAGGATGATGA 609 3.03 1.90
AS0160 | GTGTTATGGCTAGGATGATGAA 610 12.82 2.73
ASO161 | GTGTTATGGCTAGGATGATGAAC 538 40.33 28.42
ASO162 | GATTGCATCTACTGTATAGGGACCC 526 17.32 9.95
ASO163 | GGATTGCATCTACTGTATAGGGAC 603 18.00 1.60
ASO164 | CAACTGTTGCCTCCGGTTCTGAAGG 582 91.41 7.19

Example 4. Exon-skipping activity of anti-TfR1 antibody conjugates in Duchenne

muscular dystrophy patient myotubes

[000429]

comprising an anti-TfR1 Fab (3M12 VH4/V«3) covalently linked to a DMD exon 53-skipping
antisense oligonucleotide (ASO) were evaluated. The DMD exon 53-skipping ASOs tested in

In this study, the exon-skipping activities of anti-TfR1 antibody conjugates

this Example are a subset of those tested in Example 3. They are phosphorodiamidate

morpholino oligomers (PMOs) of 21-25 nucleotides in length and may target various splicing
features in DMD exon 53 and the immediately preceding and following introns. ASO007,
ASO0020, ASO046, ASO004, ASO010, ASO015, ASO017, ASO019, and ASO022 listed in
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Table 12 were covalently linked via a cleavable linker to anti-TfR1 Fab (3M12 VH4/V«3).
Attempted linkage of ASO013, ASO016, and ASO036 to the anti-TfR1 Fab was unsuccessful.
[000430] Immortalized human myoblasts bearing an exon 52 deletion were thawed and
seeded at a density of 1 x 10° cells/flask in Promocell Skeletal Cell Growth Media (with 5%
FBS and 1x Pen-Strep) and allowed to grow to confluency. Once confluent, cells were
trypsinized and pelleted via centrifugation and resuspended in fresh Promocell Skeletal Cell
Growth Media. The cells were counted and seeded into Matrigel-coated wells of 96-well plates
at a density of 50,000 cells/well. Cells were allowed to recover for 24 hours. Cells were
induced to differentiate into myotubes by replacing the growth media with differentiation
media containing no serum. Cells were then treated with conjugates comprising DMD exon 53-
skipping oligonucleotide covalently linked to anti-TfR1 Fab (3M12 VH4/Vk3) at a final
concentration of 0.15625 puM, 0.625 uM, 2.5 uM, and a higher dose of either 5 pM or 10 uM
ASO equivalent. Cells were incubated with conjugates for ten days, then total RNA was
harvested from the 96 well plates. cDNA synthesis was performed using 75 ng of total RNA,
and mutation specific PCRs were performed to evaluate the degree of exon 53 skipping in the
cells. Mutation-specific PCR products were run on a 4% agarose gel and visualized using
SYBR gold. Densitometry was used to calculate the relative amounts of the skipped and
unskipped amplicon and exon skipping was determined as a ratio of the Exon 53 skipped

amplicon divided by the total amount of amplicon present:

L Skipped Amplicon
0, =
hExon Sklpp mng (Skipped Amplicon+Unskipped Amplicon) ¥ g
[000431] The results shown in FIG. 2 demonstrate that treatment with certain of the anti-

TfR1-ASO conjugates tested resulted in enhanced exon skipping. Five of the conjugates tested
(comprising ASO007, ASO046, ASO010, ASO015, and ASOO017 listed in Table 12,

respectively) achieved exon 53 skipping in excess of 75% at the highest dose.

EQUIVALENTS AND TERMINOLOGY
[000432] The disclosure illustratively described herein suitably can be practiced in the
absence of any element or elements, limitation or limitations that are not specifically disclosed
herein. Thus, for example, in each instance herein any of the terms “comprising”, “consisting
essentially of”’, and “consisting of” may be replaced with either of the other two terms. The
terms and expressions which have been employed are used as terms of description and not of
limitation, and there is no intention that in the use of such terms and expressions of excluding

any equivalents of the features shown and described or portions thereof, but it is recognized

that various modifications are possible within the scope of the disclosure. Thus, it should be
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understood that although the present disclosure has been specifically disclosed by preferred
embodiments, optional features, modification and variation of the concepts herein disclosed
may be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this disclosure.

[000433] In addition, where features or aspects of the disclosure are described in terms of
Markush groups or other grouping of alternatives, those skilled in the art will recognize that the
disclosure is also thereby described in terms of any individual member or subgroup of
members of the Markush group or other group.

[000434] It should be appreciated that, in some embodiments, sequences presented in the
sequence listing may be referred to in describing the structure of an oligonucleotide or other
nucleic acid. In such embodiments, the actual oligonucleotide or other nucleic acid may have
one or more alternative nucleotides or nucleosides (e.g., an RNA counterpart of a DNA
nucleoside or a DNA counterpart of an RNA nucleoside) and/or (e.g., and) one or more
modified nucleotides/nucleosides and/or (e.g., and) one or more modified internucleoside
linkages and/or (e.g., and) one or more other modification compared with the specified
sequence while retaining essentially same or similar complementary properties as the specified
sequence.

[000435] The use of the terms “a” and “an’ and “the” and similar referents in the context
of describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or clearly
contradicted by context. The terms “comprising,” “having,” “including,” and “containing” are
to be construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless
otherwise noted. Recitation of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the specification
as if it were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does not pose a limitation on the scope
of the invention unless otherwise claimed. No language in the specification should be

" construed as indicating any non-claimed element as essential to the practice of the invention.
[000436] Embodiments of this invention are described herein. Variations of those
embodiments may become apparent to those of ordinary skill in the art upon reading the

foregoing description.
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[000437] The inventors expect skilled artisans to employ such variations as appropriate,
and the inventors intend for the invention to be practiced otherwise than as specifically
described herein. Accordingly, this invention includes all modifications and equivalents of the
subject matter recited in the claims appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all possible variations thereof is
encompassed by the invention unless otherwise indicated herein or otherwise clearly
contradicted by context. Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents to the specific embodiments of the

invention described herein. Such equivalents are intended to be encompassed by the following

claims.
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CLAIMS

‘What is claimed is:

1. A complex comprising an anti-transferrin receptor 1 (TfR1) antibody covalently linked
to an oligonucleotide configured for inducing skipping of exon 53 in a DMD pre-mRNA,
wherein the oligonucleotide comprises a region of complementarity that is complementary
with at least 8 consecutive nucleotides of any one of SEQ ID NOs: 224, 206, 209, 212, 277,
214,207, 208, 205, 160-204, 210, 211, 213, 215-223, 225-276, and 278-334.

2. The complex of claim 1, wherein the anti-TfR1 antibody comprises:

(1) a heavy chain complementarity determining region 1 (CDR-H1) of SEQ ID NO: 33,
a heavy chain complementarity determining region 2 (CDR-H2) of SEQ ID NO: 34, a heavy
chain complementarity determining region 3 (CDR-H3) of SEQ ID NO: 35, a light chain
complementarity determining region 1 (CDR-L1) of SEQ ID NO: 36, a light chain
complementarity determining region 2 (CDR-L2) of SEQ ID NO: 37, and a light chain
complementarity determining region 3 (CDR-L3) of SEQ ID NO: 32;

(ii) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 8, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(1) a CDR-H1 of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 20, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(iv) a CDR-HI of SEQ ID NO: 7, a CDR-H2 of SEQ ID NO: 24, a CDR-H3 of SEQ ID
NO: 9, a CDR-L1 of SEQ ID NO: 10, a CDR-L.2 of SEQ ID NO: 11, and a CDR-L3 of SEQ ID
NO: 6;

(v) aCDR-H1 of SEQ ID NO: 51, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ ID
NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of SEQ
ID NO: 50;

(vi) a CDR-HI of SEQ ID NO: 64, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ
ID NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of
SEQ ID NO: 50; or

(vii) a CDR-HI of SEQ ID NO: 67, a CDR-H2 of SEQ ID NO: 52, a CDR-H3 of SEQ
ID NO: 53, a CDR-L1 of SEQ ID NO: 54, a CDR-L2 of SEQ ID NO: 55, and a CDR-L3 of
SEQ ID NO: 50.
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3. The complex of claim 1 or claim 2, wherein the anti-TfR1 antibody comprises:

(1) a heavy chain variable region (VH) comprising an amino acid sequence at least 85%
identical to SEQ ID NO: 76; and/or a light chain variable region (VL) comprising an amino
acid sequence at least 85% identical to SEQ ID NO: 75;

(i1) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 69;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(iii) 2 VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 71;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(iv) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 72;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 70;

(v) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(vi) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 73;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 75;

(vii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO:
76; and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 74;

(viii) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO:
77; and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 78;

(ix) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 79;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80; or

(x) a VH comprising an amino acid sequence at least 85% identical to SEQ ID NO: 77;
and/or a VL comprising an amino acid sequence at least 85% identical to SEQ ID NO: 80.

4. The complex of any one of claims 1 to 3, wherein the anti-TfR1 antibody comprises:

(1) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL. comprising
the amino acid sequence of SEQ ID NO: 75;

(ii) a VH comprising the amino acid sequence of SEQ ID NO: 69 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(iii) a VH comprising the amino acid sequence of SEQ ID NO: 71and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(iv) a VH comprising the amino acid sequence of SEQ ID NO: 72 and a VL comprising
the amino acid sequence of SEQ ID NO: 70;

(v) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 74;
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(vi) a VH comprising the amino acid sequence of SEQ ID NO: 73 and a VL comprising
the amino acid sequence of SEQ ID NO: 75;

(vil) a VH comprising the amino acid sequence of SEQ ID NO: 76 and a VL
comprising the amino acid sequence of SEQ ID NO: 74;

(viii) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL
comprising the amino acid sequence of SEQ ID NO: 78;

(ix) a VH comprising the amino acid sequence of SEQ ID NO: 79 and a VL comprising
the amino acid sequence of SEQ ID NO: 80; or

(x) a VH comprising the amino acid sequence of SEQ ID NO: 77 and a VL comprising
the amino acid sequence of SEQ ID NO: 80.

5. The complex of any one of claims 1 to 4, wherein the anti-TfR1 antibody is a Fab

fragment, a Fab' fragment, a F(ab")2 fragment, an scFv, an Fv, or a full-length IgG.

6. The complex of claim 5, wherein the anti-TfR1 antibody is a Fab fragment.

7. The complex of claim 6, wherein the anti-TfR1 antibody comprises:

(1) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 90;

(ii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 97; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(ii1) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 98; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(iv) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 99; and/or a light chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 85;

(v) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to

SEQ ID NO: 89;
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(vi) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 100; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 90;

(vi1) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 101; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 8§9;

(viii) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ
ID NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 93;

(ix) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID
NO: 103; and/or a light chain comprising an amino acid sequence at least 85% identical to
SEQ ID NO: 95; or

(x) a heavy chain comprising an amino acid sequence at least 85% identical to SEQ ID

NO: 102; and/or a light chain comprising an amino acid sequence at least 85% identical to

SEQ ID NO: 95.

8. The complex of claim 6 or claim 7, wherein the anti-TfR1 antibody comprises:

(i) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(ii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 97; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(iii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 98; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(iv) a heavy chain comprising the amino acid sequence of SEQ ID NO: 99; and a light
chain comprising the amino acid sequence of SEQ ID NO: 85;

(v) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 89;

(vi) a heavy chain comprising the amino acid sequence of SEQ ID NO: 100; and a light
chain comprising the amino acid sequence of SEQ ID NO: 90;

(vii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 101; and a
light chain comprising the amino acid sequence of SEQ ID NO: 89;

(viii) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a

light chain comprising the amino acid sequence of SEQ ID NO: 93;
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(ix) a heavy chain comprising the amino acid sequence of SEQ ID NO: 103; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95; or

(x) a heavy chain comprising the amino acid sequence of SEQ ID NO: 102; and a light
chain comprising the amino acid sequence of SEQ ID NO: 95.

0. The complex of any one of claims 1 to 8, wherein the anti-TfR1 antibody does not
specifically bind to the transferrin binding site of the transferrin receptor 1 and/or wherein the

anti-TfR1 antibody does not inhibit binding of transferrin to the transferrin receptor 1.

10.  The complex of any one of claims 1 to 9, wherein the oligonucleotide is
complementary to at least 4 consecutive nucleotides of a splicing feature of the DMD pre-

mRNA.

11.  The complex of claim 10, wherein the splicing feature is an exonic splicing enhancer
(ESE) in exon 53 of the DMD pre-mRNA, optionally wherein the ESE comprises a sequence
of any one of SEQ ID NOs: 689-715.

12. The complex of claim 10, wherein the splicing feature is a branch point, a splice donor
site, or a splice acceptor site, optionally wherein the splicing feature is across the junction of
exon 52 and intron 52, in intron 52, across the junction of intron 52 and exon 53, across the
junction of exon 53 and intron 53, in intron 53, or across the junction of intron 53 and exon 54
of the DMD pre-mRNA, and further optionally wherein the splicing feature comprises a
sequence of any one of SEQ ID NOs: 685-688 and 716-718.

13.  The complex of any one of claims 1 to 12, wherein the oligonucleotide comprises a
sequence complementary to any one of SEQ ID NOs: 160-334 or comprises a sequence of any
one of SEQ ID NOs: 335-684, wherein each thymine base (T) may independently and
optionally be replaced with a uracil base (U), and each U may independently and optionally be

replaced with a T.

14.  The complex of any one of claims 1 to 12, wherein the oligonucleotide comprises a
sequence of any one of SEQ ID NOs: 574, 556, 559, 562, 627, 564, 557, 558, and 555, wherein
each thymine base (T) may independently and optionally be replaced with a uracil base (U),

and each U may independently and optionally be replaced with a T.
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15.  The complex of any one of claims 1 to 14, wherein the oligonucleotide comprises one
or more phosphorodiamidate morpholinos, optionally wherein the oligonucleotide is a

phosphorodiamidate morpholino oligomer (PMO).

16.  The complex of any one of claims 1 to 15, wherein the anti-TfR1 antibody is covalently
linked to the oligonucleotide via a cleavable linker, optionally wherein the cleavable linker

comprises a valine-citrulline sequence.

17.  The complex of any one of claims 1 to 16, wherein the anti-TfR1 antibody is covalently
linked to the oligonucleotide via conjugation to a lysine residue or a cysteine residue of the

antibody.

18.  An oligonucleotide that targets DMD, wherein the oligonucleotide comprises a region
of complementarity to any one of SEQ ID NOs: 160-334, optionally wherein the region of
complementarity comprises at least 15 consecutive nucleosides complementary to any one of

SEQ ID NOs: 160-334.

19.  The oligonucleotide of claim 18, wherein the oligonucleotide comprises at least 15
consecutive nucleosides of any one of SEQ ID NOs: 335-684, optionally wherein the
oligonucleotide comprises a sequence of any one of SEQ ID NOs: 335-684, wherein each
thymine base (T) may independently and optionally be replaced with a uracil base (U), and
each U may independently and optionally be replaced with a T.

20.  The oligonucleotide of claim 19, wherein the oligonucleotide comprises a sequence of
any one of SEQ ID NOs: 574, 556, 559, 562, 627, 564, 557, 558, and 555, wherein each
thymine base (T) may independently and optionally be replaced with a uracil base (U), and
each U may independently and optionally be replaced with a T.

21. A method of delivering an oligonucleotide to a cell, the method comprising contacting
the cell with the complex of any one of claims 1 to 17 or with the oligonucleotide of any one of

claims 18-20.
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22. A method of promoting the expression or activity of a dystrophin protein in a cell, the
method comprising contacting the cell with the complex of any one of claims 1 to 17 or with
the oligonucleotide of any one of claims 18-20 in an amount effective for promoting

internalization of the oligonucleotide to the cell, optionally wherein the cell is a muscle cell.
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