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OLIGONUCLEOTIDE MODULATORS OF B-CELL CLL/LYMPHOMA 11A (BCL11A)
AND USES THEREOF

BACKGROUND

Hemoglobinopathies are diseases that relate to the dysfunction of the hemoglobin protein.
Typically, these diseases involve either a lack of or malfunctioning hemoglobin protein, which
originate from genetic mutations in globin genes (e.g., alpha, beta, etc.; Figure 1).
Hemoglobinopathies are one group of a broad spectrum of red blood cell associated disorders
that are characterized by single-gene inherited disorders that, in most cases, are autosomal co-
dominant traits. It is estimated that about 7% of the world’'s population are carriers. Hereditary
hemoglobinopathies manifest in one of three forms: thalassemia (alpha, beta, delta), sickle-cell
disease and hereditary persistence of fetal hemoglobin (HbF). Sickle cell disease (SCD) and
beta-thalassemia are the most common forms of hemoglobinopathies and are major causes of
morbidity and mortality world-wide. SCD, as the name implies, involves changes in the
structure of a globin protein arising from a mutation and results in a malfunctioning hemoglobin
protein, while thalassemias are associated with mutations in globin genes that yield an
underproduction of normal globin proteins. This can occur through mutations in regulatory
proteins. Anemia, in some cases sever, is a common result of hemoglobin dysfunction.

Various treatments for hemoglobinopathies have been explored over time. A major focus
has typically been on restoring hemoglobin function, for example, by increasing the level of fetal
hemoglobin (HbF). However, not many effective treatments have been successfully developed.
Recently, the understanding of mechanisms that regulate HbF has been an area of much
research. It was reported that BCL11A is expressed in adult erythroid precursor cells in the
bone marrow and functions to repress ¥-globin production (Sankaran et al. 2008 Science vol
322 page 1839-1842).

WO 2010/030963 describes modulation of BCL11A using a pool of siRNA samples
against 4 target sequences. There is no indication as to whether the individual target
sequences are able to down regulate BCL11A.

WO 2012/079046 describes double-stranded ribonucleic acid (dsRNA) compositions targeting
the BCL11A gene.

SUMMARY
The present invention provides, among other things, antisense oligonucleotide
modulators (e.g., inhibitors) of BCL11A and methods and compositions for treating BCL11A-
related diseases, disorders or conditions based on such modulators. It is contemplated that
antisense oligonucleotides provided by the present invention are particularly useful for treating

hemoglobinopathies, such as sickle cell disease and B-thalassemias.

1



WO 2014/188001 PCT/EP2014/060813

In one aspect, the present invention provides an antisense oligonucleotide capable of
down-regulating or decreasing expression of human BCL11A having a sequence that is at least
80% (e.g. at least about 85%, 90%, 95%, 96%, 97%, 98%, or 99%) identical to the reverse
complement of a continuous sequence within a region selected from nucleotides 410 to 450 of
the human BCL11A gene of SEQ ID NO 1 or a messenger RNA (mRNA) isoform of BCL11A,
wherein the antisense oligonucleotide is a gapmer. In some embodiments, an antisense
oligonucleotide of the present invention is less than 19 nucleotides in length. In some
embodiments, an antisense oligonucleotide of the present invention is less than 18 nucleotides
in length.

In one aspect, the present invention provides an antisense oligonucleotide capable of
down-regulating or decreasing expression of human BCL11A having less than 18 nucleotides
(e.g, less than 17, 16, 15, 14, 13, or 12) in length and a sequence that is at least about 80%
(e.g., at least about 85%, 90%, 95%, 96%, 97%, 98%, or 99%) identical to the reverse
complement of a continuous sequence within a region selected from nucleotides 410 to 450 of
the human BCL11A gene of SEQ ID NO 1 or an messenger RNA (mRNA) isoform of BCL11A.

In one aspect, the present invention provides an antisense oligonucleotide capable of
down-regulating or decreasing expression of human BCL11A having a sequence at least about
80% (e.g, at least about 85%, 90%, 95%, 96%, 97%, 98%, or 99%) identical to the reverse
complement of a continuous sequence within a region selected from nucleotides 410 to 450 of
the human BCL11A gene of SEQ ID NO 1 or a messenger RNA (mRNA) isoform of BCL11A
and is represented by the formula X,-Y-X,, wherein X is a nucleotide analogue; Y is a
continuous sequence of DNA; ais 1,2, 3,4 or5; a’'is 1, 2, 3, 4 or 5; and b is an integer number
between 5 and 15. In some embodiments, the nucleotide analogue is a locked nucleic acid
(LNA).

In some embodiments, a and a’are different. In some embodiments, a and a’are the
same. In some embodiments, a and/or a'is 1. In some embodiments, a and/or a’is 2. In
some embodiments, a and/or a'is 3. In some embodiments, a and/or a'is 4. In some
embodiments, a and/or a'is 5.

In some embodiments, b is an integer number between 5 and 15, inclusive. In some
embodiments, b is an integer number between 5 and 10, inclusive. In some embodiments, b is
an integer number between 7 and 11, inclusive. In some embodiments, b is an integer number
selected from the group consisting of 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and 15.

In some embodiments, the isoform of BCL11A is selected from the group consisting of
XL, L, M, S and XS or homologs or orthologs thereof. In some embodiments, an antisense
oligonucleotide of the present invention is capable of down-regulating or decreasing the
expression of the mouse BCL11A gene.

In some embodiments, antisense oligonucleotides of the present invention comprises or
contains at least one, at least two, at least three, at least four, at least five, at least six, at least
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seven, at least eight or more nucleoside analogues. In some embodiments, an antisense
oligonucleotide of the present invention comprises from 3-8 nucleotide analogues, e.g. 6 or 7
nucleotide analogues. In some embodiments, at least one of said nucleotide analogues is a
locked nucleic acid (LNA); for example at least 3 or at least 4, or at least 5, or at least 6, or at
least 7, or 8, of the nucleotide analogues may be LNA. In some embodiments, all the
nucleotides analogues may be LNA.

In some embodiments, an oligonucleotide of the present invention comprises or contain at
least one, at least two, at least three, at least, four, at least five, at least six, at least seven, at
least eight or more LNA units. In some embodiments, the one or more LNA units are located at
the 5’ and/or ‘3 ends of the antisense oligonucleotide. In some embodiments, an antisense
oligonucleotide of the present invention comprises at least one, at least two or at least three
LNA units at the 5" and/or ‘3 ends. In some embodiments, an antisense oligonucleotide of the
present invention comprises at least one, at least two or at least three LNA units internally.

In some embodiments, the LNA unit(s) is a beta-D-oxy-LNA nucleotide. In some
embodiment, an antisense oligonucleotide of the present invention comprises one or more
additional chemical modifications. In some embodiments, an antisense oligonucleotide of the
present invention comprises one or more additional chemical modifications that include a 2'0O-
methyl modification and/or a phosphorothioate linkage. In some embodiments, an antisense
oligonucleotide of the present invention comprises at least one LNA unit that is a LNA 5-
methylcytosine nucleotide.

In some embodiments, an antisense oligonucleotide of the present invention has 10-17,
10-16, 10-15, 10-14, 10-13, 10-12, 11-17, 11-16, 11-15, 11-14, 11-13, 12-17, 12-16, 12-15, or
12-14 nucleotides in length. In some embodiments, an antisense oligonucleotide of the present
invention has 12-16 nucleotides in length.

In some embodiments, an antisense oligonucleotide of the present invention has a
sequence that is identical to the reverse complement of a continuous sequence within a region
selected from nucleotides 410 to 450 of the human BCL11A gene of SEQ ID NO 1or an
messenger RNA (mRNA) isoform of human BCL11A.

An alternative aspect of the present invention is an antisense oligonucleotide capable of
decreasing expression of human BCL11A comprising a sequence that is at least 80% identical
to the reverse complement of a continuous sequence within a region selected from nucleotides
1-283 (Exon 1), nucleotides 284 — 613 (Exon 2), or nucleotides 614 — 715 (Exon 3) of the
human BCL11A gene.

In some embodiments, a continuous sequence according to the present invention is
within nucleotides 410 — 450 of the human BCL11A mRNA isoform XL.

In some embodiments, a continuous sequence according to the present invention is
within nucleotides 415 — 436 of the human BCL11A mRNA isoform XL.
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In some embodiments, a continuous sequence according to the present invention is
within nucleotides 420 — 450 of the human BCL11A mRNA isoform XL.

In some embodiments, the oligonucleotide of the invention comprises or consists a
sequence motif selected from the group consisting of 5- ATTGCATTGTTTCCG-3’ (SEQ ID
NO: 63), 5- GTTTGTGCTCGAT-3’ (SEQ ID NO: 64), 5- CATTGCATTGTTTCCG-3'(SEQ ID
NO: 65), 5- CGTTTGTGCTCGAT-3'(SEQ ID NO: 66), 5- CGTTTGTGCTCGATAA-3’(SEQ ID
NO: 67), 5- CCGTTTGTGCTCGA-3'(SEQ ID NO: 68), 5- CGTTTGTGCTCGA-3’ (SEQ ID NO:
69), 5- TTTGTGCTCGATAA-3'(SEQ ID NO: 70), 5- TTGTGCTCCATAA-3’ (SEQ ID NO: 71)
and 5- TTTCCGTTTGTGCTCG (SEQ ID NO: 72), 5- ATTGCATTGTTTCCGT-3' (SEQ ID NO:
73),5-CGTTTGTGCTCGATA-3’ (SEQ ID NO: 74).

In some embodiments, an antisense oligonucleotide of the present invention has a
sequence selected from Table 2.

In some embodiments, an antisense oligonucleotide of the present invention has a
sequence selected from SEQ ID NO: 11, SEQ ID NO: 15, SEQ ID NO: 32, SEQ ID NO: 21,
SEQ ID NO: 34, SEQ ID NO:10, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO:
16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID
NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO:27, SEQ ID NO: 28,
SEQ ID NO: 29, SEQ ID NO: 30 SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO:
36, SEQ ID NO: 37, SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID
NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47,
SEQ ID NO: 48, SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID
NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58,
SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 60, SEQ ID NO: 61 or SEQ ID NO: 62,

In some embodiments, an antisense oligonucleotide of the present invention is selected
from 5- "Cs® A° Ts’ ts 9s Cs @s ts ts Os ts ts ts "Cs® "Cs® G°-3’ (SEQ ID NO: 11), 5" - "C° G° T° ts
ts 95 ts 95 Cs ts "Csgs@s Ts"As°A%- 3" (SEQ ID NO: 15) or 5" - "Cs® Gs® Ts” fs ts 9s s Gs Cs ts "Cs Gs A°
T° A°- 3 (SEQID NO: 32),5 - Ts° T Gs®ts gs Cs ts "Cs gs as ts As® A A° — 3" (SEQ ID NO: 14)
and 5 - "MC°G° T ts ts gs ts 9s Cs ts Cs Gs° AL’ T° — 3 (SEQ ID NO: 35), wherein upper case
letters indicate locked nucleic acid (LNA) units, subscript “s” represents phosphorothioate
linkage, and lower case letters represent deoxyribonucleotide (DNA) units, “"C” represents 5'
methyl-cytosine LNA unit, and “"c” represents 5' methyl-cytosine DNA unit.

In some embodiments, an antisense oligonucleotide of the present invention is 5'-"Cs° As°
Tt gsCsaststs s ts ts ts MCs° MC° G°-3’(SEQ ID NO: 11).

In another aspect, the present invention provides an antisense oligonucleotide capable of
down-regulating or decreasing the expression of the human BCL11A gene having a sequence
at least 80% (e.g., 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more)

identical to an oligonucleotide sequence selected from Table 2.
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In some embodiments, an antisense oligonucleotide according to the present invention
has a sequence at least 80% (e.g., 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or more) identical to an oligonucleotide sequence selected from 5'- "C,® As® T ts gs Cs as ts
ts gs ts ts ts "Cs® MC° G°-3' (SEQ ID NO: 11), 5 - ™C.° Ge® T to ts O ts Gs Cs ts "Cos@s TsPALCA- 3’
(SEQID NO: 15) or 5 - MCs® Gs° Ts ts ts gs ts 9s Cs ts MCs gs As® Ts° A°- 3’ (SEQ ID NO: 32) 5’ -
MC® G T ts ts Os ts gs Cs ts MCs gs As® Ts° A°— 3 (SEQ ID NO: 32), 5 - "C° G T ts ts 9s ts Os
Csts Cs GLASL T — 3 (SEQID NO: 35), 5 - Ts° Ts° G ts 9s Cs ts "Cs 9s as ts As® As® A° — 3 (SEQ
IDNO: 14)and 5" - "C°Gs® Ts® to ts gs ts Os Cs ts Cs Gs® As° T° — 3’ (SEQ ID NO: 35), wherein

Iyl

upper case letters indicate locked nucleic acid (LNA) units, subscript “s” represents

phosphorothioate linkage, and lower case letters represent deoxyribonucleotide (DNA) units,

uan

“MC” represents 5' methyl-cytosine LNA unit, and represents 5' methyl-cytosine DNA unit.

In some embodiments, a pharmaceutical composition comprising an antisense
oligonucleotide as described herein and a pharmaceutically acceptable carrier is provided.

Among other things, the present invention provides a method of inhibiting BCL11A in a
subject comprises administering to a subject in need of treatment an antisense oligonucleotide
or a pharmaceutical composition as described herein.

Among other things , the present invention provides an antisense oligonucleotide for use
in a method of inhibiting BCL11A comprising a step of administering to a subject in need of
treatment an antisense oligonucleotide or a pharmaceutical composition as described herein.

In some embodiments, the present invention provides use of an antisense oligonucleotide
or pharmaceutical composition of the present invention in the manufacture of a medicament for
the treatment of an anemic disease, disorder or condition, such as sickle cell disease or [3-
thalassemia. In particular in the manufacture of a medicament for inhibiting BCL11A comprising
administering an antisense oligonucleotide or pharmaceutical composition as described herein
to a subject.

In some embodiments, the present invention provides, the antisense oligonucleotide
according pharmaceutical composition of the present invention, for use as a medicament, such
as for the treatment of an anemic disease, disorder or condition, such as sickle cell disease or
B-thalassemia.

In some embodiments, the present invention provides a method of treating an anemic
disease, disorder or condition in a subject comprises administering to a subject in need of
treatment an antisense oligonucleotide or a pharmaceutical composition as described herein.

In some embodiments, the present invention provides an antisense oligonucleotide for
use in the treatment of a disease or disorder such as those referred to herein, such as a
hemoglobinopathie, such as an anemic disease, disorder or condition, such as thalassemia (c.,
B, 8), sickle-cell disease and hereditary persistence of fetal hemoglobin (HbF.)

In some embodiments, the present invention provides an antisense oligonucleotide for

use in a method of treating an anemic disease, disorder or condition in a subject comprising
5
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administering to a subject in need of treatment an antisense oligonucleotide or a
pharmaceutical composition as described herein.In some embodiments, treatment methods of
the present invention further comprise administering a second agent to a subject for the
treatment of a disease or disorder, such as for the treatment of an anemic disease, disorder or
condition.

In some embodiments, the anemic disease, disorder or condition treated by a method of
the present invention is sickle cell disease.

In some embodiments, the anemic disease, disorder or condition treated by a method of
the present invention is B-thalassemia.

In some embodiments, the administering of the antisense oligonucleotide or the
pharmaceutical composition results in reduced expression of BCL11A in one or more target
tissues. In some embodiments, the administering of the antisense oligonucleotide or the
pharmaceutical composition results in increased y-globin expression in one or more target
tissues. In some embodiments, the administering of the antisense oligonucleotide or the
pharmaceutical composition results in increased fetal hemoglobin production in one or more
target tissues. In some embodiments, one or more target tissues are selected from bone
marrow, liver, kidney, spleen, plasma cells, thymus, tonsillar epithelium, erythroid progenitor
cells, pluripotent stem cells, dendritic cells and/or peripheral blood B-cells. In some
embodiments, an antisense oligonucleotide or pharmaceutical composition is administered
intravenously. In some embodiments, an antisense oligonucleotide or pharmaceutical
composition is administered subcutaneously.

In some embodiments, the present invention provides a container comprising an
antisense oligonucleotide or pharmaceutical composition as described herein. In some
embodiments, an antisense oligonucleotide or pharmaceutical compostion of the present
invention is provided in a single dosage form. In some embodiments, an antisense
oligonucleotide or pharmaceutical composition of the present invention is provided in multiple
(e.g, two, three, four, five or more) dosage form. In some embodiments, an antisense
oligonucleotide or pharmaceutical composition of the present invention is provided in lyophilized
form. In some embodiments, an antisense oligonucleotide or pharmaceutical composition of
the present invention is provided in liquid form.

In some embodiments, the container is selected from an ampule, a vial, a cartridge, a
reservoir, a lyo-ject, and a pre-filled syringe. In some embodiments, the container is a pre-filled
syringe and is optionally selected from a borsilicate glass syringe with baked silicone coating, a
borosilicate glass syringe with sprayed silicone, and a plastic resin syringe without silicone.

As used in this application, the terms “about” and “approximately” are used as
equivalents. Any numerals used in this application with or without about/approximately are

meant to cover any normal fluctuations appreciated by one of ordinary skill in the relevant art.
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Other features, objects, and advantages of the present invention are apparent in the detailed
description that follows. It should be understood, however, that the detailed description, while
indicating embodiments of the present invention, is given by way of illustration only, not
limitation. Various changes and modifications within the scope of the invention will become

apparent to those skilled in the art from the detailed description.

BRIEF DESCRIPTION OF DRAWINGS

The drawings are for illustration purposes only, not for limitation.

Figure 1 shows an exemplary illustration of the percent of total hemoglobin (y-axis)
versus gestational and postnatal age in weeks (x-axis) for different globin chains in normal
individuals (left) and individuals with beta globin chain dysfunction (right). Adapted and
modified from Figure 167-2, Chapter 167. Cecil Medicine 23rd ed., Lee W. Goldman, Dennis A.
Ausiello.

W.B. Saunders Elsevier 2008.

Figure 2 shows a schematic illustration, not to scale, of the three major isoforms of
human BCL11A (S, L, and XL). Exons are labeled as they are found in each isoform from &’ to
3.

Figure 3 shows exemplary inhibition of BCL11A-XL mRNA expression in human REH
cells by 401 antisense oligonucleotides targeting BCL11A at a concentration of 25 pM.

Figure 4 shows exemplary inhibition of BCL11A-XL mRNA expression in human REH
cells by selected antisense oligonucleotides targeting BCL11A at oligonucleotide
concentrations ranging from 0.0064 to 20 yM.

Figure 5 shows exemplary inhibition of BCL11A-XL mRNA expression in human REH
cells by selected antisense oligonucleotides designed from oligo 4 (top) and 5 (bottom)
targeting BCL11A at oligonucleotide concentrations ranging from 0.25 to 60 yM.

Figure 6 shows exemplary inhibition of the major isoforms (S, L, and XL) of BCL11A
mRNA expression in human REH cells by selected antisense oligonucleotides at
concentrations ranging from 0.25 to 60 yM. Measurements of mMRNA of BCL11A XL, Land S
isoforms are shown in the left, middle and right columns for each concentration within each
treatment group, respectively.

Figure 7 shows exemplary inhibition of mouse BCL11A mRNA expression in mouse
MPC-11 cells by selected antisense oligonucleotides at concentrations ranging from 0.08 to 20
MM. Measurement of all isoforms (BCL11A-All) and isoform L (BCL11A-L) of mouse BCL11A
are shown in the left and right columns for each concentration within each treatment group,
respectively.

Figure 8 shows exemplary inhibition of BCL11A mRNA expression in the bone marrow
(top) and spleen (bottom) of groups of female NMRI mice dosed with 15 mg/kg of selected

antisense oligonucleotides targeting BCL11A. Measurements for bone marrow include all
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isoforms (left column) and isoform L (right column) for each antisense oligonucleotide treatment
group.

Figure 9 shows exemplary inhibition of BCL11A mRNA in bone marrow of wild-type
C57BL/6 mice four weeks after administration with 25 or 15 mg/kg of selected antisense
oligonucleotides targeting BCL11A.

Figure 10 shows exemplary inhibition of BCL11A mRNA in bone marrow of wild-type
C57BL/6 mice eight weeks after administration with 25 or 15 mg/kg of selected antisense
oligonucleotides targeting BCL11A.

Figure 11 shows exemplary inhibition of BCL11A mRNA in bone marrow of human §3-
YAC transgenic mice eight weeks post administration with 15 mg/kg of selected antisense
oligonucleotides targeting BCL11A.

Figure 12 shows exemplary inhibition of BCL11A mRNA in Ter119" and CD19" bone
marrow cell populations of human 3-YAC transgenic mice eight weeks post administration with
15 mg/kg of selected antisense oligonucleotides targeting BCL11A.

Figure 13 shows exemplary total hemoglobin (g/L) in peripheral blood of non-human
primate animals in phlebotomized (phleb.) and non-phlebotomized treatment groups at various
treatment days. Vehicle control (saline) and candidate oligonucleotide 4 (10 and 20 mg/kg)
treatment groups are indicated.

Figure 14 shows exemplary percent of reticulocytes in peripheral blood of non-human
primate animals in phlebotomized (phleb.) and non-phlebotomized treatment groups at various
treatment days. Vehicle control (saline) and candidate oligonucleotide 4 (10 and 20 mg/kg)
treatment groups are indicated.

Figure 15 shows exemplary expression of BCL11A normalized to GAPDH in humerus
bone marrow of phlebotomized non-human primate animals dosed with vehicle control (saline)
or candidate oligonucleotide 4 at 20 mg/kg at week seven of a study. Measurements for
isoform XL (left column) and all isoforms (right column) is shown for each treatment animal.

Figure 16 shows exemplary y- and B-globin mRNA expression normalized to GAPDH in
humerus bone marrow of phlebotomized non-human primate animals dosed with vehicle control
(saline) or candidate oligonucleotide 4 at 20 mg/kg at week seven of a study. Measurements of
human y-globin (Gamma A+G ,column 1), Macaca mulatta y-globin (HBG2, column 2), Macaca
mulatta B-globin (HBB, column 3; HBB_mH, column 4) are shown for each animal within each
treatment group.

Figure 17 shows exemplary expression of BCL11A mRNA normalized to GAPDH in
humerus (top) and femur (bottom) bone marrow of phlebotomized non-human primate animals
for control (saline) and candidate oligonucleotide 4 (10 and 20 mg/kg) treatment groups at week
17 of a study. Measurements of isoform XL (left column) and all isoforms (right column) are

shown for each animal within each treatment group.
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Figure 18 shows exemplary expression of y-globin mRNA normalized to GAPDH in
humerus (top) and femur (bottom) bone marrow in phlebotomized non-human primate animals
for control (saline) and candidate oligonucleotide 4 (10 and 20 mg/kg) treatment groups at week
17 of a study. Measurements of human y-globin (Gamma A+G, left column) and Macaca
mulatta y-globin (HBG2, right column) are shown for each animal within each treatment group.

Figure 19 shows exemplary expression of y- and 3-globin mRNA normalized to GAPDH
in humerus bone marrow in control (saline) and candidate oligonucleotide 4 (10 and 20 mg/kg)
treatment groups of phlebotomized non-human primate animals at week 17. Columns from left
to right for each animal within each treatment group measurements of human y-globin (Gamma
A+G), Macaca mulatta y-globin (HBG2), Macaca mulatta 3-globin (RhHBB), and Macaca
mulatta B-globin (RhHBB_mH), respectively.

Figure 20 shows exemplary expression of y- and -globin mRNA normalized to GAPDH
in femur bone marrow in control (saline) and candidate oligonucleotide 4 (10 and 20 mg/kg)
treatment groups of phlebotomized non-human primate animals at week 17. Columns from left
to right for each animal within each treatment group measurements of human y-globin (Gamma
A+G), Macaca mulatta y-globin (HBG2), Macaca mulatta (3-globin (RhHBB), and Macaca
mulatta 3-globin (RhHBB_mH), respectively.

Figure 21 shows exemplary average expression of BCL11A (top) and y-globin (bottom)
mRNA normalized to GAPDH in humerus bone marrow of phlebotomized non-human primate
animals in control (saline) and candidate oligonucleotide 4 (10 and 20 mg/kg) treatment groups
at week 17. Measurements of isoform XL (left column) and all isoforms (right column) of
BCL11A are shown for each animal within each treatment group. Measurements of human vy-
globin (Gamma A+G, left column) and Macaca mulatta y-globin (HBG2, right column) are
shown for each animal within each treatment group.

Figure 22 shows exemplary average expression of BCL11A (top) and y-globin (bottom)
mRNA normalized to GAPDH in femur bone marrow of phlebotomized non-human primate
animals in control (saline) and candidate oligonucleotide 4 (10 and 20 mg/kg) treatment groups
at week 17. Measurements of isoform XL (left column) and all isoforms (right column) of
BCL11A are shown for each animal within each treatment group. Measurements of human y-
globin (Gamma A+G, left column) and Macaca mulatta y-globin (HBG2, right column) are
shown for each animal within each treatment group.

Figure 23 shows exemplary fraction (%o) of F-cells in bone marrow for phlebotomized
non-human primate animals at full scale (left) and zoomed-in scale (right).

Figure 24 shows exemplary fraction (%o) of F-cells in peripheral blood for phlebotomized

non-human primate animals at full scale (left) and zoomed-in scale (right).
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Figure 25 shows exemplary measurements of y-globin protein in peripheral blood of non-
human primate animals in control (top), 10 mg/kg (middle), and 20 mg/kg (bottom) treatment
groups at various weeks after first dose.

Figure 26 shows exemplary measurements of y-globin protein in peripheral blood of non-
human primate animals as a percent of control at a respective time point of a y-globin peak
(“peak 1”7 or “peak 2”) in control treated groups.

Figure 27 shows exemplary measurements of y-globin protein in peripheral blood of non-
human primate animals as a percent of control at a respective time point of a y-globin peak
(“peak 1” or “peak 2”) in 10 mg/kg dose groups.

Figure 28 shows exemplary measurements of y-globin protein in peripheral blood of non-
human primate animals as a percent of control at a respective time point of a y-globin peak
(“peak 1”7 or “peak 2”) in 20 mg/kg dose groups.

Figure 29 shows exemplary measurements of plasma concentration of antisense
oligonucleotide 4 over time in wild-type mice.

Figure 30 shows exemplary measurements of concentration of antisense oligonucleotide
4 in various tissues over time from wild-type mice.

Figure 31 shows exemplary measurements of tissue concentration of antisense
oligonucleotide 4 in various tissues over time from wild-type mice.

Figure 32 shows an exemplary model of predicted concentration of an antisense
oligonucleotide of the present invention in bone marrow based on a single dose

pharmacokinetic study.

DEFINITIONS

In order for the present invention to be more readily understood, certain terms are first
defined below. Additional definitions for the following terms and other terms are set forth
throughout the specification.

Approximately or about: 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 value. In
certain embodiments, the term “approximately” or “about” refers to a range of values that fall
within 25%, 20%, 19%, 18%, 17%, 16%, 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).

Biologically active: As used herein, the phrase “biologically active” refers to a
characteristic of any agent that has activity in a biological system, in vitro or in vivo (e.g., in an
organism). For instance, an agent that, when administered to an organism, has a biological
effect on that organism, is considered to be biologically active. In particular embodiments,

where a protein or polypeptide is biologically active, a portion of that protein or polypeptide that
10
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shares at least one biological activity of the protein or polypeptide is typically referred to as a
“biologically active” portion.

Improve, increase, reduce or inhibit. As used herein, the terms “improve,” “increase,”
“reduce” or “inhibit” or grammatical equivalents, indicate values that are relative to a baseline
measurement, such as a measurement in the same individual prior to initiation of the treatment
described herein, or a measurement in a control individual (or multiple control individuals) in the
absence of the treatment described herein. A “control individual” is an individual afflicted with
the same form of disease as the individual being treated, who is about the same age as the
individual being treated (to ensure that the stages of the disease in the treated individual and
the control individual(s) are comparable).

Individual, subject, patient: As used herein, the terms “subject,” “individual” or “patient”
refer to a human or a non-human mammalian subject. The individual (also referred to as
“patient” or “subject”) being treated is an individual (fetus, infant, child, adolescent, or adult
human) suffering from a disease.

Locked Nucleic Acid (LNA): As used herein, the term “LNA” or “Locked Nucleic Acid”
refers to a bicyclic nucleotide analogue, preferably a bicyclic nucleotide analogue with a bridge
between the 2" and 4’ position in the ribose ring (2’ to 4’ bicyclic nucleotide analogue). LNA is in
the literature sometimes referred to as BNA (bridged nucleic acid or bicyclic nucleic acid). It
may refer to an LNA monomer, or when used in the context of an “LNA oligonucleotide” refers
to an oligonucleotide containing one or more such bicyclic nucleotide analogues.

Nucleotide: As used herein, the term “nucleotide”, refers to a glycoside comprising a
sugar moiety, a base moiety and a covalently linked phosphate group and covers both naturally
occurring nucleotides, such as DNA or RNA, preferably DNA, and non-naturally occurring
nucleotides comprising modified sugar and/or base moieties, which are also referred to as
“nucleotide analogues” herein. In some embodiments, non-naturally occurring nucleotides
include nucleotides which have modified sugar moieties, such as bicyclic nucleotides or 2'
modified nucleotides, such as 2' substituted nucleotides. In some embodiments, non-naturally
occurring nucleotides include locked nucleic acid (LNA).

Substantial homology: The phrase “substantial homology” is used herein to refer to a
comparison between amino acid or nucleic acid sequences. As will be appreciated by those of
ordinary skill in the art, two sequences are generally considered to be “substantially
homologous” if they contain homologous residues in corresponding positions. Homologous
residues may be identical residues. Alternatively, homologous residues may be non-identical
residues with appropriately similar structural and/or functional characteristics. For example, as
is well known by those of ordinary skill in the art, certain amino acids are typically classified as
“hydrophobic” or “hydrophilic” amino acids, and/or as having “polar” or “non-polar” side chains.
Substitution of one amino acid for another of the same type may often be considered a
“‘homologous” substitution.

11
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As is well known in this art, amino acid or nucleic acid sequences may be compared
using any of a variety of algorithms, including those available in commercial computer programs
such as BLASTN for nucleotide sequences and BLASTP, gapped BLAST, and PSI-BLAST for
amino acid sequences. Exemplary such programs are described in Altschul, ef al., Basic local
alignment search tool, J. Mol. Biol., 215(3): 403-410, 1990; Altschul, et al., Methods in
Enzymology; Altschul, et al., "Gapped BLAST and PSI-BLAST: a new generation of protein
database search programs”, Nucleic Acids Res. 25:3389-3402, 1997; Baxevanis, et al.,
Bioinformatics : A Practical Guide to the Analysis of Genes and Proteins, Wiley, 1998; and
Misener, et al., (eds.), Bioinformatics Methods and Protocols (Methods in Molecular Biology,
Vol. 132), Humana Press, 1999. In addition to identifying homologous sequences, the
programs mentioned above typically provide an indication of the degree of homology. In some
embodiments, two sequences are considered to be substantially homologous if at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or more of their corresponding residues are homologous over a relevant stretch of
residues. In some embodiments, the relevant stretch is a complete sequence. In some
embodiments, the relevant stretch is at least 9, 10, 11, 12, 13, 14, 15, 16, 17 or more residues.
In some embodiments, the relevant stretch includes contiguous residues along a complete
sequence. In some embodiments, the relevant stretch includes discontinuous residues along a
complete sequence. In some embodiments, the relevant stretch is at least 10, 15, 20, 25, 30,
35, 40, 45, 50, or more residues.

Substantial identity: The phrase “substantial identity” is used herein to refer to a
comparison between amino acid or nucleic acid sequences. As will be appreciated by those of
ordinary skill in the art, two sequences are generally considered to be “substantially identical” if
they contain identical residues in corresponding positions. As is well known in this art, amino
acid or nucleic acid sequences may be compared using any of a variety of algorithms, including
those available in commercial computer programs such as BLASTN for nucleotide sequences
and BLASTP, gapped BLAST, and PSI-BLAST for amino acid sequences as well as EMBOSS
needel for global alignments or EMBOSS Water for local alignments. Exemplary such
programs are described in Altschul, et al., Basic local alignment search tool, J. Mol. Biol.,
215(3): 403-410, 1990; Altschul, et al., Methods in Enzymology; Altschul et al., Nucleic Acids
Res. 25:3389-3402, 1997; Baxevanis et al., Bioinformatics : A Practical Guide to the Analysis of
Genes and Proteins, Wiley, 1998; and Misener, et al., (eds.), Bioinformatics Methods and
Protocols (Methods in Molecular Biology, Vol. 132), Humana Press, 1999. In addition to
identifying identical sequences, the programs mentioned above typically provide an indication
of the degree of identity. In some embodiments, two sequences are considered to be
substantially identical if at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or more of their corresponding residues are identical
over a relevant stretch of residues. In some embodiments, the relevant stretch is the complete

12
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sequence of the oligonucleotide. In some embodiments, the relevant stretch is at least 10, 15,
20, 25, 30, 35, 40, 45, 50, or more residues. Target tissues: As used herein , the term “target
tissues” refers to any tissue that is affected by the defects in or lower than desired activity from
protein subunits, or globin chains, that make up hemoglobin, especially in the liver, spleen and
bone marrow. In some embodiments, target tissues include those tissues in which there is an
abnormality in the expression of the globin chains, e.g., alpha, beta or gamma. In some
embodiments, target tissues include those tissues that display disease-associated pathology,
symptom, or feature. As used herein, a target tissue may be a liver target tissue, a spleen
target tissue and/or a bone marrow target tissue. Exemplary target tissues are described in
detail below.

Therapeutically effective amount: As used herein, the term “therapeutically effective
amount” refers to an amount of a therapeutic agent which confers a therapeutic effect on the
treated subject, at a reasonable benefit/risk ratio applicable to any medical treatment. The
therapeutic effect may be objective (i.e., measurable by some test or marker) or subjective (i.e.,
subject gives an indication of or feels an effect). In particular, the “therapeutically effective
amount” refers to an amount of a therapeutic agent or composition effective to treat, ameliorate,
or prevent a desired disease or condition, or to exhibit a detectable therapeutic or preventative
effect, such as by ameliorating symptoms associated with the disease, preventing or delaying
the onset of the disease, and/or also lessening the severity or frequency of symptoms of the
disease. A therapeutically effective amount is commonly administered in a dosing regimen that
may comprise multiple unit doses. For any particular therapeutic agent, a therapeutically
effective amount (and/or an appropriate unit dose within an effective dosing regimen) may vary,
for example, depending on route of administration, on combination with other pharmaceutical
agents. Also, the specific therapeutically effective amount (and/or unit dose) for any particular
patient may depend upon a variety of factors including the disorder being treated and the
severity of the disorder; the activity of the specific pharmaceutical agent employed; the specific
composition employed; the age, body weight, general health, sex and diet of the patient; the
time of administration, route of administration, and/or rate of excretion or metabolism of the
specific agent employed; the duration of the treatment; and like factors as is well known in the
medical arts.

Treatment: As used herein, the term “treatment” (also “treat” or “treating”) refers to any
administration of a therapeutic agent (e.g., oligonucleotide) that partially or completely
alleviates, ameliorates, relieves, inhibits, delays onset of, reduces severity of and/or reduces
incidence of one or more symptoms or features of a particular disease, disorder, and/or
condition (e.g., hemoglobin dysfunction or deficiency, sickle cell disease, thalassemia). Such
treatment may be of a subject who does not exhibit signs of the relevant disease, disorder
and/or condition and/or of a subject who exhibits only early signs of the disease, disorder,
and/or condition. Alternatively or additionally, such treatment may be of a subject who exhibits

13
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one or more established signs of the relevant disease, disorder and/or condition. Exemplary
signs of a relevant disease as described herein include anemia, which may range from
moderate to serve depending on the patient who manifests the signs.

DETAILED DESCRIPTION

The present invention provides, among other things, improved compositions and methods
for modulating B-cell CLL/Lymphoma 11A (BCL11A) activity and for treatment of a disease,
disorder or condition associated with BCL11A. It is contemplated that reducing or inhibiting
BCL11A activity results in increased expression of globin genes, e.g., gamma globin.
Therefore, the present invention is particularly useful for treating hemoglobinopathies, such as
sickle cell disease and B-thalassemias. In particular, the present invention is based on
antisense oligonucleotide modulators of BCL11A that reduce or inhibit BCL11A activity by
down-regulating or decreasing expression of BCL11A. In some embodiments, an
oligonucleotide capable of down-regulating or decreasing the expression of the human BCL11A
gene target a region of the human BCL11A gene or an messenger RNA (mRNA) isoform of
BCL11A (e.g., XL, L, M, S or XS). In some embodiments, an oligonucleotide capable of down-
regulating or decreasing the expression of the human BCL11A gene has a sequence based on
the reverse complement of a continuous sequence of the human BCL11A gene or an
messenger RNA (mMRNA) isoform of BCL11A.

Various aspects of the invention are described in detail in the following sections. The use
of sections is not meant to limit the invention. Each section can apply to any aspect of the

invention. In this application, the use of “or” means “and/or” unless stated otherwise.

BCL11A and Related Diseases and Conditions

The human BCL11A gene encodes a C;H; zinc finger protein having similarity to the
mouse BCL11A protein. BCL11A is a lymphoid transcription factor that functions in B cells,
and, up until recently, was unknown to have a role in erythropoiesis. BCL11A is now
understood to have a role in globin gene regulation and expression appears to correlate with
developmental expression of globin genes. BCL11A is expressed in adult erythroid precursor
cells in the bone marrow and functions in an inverse relationship with gamma globin genes, i.e.,
BCL11A functions as a repressor of gamma globin production.

BCL11A is represented in several isoforms. Figure 2 sets forth three major isoforms of
BCL11A, which differ in the usage of two potential 3’ terminal exons. BCL11A is known to
associate with other proteins to form complexes that function to regulate the fetal-to-adult
hemoglobin switch. BCL11A is implicated in disease associated with hemoglobin dysfunction.
In particular, inhibition of BCL11A upregulates gamma globin expression and, as a result,
production of fetal hemoglobin, which can compensate for globin gene dysfunction encountered

in hemoglobinopathies, such as sickle cell disease, B-thalassemias, and the like.

14



WO 2014/188001 PCT/EP2014/060813

Modulators of BCL11A

As discussed in the Examples below, the present inventors have successfully identified
antisense oligonucleotide modulators that target one or more isoforms of BCL11A. In some
embodiments, modulators according to the present invention target a region common to the
three major isoforms depicted in Figure 2. Specifically the present inventors have identified a
specific region within Exon 2 from nucleotides 410 to 450 of the human BCL11A gene that very
efficiently downregulates BCL11A. The corresponding region in the mouse BCL11A gene (e.g.,
XL, L or S) range from nucleotides 517 to 557. Figure 3 clearly shows that across Exons 1, 2, 3
and 4, this region is a hotspot in terms of designing single stranded oligonucleotides capable of
decreasing the expression of BCL11A. The knowledge of such a hotspot increases the
likelihood of success in designing an oligonucleotide with good potency and which is well
tolerated by the subject to be treated.

Design of antisense oligonucleotides

Among other things, the present invention provides antisense oligonucleotides useful for
modulation of nucleic acid molecules encoding human BCL11A. In particular, an antisense
oligonucleotide suitable for the present invention includes any oligonucleotide that is capable of
down-regulating or decreasing, reducing or inhibiting BCL11A expression or activity.

Typically, an oligonucleotide capable of down-regulating or decreasing the expression of
the human BCL11A gene may be designed based on the sequence of the human BCL11A
gene or an messenger RNA (mRNA) isoform of BCL11A (e.g., XL, L or S). For example, an
oligonucleotide capable of down-regulating or decreasing the expression of the human BCL11A
gene may have a sequence that is substantially identical to the reverse complement of a
continuous sequence of the human BCL11A gene or an messenger RNA (MRNA) isoform of
BCL11A. In some embodiments, an oligonucleotide according to the present invention has a
sequence at least about 50% (e.g., at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, or 99%) identical to the reverse complement of a continuous sequence
of the human BCL11A gene or an messenger RNA (mRNA) isoform of BCL11A. Since the
human BCL11A gene and mouse BCL11A gene share high sequence identity, an
oligonucleotide according to the present invention may also be designed based on the
sequence of the mouse BCL11A gene or an messenger RNA (mRNA) isoform of BCL11A. In
some embodiments, an oligonucleotide according to the present invention has a sequence at
least about 50% (e.g., at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99%) identical to the reverse complement of a continuous sequence of the
mouse BCL11A gene or an messenger RNA (mRNA) isoform of BCL11A.

Alternatively, an oligonucleotide capable of down-regulating or decreasing the expression
of the human BCL11A gene is capable of hybridizing or binding to a target region of one or
more isoforms of BCL11A mRNA. In some embodiments, an oligonucleotide capable of
decreasing the expression of the human BCL11A gene is capable of hybridizing or binding to a
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target region of BCL11A mRNA that is found in an exon (e.g., exon 1, exon 2, exon 3, exon 4,
or exon 5). In some embodiments, an oligonucleotide capable of decreasing the expression of
the human BCL11A gene is capable of hybridizing or binding to a target region of human or
mouse BCL11A.

It will be appreciated that hybridization of an antisense oligonucleotide to a target region
of BCL11A mRNA may be performed in vitro or in vivo. Hybridization may be performed under
low, medium, and/or stringent hybridization conditions, as is well known in the art. In general,
stringent hybridization conditions refer to standard hybridization conditions under which nucleic
acid molecules, including oligonucleotides, are used to identify molecules having
complementary nucleic acid sequences. Stringent hybridization conditions typically permit
binding between nucleic acid molecules having at least about 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or more nucleic acid sequence identity. Standard conditions are
disclosed, for example, in Sambrook et al., 1989, Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Labs Press, the contents of which is incorporated herein by reference in its
entirety. Formulae to calculate the appropriate hybridization and wash conditions to achieve
hybridization permitting 50%, 40%, 30%, 20%, 10%, 5% or less mismatch of nucleotides are
available in the art, for example, in Meinkoth et al., 1984, Anal. Biochem. 138, 267-284; the
contents of which is incorporated herein by reference in its entirety. It will be appreciated that
hybrids between oligonucleotides (14-20 bp) and immobilized DNA show decreased stability
and should be taken into account when defining optimal conditions for their hybridization.

Hybridization condition stringency can be affected by buffer ionic strength, base
composition of the nucleotide, the length of the shortest chain in the duplex (n), and the
concentration of helix destabilizing agents such as formamide. For example, hybridization
stringency can be altered by adjusting the salt and/or formamide concentrations and/or by
changing the temperature. The stringency can be adjusted either during the hybridization step,
or in post hybridization washes. An example of stringent hybridization conditions for
hybridization of complementary nucleic acids which have more than 100 complementary
residues on a filter in a Southern or Northern blot is 50% formamide with 1 mg of heparin at
42°C, with the hybridization being carried out overnight. An example of stringent wash
conditions is a 0.2X SSC wash at 65°C. for 15 minutes. In some embodiments, a high
stringency wash is preceded by a low stringency wash to remove back-ground probe signal.
An example medium stringency wash for a duplex of, e.g., more than 100 nucleotides, is 100X
SSC at 45°C for 15 minutes. An example low stringency wash for a duplex of, e.g., more than
100 nucleotides, is 4X SSC at 40°C. for 15 minutes. In general, a signal to noise ratio of 2X (or
higher) than that observed for an unrelated probe in the particular hybridization assay indicates
detection of a specific hybridization.

Sequences of BCL11A mRNA Isoforms
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As described above, Figure 2 sets forth the three major human BCL11A mRNA isoforms,
i.e., isoform XL, L and S. Similarly, there three major mouse BCL11A mRNA isoforms, i.e.,
isoform XL, L and S. For both mouse and human, other BCL11A mRNA isoforms have been
identified. For example, in humans several isoforms based on alternative splice variants are
described in the Ensembl genebuild assemblies (European Bioinformatics Institute and
Wellcome Trust Sanger Institute), which are identified by the following transcript identification
numbers: ENST00000358510, ENST00000538214, ENST00000537768, ENST00000477659,
ENST00000489516, ENST00000409351, ENST00000479026, ENST00000492272,
ENST00000489183. Sequences of exemplary human and mouse isoforms of BCL11A are set
forth in the sequence list with indication of exons:

SEQ ID NO: 1 = Human BCL11A-XL NCBI accession number NM_022893

SEQ ID NO: 2 = Human BCL11A-L NCBI accession number NM_018014

SEQ ID NO: 3 = Human BCL11A-S NCBI accession number NM_ 138559

SEQ ID NO: 4 = Mouse BCL11A-XL NCBI accession number NM_001242934

SEQ ID NO: 5 = Mouse BCL11A-L NCBI accession number NM_016707

SEQ ID NO: 6 = Mouse BCL11A-S L NCBI accession number NM_001159289

SEQ ID NO: 7= Mouse BCL11A-XS NCBI accession number NM_001159290

In some embodiments, provided antisense oligonucleotides bind to a region within one or
more isoforms of a human or mouse BCL11A as shown in SEQ ID NO: 1to 7. In some
embodiments, provided antisense oligonucleotides bind to a region within an exon of a human
or mouse BCL11A isoform as shown in SEQ ID NO: 1 to 7. In some embodiments, provided
antisense oligonucleotides bind to a region within an exon of an isoform of human BCL11A,
mouse BCL11A, or a combination thereof. In some embodiments, provided antisense
oligonucleotides bind to a region within nucleotides 1-283, 284 — 613, or 614 — 715 of a human
BCL11A. Preferably, nucleotides 1-283, 284 — 613, or 614 — 715 of SEQ ID NO: 1. In some
embodiments, provided antisense oligonucleotides bind to a region within nucleotides 250 —
500, 259 — 438, 284 — 613, 415 — 445, 415 — 436, 716 — 5946, 716 — 2458, 2459 — 3958, or
nucleotides 859 — 2358 of a human BCL11A. In various embodiments, a human BCL11A is
selected from isoforms XL, L or S as shown in SEQ ID NO: 1 to 3. In various embodiments, a
mouse BCL11A is selected from isoforms XL, L or S as shown in SEQ ID NO: 4 to 7.

In some embodiments, an antisense oligonucleotide of the present invention has a
sequence that is at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at least 98%, or at
least 99% identical to the reverse complement of a continuous sequence of a human or mouse
BCL11A gene or a messenger RNA (mRNA) isoform of a human or mouse BCL11A. In some
embodiments, an oligonucleoctide of the present invention has a sequence that is identical to the
reverse complement of a continuous sequence of the human or mouse BCL11A gene or an
messenger RNA (MRNA) isoform of human or mouse BCL11A.
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In some embodiments, a continuous sequence according to the present invention is
within a region selected from nucleotides 1-283 (Exon 1), nucleotides 284 — 613 (Exon 2), or
nucleotides 614 — 715 (Exon 3) of the human BCL11A gene.

In some embodiments, a continuous sequence according to the present invention is
within nucleotides of a human BCL11A mRNA isoform XL (SEQ ID NO: 1). In some
embodiments, a continuous sequence according to the present invention is within nucleotides
200 - 620, 410 — 450, 415 — 436, 415 - 446, 420 — 450, or within nucleotides 716 — 5946 (exon
4) of a human BCL11A mRNA isoform XL (SEQ ID NO: 1).

In some embodiments, a continuous sequence according to the present invention is
within nucleotides of a human BCL11A mRNA isoform L (SEQ ID NO: 2). In some
embodiments, a continuous sequence according to the present invention is within nucleotides
716 — 2458 (exon 4) or nucleotides 2459 — 3958 (exon 5) of a human BCL11A mRNA isoform
L.

In some embodiments, a continuous sequence according to the present invention is
within nucleotides of a human BCL11A mRNA isoform S (SEQ ID NO: 3). In some
embodiments, a continuous sequence according to the present invention is within nucleotides
716 — 858 (exon 4) or nucleotides 859 — 2358 (exon 5) of a human BCL11A mRNA isoform S.

In some embodiments, provided antisense oligonucleotides bind to a target region that is
substantially identical to the corresponding region of the human or mouse BCL11A as shown in
SEQ ID NO: 1to 7. Forexample, provided antisense oligonucleotides may bind to a target
region that has a sequence at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to that of the corresponding
region (e.g., exon 1, 2, 3, 4, or 5) of the human or mouse BCL11A as shown in SEQ ID NO: 1

to 7. Exemplary regions are described throughout the specification.

The Oligonucleotide

The term “oligonucleotide” in the context of the present invention, refers to a molecule
formed by covalent linkage of two or more nucleotides. The term is used interchangeably with
the term oligomer. Herein, a single nucleotide (unit) may also be referred to as a monomer or
unit. In some embodiments, the terms “nucleoside”, “nucleotide”, “unit’” and “monomer” are
used interchangeably. It will be recognized that when referring to a sequence of nucleotides or
monomers, what is referred to is the sequence of bases, such as A, T, G, C or U.

The oligonucleotide of the invention is capable of decreasing expression of human
BCL11A comprising a sequence that is at least 80% identical to the reverse complement of a
continuous sequence within a region selected from nucleotides 410 to 450 of the human
BCL11A gene or an messenger RNA (MRNA) isoform of BCL11A.

In some embodiments, the oligonucleotide of the invention comprises or consists a

sequence motif selected from the group shown in Table 1. Sequence motifs are essentially a
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nucleotide sequence that can be used as the basis for generating oligonucleotides that
essentially comprise or contain the same sequence but varies for example in the number of
nucleotide analouges, length or internucleotide linkages.

Table 1. Sequence motifs that can be used to design specific oligonucleotides.

Sequence (5'-3")

ATTGCATTGTTTCCG SEQ ID NO: 63
GTTTGTGCTCGAT SEQ ID NO: 64
CATTGCATTGTTTCCG SEQ ID NO: 65
CGTTTGTGCTCGAT SEQ ID NO: 66
CGTTTGTGCTCGATAA SEQ ID NO: 67
CCGTTTGTGCTCGA SEQ ID NO: 68
CGTTTGTGCTCGA SEQ ID NO: 69
TTTGTGCTCGATAA SEQ ID NO: 70
TTGTGCTCCATAA SEQ ID NO: 71
TTTCCGTTTGTGCTCG SEQ ID NO: 72
ATTGCATTGTTTCCGT SEQ ID NO: 73
CGTTTGTGCTCGATA SEQ ID NO: 74

In some embodiments, the oligonucleotide sequence motif is not
TCCGTTTGTGCTCGATAAA (SEQ ID NO: 75) or not TTTGTGCTCGATAAAAATA (SEQ ID
NO: 76), or not ATTGTTTCCGTTTGTGCTC (SEQ ID NO: 77).

In preferred embodiments, the oligonucleotide of the invention comprises or is a gapmer.

In some embodiments, the oligonucleotide is less than 19 nucleotides in length,
preferably less than 18, more preferably less than 17 nucleotides in length.

In some embodiments, the oligonucleotide of the invention comprises affinity enhancing
nucleotide analogues.

In some embodiments, the nucleotide analogues are sugar modified nucleotides, such as
sugar modified nucleotides independently or dependently selected from the group consisting of:
2-O-alkyl-RNA units, 2’-OMe-RNA units, 2’-O-alkyl-DNA, 2’-amino-DNA units, 2’-fluoro-DNA
units, LNA units, arabino nucleic acid (ANA) units, 2’-fluoro-ANA units, HNA units, INA units
and 2’MOE units.

In some embodiments, the nucleotide analogues comprise or consist of Locked Nucleic
Acid (LNA) units.

In preferred embodiments, the oligomer is a single stranded molecule. In some
embodiments, the oligonucleotide does not comprise short regions of, for example, at least 3, 4
or 5 contiguous nucleotides, which are complementary to equivalent regions within the same

oligonucleotide (i.e. duplexes or hairpins). The oligonucleotide, in some embodiments, may be
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not (essentially) double stranded. In some embodiments, the oligonucleotide is essentially not

double stranded, such as is not a siRNA.

Exemplary Antisense Oligonucleotides

PCT/EP2014/060813

Exemplary antisense oligonucleotides of the present invention are listed in Table 2.

TABLE 2

Oligo# Sequence (5-3’)
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"Cs® A® Ts® t:0s Csas L ts Gs s . T® MCs® MCs° G°
MCe® As® T°Ts® gsCs as ts ts gs L tsts MCs® MC® G°
"Co® A° TT° geCs as ts ts gs Lt Ts® MCs° "C° G°
"Cs® A® Tt 9sCs as s ts g ts Ts® Ts® "C° "C° G°
"Cs® A® T°T° Gs° Cs as ts ts gs st ts MCs® "Cs° G°
Gs® Ts® Tt 9o ts 9 Cs ts "G5 gs as ts A As® A°

Te® To® Ts® G ts Os Cs ts MCs Os as ts As® A A°

Te® To® To® gt Os Cs 1 "Cs Os @s Ts® A® AS°

G T® Tt gs ts 9s Cs & Cs s @s T As® AS°

Gs® Ts® T ts 9s ts 9s Gs ts "G5 9s A® Ts® AS°

"Cs® "C® Gt ts ts Os ts Os Cs & MCs 9s ASCTSPA°
"Cs® Gs® Ts® ts ts Os 1 9s Cs £ "Cs Gs As® T A°

G T tts Qs ts s Cs ts Cs Gs® As® T°

"C® G Ts® ts ts Os &5 Os Cs ts Cs Gs® AS°T°

"Cs® "Cs® G’ to ts ts Os ts s Cs ts Cs Gs® AS° T°

Ts® "Cs® "Cs® gs ts ts ts Osts 9s Cs 15 Cs Gs® AS° T°
"Cs® G’ ts ts ts Os £ 95 Cs £t "Cs® Gs° A°

Ts® Ts® MCs® MCs @s ts ts ts G ts 95 Cs s Cs® Gs® A°
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Oligo# Sequence (5-3’)
32 T°™CL™C° gt tsts Os ts Os Cs ts MCs° G A° SEQ ID NO: 39
33 T°™MC°™MC.° gt ts ts s ts gs Cs Ts® ™Co® G° SEQ ID NO: 40
34 T TL™C®MCs gs ts ts ts Gs ts Gs Cs Ts® ™Cs° G° SEQ ID NO: 41
35 G TT b0 M s bt ts s s gs "G T C° SEQ ID NO: 42
36 TLTL T 0 Mo s ts ts b 9s ts gs MCs° T° MC° SEQ ID NO: 43
37 MCs® Gs’tststs 9s ts gs Cs ts "Cs gs @s Ts*ACA° SEQ ID NO: 44
38 MC°Gs®Ts titsgeti 9s Cots e 9s ASCTPALCAC SEQID NO: 45
39 MC°Gs’Ts’Ts’tsOsts Os Cs ts Cs Gs @ Ts*ACA° SEQ ID NO: 46
40 MGG T T tgsts g Cots "Cs 9s A® TSASLA® SEQ ID NO: 47
41 MC°G® Tt ts s ts Os Gt M0 Gs® A TLCALCAC SEQ ID NO: 48
42 MGG T T Ts® gs ts Os Cs ts "Cs s @s T*ACA° SEQ ID NO: 49
43 MG Gl tststs gs ts Os Cs s Cs g5 As® Ts® A° SEQ ID NO: 50
44 "G G Tt 9ot 9s Cs ts "Cs gs @s T® A° SEQ ID NO: 51
45  "C° G’ Ts® Ts®ts gsts s Co ts 'Cs gs @s Ts® A° SEQ ID NO: 52
46 MCL Gl totots G ts gs Cs ts MCs G° ALC T A° SEQ ID NO: 53
47  "C° Ge® T’ T’ ts Os ts 9s Cs ts "'Cs 9s A° T° A° SEQ ID NO: 54
48  M™CL G Tt ts Os ts Gs Cs s MCs G® AL T A° SEQID NO: 55
49 MGG’ T’ it 9ot 9s Cs ts M0 Gs® AS° T° SEQ ID NO: 56
50 "C°Gs®tststs gsts s Cots MCs gs A T SEQ ID NO: 57
51 MCe® G® 10 to ts s ts Os Cs ts Cs Gs® A® T° SEQ ID NO: 58
52 MGG T tts 9ot s o ts s 9s A T° SEQ ID NO: 59
53  "C® G’ T’ T’ ts gsts 9s Cs ts "'Cs 9s A° T° SEQ ID NO: 60
54  MC° Gl tstots G ts G Cs ts MCs® G° AL T° SEQ ID NO: 61
55  MCe° Ge® Te® Te ts gs ts Os Cs ts "Cs® G:° A° T° SEQ ID NO: 62

In various embodiments, antisense oligonucleotides according to the present invention
include those oligonucleotides having a sequence at least 50% (e.g., 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more)
identical to 12 or more (e.g., 13, 14, 15, 16, 17, or 18) contiguous nucleotides that appear in an
antisense oligonucleotide sequence selected from Table 2.

In various embodiments, antisense oligonucleotides according to the present invention
include those oligonucleotides having a sequence at least 50% (e.g., 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more)
identical to the nucleotide sequence of an antisense oligonucleotide selected from Table 2.

Length

In will be appreciated that an antisense oligonucleotide in accordance with the present
invention may be of any appropriate length. An antisense oligonucleotide of the present
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invention may comprise or consist of a contiguous nucleotide sequence of a total of 10, 11, 12,
13,14, 15,16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 contiguous nucleotides in
length. In some embodiments, an antisense oligonucleotide comprises or consists of a
contiguous nucleotide sequence of a total of 10-18, 10-17, 10-16, 10-15, 10-14, 10-13, 10-12,
11-17, 11-16, 11-15, 11-14, 11-13, 12-17, 12-16, 12-15, or 12-14 nucleotides in length. In some
embodiments, an antisense oligonucleotide of the present invention is 10 - 16 or 12 — 16
nucleotides in length In some embodiments, an antisense oligonucleotide of the present
invention consists of no more than 22 nucleotides, such as no more than 20 nucleotides, such
as no more than 19 nucleotides, such as 15, 16, 17 or 18 nucleotides. In some embodiments,
an antisense oligonucleotide of the present invention comprises less than 20 nucleotides In
some embodiments, an antisense oligonucleotide of the present invention is less than 18
nucleotides in length. Without wishing to be bound by theory, it should be understood that when
a range is given for an antisense oligonucleotide of the present invention, or contiguous
nucleotide sequence length, it includes the lower an upper lengths provided in the range, for
example from (or between) 10 — 30, includes both 10 and 30.

“Percent (%) nucleic acid sequence identity” with respect to the nucleotide sequences
identified herein is defined as the percentage of nucleotides in a candidate sequence that are
identical with the nucleotides in the reference sequence, after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percent sequence identity. The
percentage sequence identity may be calculated by counting the number of aligned nucleic acid
that are identical between the 2 sequences, dividing by the total number of monomers in the
oligomer, and multiplying by 100. In such a comparison, if gaps exist, it is preferable that such
gaps are merely mismatches rather than an area where a number of nucleic acid within the gap
differs between the aligned sequences, e.g. between the oligonucleotide of the invention and
the target region. Alignment for purposes of determining percent nucleic acid sequence
identity can be achieved in various ways that are within the skill in the art, for instance, using
publicly available computer software such as BLAST, ALIGN or Megalign (DNASTAR) software
as well as EMBOSS needel for global alignments or EMBOSS Water for local alignments.
Those skilled in the art can determine appropriate parameters for measuring alignment,
including any algorithms needed to achieve maximal alignment over the full length of the
sequences being compared. Preferably, the WU-BLAST-2 software is used to determine amino
acid sequence identity (Altschul ef al., Methods in Enzymology, 266, 460-480 (1996);
http://blast.wustl/edu/blast/README.html). WU-BLAST-2 uses several search parameters,
most of which are set to the default values. The adjustable parameters are set with the
following values: overlap span=1, overlap fraction=0.125, world threshold (T)=11. HSP score
(S) and HSP S2 parameters are dynamic values and are established by the program itself,
depending upon the composition of the particular sequence, however, the minimum values may
be adjusted and are set as indicated above.
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Nucleosides and Nucleoside analogues

In some embodiments, the terms “nucleoside analogue” and “nucleotide analogue” are
used interchangeably.

The term “nucleotide” as used herein, refers to a glycoside comprising a sugar moiety, a
base moiety and a covalently linked group (linkage group), such as a phosphate or
phosphorothioate internucleotide linkage group, and covers both naturally occurring
nucleotides, such as DNA or RNA, and non-naturally occurring nucleotides comprising modified
sugar and/or base moieties, which are also referred to as “nucleotide analogues” herein.
Herein, a single nucleotide (unit) may also be referred to as a monomer or nucleic acid unit.

In the field of biochemistry, the term “nucleoside” is commonly used to refer to a glycoside
comprising a sugar moiety and a base moiety, and may therefore be used when referring to the
nucleotide units, which are covalently linked by the internucleotide linkages between the
nucleotides of an oligonucleotide. In the field of biotechnology, the term “nucleotide” is often
used to refer to a nucleic acid monomer or unit, and as such in the context of an oligonucleotide
may refer to the base — such as the “nucleotide sequence”, typically refer to the nucleobase
sequence (i.e. the presence of the sugar backbone and internucleoside linkages are implicit).
Likewise, particularly in the case of oligonucleotides where one or more of the internucleoside
linkage groups are modified, the term “nucleotide” may refer to a “nucleoside” for example the
term “nucleotide” may be used, even when specifying the presence or nature of the linkages
between the nucleosides.

As one of ordinary skill in the art would recognise, the &’ terminal nucleotide of an
oligonucleotide does not comprise a 5 internucleotide linkage group, although may or may not
comprise a 5’ terminal group.

Non-naturally occurring nucleotides include nucleotides which have modified sugar
moieties, such as bicyclic nucleotides or 2’ modified nucleotides, such as 2’ substituted
nucleotides.

“Nucleotide analogues” are variants of natural nucleotides, such as DNA or RNA
nucleotides, by virtue of modifications in the sugar and/or base moieties. Analogues could in
principle be merely “silent” or “equivalent” to the natural nucleotides in the context of the
oligonucleotide, i.e. have no functional effect on the way the oligonucleotide works to inhibit
target gene expression. Such “equivalent” analogues may nevertheless be useful if, for
example, they are easier or cost effective to manufacture, or are more stable to storage or
manufacturing conditions, or represent a tag or label. Preferably, however, the analogues will
have a functional effect on the way in which the oligonucleotide works to inhibit expression; for
example by producing increased binding affinity to the target and/or increased resistance to
intracellular nucleases and/or increased ease of transport into the cell. Specific examples of
nucleoside analogues are described by e.g. Freier & Altmann; Nucl. Acid Res., 1997, 25, 4429-
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4443 and Uhlmann; Curr. Opinion in Drug Development, 2000, 3(2), 293-213, and in Scheme 1

and in the section “Locked Nucleic Acid (LNA)”
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An oligonucleotide may thus comprise or consist of a simple sequence of natural
occurring nucleotides — preferably 2’-deoxynucleotides (referred to here generally as “DNA”),
but also possibly ribonucleotides (referred to here generally as “RNA”), or a combination of
such naturally occurring nucleotides and one or more non-naturally occurring nucleotides, i.e.
nucleotide analogues. Such nucleotide analogues may suitably enhance the affinity of the
oligomer for the target sequence. Examples of suitable and preferred nucleotide analogues are
provided by W0O2007/031091 or are referenced therein.

Incorporation of affinity-enhancing nucleotide analogues in the oligomer, such as LNA or

2’-substituted sugars, can allow the size of the specifically binding oligomer to be reduced, and

24



WO 2014/188001 PCT/EP2014/060813

may also reduce the upper limit to the size of the oligonucleotide before non-specific or
aberrant binding takes place.

In some embodiments, an antisense oligonucleotide of the present invention comprises at
least 1 nucleoside analogue. In some embodiments, an antisense oligonucleotide of the
present invention comprises at least 2 nucleotide analogues. In some embodiments, an
antisense oligonucleotide of the present invention comprises from 3-8 nucleotide analogues,
e.g. 6 or 7 nucleotide analogues. In some embodiments, at least one of said nucleotide
analogues is a locked nucleic acid (LNA); for example at least 3 or at least 4, or at least 5, or at
least 6, or at least 7, or 8, of the nucleotide analogues may be LNA. In some embodiments, all
the nucleotides analogues may be LNA.

It will be recognized by persons of skill upon reading this disclosure that when referring to
a preferred nucleotide sequence motif or nucleotide sequence, which consists of only
nucleotides, an antisense oligonucleotide of the present invention which are defined by that
sequence may comprise a corresponding nucleotide analogue in place of one or more of the
nucleotides present in said sequence, such as LNA units or other nucleotide analogues, which
raise the duplex stability/T., of the oligomer/target duplex (i.e. affinity enhancing nucleotide
analogues).

In some embodiments, any mismatches between the nucleotide sequence of the oligomer
and the target sequence are preferably found in regions outside the affinity enhancing
nucleotide analogues, such as region B or Y as referred to in the section “Gapmer Design”,
and/or region D as referred to in the section “Gapmer Design”, and/or at the site of non
modified such as DNA nucleotides in the oligonucleotide, and/or in regions which are 5 or 3’ to
the contiguous nucleotide sequence.

Examples of such modification of the nucleotide include modifying the sugar moiety to
provide a 2’-substituent group or to produce a bicyclic structure which enhances binding affinity
and may also provide increased nuclease resistance.

A preferred nucleotide analogue is LNA, such as oxy-LNA (such as beta-D-oxy-LNA, and
alpha-L-oxy-LNA), and/or amino-LNA (such as beta-D-amino-LNA and alpha-L-amino-LNA)
and/or thio-LNA (such as beta-D-thio-LNA and alpha-L-thio-LNA) and/or ENA (such as beta-D-
ENA and alpha-L-ENA). Most preferred is beta-D-oxy-LNA.

In some embodiments, nucleotide analogues present within an antisense oligonucleotide
of the present invention (such as in regions A and C mentioned in the section “Gapmer
Design”) are independently selected from, for example: 2’-O-alkyl-RNA units, 2’-OMe-RNA
units, 2’-O-alkyl-DNA, 2’-amino-DNA units, 2’-fluoro-DNA units, LNA units, arabino nucleic acid
(ANA) units, 2’fluoro-ANA units, HNA units, INA (intercalating nucleic acid -Christensen, 2002.
Nucl. Acids. Res. 2002 30: 4918-4925, hereby incorporated by reference) units and 2’MOE

units.
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In some embodiments, there is only one of the above types of nucleotide analogues
present in an antisense oligonucleotide of the present invention, or contiguous nucleotide
sequence thereof.

In some embodiments, nucleotide analogues are 2’-O-methoxyethyl-RNA (2’MOE), 2'-
fluoro-DNA monomers or LNA nucleotide analogues, and as such an antisense oligonucleotide
of the present invention may comprise nucleotide analogues which are independently selected
from these three types of analogue, or may comprise only one type of analogue selected from
the three types. In some embodiments at least one of said nucleotide analogues is 2’-MOE-
RNA, such as 2, 3,4, 5,6, 7, 8, 9 or 10 2-MOE-RNA nucleotide units. In some embodiments,
at least one of said nucleotide analogues is 2’-fluoro DNA, such as 2, 3,4, 5,6, 7, 8,9 or 10 2*-
fluoro-DNA nucleotide units.

In some embodiments, an antisense oligonucleotide of the present invention comprises at
least one Locked Nucleic Acid (LNA) unit, such as 1, 2, 3, 4, 5, 6, 7, or 8 LNA units, such as
from 3 —7 or 4 to 8 LNA units, or 3, 4, 5, 6 or 7 LNA units. In some embodiments, all the
nucleotide analogues are LNA. In some embodiments, an antisense oligonucleotide of the
present invention may comprise both beta-D-oxy-LNA, and one or more of the following LNA
units: thio-LNA, amino-LNA, oxy-LNA, 5’-methyl-LNA and/or ENA in either the beta-D or alpha-
L configurations or combinations thereof. In some embodiments, all LNA cytosine units are 5'-
methyl-Cytosine.

In some embodiments, an antisense oligonucleotide of the present invention may
comprise both nucleotide analogues (preferably LNA) and DNA units. Preferably the combined
total of nucleotide analogues (preferably LNA) and DNA units is 10-25, such as 10 — 24,
preferably 10-20, such as 10 — 18, even more preferably 12-16. In some embodiments, the
nucleotide sequence of an antisense oligonucleotide of the present invention, such as the
contiguous nucleotide sequence, consists of at least one nucleotide analogues (preferably
LNA) and the remaining nucleotide units are DNA units. In some embodiments, an antisense
oligonucleotide of the present invention comprises only LNA nucleotide analogues and naturally
occurring nucleotides (such as RNA or DNA, most preferably DNA nucleotides), optionally with
modified internucleotide linkages such as phosphorothioate.

The term “nucleobase” refers to the base moiety of a nucleotide and covers both naturally
occurring a well as non-naturally occurring variants. Thus, “nucleobase” covers not only the
known purine and pyrimidine heterocycles but also heterocyclic analogues and tautomeres
thereof.

Examples of nucleobases include, but are not limited to adenine, guanine, cytosine,
thymidine, uracil, xanthine, hypoxanthine, 5-methylcytosine, isocytosine, pseudoisocytosine, 5-
bromouracil, 5-propynyluracil, 6-aminopurine, 2-aminopurine, inosine, diaminopurine, and 2-

chloro-6-aminopurine.
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In some embodiments, at least one of the nucleobases present in the oligomer is a
modified nucleobase selected from the group consisting of 5-methylcytosine, isocytosine,
pseudoisocytosine, 5-bromouracil, 5-propynyluracil, 6-aminopurine, 2-aminopurine, inosine,
diaminopurine, and 2-chloro-6-aminopurine.

Locked Nucleic Acid (LNA)

The term “LNA” refers to a bicyclic nucleoside analogue, known as “Locked Nucleic Acid”.
It may refer to an LNA monomer, or, when used in the context of an “LNA oligonucleotide”, LNA
refers to an oligonucleotide containing one or more such bicyclic nucleotide analogues. LNA
nucleotides are characterised by the presence of a linker group (such as a bridge) between C2’
and C4’ of the ribose sugar ring — for example as shown as the biradical R* - R as described
below. The LNA used in an antisense oligonucleotide of the present invention preferably has

the structure of the general formula I:

Formula I

wherein for all chiral centers, asymmetric groups may be found in either R or S
orientation;

wherein X is selected from -O-, -S-, -N(R")-, -C(R°R%)-, such as, in some embodiments —
O~

B is selected from hydrogen, optionally substituted C14-alkoxy, optionally substituted C.4-
alkyl, optionally substituted C4.4-acyloxy, nucleobases including naturally occurring and
nucleobase analogues, DNA intercalators, photochemically active groups, thermochemically
active groups, chelating groups, reporter groups, and ligands; preferably, B is a nucleobase or
nucleobase analogue;

P designates an internucleotide linkage to an adjacent monomer, or a 5'-terminal group,
such internucleotide linkage or 5'-terminal group optionally including the substituent R® or
equally applicable the substituent R”;

P* designates an internucleotide linkage to an adjacent monomer, or a 3'-terminal group;

R* and R? together designate a bivalent linker group consisting of 1 - 4 groups/atoms
selected from -C(R°R")-, -C(R*)=C(R")-, -C(R%)=N-, -O-, -Si(R?),-, -S-, -SO,-, -N(R?)-, and >C=Z,
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wherein Z is selected from -O-, -S-, and -N(R?)-, and R® and R® each is independently selected
from hydrogen, optionally substituted C,.4,-alkyl, optionally substituted C,.1,-alkenyl, optionally
substituted C,.1o-alkynyl, hydroxy, optionally substituted Cy_1,-alkoxy, C,.12-alkoxyalkyl, C,.12-
alkenyloxy, carboxy, Cq.1o-alkoxycarbonyl, Cq.1o-alkylcarbonyl, formyl, aryl, aryloxy-carbonyl,
aryloxy, arylcarbonyl, heteroaryl, heteroaryloxy-carbonyl, heteroaryloxy, heteroarylcarbonyl,
amino, mono- and di(Cq.s-alkyl)amino, carbamoyl, mono- and di(C.s-alkyl)-amino-carbonyl,
amino-C4¢-alkyl-aminocarbonyl, mono- and di(C4¢-alkyl)amino-C4¢-alkyl-aminocarbonyl, C4.¢-
alkyl-carbonylamino, carbamido, Cqs-alkanoyloxy, sulphono, C4s-alkylsulphonyloxy, nitro,
azido, sulphanyl, C¢-alkylthio, halogen, DNA intercalators, photochemically active groups,
thermochemically active groups, chelating groups, reporter groups, and ligands, where aryl and
heteroaryl may be optionally substituted and where two geminal substituents R* and R® together
may designate optionally substituted methylene (=CH), wherein for all chiral centers,
asymmetric groups may be found in either R or S orientation, and;

each of the substituents R", R%, R®, R®, R¥, R® and R®, which are present is
independently selected from hydrogen, optionally substituted C4.1,-alkyl, optionally substituted
C..12-alkenyl, optionally substituted C,.1,-alkynyl, hydroxy, C4.1,-alkoxy, C,.1>-alkoxyalkyl, C,.1o-
alkenyloxy, carboxy, Ci.12-alkoxycarbonyl, Cq.12-alkylcarbonyl, formyl, aryl, aryloxy-carbonyl,
aryloxy, arylcarbonyl, heteroaryl, heteroaryloxy-carbonyl, heteroaryloxy, heteroarylcarbonyl,
amino, mono- and di(Cs-alkyl)amino, carbamoyl, mono- and di(C+.s-alkyl)-amino-carbonyl,
amino-C4¢-alkyl-aminocarbonyl, mono- and di(C4.s-alkyl)amino-C4.¢-alkyl-aminocarbonyl, C4.¢-
alkyl-carbonylamino, carbamido, C4¢-alkanoyloxy, sulphono, C4s-alkylsulphonyloxy, nitro,
azido, sulphanyl, Cqs-alkylthio, halogen, DNA intercalators, photochemically active groups,
thermochemically active groups, chelating groups, reporter groups, and ligands, where aryl and
heteroaryl may be optionally substituted, and where two geminal substituents together may
designate oxo, thioxo, imino, or optionally substituted methylene; ; wherein RV is selected from
hydrogen and Cq.4-alkyl, and where two adjacent (non-geminal) substituents may designate an
additional bond resulting in a double bond; and RV, when present and not involved in a
biradical, is selected from hydrogen and Cq4-alkyl; and basic salts and acid addition salts
thereof. For all chiral centers, asymmetric groups may be found in either R or S orientation.

In some embodiments, R* and R” together designate a biradical consisting of a groups
selected from the group consisting of C(R?R”)-C(R?R")-, C(R?R")-O-, C(R*R")-NR?-, C(R*R")-S-,
and C(R°R")-C(R°R)-O-, wherein each R? and R” may optionally be independently selected. In
some embodiments, R* and R® may be, optionally independently selected from the group
consisting of hydrogen and c1.salkyl, such as methyl, such as hydrogen.

In some embodiments, R and R” together designate the biradical -O-CH(CH,OCH,)-
(2°0-methoxyethyl bicyclic nucleic acid - Seth at al., 2010, J. Org. Chem) — in either the R- or S-

configuration.
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In some embodiments, R* and R? together designate the biradical -O-CH(CH,CHj)-
(2'0O-ethyl bicyclic nucleic acid - Seth at al., 2010, J. Org. Chem). —in either the R- or S-
configuration.

In some embodiments, R* and R? together designate the biradical -O-CH(CHz)-. — in
either the R- or S- configuration.

In some embodiments, R and R” together designate the biradical —O-CH,-O-CH,- -
(Seth atal., 2010, J. Org. Chem).

In some embodiments, R* and R? together designate the biradical -O-NR-CHs- - (Seth
atal., 2010, J. Org. Chem) .

In some embodiments, the LNA units have a structure selected from the following group:

§ § CHy
Q 8 O B
0- 0-
Hg{; - g, o,
O © Q ©
3 H
{ﬂ: S} -cEt {R.8)-cMOE {7,515 Mae-LNA

In some embodiments, R", R?, R®, R®, R® are independently selected from the group
consisting of hydrogen, halogen, Cysalkyl, substituted Cy¢alkyl, C,¢ alkenyl, substituted C,.¢
alkenyl, C,.salkynyl or substituted C,.¢alkynyl, Cq.salkoxyl, substituted C;.¢ alkoxyl, acyl,
substituted acyl, C.s aminoalkyl or substituted Cs.caminoalkyl. For all chiral centers,
asymmetric groups may be found in either R or S orientation.

In some embodiments, R", R?, R%, R® R® are hydrogen.

In some embodiments, R, R?, R® are independently selected from the group consisting
of hydrogen, halogen, Cyalkyl, substituted Cqsalkyl, C,salkenyl, substituted C,.¢ alkenyl, C,.
alkynyl or substituted C,.¢alkynyl, Cs¢alkoxyl, substituted Cy.¢ alkoxyl, acyl, substituted acyl, C.
s aminoalkyl or substituted Ci.saminoalkyl. For all chiral centers, asymmetric groups may be
found in either R or S orientation.

In some embodiments, R", R?, R® are hydrogen.

In some embodiments, R® and R® are each independently selected from the group
consisting of H, —-CHj3, -CH,-CHjs,- CH,-O-CHj3, and -CH=CH,. Suitably in some embodiments,
either R® or R* are hydrogen, whereas the other group (R® or R* respectively) is selected from
the group consisting of C4.5 alkyl, C,.¢ alkenyl, C,.salkynyl, substituted Cy.¢ alkyl, substituted C,¢
alkenyl, substituted C,¢ alkynyl or substituted acyl (-C(=0)-); wherein each substituted group is
mono or poly substituted with substituent groups independently selected from halogen, C.5
alkyl, substituted Cy.salkyl, C,.s alkenyl, substituted C,¢ alkenyl, C,¢alkynyl, substituted C,.¢
alkynyl, OJ4, SJ1, NJ1Jz, N3, COOJ4, CN, O-C(=0O)NJ1J2, N(H)C(=NH)NJ,J; or N(H)C(=X)N(H)J
wherein X is O or S; and each J; and J, is, independently, H, Cys alkyl, substituted Cy¢alkyl, C,.
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s alkenyl, substituted C,¢alkenyl, C,.¢ alkynyl, substituted C,.¢ alkynyl, C4caminoalkyl,
substituted C+.¢ aminoalkyl or a protecting group. In some embodiments either R®> or R*" is
substituted Cy.¢alkyl. In some embodiments either R® or R* is substituted methylene wherein
preferred substituent groups include one or more groups independently selected from F, NJ4J»,
N3, CN, OJ4, Sdq, O-C(=0)NJ+J2, N(H)C(=NH)NJ, J, or N(H)C(O)N(H)J>. In some embodiments
each J; and J, is, independently H or Cysalkyl. In some embodiments either R® or R is methyl,
ethyl or methoxymethyl. In some embodiments either R® or R” is methyl. In a further
embodiment either R® or R”" is ethylenyl. In some embodiments either R® or R* is substituted
acyl. In some embodiments either R® or R” is C(=0)NJ;J,. For all chiral centers, asymmetric
groups may be found in either R or S orientation. Such 5" modified bicyclic nucleotides are
disclosed in WO 2007/134181, which is hereby incorporated by reference in its entirety.

In some embodiments B is a nucleobase, including nucleobase analogues and naturally
occurring nucleobases, such as a purine or pyrimidine, or a substituted purine or substituted
pyrimidine, such as a nucleobase referred to herein, such as a nucleobase selected from the
group consisting of adenine, cytosine, thymine, adenine, uracil, and/or a modified or substituted
nucleobase, such as 5-thiazolo-uracil, 2-thio-uracil, 5-propynyl-uracil, 2’thio-thymine, 5-methyl
cytosine, 5-thiozolo-cytosine, 5-propynyl-cytosine, and 2,6-diaminopurine.

In some embodiments, R* and R? together designate a biradical selected from -C(R?R")-
0-, -C(R?R")-C(R°R%)-0-, -C(R?R")-C(R°R")-C(R°R")-0-, -C(R?R")-0O-C(R°R’)-, -C(R*R")-O-
C(R°RY)-0-, -C(R?R")-C(R°R")-, -C(R*R")-C(R°R")-C(R°R)-, -C(R*)=C(R")-C(R°R’)-, -C(R®R")-
N(R®)-, -C(R?R")-C(R°R?)- N(R®)-, -C(R?R")-N(R°)-O-, and -C(R?R")-S-, -C(R*R")-C(R°R%)-S-,
wherein R?, R®, R%, RY, R®, and R each is independently selected from hydrogen, optionally
substituted Cq.12-alkyl, optionally substituted C,.1,-alkenyl, optionally substituted C,.12-alkynyl,
hydroxy, Cq.12-alkoxy, C,.1o-alkoxyalkyl, C,.1o-alkenyloxy, carboxy, Cy.4o-alkoxycarbonyl, Cy.1o-
alkylcarbonyl, formyl, aryl, aryloxy-carbonyl, aryloxy, arylcarbonyl, heteroaryl, heteroaryloxy-
carbonyl, heteroaryloxy, heteroarylcarbonyl, amino, mono- and di(Cs-alkyl)amino, carbamoyl,
mono- and di(Cqs-alkyl)}-amino-carbonyl, amino-C,¢-alkyl-aminocarbonyl, mono- and di(C.6-
alkyl)amino-Cs-alkyl-aminocarbonyl, Css-alkyl-carbonylamino, carbamido, C4s-alkanoyloxy,
sulphono, Cqs-alkylsulphonyloxy, nitro, azido, sulphanyl, C,¢-alkylthio, halogen, DNA
intercalators, photochemically active groups, thermochemically active groups, chelating groups,
reporter groups, and ligands, where aryl and heteroaryl may be optionally substituted and
where two geminal substituents R* and R” together may designate optionally substituted
methylene (=CH;). For all chiral centers, asymmetric groups may be found in either Ror S
orientation.

In some embodiments, R* and R” together designate a biradical (bivalent group)
selected from -CH,-O-, -CH,-S-, -CH-NH-, -CH,-N(CHj3)-, -CH,-CH,-O-, -CH,-CH(CH3)-, -CH,-
CH2-S-, -CH,-CH,-NH-, -CH,-CH,-CHg-, -CH,-CH,-CH,-O-, -CH,-CH,-CH(CH3)-, -CH=CH-CH_-,
-CH,-O-CH,-O-, -CH3-NH-O-, -CH2-N(CHj3)-O-, -CH,-O-CH>-, -CH(CHj3)-O-, and —CH(CH-O-
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CHa3)-O-, and/or, -CH,-CH,-, and -CH=CH- For all chiral centers, asymmetric groups may be
found in either R or S orientation.

In some embodiments, R* and R? together designate the biradical C(R*R)-N(R°)-O-,
wherein R*and R are independently selected from the group consisting of hydrogen, halogen,
Cisalkyl, substituted Cq.s alkyl, C,.s alkenyl, substituted C,.¢alkenyl, C,.¢ alkynyl or substituted
C,.s alkynyl, Cqsalkoxyl, substituted Cs.¢alkoxyl, acyl, substituted acyl, C1. aminoalkyl or
substituted C4.¢ aminoalkyl, such as hydrogen, and; wherein R°® is selected from the group
consisting of hydrogen, halogen, Cqsalkyl, substituted C¢¢alkyl, C,¢alkenyl, substituted C,
alkenyl, C,.s alkynyl or substituted C,¢alkynyl, Cqsalkoxyl, substituted Cs.s alkoxyl, acyl,
substituted acyl, Cq.caminoalkyl or substituted Cs.caminoalkyl, such as hydrogen.

In some embodiments, R* and R? together designate the biradical C(R*R")-O-C(R°R?) -
O-, wherein R?, R®, R%, and R“are independently selected from the group consisting of
hydrogen, halogen, C4alkyl, substituted Cq.¢alkyl, C,.salkenyl, substituted C,¢ alkenyl, C,¢
alkynyl or substituted C,.salkynyl, C4.salkoxyl, substituted C.¢ alkoxyl, acyl, substituted acyl, C;.
s aminoalkyl or substituted C4¢ aminoalkyl, such as hydrogen.

In some embodiments, R* and R? form the biradical -CH(Z)-O-, wherein Z is selected
from the group consisting of C4¢ alkyl, C,¢alkenyl, C,.s alkynyl, substituted C4.¢ alkyl, substituted
Ca.salkenyl, substituted C,¢alkynyl, acyl, substituted acyl, substituted amide, thiol or substituted
thio; and wherein each of the substituted groups, is, independently, mono or poly substituted
with optionally protected substituent groups independently selected from halogen, oxo,
hydroxyl, OJs, NJ1J2, SJ1, Na, OC(=X)Js, OC(=X)NJ1J2, NJ*C(=X)NJ1J2 and CN, wherein each
J1, J2 and J; is, independently, H or Cy¢alkyl, and X is O, S or NJ;. In some embodiments Z is
Ci.s alkyl or substituted Cqsalkyl. In some embodiments Z is methyl. In some embodiments Z is
substituted Cq¢alkyl. In some embodiments said substituent group is C4.¢ alkoxy. In some
embodiments Z is CH;OCH,-. For all chiral centers, asymmetric groups may be found in either
R or S orientation. Such bicyclic nucleotides are disclosed in US 7,399,845 which is hereby
incorporated by reference in its entirety. In some embodiments, R, R?, R®, R®, R> are
hydrogen. In some some embodiments, R"", R R*" are hydrogen, and one or both of R®, R*
may be other than hydrogen as referred to above and in WO 2007/134181.

In some embodiments, R* and R” together designate a biradical which comprise a
substituted amino group in the bridge such as consist or comprise of the biradical -CH,-N( R®)-,
wherein R° is C;_,alkyloxy. In some embodiments R* and R? together designate a biradical
—Cq394-NOR -, wherein gz and g4 are independently selected from the group consisting of
hydrogen, halogen, C1.¢ alkyl, substituted Cq.¢ alkyl, C,¢alkenyl, substituted C,¢ alkenyl, C,¢
alkynyl or substituted C,salkynyl, Cialkoxyl, substituted Cq.s alkoxyl, acyl, substituted acyl, C.
s aminoalkyl or substituted Csc aminoalkyl; wherein each substituted group is, independently,
mono or poly substituted with substituent groups independently selected from halogen, OJ,
SJi1, NJ1dz, COOJ4, CN, O-C(=O)NJ1J2, N(H)C(=NH)N J4J, or N(H)C(=X=N(H)J, wherein X is O
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or S; and each of J1 and J; is, independently, H, Cy¢alkyl, C,¢alkenyl, Cogalkynyl, Cq
aminoalkyl or a protecting group. For all chiral centers, asymmetric groups may be found in
either R or S orientation. Such bicyclic nucleotides are disclosed in W0O2008/150729 which is
hereby incorporated by reference in its entirity. In some embodiments, R", R? R® R® R are
independently selected from the group consisting of hydrogen, halogen, C4 alkyl, substituted
Cisalkyl, C,.¢ alkenyl, substituted C,.¢ alkenyl, C,.salkynyl or substituted C,salkynyl, C1.6
alkoxyl, substituted C4.¢ alkoxyl, acyl, substituted acyl, C4aminoalkyl or substituted C1
aminoalkyl. In some embodiments, R", R? R? R® R* are hydrogen. In some embodiments,
R", R% R®are hydrogen and one or both of R®, R may be other than hydrogen as referred to
above and in WO 2007/134181. In some embodiments R* and R* together designate a
biradical (bivalent group) C(R*R")-O-, wherein R*and R are each independently halogen, C-
C12 alkyl, substituted C4-C4, alkyl, C,-C42 alkenyl, substituted C,-C4, alkenyl, C,-C, alkynyl,
substituted C,-Cy; alkynyl, C4-C4, alkoxy, substituted C4-C,, alkoxy, OJ4 SJy, SOJ4, SO2J14,
NJ1Jz, N3, CN, C(=0)OJ4, C(=0)NJ+J2, C(=0)J4, O-C(=O)NJ1J2, N(H)C(=NH)NJ1J2,
N(H)C(=0)NJ1J, or N(H)C(=S)NJ1J,; or R*and R together are =C(q3)(q4); qs and q4 are each,
independently, H, halogen, C4-Cqsalkyl or substituted C4-C4, alkyl; each substituted group is,
independently, mono or poly substituted with substituent groups independently selected from
halogen, C4-Cg alkyl, substituted C4-Cg alkyl, C,- Cg alkenyl, substituted C,-Cg alkenyl, C,-Cs
alkynyl, substituted C,-C¢ alkynyl, OJ4, SJ1, NJ1Jz, N3, CN, C(=0)0J4, C(=O)NJ1Jz, C(=0)J4, O-
C(=0)NJ1d2, N(H)C(=O)NJJ, or N(H)C(=S)NJ+J,. and; each J; and J; is, independently, H, C1-
Cs alkyl, substituted C1-Cg alkyl, C,-C¢ alkenyl, substituted C,-Cg alkenyl, C,-Cg alkynyl,
substituted C,-Cg alkynyl, C1-Cs aminoalkyl, substituted C1-C¢ aminoalkyl or a protecting group.
Such compounds are disclosed in WO2009006478A, hereby incorporated in its entirety by
reference.

In some embodiments, R* and R? form the biradical - Q -, wherein Q is
C(a1)(a2)C(as)(a4). C(q1)=C(qaa), C[=C(q1)(a2)I-C(qs)(aa4) or C(a1)(q2)-C[=C(as)(q4)]; Q1. G2, T3, A4
are each independently. H, halogen, Cy.12alkyl, substituted C1.12alkyl, C,.1» alkenyl, substituted
Ci.12alkoxy, OJ4, SJq, SOJ4, SO2J1, NJ1d2, N3, CN, C(=0)OJ4, C(=0)-NJ1J,, C(=0) J4, -
C(=O)NJ1d2, N(H)C(=NH)NJ4J2, N(H)C(=O)NJ1J, or N(H)C(=S)NJ+J2; each Js and J, is,
independently, H, Cqsalkyl, C,.salkenyl, C,¢ alkynyl, Cqs aminoalkyl or a protecting group; and,
optionally wherein when Q is C(q1)(02)(93)(04) and one of gz or g4 is CHs then at least one of the
other of gz or g4 or one of q; and g is other than H. In some embodiments, R", R?, R®, R®, R¥
are hydrogen. For all chiral centers, asymmetric groups may be found in either Ror S
orientation. Such bicyclic nucleotides are disclosed in WO2008/154401 which is hereby
incorporated by reference in its entirity. In some embodiments, R", R% R? R® R* are
independently selected from the group consisting of hydrogen, halogen, C4¢ alkyl, substituted
Cis alkyl, C,.¢ alkenyl, substituted C,.¢ alkenyl, C,.salkynyl or substituted C,salkynyl, Cq.6
alkoxyl, substituted C4.¢ alkoxyl, acyl, substituted acyl, C4saminoalkyl or substituted C1
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aminoalkyl. In some embodiments, R", R? R® R® R® are hydrogen. In some embodiments,
R", R?, R® are hydrogen and one or both of R?, R® may be other than hydrogen as referred to
above and in WO 2007/134181 or WO2009/067647 (alpha-L-bicyclic nucleic acids analogs).

Further bicyclic nucleoside analogues and their use in antisense oligonucleotides are
disclosed in WO2011/115818, W02011/085102, WO2011/017521, WO09100320,
W02010/036698, WO2009/124295 and WO2009/006478. Such nucleoside analogues may in
some aspects be useful in the compounds of present invention.

In some embodiments, the LNA used in an antisense oligonucleotide of the present
invention preferably has the structure of the general formula II:

AN r. R
z

)

<L/
Y/ B

Formula ll

wherein Y is selected from the group consisting of -O-, -CH,0-, -S-, -NH-, N(R°®) and/or —
CH.-; Z and Z* are independently selected among an internucleotide linkage, R", a terminal
group or a protecting group; B constitutes a natural or non-natural nucleotide base moiety
(nucleobase), and R" is selected from hydrogen and Cy4-alkyl; R? R® R, R* and R°® are,
optionally independently, selected from the group consisting of hydrogen, optionally substituted
Ci-12-alkyl, optionally substituted C,.1,-alkenyl, optionally substituted C,.1,-alkynyl, hydroxy, C4.
1o-alkoxy, C,.qp-alkoxyalkyl, C,.12-alkenyloxy, carboxy, Cq.12-alkoxycarbonyl, Cq.4,-alkylcarbonyl,
formyl, aryl, aryloxy-carbonyl, aryloxy, arylcarbonyl, heteroaryl, heteroaryloxy-carbonyl,
heteroaryloxy, heteroarylcarbonyl, amino, mono- and di(C4s-alkyl)amino, carbamoyl, mono- and
di(C6-alkyl)-amino-carbonyl, amino-C,s-alkyl-aminocarbonyl, mono- and di(C4.s-alkyl)amino-
Cis-alkyl-aminocarbonyl, C4.¢-alkyl-carbonylamino, carbamido, Cq.g-alkanoyloxy, sulphono, C.6-
alkylsulphonyloxy, nitro, azido, sulphanyl, Cqs-alkylthio, halogen, DNA intercalators,
photochemically active groups, thermochemically active groups, chelating groups, reporter
groups, and ligands, where aryl and heteroaryl may be optionally substituted and where two
geminal substituents R* and R”together may designate optionally substituted methylene
(=CH,); and R" is selected from hydrogen and Ci4-alkyl. In some embodiments R?, R” R¢, R
and R°® are, optionally independently, selected from the group consisting of hydrogen and Ci.¢
alkyl, such as methyl. For all chiral centers, asymmetric groups may be found in either R or S
orientation, for example, two exemplary stereochemical isomers include the beta-D and alpha-L

isoforms, which may be illustrated as follows:
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Specific exemplary LNA units are shown below:
Z*

B
O
\O
Z a-L-Oxy-LNA
B-D-oxy-LNA
Z* Z*
B B
@) O
\
S O
V4
Z
[-D-thio-LNA B-D-ENA
Z*
B
@)
\ e
7 NR
B-D-amino-LNA

The term "thio-LNA" comprises a locked nucleotide in which Y in the general formula
above is selected from S or -CH,-S-. Thio-LNA can be in both beta-D and alpha-L-
configuration.

The term "amino-LNA" comprises a locked nucleotide in which Y in the general formula
above is selected from -N(H)-, N(R)-, CH,-N(H)-, and -CH>-N(R)- where R is selected from
hydrogen and Cq4-alkyl. Amino-LNA can be in both beta-D and alpha-L-configuration.

The term "oxy-LNA" comprises a locked nucleotide in which Y in the general formula
above represents —O-. Oxy-LNA can be in both beta-D and alpha-L-configuration.

The term "ENA" comprises a locked nucleotide in which Y in the general formula above is
-CH,-O- (where the oxygen atom of —CH,-O- is attached to the 2’-position relative to the base
B). R®is hydrogen or methyl.

In some exemplary embodiments, LNA is selected from beta-D-oxy-LNA, alpha-L-oxy-
LNA, beta-D-amino-LNA and beta-D-thio-LNA, in particular beta-D-oxy-LNA.
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Gapmer Design

The oligonucleotide of the present invention is preferably a gapmer. A gapmer
oligonucleotide is an oligonucleotide which comprises a contiguous stretch of nucleotides which
is capable of recruiting an RNAse, such as RNAseH, such as a region of at least 6 or 7 DNA
nucleotides, referred to herein in as region B or region Y. The length of the RNAseH recruiting
region can be indicated by an integer number , between 5 and 15. Region B or Y is flanked
both 5' and 3' by regions of affinity enhancing nucleotide analogues, such as between 1-6
nucleotide analogues 5' and 3' to the contiguous stretch of nucleotides which is capable of
recruiting RNAse. These regions are referred to as regions A or X and C or X, respectively.
The number of the nucleotide analogues can be indicated by , or » and is between 1 and 6,
preferably 1, 2, 3, 4 or 5.

EP 1 222 309 provides in vitro methods for determining RNaseH activity, which may be
used to determine the ability to recruit RNaseH. An oligomer is deemed capable of recruiting
RNase H if, when provided with the complementary RNA target, it has an initial rate, as
measured in pmol/l/min, of at least 1 %, such as at least 5%, such as at least 10% or ,more
than 20% of the of the initial rate determined using DNA only oligonucleotide, having the same
base sequence but containing only DNA monomers, with no 2’ substitutions, with
phosphorothioate linkage groups between all monomers in the oligonucleotide, using the
methodology provided by Example 91 - 95 of EP 1 222 309.

In some embodiments, an oligomer is deemed essentially incapable of recruiting RNaseH
if, when provided with the complementary RNA target, and RNaseH, the RNaseH initial rate, as
measured in pmol/l/min, is less than 1%, such as less than 5%,such as less than 10% or less
than 20% of the initial rate determined using the equivalent DNA only oligonucleotide, with no 2’
substitutions, with phosphorothioate linkage groups between all nucleotides in the
oligonucleotide, using the methodology provided by Example 91 - 95 of EP 1 222 309.

In other embodiments, an oligomer is deemed capable of recruiting RNaseH if, when
provided with the complementary RNA target, and RNaseH, the RNaseH initial rate, as
measured in pmol/l/min, is at least 20%, such as at least 40 %, such as at least 60 %, such as
at least 80 % of the initial rate determined using the equivalent DNA only oligonucleotide, with
no 2’ substitutions, with phosphorothioate linkage groups between all nucleotides in the
oligonucleotide, using the methodology provided by Example 91 - 95 of EP 1 222 309 (hereby
incorporated by reference).

In some embodiments, the monomers which are capable of recruiting RNAse are
selected from the group consisting of DNA monomers, alpha-L-LNA monomers, C4’ alkylayted
DNA monomers (see W02009/090182 and Vester et al., Bioorg. Med. Chem. Lett. 18 (2008)
2296 — 2300, hereby incorporated by reference), and UNA (unlinked nucleic acid) nucleotides
(see Fluiter et al., Mol. Biosyst., 2009, 10, 1039 hereby incorporated by reference). UNA is
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unlocked nucleic acid, typically where the C2 — C3 C-C bond of the ribose has been removed,
forming an unlocked “sugar” residue.

In some embodiments, a gapmer comprises a (poly)nucleotide sequence of formula (5' to
3'), A-B-C or X,-Y,-X,, or optionally A-B-C-D or D-A-B-C or X,-Y,-X,-D or D- X,-Yp-X,, Wherein;
region A or X, (5' region) consists or comprises of at least one nucleotide analogue, such as at
least one locked nucleic acid (LNA) unit, such as from 1-6 nucleotide analogues, such as LNA
units, and; region B or Y consists or comprises of at least five consecutive nucleotides which
are capable of recruiting RNAse (when formed in a duplex with a complementary RNA
molecule, such as the mRNA target), such as DNA nucleotides, and; region C or X, (3' region)
consists or comprises of at least one nucleotide analogue, such as at least one LNA unit, such
as from 1-6 nucleotide analogues, such as LNA units, and; region D, when present consists or
comprises of 1, 2 or 3 nucleotide units, such as DNA nucleotides.

In some embodiments, region A or X, includes or consists of 1, 2, 3, 4, 5 or 6 nucleotide
analogues, such as LNA units, such as from 2-5 nucleotide analogues, such as 2-5 LNA units,
such as 3 or 4 nucleotide analogues, such as 3 or 4 LNA units; and/or region C or X, includes
or consists of 1, 2, 3, 4, 5 or 6 nucleotide analogues, such as LNA units, such as from 2-5
nucleotide analogues, such as 2-5 LNA units, such as 3 or 4 nucleotide analogues, such as 3
or 4 LNA units.

In some embodiments, B or Y includes or consists or comprises of 5,6, 7, 8, 9, 10, 11 or
12 consecutive nucleotides which are capable of recruiting RNAse, or from 5-15, or from 6-10,
or from 7-9, such as 8 consecutive nucleotides which are capable of recruiting RNAse. In some
embodiments, region B or Y consists or comprises at least one DNA nucleotide unit, such as 1-
12 DNA units, preferably from 4-12 DNA units, more preferably from 6-10 DNA units, such as
from 7-10 DNA units, most preferably 8, 9 or 10 DNA units.

In some embodiments, region A or X,includes or consists of 3 or 4 nucleotide analogues,
such as described in the “Nucleosides and Nucleoside analogues” section, preferably the
analogue is LNA. Region B includes or consists of 7, 8, 9 or 10 DNA units, and region C or X,
includes or consists of 3 or 4 nucleotide analogues, such as described in the “Nucleosides and
Nucleoside analogues” section, preferably the analogue is LNA. Such designs include, for
example, (A-B-C or X,-Yp-X,) 2-11-3, 2-10-2, 2-8-4, 2-9-3, 2-9-4, 3-10-3, 3-10-4, 4-10-3, 3-9-3,
3-9-4, 4-9-3, 3-8-3, 3-8-4, 4-8-3, 3-7-3, 3-7-4, 4-7-3, and may further include region D, which
may have one or 2 nucleotide units, such as DNA units. Examples of gapmer designs are
shown in WO2004/046160 and are hereby incorporated by reference. In some embodiments, a
gapmer antisense oligonucleotide of the present invention may be a shortmer gapmer as
described in U.S. Provisional Patent Application No. 60/977,409 and are hereby incorporated
by reference.

In some embodiments, an oligonucleotide of the present invention comprises a
contiguous nucleotide sequence of a total of 10, 11, 12, 13, 14, 15, 16, 17 or 18 nucleoctide
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units, wherein the contiguous nucleotide sequence is of formula (5'-3"), A-B-C or X,-Yp-X,:, Or
optionally A-B-C-D or D-A-B-C or X,-Y,-Xa-D or D- X,-Y,-X,, wherein; A or X, consists of 1, 2, 3
or 4 nucleotide analogue units, such as LNA units; B or Y consists of 7, 8, 9, 10 or 11
contiguous nucleotide units which are capable of recruiting RNAse when formed in a duplex
with a complementary RNA molecule (such as a mRNA target); and C or X,consists of 1, 2, 3
or 4 nucleotide analogue units, such as LNA units. When present, D consists of a single DNA
unit.

In some embodiments, A or X, consists of 1 LNA unit. In some embodiments, A or X,
consists of 2 LNA units. In some embodiments, A or X, consists of 3 LNA units. In some
embodiments, A or X, consists of 4 LNA units. In some embodiments, C or X, consists of 1
LNA unit. In some embodiments, C or X, consists of 2 LNA units. In some embodiments, C or
Xgconsists of 3 LNA units. In some embodiments, C or X,consists of 4 LNA units. In some
embodiments, B or Yconsists of 7 nucleotide units. In some embodiments, B or Y consists of 8
nucleotide units. In some embodiments, B or Yconsists of 9 nucleotide units. In certain
embodiments, region B consists of 10 nucleoside monomers. In certain embodiments, region B
orY comprises 1 — 10 DNA monomers. In some embodiments, B consists of 10 nucleotide
units. In some embodiments, B or Y consists of 11 nucleotide units. In some embodiments, B
orY comprises of between 1-11 DNA units, inclusive, such as 2, 3, 4, 5,6, 7, 8,9, 10, or 11
DNA units. In some embodiments, B or Y consists of DNA units. In some embodiments B or Y
comprises of at least one LNA unit which is in the alpha-L configuration, such as 2, 3, 4, 5, 6, 7,
8 or 9 LNA units in the alpha-L-configuration. In some embodiments, B or Y comprises of at
least one alpha-L-oxy LNA unit or wherein all the LNA units in the alpha-L-configuration are
alpha-L-oxy LNA units. In some embodiments, the number of nucleotides present in A-B-C or
Xo-Yp-X4 are selected from the group consisting of (nucleotide analogue units--region B or Y-
nucleotide analogue units): 1-8-1, 1-8-2, 2-8-1, 2-8-2, 3-8-3, 2-8-3, 3-8-2, 4-8-1, 4-8-2, 1-8-4, 2-
8-4, or; 1-9-1, 1-9-2, 2-9-1, 2-9-2, 2-9-3, 3-9-2, 1-9-3, 3-9-1, 4-9-1, 1-9-4, or; 1-10-1, 1-10-2, 2-
10-1, 2-10-2, 1-10-3, 3-10-1, or; 1-11-1, 1-11-2, 2-11-1, 2-11-2, 2-11-3, 3-11-2, 4-11-1, 1-11-4.
In some embodiments, the number of nucleotides in A-B-C are selected from the group
consisting of 3-8-3, 3-10-3, 3-9-3, 2-8-3, 2-11-3, 3-9-4, 4-9-3, 4-8-4, 3-8-5, 5-8-3, 2-10-3, 3-10-
2,4-9-2, 2-9-4, 4-8-3, 3-8-4, 2-10-2, 2-9-3, 3-9-2, 4-8-2, 2-8-4 and 4-7-4. In certain
embodiments, each of regions A and C or X,and X, consists of three LNA monomers, and
region B or Y consists of 8 or 9 or 10 nucleoside monomers, preferably DNA monomers. In
some embodiments, both A and C consists of two, three or four LNA units each, and B consists
of 8, 9, 10 or 11 nucleotide units, preferably DNA units.

In various embodiments, other gapmer designs include those where regions A and/or C
or X, and/or X,consists of 3, 4, 5 or 6 nucleoside analogues, such as monomers containing a
2’-0O-methoxyethyl-ribose sugar (2'-MOE) or monomers containing a 2’-fluoro-deoxyribose
sugar, and region B consists of 8, 9, 10, 11 or 12 nucleosides, such as DNA monomers, where
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regions A-B-C have 3-9-3, 3-10-3, 5-10-5 or 4-12-4 monomers. Further gapmer designs are
disclosed in WO2007/146511, hereby incorporated by reference.

Internucleotide Linkages

Monomers of an antisense oligonucleotide as described herein are coupled together via
linkage groups. Suitably, each monomer is linked to the 3’ adjacent monomer via a linkage
group.

Upon reading the present disclosure, persons of ordinary skill in the art would understand
that the 5 monomer at the end of an antisense oligonucleotide of the present invention does
not comprise a 5’ linkage group, although it may or may not comprise a 5’ terminal group.

The terms “linkage group” or “internucleotide linkage” are intended to mean a group
capable of covalently coupling together two nucleotides. Specific and preferred examples
include phosphate groups and phosphorothioate groups. An antisense oligonucleotide of the
present or contiguous nucleotides sequence thereof are coupled together via linkage groups.
Suitably, each nucleotide is linked to the 3' adjacent nucleotide via a linkage group. Exemplary
internucleotide linkages include those described in WO2007/031091, hereby incorporated by
reference.

In some embodiments, an internucleotide linkage may be modified from its normal
phosphodiester to one that is more resistant to nuclease attack, such as phosphorothioate or
boranophosphate--these two, being cleavable by RNase H, also allow that route of antisense
inhibition in reducing the expression of the target gene.

Suitable sulphur (S) containing internucleotide linkages as provided herein may be
preferred. Phosphorothioate internucleotide linkages are also preferred, particularly for the gap
region (B orY) of gapmers. Phosphorothioate linkages may also be used for the flanking
regions (A/X, and C/ Xy, and for linking A/X, or C/ Xy to D, and within region D, as appropriate).

Regions A or X,, B or Y and C or X, may however comprise internucleotide linkages
other than phosphorothioate, such as phosphodiester linkages, particularly, for instance when
the use of nucleotide analogues protects the internucleotide linkages within regions A or X, and
C or X, from endo-nuclease degradation,such as when regions A or X, and C or X, comprise
LNA nucleotides.

Internucleotide linkages of an oligonucleotide of the present invention may be
phosphodiester, phosphorothioate or boranophosphate to allow RNase H cleavage of targeted
RNA. Phosphorothioate is preferred, for improved nuclease resistance and other reasons,
such as ease of manufacture. In some embodiments, nucleotides and/or nucleotide analogues
of an oligonucleotide of the present invention are linked to each other by means of
phosphorothioate groups. In a preferred embodiment of the invention the oligonucleotide

comprise at least one phosphorothioate linkage.
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It is recognized that the inclusion of phosphodiester linkages, such as one or two
linkages, into an otherwise phosphorothioate oligonucleotide, particularly between or adjacent
to nucleotide analogue units (typically in region A or X;and or C or Xy) can modify the
bioavailability and/or bio-distribution of an oligonucleotide as described in W0O2008/053314,
hereby incorporated by reference.

In some embodiments, such as the embodiments referred to above, where suitable and
not specifically indicated, all remaining linkage groups are either phosphodiester or
phosphorothioate, or a mixture thereof.

In some embodiments, all the internucleotide linkage groups of the oligonucleotide are
phosphorothioate. When referring to specific gapmer oligonucleotide sequences, such as
those provided herein it will be understood that, in various embodiments, when the linkages are
phosphorothioate linkages, alternative linkages, such as those disclosed herein may be used,
for example phosphate (phosphodiester) linkages may be used, particularly for linkages
between nucleotide analogues, such as LNA, units. Likewise, when referring to specific
gapmer oligonucleotide sequences, such as those provided herein, when the C nucleotide
residues are annotated as 5' methyl modified cytosine, in various embodiments, one or more of

the C nucleotides present in the oligonucleotide may be unmodified C residues.

Pharmaceutical compositions

The present invention further provides pharmaceutical compositions comprising
therapeutic actives in accordance with the invention (e.g., antisense oligonucleotides), together
with one or more pharmaceutically acceptable excipients. Such pharmaceutical compositions
may optionally comprise one or more additional therapeutically-active substances.

Although the descriptions of pharmaceutical compositions provided herein are principally
directed to pharmaceutical compositions which are suitable for ethical administration to
humans, it will be understood by the skilled artisan that such compositions are generally
suitable for administration to animals of all sorts. Modification of pharmaceutical compositions
suitable for administration to humans in order to render the compositions suitable for
administration to various animals is well understood, and the ordinarily skilled veterinary
pharmacologist can design and/or perform such modification with merely ordinary, if any,
experimentation.

Formulations of the pharmaceutical compositions described herein may be prepared by
any method known or hereafter developed in the art of pharmacology. In general, such
preparatory methods include the step of bringing the active ingredient into association with a
diluent or another excipient and/or one or more other accessory ingredients, and then, if
necessary and/or desirable, shaping and/or packaging the product into a desired single- or

multi-dose unit.
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A pharmaceutical composition in accordance with the invention may be prepared,
packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single unit doses.
As used herein, a “unit dose” is discrete amount of the pharmaceutical composition comprising
a predetermined amount of the active ingredient. The amount of the active ingredient is
generally equal to the dosage of the active ingredient which would be administered to a subject
and/or a convenient fraction of such a dosage such as, for example, one-half or one-third of
such a dosage.

Relative amounts of the active ingredient, the pharmaceutically acceptable excipient,
and/or any additional ingredients in a pharmaceutical composition in accordance with the
invention will vary, depending upon the identity, size, and/or condition of the subject treated and
further depending upon the route by which the composition is to be administered. By way of
example, the composition may comprise between 0.1% and 100% (w/w) active ingredient.

Pharmaceutical formulations may additionally comprise a pharmaceutically acceptable
excipient, which, as used herein, includes any and all solvents, dispersion media, diluents, or
other liquid vehicles, dispersion or suspension aids, surface active agents, isotonic agents,
thickening or emulsifying agents, preservatives, solid binders, lubricants and the like, as suited
to the particular dosage form desired. Remington’s The Science and Practice of Pharmacy,
21° Edition, A. R. Gennaro (Lippincott, Williams & Wilkins, Baltimore, MD, 2006; incorporated
herein by reference) discloses various excipients used in formulating pharmaceutical
compositions and known techniques for the preparation thereof. Except insofar as any
conventional excipient medium is incompatible with a substance or its derivatives, such as by
producing any undesirable biological effect or otherwise interacting in a deleterious manner with
any other component(s) of the pharmaceutical composition, its use is contemplated to be within
the scope of this invention.

In some embodiments, a pharmaceutically acceptable excipient is at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% pure. In some embodiments, an
excipient is approved for use in humans and for veterinary use. In some embodiments, an
excipient is approved by United States Food and Drug Administration. In some embodiments,
an excipient is pharmaceutical grade. In some embodiments, an excipient meets the standards
of the United States Pharmacopoeia (USP), the European Pharmacopoeia (EP), the British
Pharmacopoeia, and/or the International Pharmacopoeia.

Pharmaceutically acceptable excipients used in the manufacture of pharmaceutical
compositions include, but are not limited to, inert diluents, dispersing and/or granulating agents,
surface active agents and/or emulsifiers, disintegrating agents, binding agents, preservatives,
buffering agents, lubricating agents, and/or oils. Such excipients may optionally be included in
pharmaceutical formulations. Excipients such as cocoa butter and suppository waxes, coloring
agents, coating agents, sweetening, flavoring, and/or perfuming agents can be present in the
composition, according to the judgment of the formulator.
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General considerations in the formulation and/or manufacture of pharmaceutical agents
may be found, for example, in Remington: The Science and Practice of Pharmacy 21% ed.,
Lippincott Williams & Wilkins, 2005 (incorporated herein by reference).

In some embodiments, liposomes may be used to deliver antisense oligonucleotides
described herein. As used herein, a liposome is an artificially-prepared vesicle composed of a
lipid bilayer. Liposomes can be prepared by disrupting biological membranes (such as by
sonication). Liposomes may include natural phospholipids, or mixed lipid chains with surfactant
properties (e.g., egg phosphatidylethanolamine). A liposome design may employ surface

ligands for targeting desired target tissues.

Administration

The present invention provides methods of administering an effective amount of a
therapeutic active described herein (e.g., an antisense oligonucleotide) to a subject in need of
treatment.

Antisense oligonucleotides described herein may be administered through various
administration routes including, but not limited to, intravenous, subcutaneous, intramuscular,
parenteral, transdermal, or transmucosal (e.g., oral or nasal). In some embodiments, antisense
oligonucleotides described herein may be administered through intravenous administration. In
some embodiments, antisense oligonucleotides described herein may be administered through
subcutaneous administration. In some embodiments, a dosage regime for an oligonucleotide
may be repeated after an initial dosage regime, indeed the dosage regime may be repeated as
necessary in order to treat or prevent the progression of a disease. In some embodiments,
antisense oligonucleotides described herein may be administered daily, twice a week, once a
week, bi-weekly, monthly, once every two months, once every three months, once every four

months, once every six months, or at variable intervals.

Applications

Antisense oligonucleotides of the present invention may be utilized as research reagents
for, for example, diagnostics, therapeutics and prophylaxis.

In research, an antisense oligonucleotide of the present invention may be used to
specifically inhibit the synthesis of BCL11A protein (typically by degrading or inhibiting the
mRNA and thereby prevent protein formation) in cells and experimental animals thereby
facilitating functional analysis of the target or an appraisal of its usefulness as a target for
therapeutic intervention.

In diagnostics, an antisense oligonucleotide of the present invention may be used to
detect and quantitate BCL11A expression in cell and tissues by northern blotting, in-situ
hybridisation or similar techniques.

For therapeutics, an animal or a human, suspected of having a disease or disorder, which

can be treated by modulating the expression of BCL11A is treated by administering an
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antisense oligonucleotide of the present invention. Further provided are methods of treating a
mammal, such as treating a human, suspected of having or being prone to a disease or
condition, associated with expression of BCL11A by administering a therapeutically or
prophylactically effective amount of one or more of an antisense oligonucleotide or composition
of the present invention. An antisense oligonucleotide, a conjugate or a pharmaceutical
composition of the present invention is typically administered in an effective amount.

Antisense oligonucleotides of the present invention are suitable for the manufacture of a
medicament for the treatment of a disorder as referred to herein, or for a method of the
treatment of as a disorder as referred to herein.

A method for treating a disorder as referred to herein is provided, said method comprising
administering an antisense oligonucleotide as described herein, and/or a conjugate, and/or a
pharmaceutical composition to a patient in need thereof.

The present invention provides a method of treating an anemic disease, disorder or
condition comprising administering to a subject in need of treatment an oligonucleotide
according to the invention or a pharmaceutical composition of the invention.

In one embodiment the anemic disease, disorder or condition is sickle cell disease.

In another embodiment the anemic disease, disorder or condition is 3-thalassemia.

When applied in a method of treatment the administeration of an oligonucleotide of the
invention or the pharmaceutical composition of the invention results in reduced expression of
BCL11A in one or more target tissues. Preferably, the administration of the oligonucleotide of
the inventionor the pharmaceutical composition of the invention results in increased y-globin
expression in one or more target tissues. The administion of the oligonucleotide of the invention
or the pharmaceutical composition of the invention may result in increased fetal hemoglobin
production in one or more target tissues. Preferably, the target tissues are selected from bone
marrow, liver, kidney, spleen and/or plasma cells, peripheral blood B-cells, dendritic cells,
erythroid progenitor cells, pluripotent stem cells, thymus, tonsillar epithelium.

Therapeutic uses

Antisense oligo nucleotide modulators of BCL11A described herein may be used to treat

various BCL11A related diseases, disorders and conditions.

Sickle Cell Disease (SCD)

Sickle Cell Disease, or sickle cell anemia is an inherited genetic disorder characterized by

red blood cells having an abnormal, rigid, sickle shape, which reduces the flexibility of the cell.
This results from a mutation in a beta globin chain gene and is manifested in an autosomal
recessive manner with overdominance. SCD is associated with various severe complications,
such as reduced life expectancy, and causes a pathological condition that can lead to death.
However, due to genetic polymorphism of mutations, not all inherited hemoglobin variants are

detrimental.
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SCD is more commonly reported in populations from tropical and sub-tropical sub-
Saharan regions. These are also regions where malaria is commonly observed. Interestingly,
carriers of SCD (i.e., having one copy of the mutation) are found to be more resistant to
infection and show less severe symptoms when infected.

Antisense oligonucleotide modulators of BCL11A described herein may be used to treat
SCD. The terms, “treat” or “treatment,” as used herein, refers to amelioration of one or more
symptoms associated with the disease, prevention or delay of the onset of one or more
symptoms of the disease, and/or lessening of the severity or frequency of one or more
symptoms of the disease.

In some embodiments, treatment refers to partially or completely alleviation, amelioration,
relief, inhibition, delaying onset, reducing severity and/or incidence of one or more symptoms in
a SCD patient, including, but not limited to, anemia; yellowing of the eyes; paleness, coldness
and/or yellowing of the skin; shortness of breath; muscular weakness; intestinal changes (e.g.,
changes in stool color); fatigue; dizziness; fainting; changes to blood vessels (e.g., low blood
pressure); changes affecting the heart (e.g., heart palpitations, rapid heart rate, chest pain,
angina, heart attack), and organ enlargement (e.g., spleen).

In some embodiments, treatment refers to reduced symptoms of anemia in a subject in
need of treatment. In certain embodiments, the amount of symptoms of anemia may be
reduced by at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more as
compared to a pre-treatment or no-treatment control (e.g., the amount of symptoms of anemia
by a control subject with similar diseased or developmental stage but without treatment).

In some embodiments, treatment refers to increased gamma globin expression (e.g., total
expression, percent expression increase per week, per month, per two months, per six months,
etc.). In various embodiments, increased gamma globin expression compensates for a lack of

or reduced expression of beta globulin in a SCD patient.

Thalassemia (o, B and 3)

Thalassemia, like SCD, is an inherited genetic disorder that affects the blood.
Thalassemia manifests as an autosomal recessive condition and leads to weakening and
destruction of red blood cells. Thalassemia is caused by mutations or deletions of genes that
affect how the body makes hemoglobin, which is the protein within red blood cells that is
responsible for carrying oxygen. Individuals suffering from thalassemia are characterized by
low hemoglobin production and have fewer circulating red blood cells than normal, which
results in mild or severe anemia. Thalassemia originated in the Mediterranean region.

Thalassemia can cause significant complications, including pneumonia, iron overload,
bone deformities and cardiovascular sickness. However, like SCD, this disease has been
observed to confer a degree of protection against malaria for those that are carriers of the

disease.

43



WO 2014/188001 PCT/EP2014/060813

Hemoglobin is composed of four protein chains, two alpha and two beta globin chains,
which are arranged in a heterodimer. In humans, the beta globin chains are encoded by a
single gene on chromosome 11, while the alpha globin chains are encoded by two gene on
chromosome 16 that are linked. This sets up a genetic situation where normal individuals
contain two beta chain loci and four alpha chain loci. In patients with thalassemia, mutations in
either the alpha or beta chain, which gives rise to the low and/or abnormal production of red
blood cells. As a result, thalassemias are categorized according to which chain has a mutation.
Alpha and beta thalassemias are common in African, Asian, Greek and Italian ethnic groups.

Alpha thalassemas (mutations in the alpha chain) concern the HBA1 and HBAZ2 genes,
and result in decreased production of alpha globin. This creates a situation where there is an
increase in beta globin production in adults and increase gamma globin production in infants.
The increase in beta globin production leads to the formation of tetramers that are unstable and
have an impaired ability to dissociate with oxygen.

Beta thalassemias (mutations in the beta chain) concern the HBB gene, and the severity
of the disease that results is dependent on the mutation. Some mutations prevent the
formation of beta chains, which the most severe form of the disease, while others allow some
formation of beta chains, albeit at a reduced level. As a result of beta chain mutation, there is
an excess of alpha chain production, which do not form tetramers as in the case of alpha
thalassemias. Alternatively, the excess alpha chains bind to the membranes of red blood cells
and result in damage to the membrane, and can be toxic if the alpha chains aggregate.

Although at a low frequency, delta thalassemias can occur. Similarly, they result from
mutations in delta globin chain genes and result in an abnormal production of these chains. It
has been reported that about 3% of hemoglobin of adults is made of alpha and delta chains.

Antisense oligonucleotide modulators of BCL11A described herein may be used to treat
thalassemias, e.g., alpha, beta and/or delta thalassemas. The terms, “treat” or “treatment,” as
used herein, refers to amelioration of one or more symptoms associated with the disease,
prevention or delay of the onset of one or more symptoms of the disease, and/or lessening of
the severity or frequency of one or more symptoms of the disease.

In some embodiments, treatment refers to partial or complete alleviation, amelioration,
relief, inhibition, delaying onset, reducing severity and/or incidence of one or more symptoms in
a thalassemia patient, including, but not limited to, pneumonia, iron overload, bone deformities
and cardiovascular sickness. In some embodiments, treatment refers to partial or complete
alleviation, amelioration, relief, inhibition, delaying onset, reducing severity and/or incidence of
one or more symptoms in a thalassemia patient, including, but not limited to, anemia; yellowing
of the eyes; paleness, coldness and/or yellowing of the skin; shortness of breath; muscular
weakness; intestinal changes (e.g., changes in stool color); fatigue; dizziness; fainting; changes
to blood vessels (e.g., low blood pressure); changes affecting the heart (e.g., heart palpitations,
rapid heart rate, chest pain, angina, heart attack), and organ enlargement (e.g., spleen).
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In some embodiments, treatment refers to reduced symptoms of anemia in a subject in
need of treatment. In certain embodiments, the amount of symptoms of anemia may be
reduced by at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more as
compared to a pre-treatment or no-treatment control (e.g., the amount of symptoms of anemia
by a control subject with similar diseased or developmental stage but without treatment).

In some embodiments, treatment refers to increased gamma globin expression (e.g., total
expression, percent expression increase per week, per month, per two months, per six months,
etc.). In various embodiments, increased gamma globin expression compensates for a lack of
or reduced expression of alpha, beta or delta globulin in a thalassemia patient.

The invention will be more fully understood by reference to the following examples. They
should not, however, be construed as limiting the scope of the invention. All literature citations

are incorporated by reference.
EXAMPLES

Example 1. Design and synthesis of oligonucleotides that target BCL11A

This example illustrates exemplary methods of designing and synthesis of LNA
oligonucleotides that can effectively down-regulate BCL11A expression and activity. In this
example, the primary target region is the overlapping regions among the XL, L and S isoforms
(Figure 2).

A total of 401 LNA oligonucleotides were designed and synthesized in seven libraries
based on the sequences of the three major isoforms of human BCL11A (i.e., XL, L or S; Table
3) resulting in oligonucleotides of various specificities, lengths (e.g., 12-16 mers) and LNA

designs.

TABLE 3

BCL11A Isoform Accession No.

XL NM_022893 SEQ ID NO: 1
Human L NM_018014 SEQID NO: 2
S NM_138559 SEQ ID NO: 3
XL NM_001242934 SEQ ID NO: 4
Mouse L NM_016707 SEQID NO: 5
S NM_001159289 SEQ ID NO: 6

Exemplary methods for designing LNA units are described in Wahlestedt, C. et al. 2000,
PNAS 91(10):5633-5638, which is incorporated herein by reference. Exemplary LNA
oligonucleotides are shown in Table 4.

TABLE 4
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Oligo BCL11A-  Length LNA Sequence (5-3)
# XL Design
Position
1 597 14 3-8-3 "G TS ALt gsts gsts ts €5 Cs T° GO T°
2 220 16 3-10-3 Gs° AL Gs® asCsasts s 9s ts 9s 9s 9s "Cs° Ts® G°
3 429 16 3-10-3 AL TLTOgsCsasts ts gs ts ts ts ¢ MCs°Gs°T®
4 430 16 3-10-3  MC° AL Tt Qs Csasts ts Os ts ts ts "Cs® MCs° G°
5 430 15 39-3  ALTLTLgMCsaststs gs ts ts ts MCs° MC® G°
6 430 15 3-9-3"c AL TLTLgsCsaststs gs ts ts ts MCs® MCs° G°
7 415 14 3-8-3"c  T°T°Gs®ts9s Cots "Cs gs As ts As® As® A°
8 416 16 3-10-3  MC°G® T tots Os ts Os Cs ts "Cs0sas Ts"ACA°
9 419 14 3-8-3 MG MC° GOt ts ts g ts 9s Cs ts MC® G°A°
10 416 13 2-8-3Mc  T<° Te gs ts Gs Cs ts ™Cs Cs @s TPALA®
11 420 16 3'12'3 T T Te G ™G5 Gs bt ts G 1 Gs G T ™Co° G°
12 430 16 3'12'3 "C® A’ Tty G5 "Cs @s ts b G Lt ts ™Cs® "C° G
13 430 16 2-11-3  "MC.° AL t° ti Qs Cs s tots Qe te to ts MCs® MC° G°
14 430 16 3-9-4 MG AL T ti Qs Csas te ts Qo te ts Te® ™C° ™C° G°
15 430 16 4-9-3 MG AL TTL gsCs asts ts gs e tsts MCs® ™Cs® G°
1 430 " 184 MCs® A® T°T® gsCs @s ts ts gs tsts Ts® MCs® MCs°
G°
MCe® A’ Tt Qs Cs @s ts ts gs s Ts® T° "C° "Cs°
17 430 16 3-8-5
G°
"Cs® As® T T Gs® s asts £ gs Lt ts "Cs® MCs°
18 430 16 5-8-3
G°
19 415 16 3_12_3 Gs® Ts® Ts% ts 9s ts 9s Cs s "Cs Gs @5 1 A® A° A°
20 415 15 3-9-3"c TP T T g ts Os Cs fs "Cs Os s ts As® A A°
21 416 14 3-8-3"c T TL T gstsgs Csts "Cs gs as Ts® As® AS°
22 416 15 3-9-3Mc G T’ Tt gs ts Os Cs ts MCs Os @s Ts® As® AS°
23 417 14 3-8-3"c  Gs® Ts® Ts® ts s ts Os Cs ts "Cs Gs As® Ts® AS°
24 417 16 3'12_3 "Cs® "Cs® Go® bt ts Os 1 Gs Cs ts "o g ACTOA°
25 417 15 3-9-3 MGG’ TPt ts gs ts 9s Cs ts G5 9s A® T® A°
26 418 13 2-8-3 G T ttgets 9sCstsCs G° AL T°
27 418 14 3-8-3  MC°G°Ts’ to ts Gs ts s Cs ts Cs G AL TC
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Oligo BCL11A-  Length LNA Sequence (5-3)

# XL Design

Position
28 418 15 3-9-3  MC°MC° G toto ts Os ts Os Cs ts Cs Gs® A° T°
29 418 16 3-10-3  T°™MC®MCs® gs ts ts ts Os ts Os Cs ts Cs Gs® A® T°
30 419 13 2-8-3  MC.°G.° st ts s ts s Cs ts MCs® G A°
31 419 16 3'12'3 To® Ta® ™Co® "Ca G te te te Qe e s Gt "Co° Go° A°
32 419 15 3-9-3  T°™C.0 MC° gs te te ts gs ts Gs Cs ts MCe® G° A°
33 420 14 3-8-3  T°™CLLMCL getsts t s ts Qs Cs Ts® MCs° G°
34 420 15 3-9-3™c TP T°™Cs® ™G s ts s ts Gs ts gs s Ts® ™Cs° G°
35 421 16 3'12'3 G T® Ts ts Cs ™Cs gs ts s ts G ts gs ™Cs® To° "C°
36 421 15 3-9-3"Mc T T Ts%Cs ™Cs gs b ts s Gs ts gs MCs® T ™C°
37 416 16 2-11-3  MCs°Gs®totsts Os ts Os Cs ts "Cs 9s @s TsPACA°
38 416 16 3-9-4 MGG Ts tete Gste Os o ts MCs 9 AT PACA°
39 416 16 4-9-3 MC°Ge’ T’ Tt gs ts Os Cs t "Cs 9s @s TPASPA°
40 416 16 4-8-4 MGG T Tt 0sts 95 ot "Cs 9s As® TSPASA®
41 416 16 3-8-5  MC°Gs® Tsltsts Os ts Os Cs ts "Cs Gs® As® T°ALA°
42 416 13 5-8-3 MG’ Gs’ T T T<® g ts Os Cs ts "Cs 9s @s Ts"AA°
43 417 15 2-10-3 MG G’ tststs Os ts Os Cs ts 'Cs s A° TS A°
44 417 15 3-10-2  MC® G Tt ts Os ts s Cs s Cs gs @s T A°
45 417 15 4-9-2  MC° G’ Ts® Te®ts g ts 9 Cs ts MCs gs @ T<® A°
46 417 15 2-9-4 MCL°GCtotots s ts Os Cs ts MCs Gs® A T A°
47 417 15 4-8-3  "C® G’ T T ts gt 9s Cs ts ™Cs 9s As® T A°
48 417 15 3-8-4  MC° G’ T to ts G ts Os Cs ts MCs Gs® A® Ts® A°
49 418 14 3-8-3"Mc MC® G T tots Os ts s Cs ts MCs Gs° AL T°
50 418 14 2-10-2  MC° G®titsts Os ts Os Cs ts MCs gs As® T°
51 418 13 2-9-3 MC° Gt te ts gs ts s Cs ts Cs Gs® A® T°
52 418 13 392 MGG Tt ts s ts Os Cs ts Cs 9s ALS T
53 418 14 4-82  MCs°G® T T ts gs ts Os Cs ts ™Cs gs As® T°
54 418 14 2-8-4  MC° Gttt Os ts s Cs ts MCs® G AL T°
55 418 15 4-7-4  MC° Gs® To® T’ ts G ts 9s Cs ts MCs® Gs® A° T°

™C denotes nucleotide monomer with a 5-methylcytosin-1-yl base; subscript “s” denotes
a phosphorothioate linkage; Capital/bold base denotes a locked nucleic acid; superscript
“0” denotes Oxy-LNA.
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Example 2. In vitro screening and ICs, determination of BCL11A-specific
oligonucleotides

The effect of the oligonucleotides on BCL11A nucleic acid expression can be tested in
any of a variety of cell types provided that the target nucleic acid is present at measurable
levels. BCL11A can be expressed endogenously or by transient or stable transfection of a
nucleic acid. The expression level of BCL11A nucleic acid can be routinely determined using,
for example, Northern blot analysis, Quantitative PCR, Ribonuclease protection assays. In this
example, oligonucleotides synthesized according to Example 1 that selectively target BCL11A
were tested on human REH cells and BCL11A mRNA expression was measured. Other cell
types can be routinely used, provided that the target is expressed in the cell type chosen. Cells
were cultured in the appropriate medium as described below and maintained at 37°C. at 95-
98% humidity and 5% CO,. When cultured under hypoxia or anoxia, O, levels were kept at 1-
2% or 0-0.5%, respectively. Cells were routinely passaged 2-3 times weekly.

Briefly, 401 oligonucleotides were employed in three-day mammalian cell culture
experiments using human REH cells to determine the effect on expression of BCL11A mRNA.
Antisense oligonucleotides were added to the cells at 5 and 25 yM without any additional
reagents or uptake enhancers using gymnosis delivery technology (Stein, C.A. et al. 2010,
Nucleic Acids Research 38(1):e3). BCL11A mRNA was measured by quantitative real-time RT-
PCR (RT-gPCR). Exemplary results for inhibition of BCL11A by antisense oligonucleotides
made in accordance with Example 1 is set forth in Figure 3.

As shown in Figure 3, antisense oligonucleotides made according to Example 1 were
capable of inhibiting expression of BCL11A mRNA by targeting several different positions
across BCL11A isoform XL, in particular, at positions overlapping among the XL, L and S
isoforms (see Figure 2).

In another experiment, 1Cso values and effect on expression of BCL11A mRNA at various
concentrations (ranging from 0.0064 to 20 uM) for selected antisense oligonucleotides was
determined using human REH cells as described above. Exemplary results are shown in Table
5 (ICs0) and Figure 4 (BCL11A mRNA). Oligo # 56: antisense oligonucleotide that does not
target BCL11A mRNA.

TABLE 5

Oligo# ICso (UM)
4 1.5
7 1.5
8 0.3
9 0.3
10 0.8
11 0.8
19 1.0
20 6.0
21 0.8
22 0.6
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Oligo# Cs (UM)

23 0.5
24 0.7
25 0.3
26 0.6
27 0.9
28 0.5
29 0.4
30 0.7
31 0.4
32 0.3
33 0.5
34 1.2
35 1.6
36 0.8

In a similar experiment, 1Cso values and effect on expression of BCL11A mRNA at various
concentrations (ranging from 0.25 to 60 uM) for different oligonucleotides designed from oligos
4 and 5 was determined using human REH cells as described above. Exemplary results are
shown in Table 6 (ICso) and Figure 5 (BCL11A mRNA). Oligo # 56: antisense oligonucleotide

that does not target BCL11A mRNA; Mock: no antisense oligonucleotide added to cells.

TABLE 6
Oligo# 1Cso (UM)
4 3.9
12 6.2
13 5.1
14 2.0
15 7.1
16 12.6
17 5.1
18 74.8
5 3.2
6 3.4

In another experiment, I1Csy values and effect on the expression of the different isoforms
of BCL11A mRNA at various concentrations (ranging from 0.25 to 60 uM) for selected
oligonucleotides was determined using human REH cells as described above. Exemplary
results are shown in Table 7 (ICso) and Figure 6 (isoform BCL11A mRNA). Oligo # 56:
antisense oligonucleotide that does not target BCL11A mRNA; Mock: no antisense
oligonucleotide added to cells.

TABLE 7

: ICs0 (UM)
Oligo # XL L S
3-03 23 24 20
4-03 19 14 13
1 16 09 1.2
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In another similar experiment, ICsq values and effect on expression of BCL11A mRNA at
various concentrations (ranging from 0.08 — 20 uM) for selected oligonucleotides was
determined using mouse MPC-11 cells using similar experimental conditions as described
above for human REH cells. Exemplary results are shown in Table 8 (ICsy) and Figure 7
(BCL11A mRNA). Oligo # 56: antisense oligonucleotide that does not target BCL11A mRNA,;

Mock: no antisense oligonucleotide added to cells.

TABLE 8
Oligo# 1C50 (uM) BCL11A-All

4 0.8

14 1.0

8 0.2

25 0.3

27 0.8

5 0.7

6 1.4

In yet another experiment, 1C5, values for different oligonucleotides designed from oligos
8, 25 and 27 were determined using human REH cells as described above. Typically, ICsg
values were determined using six-point 5x dilutions ranging from 0.0064 to 20 yM. Exemplary
results are shown in Table 9.
TABLE 9

Oligo# Design [Cso (M)

8 3-10-3 1.0
37 2-11-3 2.0
38 3-9-4 1.3
39 4-9-3 0.6

40 4-8-4 1.1
41 3-8-5 0.9
42 5-8-3 1.8

25 3-9-3 0.7
43 2-10-3 0.9
44 3-10-2 0.3
45 4-9-2 0.3
46 2-9-4 0.4
47 4-8-3 0.3
48 3-8-4 0.6

27 3-8-3 0.5
49 3-8-3"c 0.4
50 2-10-2 0.8
51 2-9-3 0.4
52 3-9-2 0.5
53 4-8-2 0.4
54 2-8-4 1.8
55 4-7-4 11.4

Taken together, these data show that antisense oligonucleotides provided by the present

invention such as those described in Example 1 can effectively inhibit BCL11A with a typical
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ICso ranging between 0.25 uM-60 uM. In addition, selected antisense oligonucleotides
provided by the present invention can effectively inhibit mouse BCL11A with a typical ICso

ranging between 0.10 yM-1.5 yM.

Example 3. In vivo tolerance of oligonucleotides

The oligonucleotides described in the prior examples were tested for their in vivo
tolerability using NMRI mice.

Briefly, female NMRI mice (n=5 per group) were dosed at 0, 3, 7, 10 and 14 days with
either saline (control) or a selected LNA oligonucleotide (15 mg/kg) via intravenous
administration. Mice were sacrificed 48 hours after the final dose. The following parameters
were recorded for each animal in each group: body weight (day 0, day 5, 6 or 7, and day 10,
13, 14 or 16), organ (liver, kidney and spleen) weight at sacrifice, serum alanine
aminotransferase (ALT) activity, and BCL11A mRNA expression in whole bone marrow and
spleen. Exemplary results are shown in Figures 8.

As shown in Figure 8 the ability of selected antisense oligonucleotides to inhibit BCL11A
mRNA expression in mice was confirmed in harvested bone marrow and spleen. For example,
oligos 8 and 25 demonstrated about 40% reduction of BCL11A mRNA in bone marrow, while
oligos 8 and 20 demonstrated about the same reduction of BCL11A mRNA in spleen.
Generally, inhibition of BCL11A mRNA expression in bone marrow ranged on average from
about 10 — 50%, whereas inhibition of BCL11A mRNA expression in spleen ranged on average
from about 10 — 40%. Typically, body and organ weights of treated animals were unaffected.

Taken together, these data show that antisense oligonucleotides provided by the present
invention such as those described in Example 1 are well tolerate and can effectively inhibit
BCL11A mRNA expression in various target tissues in vivo, including but not limited to, bone
marrow, spleen.

In a similar experiment, selected antisense oligonucleotides were tested as described
above for their in vivo tolerability using NMRI mice. Typically, body and organ weights of mice
administered selected antisense oligonucleotides that target BCL11A were typically unaffected.
Serum ALT levels for mice administered selected antisense oligonucleotides demonstrated
similar results as compared to the saline group.

In a similar experiment, selected antisense oligonucleotides were tested for in vivo
tolerability using Wistar rats. Briefly, male Wistar rats (n=5 per group) were dosed once per
week (day 0, 7, 14, 21 and 28) with either saline (control) or a selected antisense
oligonucleotide (25 mg/kg) via subcutaneous administration. Rats were sacrificed at day 30.
The following parameters were recorded for each animal in each group: bodyweight during
study, organ (liver, kidney and spleen) weight at sacrifice, liver and kidney histopathology, and
clinical serum chemistry (alanine aminotransferase, asparatate aminotransferase, alkaline

phosphatase, bilirubin, urea and creatinine).
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Organ (e.g., liver, kidney and spleen) weights in Wistar rats administered selected
antisense oligonucleotides that target BCL11A were typically unaffected. In addition,
measurements for various clinical serum chemistry markers (e.g., ALT, AST, ALP, Bilirubin,
Urea, Creatine) demonstrated results that were similar as compared to control groups.

Taken together, these data demonstrates that antisense oligonucleotides provided by the

present invention such as those described in Example 1 are generally safe and well tolerated.

Example 4. In vivo efficacy in wild-type and B-YAC transgenic mice

Wild-type and transgenic mice transgenic for the human 3-globin gene (B-YAC) were
used to determine the in vivo efficacy of several LNA oligonucleotides made according to the
previous Examples.

Briefly, wild-type and B-YAC transgenic mice were dosed (25 or 15 mg/kg) via
subcutaneous route with selected antisense oligonucleotides according to one of two
schedules: (1) dosing at day 0, 3, 6, 13, 20 and 27, with day 29 designated for necropsy
(sacrifice) and (2) dosing at day 0, 3, 6, 13, 20, 27, 34, 41, 48, and 55, with day 57 designated
for necropsy (sacrifice). For both dosing schedules, bleeds were take prior to day 0 and at
necropsy (day 29 or 57, respectively). Endpoints used in this study included BCL11A
knockdown in target tissue (e.g., bone marrow) as well as blood chemistry and biodistribution of
oligonucleotides.

Consistent with the results shown Example 3, there was no adverse effect on body weight
up to 58 days of treatment with various antisense oligonucleotides for both wild-type and
transgenic mice. No significant differences were observed in AST levels among treatment
groups.

Exemplary results for knockdown of BCL11A mRNA expression in bone marrow of wild-
type mice are set forth in Figure 9 (four weeks post administration) and 10 (eight weeks post
administration). Exemplary results for knockdown of BCL11A mRNA expression in B-YAC
transgenic mice are set forth in Figure 11. Exemplary results for knockdown of BCL11A mRNA
expression in Ter119" and CD19" bone marrow cells of B-YAC transgenic mice eight weeks
post administration are set forth in Figure 12.

As shown in the above results, knockdown of BCL11A mRNA expression was greater at
eight weeks, however, candidate oligo 8 demonstrated the greatest decrease in BCL11A
among the oligonucleotides tested. No difference in knockdown of BCL11A expression was
observed for candidate oligo 4 when dosed at 15 or 25 mg/kg. Further, no differences in
knockdown of BCL11A expression for the selected oligonucleotides was observed for either
wild-type or transgenic mice when administered for eight weeks.

Taken together, this example demonstrates that antisense oligonucleotides provided by
the present invention can effectively inhibit BCL11A expression in various target tissues in vivo,

including but not limited to, bone marrow, spleen.
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Example 5. Pharmacology Study in non-human primates

A pharmacological study employing an exemplary antisense oligonucleotides that
specifically target one or more isoforms of BCL11A was performed to further confirm the in vivo
safety and efficacy.

Briefly, the study covered a six to sixteen week time period, during which female
cynomologus monkeys (ranging two to four years of age and 2.5 - 4 kg in weight) were
administered six weekly doses at 20 mg/kg or twelve weekly doses at 10 mg/kg and 20 mg/kg
of selected BCL11A-specific LNA antisense oligonucleotides or control (saline) via
subcutaneous injection. The animals were sacrificed approximately seven days after the last
dosage at approximately week seven or week 17 depending on the duration of the study as
described above. As the study proceeds, half of the treatment groups were rendered
moderately anemic due to repeated blood sampling during a pretesting phase of the study as
well as throughout the dosing period to stimulate erythropoiesis. The experimental design is
set forth in Table 10.

TABLE 10
Dose Level . NO'. 9f a”‘”.‘a's —
Group (mg/kg) Interim sacrifice Final sacrifice Phlebotomy
(week 7) (week 17)
Control 0 4 4 -
Low dose 10 - 4 -
High dose 20 4 4 -
Control 0 4 4 +
Low dose 10 - 4 +
High dose 20 4 4 +

Weekly s.c. administration (6 or 16 doses)

Sacrifice seven days after last dose (week 7 or week 17)

Pharmacodynamic biomarkers: Peripheral blood (every second week) and bone marrow
(at necropsy, week seven and 17 according to study design) were sampled and used for
determination of BCL11A and y-globin mRNA expression, as well as fetal hemoglobin (HbF)
and y-globin protein levels by an ELISA assay. HbF levels in bone marrow was also analyzed
using high-performance liquid chromatography (HPLC). F-cells were measured using the
Kleihauer method. Bone marrow sampled at week seven was sampled from the humerus via
live bone marrow aspiration. Bone marrow sampled at week 17 was sampled from the
humerus and femur bones using multiple methodology. Sampling at week 17 from the humerus
bone was performed via live bone marrow aspiration. Sampling at week 17 from the femur was
performed via flushing of bone marrow with buffer followed by centrifugation and analysis of the
resulting pellet. Sampling at week 17 from the femur was also performed from whole frozen

femur.
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Hematology analysis included counts of red blood cells, reticulocytes and total
hemoglobin measured from samples every two weeks.

Peripheral blood was sampled for pharmacokinetic analysis at two, four, eight, 24 and 48
hours post first and week 12 dose (only week 17 groups) of LNA antisense oligonucleotide in
week groups following the 16 week study design only.

At necropsy (week 7 and week 17), liver, kidney and bone marrow were sampled for
analysis and weight measurements. Clinical chemistry analysis was also performed at
necropsy.

Exemplary total hemoglobin measurements from peripheral blood are shown in Figure 13.
Exemplary percentage of reticulocytes in peripheral blood are shown in Figure 14. Exemplary
measurements of BCL11A mRNA in humerus bone marrow by RT-gPCR at week seven are
shown in Figure 15. Exemplary measurements of y-globin and B-globin mRNA in humerus
bone marrow by RT-gPCR at week seven are shown in Figure 16. Exemplary measurements
of BCL11A mRNA in humerus (top) and femur (bottom) bone marrow by RT-qPCR at week 17
are shown in Figure 17. Exemplary measurements of y-globin mRNA in humerus (top) and
femur (bottom) bone marrow by RT-qPCR at week 17 are shown in Figure 18. Exemplary
measurements of y-globin and B-globin mMRNA in humerus bone marrow by RT-gPCR at week
17 are shown in Figure 19. Exemplary measurements of y-globin and B-globin mRNA in femur
bone marrow by RT-qPCR at week 17 are shown in Figure 20. Exemplary average
measurements of BCL11A (top) and y-globin (bottom) mRNA in humerus bone marrow by RT-
gPCR at week 17 are shown in Figure 21. Exemplary average measurements of BCL11A (top)
and y-globin (bottom) mRNA in femur bone marrow by RT-qPCR at week 17 are shown in
Figure 22.

Exemplary measurements of fraction (%o) of F-cells in bone marrow for selected
phlebotomized animals at full scale (left) and zoomed-in scale (right) are shown in Figure 23.
Exemplary measurements of fraction (%) of F-cells in peripheral blood for selected
phlebotomized animals at full scale (left) and zoomed-in scale (right) are shown in Figure 24.

Exemplary measurements of y-globin in peripheral blood in control (top), 10 mg/kg
(middle), and 20 mg/kg (bottom) dose groups are shown in Figure 25. Exemplary
measurements of y-globin in peripheral blood as a percent of control at a respective time point
of a y-globin peak (“peak 1” or “peak 2”) for control, 10 mg/kg and 20 mg/kg dose groups are
shown in Figures 26, 27 and 28, respectively.

As shown in the above results, about a two-fold higher expression of BCL11A was
observed in bone marrow samples from femurs as compared to humerus bones. For y-globin
expression, a two- to three-fold higher expression was observed in bone marrow samples from
humerus as compared to femurs. The greatest differences were observed in certain particular

animals as described below.

54



WO 2014/188001 PCT/EP2014/060813

For measurements of F-cells in bone marrow, animal | demonstrated about 10%. F-cells
at week 17 as compared to about 0.2%o in control animals. For measurements of F-cells in
peripheral blood, animal | demonstrated about 8%. at week 17 as compared to about 0.3%o in
control animals. Further, F-cells in this animal began to increase at about week 15 in
measurements from samples obtained from peripheral blood.

For measurements of y-globin in peripheral blood, an increase was observed at week 15
for animal | with a further increase at week 17 in the 10 mg/kg dose group. In a similar fashion,
animal Q demonstrated an increase at week 17 in the 20 mg/kg dose group.

In non-phlebotomy groups, no reduction in BCL11A mRNA expression was observed as
compared to control groups. Likewise, no increase in F-cells or HbF (y-globin) was observed
for any of the animals.

In summary, experimental results described in this example demonstrate effective target
engagement in animal | by greater than 85% knockdown of BCL11A mRNA in bone marrow
(humerus and femur) as compared to control animals and by about 60% knockdown of BCL11A
mRNA in animal Q in bone marrow (humerus and femur) as compared to control animals.
Further, greater than 80-fold induction of y-globin mMRNA expression in bone marrow of animal |
as compared to control animals, and a seven-fold increase in y-globin protein in peripheral
blood of animal | as compared to controls were recorded. Animal Q demonstrated about three-
fold increase in y-globin protein in peripheral blood as compared to control animals. Animal |
also demonstrated an increase in F-cells in bone marrow and peripheral blood as compared to
control animals.

Taken together, this example demonstrates that antisense oligonucleotides provided by
the present invention can effectively inhibit BCL11A expression in various target tissues in vivo
and increase y-globin protein in peripheral blood by at least two-fold or more as compared to

vehicle control.

Example 6. In vivo pharmacokinetics

This example determines the in vivo pharmacokinetics of selected LNA oligonucleotides
made according to the previous Examples.

Briefly, wild-type mice were given a single dose (20 mg/kg) via subcutaneous route with
selected antisense oligonucleotides. Sampling of plasma, liver, kidney and bone marrow were
takine at several time points up to 28 days. The pharmacokinetic profile for each tissue
sampled was determined. Exemplary results are shown in Figures 29-31.

The results demonstrated rapid distribution and observable distribution of antisense
oligonucleotides to all sampled tissues, including bone marrow. The Cnax Was about 21 pg/mL
at ten minutes post subcutaneous administration. Liver, kidney and plasma ty,,s was about ten

days. In the bone marrow, ti,3 was about three days.
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From this pharmacokinetic study, a predictive model for bone marrow exposure to
antisense oligonucleotides was determined (Figure 32).

Taken together, this example demonstrates that antisense oligonucleotides provided by
the present invention are effectively and safely absorbed by multiple tissues upon
administration (e.g., subcutaneous). Further, antisense oligonucleotides provided by the
present invention are distributed to multiple target tissues, including bone marrow, without any
adverse effects.

Having thus described several aspects of at least one embodiment of this invention, it is
to be appreciated that various alterations, modifications, and improvements will readily occur to
those skilled in the art. Such alterations, modifications, and improvements are intended to be
part of this disclosure, and are intended to be within the spirit and scope of the invention.
Accordingly, the foregoing description and drawings are by way of example only and the
invention is described in detail by the claims that follow.

”

Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to modify a claim
element does not by itself connote any priority, precedence, or order of one claim element over
another or the temporal order in which acts of a method are performed, but are used merely as
labels to distinguish one claim element having a certain name from another element having a
same name (but for use of the ordinal term) to distinguish the claim elements.

The articles “a” and “an” as used herein in the specification and in the claims, unless
clearly indicated to the contrary, should be understood to include the plural referents. Claims or
descriptions that include “or” between one or more members of a group are considered
satisfied if one, more than one, or all of the group members are present in, employed in, or
otherwise relevant to a given product or process unless indicated to the contrary or otherwise
evident from the context. The invention includes embodiments in which exactly one member of
the group is present in, employed in, or otherwise relevant to a given product or process. The
invention also includes embodiments in which more than one, or the entire group members are
present in, employed in, or otherwise relevant to a given product or process. Furthermore, it is
to be understood that the invention encompasses all variations, combinations, and
permutations in which one or more limitations, elements, clauses, descriptive terms, etc., from
one or more of the listed claims is introduced into another claim dependent on the same base
claim (or, as relevant, any other claim) unless otherwise indicated or unless it would be evident
to one of ordinary skill in the art that a contradiction or inconsistency would arise. Where
elements are presented as lists, (e.g., in Markush group or similar format) it is to be understood
that each subgroup of the elements is also disclosed, and any element(s) can be removed from
the group. It should be understood that, in general, where the invention, or aspects of the
invention, is/are referred to as comprising particular elements, features, etc., certain
embodiments of the invention or aspects of the invention consist, or consist essentially of, such

elements, features, etc. For purposes of simplicity those embodiments have not in every case
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been specifically set forth in so many words herein. It should also be understood that any
embodiment or aspect of the invention can be explicitly excluded from the claims, regardless of
whether the specific exclusion is recited in the specification. The publications, websites and
other reference materials referenced herein to describe the background of the invention and to

provide additional detail regarding its practice are hereby incorporated by reference.

57



WO 2014/188001 PCT/EP2014/060813

CLAIMS:

1. An antisense oligonucleotide capable of decreasing expression of human BCL11A
comprising a sequence that is at least 80% identical to the reverse complement of a continuous
sequence within a region selected from nucleotides 410 to 450 of the human BCL11A gene of
SEQ ID NO 1 or a messenger RNA (mRNA) isoform of BCL11A, wherein the antisense

oligonucleotide is a gapmer.

2. The antisense oligonucleotide according to claim 1, wherein the antisense
oligonucleotide is represented by the formula X,-Y;-X,, wherein:

X is a nucleotide analogue;

Y is a continuous sequence of DNA;

ais1,2,3,4o0r5;

a'is1,2,3,4orb5; and

b is an integer number between 5 and 15.

3. The antisense oligonucleotide according to claim 2, wherein a and/or a’ is between 2
and 4.
4. The antisense oligonucleotide according to any one of claim 2 or 3, wherein b is an

integer number between 7 and 10.

5. The antisense oligonucleotide according to any one of the preceding claims, wherein

the antisense oligonucleotide is less than 19 nucleotides in length.

6. The antisense oligonucleotide according to claim 5, wherein the oligonucleotide is 10

to16 nucleotides in length.

7. The antisense oligonucleotide according to any one of the preceding claims, wherein
the oligonucleotide comprises at least one nucleotide analogue selected from the group
consisting of 2’-O-alkyl-RNA units, 2’-OMe-RNA units, 2’-O-alkyl-DNA, 2’-amino-DNA units, 2'-
fluoro-DNA units, LNA units, arabino nucleic acid (ANA) units, 2’-fluoro-ANA units, HNA units,
INA units and 2’MOE units.

8. The antisense oligonucleotide according to claim 7, wherein the nucleotide analogue is
a LNA unit selected from the group consisting of beta-D-oxy-LNA, alpha-L-oxy-LNA, beta-D-
amino-LNA, alpha-L-amino-LNA, beta-D-thio-LNA, alpha-L-thio-LNA, 5’-methyl-LNA, beta-D-
ENA and alpha-L-ENA.

9. The antisense oligonucleotide according to any of the preceding claims, wherein the

oligonucleotide comprise at least one phosphorothioate linkage.

10. The antisense oligonucleotide according to any of the preceding claims, wherein the
oligonucleotide is capable of recruiting an RNAaseH.
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11. The antisense oligonucleotide according to any one of the preceding claims, wherein
the antisense oligonucleotide comprises an oligonucleotide sequence motif selected from the
group consisting of SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO: 66 SEQ ID
NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71, SEQ ID NO: 72,
SEQ ID NO: 73 and SEQ ID NO: 74.

12. The antisense oligonucleotide according to any one of the preceding claims, wherein
the antisense oligonucleotide has a sequence selected from SEQ ID NO: 11, SEQ ID NO: 15,
SEQ ID NO: 32, SEQ ID NO: 21, SEQ ID NO: 34, SEQ ID NO:10, SEQ ID NO: 12, SEQ ID NO:
13, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQID
NO: 20, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26,
SEQ ID NO:27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30 SEQ ID NO: 31, SEQ ID NO:
33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID
NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44, SEQ ID NO: 45,
SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID
NO: 51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56,
SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 60, SEQ ID
NO: 61 or SEQ ID NO:

13. The antisense oligonucleotide according to any one of the preceding claims, wherein
the antisense oligonucleotide is 5- "Cs® As® Ts° ts gs Cs @s ts ts gs ts ts ts MCs® MCs° G°-3' (SEQ ID
NO: 11), 5" - MCs® Gs® Ts® ts ts gs ts gs Cs ts "Csgsas Ts"ACA°- 3’ (SEQ ID NO: 15), 5 - "Cs® Gs° Ts° ts
ts Os ts 9s Cs ts Cs gs As® Ts° A%- 3" (SEQ ID NO: 32) 5" - T° Ts° Gs®ts 9s Cs ts "Cs 9s as ts As® As® A°
— 3 (SEQIDNO:14)0or5 - "C° G’ T’ to ts gs ts gs Cs ts Cs Gs° A°T° — 3 (SEQ ID NO: 35),

[l

wherein upper case letters indicate locked nucleic acid (LNA) units, subscript “s” represents

phosphorothioate linkage, and lower case letters represent deoxyribonucleotide (DNA) units,

«m_»
C

“MC” represents 5' methyl-cytosine LNA unit, and represents 5' methyl-cytosine DNA unit.

14. A pharmaceutical composition comprising the antisense oligonucleotide according to
any one of claims 1 to 13 and a pharmaceutically acceptable carrier.

15. The antisense oligonucleotide according to any one of claims 1 to 13 or pharmaceutical
composition claim 14, for use as a medicament, such as for the treatment of an anemic

disease, disorder or condition, such as sickle cell disease or B-thalassemia.

16. The use of an antisense oligonucleotide according to any one of claims 1 to 13 or
pharmaceutical composition claim 14, for the manufacture of a medicament for the treatment of

an anemic disease, disorder or condition, such as sickle cell disease or B-thalassemia.

17. A method of inhibiting BCL11A comprising administering to a subject in need of
treatment an antisense oligonucleotide according to any one of claims 1 to 13 or a

pharmaceutical composition of claim 14.
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18. A method of treating an anemic disease, disorder or condition comprising administering
to a subject in need of treatment an oligonucleotide according to any one of claims 1 to 13 or a

pharmaceutical composition of claim 14.

19. The method of claim18, wherein the anemic disease, disorder or condition is sickle cell

disease.

20. The method of claim 18, wherein the anemic disease, disorder or condition is 3-

thalassemia.
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Figure 13
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Figure 14
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Figure 15
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Figure 16
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Figure 17
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Figure 19
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Figure 20
Gamma-globin and beta-globin mRNA expression
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Figure 21
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Figure 22
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Figure 23
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Figure 23 (continued)
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Figure 24
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Figure 24 (continued)
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Figure 25
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Figure 26
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Figure 27
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Figure 28
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Figure 29
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Figure 31
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1. —Free i8> N BCL11A FRIA W R U, Frid k XL EZH IR & 5%k H SEQ
ID NO 1 fJ N BCL11A JE[KIEE BCL11A {5 1# RNA (mRNA) [FIFh AL (A% 7R 410 £ 450 f [X 45,
PIESE T 5 1) S ) BAM 2 /D 80 % AR RN fRJF 41, Horh AT id I U H IR /& gapmer s

2. IRAR BRI ZER 1 ik (1) RO IR, HoA ik e U IR X Y, X, B,
Hrp .

X AL TR
Y SE L) DNA JP5
are1,2,3,48(5;

a' &1,2,3,485 3H

b A& 5 Fl 15 2 [A] (K HEHL

3 MRARBURIER 2 BTk B s UL HTR, Hofa f /Bl a’ 752 F1 4 ZH.

4 ARVEBCRE R 2 80 3 HhAE— Tk 1) S UL H IR, Forb b & 7 F0 10 2 ] (1) %4

5. MR AE BT BCR)ZE SR AT — BT IR 1) I SUEAZH R, Forb il ) R IR KR /N T
19 MZH R -

6. HRAR BRI EL R 5 BT ik 1) R SCEAZH R, Hob i AL T IR N 10 2 16 MZHTE .

7. MRARAEFTBCR SR AL — T R ) R R H R, P R E TR S 20—
1% H B UL A A I AZ B RIS A <27 —0- Ktk -RNA 175,27 —OMe—RNA HLJT.2” -0
5 -DNA.2 - & -DNA B G, 27— % ~DNA BA 70 LNA B 70 P BEA% S (ANA) BAJT.2 - 9 —ANA
FLIG HNA B G, INA BTAT 27 MOE B G,

8. MR ZESR 7 BT id i) [ SCSERZ IR, o T iR A% 1 R AL & ik B bl DL 4
(RIZH ) LNA BT < B —D- 4% —LNA. a —-L- %83 -LNA. B -D- &t -LNA. a -L- & & -LNA.
B -D— A -LNA. a —-L- BRAL -LNA.5" — Fi3E -LNA. B -D-ENA Al a -L-ENA.

9. HRARAEATACR SR P AT — BT IR B e UL H TR, KPR B TR A & 20—
T A A FR B 4t

10. FRHE 72 BRI ZE R AL — BT R 1) ) L EZ IR, H A iR E T TR Re 5548
RNA i He

11 AR LE AR LR HR AR — T 1) e SR TIR, e BT I U R B ik
DA R A% R A1 L 7 :SEQ 1D NO :63.SEQ ID NO :64.SEQ ID NO :65.SEQ
ID NO :66. SEQ ID NO :67. SEQ ID NO :68. SEQ ID NO :69. SEQ ID NO :70. SEQ ID NO :71.
SEQ ID NO :72.SEQ ID NO :73 A1 SEQ ID NO :74.,

12. FRARAE HUAUCR ZE R AR — ATk 1) e SRR, Hoh T id R U IR B A ik
[ SEQ ID NO :11. SEQ ID NO :15. SEQ ID NO :32. SEQ ID NO :21. SEQ ID NO :34. SEQ ID
NO :10. SEQ ID NO :12. SEQ ID NO :13.SEQ ID NO :14.SEQ ID NO :16. SEQ ID NO :17. SEQ
ID NO :18. SEQ ID NO :19. SEQ ID NO :20. SEQ ID NO :22. SEQ ID NO :23. SEQ ID NO :24.
SEQ ID NO :25.SEQ ID NO :26.SEQ ID NO :27.SEQ ID NO :28.SEQ ID NO :29.SEQ ID NO :
30, SEQ ID NO :31.SEQ ID NO :33. SEQ ID NO :35. SEQ ID NO :36. SEQ ID NO :37. SEQ ID
NO :38. SEQ ID NO :39. SEQ ID NO :40.SEQ ID NO :41.SEQ ID NO :42.SEQ ID NO :43. SEQ
ID NO :44. SEQ ID NO :45. SEQ ID NO :46. SEQ ID NO :47. SEQ ID NO :48. SEQ ID NO :49.
SEQ ID NO :50.SEQ ID NO :51.SEQ ID NO :52.SEQ ID NO :53.SEQ ID NO :54.SEQ ID NO :

2
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55. SEQ ID NO :56. SEQ ID NO :57. SEQ ID NO :58. SEQ ID NO :59. SEQ ID NO :60. SEQ ID
NO :60. SEQ ID NO :61 B¢ SEQ ID NO : /{1541,

13, AR AE AT BOR) L 3R AT — TR IR 1) S UL H R, b ik Je LR IR A2 57— "C
AT tgccat tg bt t.t,"C.,"C.°G"-3" (SEQ ID NO :11),5-"C.°G,°T,"t.t.g.t.g.c.t."c.g.a. T A’
A°-3’ (SEQ ID NO :15),5” -"C.°G.’T."t t.g.t.g.c.t."c.g.A T,"A-3" (SEQ ID NO :32),5  -T.°T.°
G t.g.c.tc.g.a.t. AL A A-3" (SEQ ID NO :14) 8( 5°-"C.°G.°T.°t.t.g.t.g.c.t.c.G AL T-3" (SEQ
ID NO :35), K K5 ZRERRBUEZER (LNA) FRJC, Thr“s "R s, 3- NS
F RN AZERZ TR (DNA) BT, “"C"Ron 5’ FJE - fumsng LNA Boo, H H“"c "R
5' HJE - JfamEnE DNA HoT,

14, —Fp2g W -EH, ik 2340 &P A& IR PR BCR R 1 2 0 AR — DT iR i e 5%
W IR AN 25 FH 3 A44

15, FRARBURIZER 1 2 13 AL —TURT IR 1) S SCEEAZ H RR BRI 223K 14 Frid i 25440
E0, SLRAEZYD, Bivid 2590 G0 B TR 97 S 50 58 i B 0 T HIRIR 40 i B B -
HE ST L

16, FRAEACRELR 1 2 13 HAE— DTl 1 e SR R BUBUR 25K 14 Bk (1) 254)
HEYH T HE 2590 &, BTk 259 116 97 38 M2 0 8 RE B0 0, Gn bR 2 s B
B~ Hur e T I

17, —Fpda) BCL11A F773%, Brid 75 15 A4 M) 75 2267 10 52 6 35 it A AR AR 223K 1
213 HAE— T IR 1) R OCEAZ TR BRI 2R 14 Frid 25 &40 .

18, — ¥R T B2 MBI o e B HLIK 7 3%%, BT IR 7 A0 4 [m) 75 BRI I 32 35 it F AR
PERRIZESR 1 & 13 FE—TFTIR I A% T R BRI ZER 14 Bk 25464

19. BURIZESR 18 FTik 177325, e At Bl 22 M50 o e B L A2 etk 4 B i

20. BUREE R 18 Bl ()77 3%, Forp BTl 38 M50 R SE B 2 B — HivH g 22 1fiL .
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B- #fAf CLL/ #kEEL5Z 11A (BCL11A) MIEHHE BB RE
Hig

[0001] 3¢

[0002] Il £1 25 1975 A2 5 ML 2188 (A ML RE RS AH SC IR« JE T, IR BB V5 % I 41 28 (1 1)
Gk e R I RERERG ML B B, FOR B ERE B AR (Flan, o, B, 55 ;& 1) BFIEHERAE,
I AT 8 8 A — 2 3 (1) 20 L 24H AE DR , REAIE 9 7E 2 B0 0 9 G A Sit M a8t A% 11
PSR B AR IE » BEANTH, 29 7% B RN R 5 A 3 . L 2 &5 (i LA =Fi 0z —
SHL HAREERI (o, B, 8) JERIRAN M AR AL MG ) LILLL AR A R SAFAERE (HDF) o B
ARAM BRI (SCD) - B — H A g 3 M2 L 21 2 11998 (1) e i LT X LAt SR Tl P s AR A
To R Z R . SCD, dn 4 ARG 7~ 1, P8 B 1 SRAZ T i I BR B 1 4544 1 o8 3 HL S 350 I T
REFRAS I 20 55 (1, 10 H R i 23 1M 5 S BUE FEREE AP AN R IER R A JE R R I, X
AL AT AR R A . T, 75— S0 R 2 4L 2R AV LRE s (1) & I &5

[0003]  B#ETIE], DT A T ML RIS FGTT . EEE B REERE ML EAD)
RE, 5, JE 38 AR ) LINZL 25 1 (HDF) BI7K-F . SR1, A I R AR 2B 2R T - i
K, KT HbF BIMLEHI B AR 2 BONIR Z 0T FU 4. #iadikiE, BCL11A 7E& #E A
2140 M HT AR GE AR FRAT AT BE, AR v - BREE A =4 (Sankaran %8 A\ 2008 Science
%322 4%, %5 1839-1842 T ) .

[0004] WO 2010/030963 #fiik 1 i F & 4 Z5#E /5 F1 1 siRNA A it (pool) 5 BCL11A.
KTAMREE T H2E 5 RERS S 1 BCL11A, A R .

[0005] WO 2012/079046 FiiAR T #E A BCL11A J: R XUk A% MEA% R (dsRNA) ZHE4.
[o006]  fitiA

[0007] A BAFRML BCLLIA () S CEEAZERR I35 (04n, 3075 ) A3 T3 ke i 5 77
Y697 BCL11A— AH SN o5 0E B I B 7 L&, L R e T, 2 B S, AR B
PO S SCERE TR TR T L1 8% A0 AN R4 i ps A B — St rbifs 23 I s 30 i
[0008]  {E— N5, A K AR AE—FPAESS N SR> A BCL11A Rk I TR, 2o
BA 5% H SEQ ID NO 1 A A BCL11A 3K 5k BCL11A f){= 18 RNA (mRNA) [F]Fp AL (A% R 410
2 450 B XN ESETF A R ) EAMA Z > 80% (HilinE /b2 85%,90%,95%,96% ,
97%,98%, 8% 99% ) MIF 1T F, Horb frid [ L% H TR 2 gapmer. 7E—LE50)t 7 £,
KR X FAE R K NT 19 MEH IR . 75— S92t 5 b, AR B S A IR
KEENT 18 MEH TR

[0009]  FE—ANJ5 I, AR BHSRAE—FhEEAE T M ok /> N BCLL1A F3RIE I I SCEZH TR,
HEH/NT 18 MEH® (B, /N 17,16, 15, 14,13, 88 12) K I H BA 5% H SEQ
ID NO 1 AN BCL11A FE[R sk BCL11A f{= 18 RNA (mRNA) [FRPHY (A% EFEE 410 2 450 FIX 35
PN FRSZE S e 1 1 e ) BN 2822 80 % (54, 22724 85%6,90%, 95 %, 96 %6, 97 %, 98% ,
8% 99% ) AR A1 .

[0010]  {E—ANJ5TH, A K SR AE—FPAESS NSk A BCL11A Rk [ TR, BT
R SUERZT R A 5% H SEQ 1D NO 1 fJ A BCL11A FE K 5% BCL11A f{5{# RNA (mRNA)

4
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[F PP Y AL TR 410 22 450 XI5k P R 482 /7 H1 i e 1) B AMY) 28202 80 % (il , &3/
85%,90%,95%,96%,97%,98%, 8% 99% ) MHIF A7 F1FF H =l X, -V, X, Fow, H X2
M B Y LK) DNA JF 41 sa 2 1,2,3,48(5:a" /2 1,2,3,485 ;3 Hb &5 M
15 Z [ R R . (E— LSt )7 2, Frid i IR 2 B E =R (LNA) .

[0011]  FE—2Esujf iR, a fila’ ANE. L0 RT, a fila’ MFE. 765t
TR, a M/ Bla’ A& 1. E—EEE T EF, afl/ Bla &2, ST EF, a
M/ a" J& 3. LSSt =, afl/5a’ &4, s RH, afl/Bia’
& 5o

[0012]  7E—H8sjfi J5 =, b A AFE 5 A 15 Z IR A RE . 78— LS )5 =, b 5 5
E 10 K, fELesuiE T =, b AR 7 & 1 EER. s =R, b ik
DL & T 2H R A 4 Y %k 5,6, 7,8,9, 10, 11,12, 13, 14 A1 15,

[0013]  7E—&sijfi /5 €, BCL11A ¥ [RIFhAL5% Bt UL R S I o4l < XL, L, M, S XS
B H [FE YR A R . AR — LS TT S, AN B IR I SO BEAZ T R B A% T T Bl ek b /)
FR. BCL11A JERI R IE

[0014]  FE—HESUj 7 B, AR AR X EZ RO S EH 20—, 2004, 240
=, BTAS, BATAS, BASNA, BAAEA, B)\ABE L MEE IR, 7R s
Jit 77 S, R R W U IRE E 3-8 M E IR, Bl 6 5% 7 MEE R .
FE— LS T R, B — AN IR RIS S B IR (LNA) 4 %270 3 Bl %2 /D 4, B
/05,8050 6, 88/ 7, 80 8 MEH RIS AT LU LNA, 7E—L8SLhti 77 Zh, I 1%
BRI AT LA LNA.

[0015]  fE—4&sijii F Eh, AR AR EZ BFRASHSER L, 20WA, 20 =
A BV, BADFAS, BN, BB, B NABFE Z A INA oo, (£ —L80)y
F, TR — AN EZ A LNA BT T UL TR 57 F / B €3 K. 7E—Lesii /7 &
W AR R SCERZERRAE 57 A/ 8L 3 Rl & 20 —A, 2P E D =AY LNA
TG FE—SESLif T 1, AU B ) U RRAE WAL 2/ —As, ZADAN B 2 D = A
LNA H.g,

[0016]  7E—Lsiffijr R, Frid— A EiZ AN LNA Htse B -D- & -LNA IZH R . 7E 4
SEE T e, AR R CEZ RS —Fh UL RN A . 7E— sl K, R
KRB R SUEZ R & — P UL S AN, Brid B T HE 27 0- FEIRE 1A /
BIACR IR ER T . AE —LUSTHt T S b, AR I R R IR B & 20— LNA $oz, g
LNA B75HE LNA 5- H 3 ff ms o A P G

[0017] 7F — S 7 £, AR R UEZ TR E A 10-17, 10-16, 10-15, 10-14,
10-13,10-12,11-17,11-16,11-15,11-14, 11-13, 12-17, 12-16, 12-15, 8%, 12-14 /> #% H &
K RE . B8 T B, AR R CEZEFIREA 12-16 MZEHRIIKE.

[0018]  FE—HUsji 7, ARAHI R L EZEIRAA 5% H SEQ ID NO 1 #J A BCL11A
FER B BCL11A HIA5 /8 RNA (mRNA) [RIFP Y UAZ H R 410 &2 450 1) X I8N (I 22 7 21 1)
) FLAME R 75

[0019] AR B — AN 283 77 TH A& — PP BE % ek /> N BCL11A Rk (M) UL H IR, Frid )2
NEBERO S 5EA A BCLIIA R ERR 1-283 (SMEF 1), % H K 284-613 (4

5
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T 2), BURH IR 614-715 (HMEF 3) 1 X I8N & 4L 7 51 1 J ) A 2220 80 %6 A [R] /77
Hll

[0020]  7E—Uesijf iy b, AR 4 A R B 227 4175 N BCL11A mRNA [F]F#78 XL A% H IR
410-450 I,

[0021]  7E—esij oy b, M4 A &R B 22 /7 5175 N BCL11A mRNA [F]F#78 XL A% H IR
415-436 I,

[0022] 7 —Uesij )y &b, MR 4R A K B 227 5175 N BCL11A mRNA [F]F#78 XL A% H IR
420-450 1N,

[0023]  FE—SEst 7 b, AR BB A% B IR ALk H DU & IZH R 4H 1 A
Fr ¥ 3% B el DL 25 T 2H R 4L ) B R R 4L 257 —~ATTGCATTGTTTCCG-3” (SEQ ID NO -
63),5" ~GTTTGTGCTCGAT-3" (SEQ ID NO :64),5" ~CATTGCATTGTTTCCG-3" (SEQ ID NO :
65),5" ~CGTTTGTGCTCGAT-3" (SEQ ID NO :66),5" —~CGTTTGTGCTCGATAA-3" (SEQ ID NO :
67),5 ' —CCGTTTGTGCTCGA-3” (SEQ ID NO :68),5  —CGTTTGTGCTCGA-3" (SEQ ID NO :
69),5” ~TTTGTGCTCGATAA-3" (SEQ ID NO :70),5" ~TTGTGCTCCATAA-3" (SEQ ID NO :71)
Fl 5" =TTTCCGTTTGTGCTCG (SEQ ID NO :72),5” ~ATTGCATTGTTTCCGT-3" (SEQ ID NO :73),
5’ ~CGTTTGTGCTCGATA-3" (SEQ ID NO :74) .

[0024]  FE—HUs 7 B, AREI R LEZERAAIRERE 2 75 s

[0025]  FE—HUsTiti 7 B, AR R XEZERAFIEH LT & U751 :SEQ 1D
NO :11, SEQ ID NO :15, SEQ ID NO :32, SEQ ID NO :21, SEQ ID NO :34, SEQ ID NO :10, SEQ
ID NO :12, SEQ ID NO :13, SEQ ID NO :14, SEQ ID NO :16, SEQ ID NO :17, SEQ ID NO :18,
SEQ ID NO :19, SEQ ID NO :20, SEQ ID NO :22, SEQ ID NO :23, SEQ ID NO :24, SEQ ID NO :
25, SEQ ID NO :26, SEQ ID NO :27, SEQ ID NO :28, SEQ ID NO :29, SEQ ID NO :30, SEQ ID
NO :31, SEQ ID NO :33, SEQ ID NO :35, SEQ ID NO :36, SEQ ID NO :37, SEQ ID NO :38, SEQ
ID NO :39, SEQ ID NO :40, SEQ ID NO :41, SEQ ID NO :42, SEQ ID NO :43, SEQ ID NO :44,
SEQ ID NO :45, SEQ ID NO :46, SEQ ID NO :47, SEQ ID NO :48, SEQ ID NO :49, SEQ ID NO :
50, SEQ ID NO :51, SEQ ID NO :52, SEQ ID NO :53, SEQ ID NO :54, SEQ ID NO :55, SEQ ID
NO :56, SEQ ID NO :57, SEQ ID NO :58, SEQ ID NO :59, SEQ ID NO :60, SEQ ID NO :60, SEQ
ID NO :61 B¢ SEQ ID NO :62,

[0026]  FE—LUsti 7 R, AREI R LEZEIRILZH 57 -"COAS T, tgcat tg bt tt,"C

BERIRBUEZIR (LNA) BIG, Thr“s” Ronim AR e, I H/NG F R~ B E A% i 1
72 (DNA) BT, “"C” #7n b’ FIJE — Hamsng LNA Bg, 7R H “"c” F£on 5/ FIJE - Jmsng DNA
BTG,

[0027]  FE—UE50 7 R, AR RN R LEZ TR 57 —"CAS T g caqt gttt "C."
C.°6°-3” (SEQ ID NO :11) .

[0028]  7E 7 —ANJ71HI, A K BHFRALREAE N R B> N BCL11A LR RIA M R CE TR,
ik XERERAASERR 2 NEZERF Y2/ 80% (511,85%,90%,91%,

6
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92%,93%,94%,95%,96%,97%,98%,99 % BL H £ ) FH[E I ES.

[0029]  7E—4E5ja 7 S, AR A K IR I L E TR B A 51k B DL & U FEAZ T R
A& 80% (1, 85%,90%,91%,92%,93%,94%,95%, 96 %, 97 %, 98 % , 99 % B
%) MFERFES 5 —"CAST S tg.cat tg b tt,"C."C.6"~3” (SEQ ID NO :11),5” —"C.°G.°T.°
t.t.g.t.g.c.tcga T A A~3" (SEQ ID NO :15) 8¢ 5" -"C.°G.°T. "t t.g.t.g.c.t.,"c.g A T. A3 (
SEQ ID NO :32),5  —"C.°G.°T.’t.t.g.t.g.c.t."c.gA T °A-3" (SEQ ID NO :32),5 —"C.°G.°T.’t.t,
g.t.g.c.t.c.G A T-3” (SEQ ID NO :35),5” -T.°T.°G.’t.g.c.t."c.g.a.t AL A A-3" (SEQ ID NO :
14) 15" -"C°G.°T t t.g.t.g.c.t.c.G AL T3 (SEQ ID NO :35) , Horp K5 R R R B e M R
(LNA) B0, Fhr “s” RIONBABEERNEE, I H NS FRAn R~ AP Z R (DNA) o,
“CT w5 HIUHE - MmENE LNA FoT, JEH “"e” Rox 51 WAL - UMELE DNA HLT.

[0030]  7E— sy Ko, 3 —Fh 29 H5W0, Frid 2590 0 A WAL & AR ST 1 e L
FRZH RN 24 FH 3k

[0031]  BRHEEFHIISL, Ak B FE AL 52103 o BCL11A #7732, Brid 7 A4 v /5 2296
I7 )52 R it FH AR SO i e XA T R ER A I &40

[0032] PR EF WA, AK PR — MR CEZER, i R CFEZE R T 06
BCL11A BJ7¥2:H, BT i 75 A4 m) 75 BV T 1 32 6 it A SR IR 1) e SRR H TR B 24
HEDHIPIR.

[0033]  FE—ULS T S, AR ISR LA e B IR I S BEAZ R B2 4 -G Y R TG 2
VIR I8, BTk 2590 F T35 97 20 0500 o9 RE B0 0L, Gn etk A s sk B — s pilg 3., o
FLAEHIE FH T30 %) BCL1LA 1254077 Th, 045 7] 52 103 it FH AR SCRT IR I I U SE % T R BN 24
MHEY)

[0034]  {E—RBSEHl 7 S, A K W AR HEAR 95 A R W I 25 A& W) I SCSEA% H IR, L H
YEZ54), W TR 97 T ML o e B L, ANtk 40 PO B B — HhH il 21

[0035]  FE—LBSLt 7 2, AR B HR A — Ph A 321 v o7 B LA 93 hE B0 O 1) 77
% B O ik AAFE W) 75 B TT 32 it A SCRT IR I R U IRE A A ) -

[0036]  FE—LSTj 7 ZH, AR IR —Fh S SRR IR, HH 1897 B BURIE , AR
AR R AR, i 2T 8K (19 (hemoglobinopathie) , QI MLZEE \ Jo6 i B 0L, L0 A i
M Cay B, 8), SRIRAHMOH M B ALVERG LI A FFEEAFAESE (HDF)

[0037]  FE—SBSLUt 7 B, AR SR — P LB R, ik R LEZH R TEX
B HIR YT B L0 o3 e SO 0 1 77 %, BTl O VA ) 7 R T 1) S22 it P AR SR
W UL IR G . AE— LS5 %8, Ak BRI YT 7510 B4 it n) 52
B T 28 25550, TR YT B BORAE , W TR YT TR LA o3 i B L o

[0038]  7E—LLSLif 7 S8 H, I A K B I J7 VR0 97 BB L0 9 A B0 Ot A2 etk 41 A
I3 o

[0039]  7E—LLSjiti /7 SR, T A K B 7 iR I6 T I 3R B0 e 8O L2 B -t
WA

[0040]  7E—4E5ja 7 S, it F Pk e AL T TR BT R 94 64 T BUE — Fh DL e
AR ek /b 1 BCLLTIA ko 7 — 2852t 75 28, it ik ) ) IR BT IR 25 4 &
VS MUl EEALPIEINE v - BRERRE . B0 E i Pk O

7
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HIRETIAR WA G T 28— Fh LA LB S 8 iG ) LI 2L &5 1 77 4E o 78— SEsii 77 &
o, — P DL B2 2R R B A B R B AR b R 2T A R AH A A 2 R
T2 P SR P AT/ B4 I B- 4. 7E— SRSt 7 S, ik N i R R R
AWM EY) . (£ T7 S, N R CEZH RS EY) .

[0041]  FE—SESTji 7 S, AN R IR A S A ST IR I I S B IR B AR B M 25
Ao TE LSy o, DLER— R BRI A B (1) IR U IR B AL &4 . AE— L5
g e, LA (il an, PRl =Fh DUFh FFhEE 2 ) TSR HEA R B 1) e A%
FREL A G, (E s 7 R, DGR TR SR (A K B IR L B R B A&
Yo FE—S850t 77 2, DLBAATE SR A & B I I U H IR BRI &1 -

[0042] 7 — MG ST 5 R, iR & 481k B 2. DR B 9. = = S
(Iyo—ject) AT 78 G5 2% o 75— LS 77 S8, FriR 5 28 2 Te sy i 48 9F HAT 1k ik
AT A s ()R B i 2 I e R 3 B v S %, P A A B ) B TR R B VR S A, A
TP P SRR IR 5 2%

[0043]  GOAS HE A E Y, RiE“Z) (about) ” 1% KZ) (approximately) ” Z&[Fff . A<
HA A8 AT 3, A BT A 29 (about) / K% (approximately) , BN d5AH G
AT AR 3 38 B AR N IR ER AR AT A 1 B .

[0044]  AKRBHPIHERHE H AMRAAERE MR A F 80 2 W.. SR10, R ER AR %
PEAHA IR , 76 R WA R W 1 Szt 77 S RIS, AS0a 3k 368 19 75 s i (EORFR . M4
TR, A 2 B P 25 o 53R R0 S AR U AR N T AR 1S 551 2

[0045]  [f}fajik

[0046] P PR T 15 B H B, A FH T BRI o

(00471 K1 Bt FIEEAME (L) FEA B EREAEEVLRERRISME (4) A
FEREE A 5E, SUMLLEE (v— Bl ) A ERAD A 5 R RS (x— i) 0 20 00 S8 F 5 1
M Cecil Medicine &£ 23 Jix, Lee W.Goldman,Dennis A.Ausiello.W.B. Saunders Elsevier
2008. 45 167 & . & 167-2 S48 A

[oo48] P& 2 W R =M EZA N BCLLIA FIFpAY (S\L A1 XL) BIAIZEbElr s sl .. e
ANFEIFR R ORI, AN 5T 2 37 ARt AN T

[0049] & 3 W/~ HH#E M) BCLI1A [ 401 ) X FEZH R LA 25 u M WK BEAE N REH 28 Jfd ok
BCL11A-XL mRNA 3 ) i 7R (g 401 o

[0050] &1 4 27 AL A BE ] BCL1 1A MR SCSEZH IR LAYG LA 0. 0064 2 20 u M ()55 #%
HERW EAE A REH iU %F BCL11A-XL mRNA 232 fr) S A (R 3] .

(00511 & 5 s Ok #E A MEE ] BCL11A ) oligo 4 (T0HEE) A1 5 (JEH ) Bitix L&
ZHIR, LIJEE M 0. 25 22 60 uM B FEA% H ERIK EAE N REH 4 g %t BCL11A-XL mRNA ik
) SRS () 4

[0052]  [&]6 SBo~ FHIEFE A I XCBEAZ IR LA L AN 0. 25 22 60 1 M 3R 256 A REH 4 3=
ZLEFHAL (S, L A1 XL) A BCL11AmRNA ZRIA R # A (] o KT 2697 2 18N R E,
BCL1TAXL. L 1S [F]F4 24 1) mRNA F10 & 43 5l s 7B A s FR AT A A

[0053] ] 7 7 FHOGE B 1) e CBEA% IR DAYE [ AL 0. 08 22 20 u M AR FEXT /)N B MPC-11
YHHE A /NER BCL11A mRNA 1A F L8 gl o X8 ANGTT 4N B35 NI B, i [R) R 22

8
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(BCL11A-A11) AIEIFhAS L (BCL11A-L) F¥)/INGR BCL11A Wil 43 ) s 78 e A A= rp
[0054] &8 T nHH 15mg/kg SEFRAIHE A BCL11A 5 S B H B 77 25 24 O ME I NMRT /)
BRI LI B 88 (TRIER ) A (JRS38 )+ BCL11A mRNA 32k i SURY (R4 o - il 1 0, %
TEMNRUEZHRRIGIT A, BFET A RIF A (AR FRFE LOAE) .

[o0551 K& 9 WM 25 B 15mg/kg ML FEMIHE A BCLL1A M/ XCEAZ H IR Ja VU & , B
A=A C57BL/6 /N B 8 BCL11A mRNA ) $7Y f )

[o056] & 10 it FH LA 25 8% 15mg/kg AL FEIHE M) BCL11A B E TR 5 )\, B
AA C57BL/6 /NS i 7 BCL11A mRNA [ 7 g 40561

(00571 P& 11 27wt FH DA 15mg/kg )k 5 (19 42 [m) BCLLIA B & L HEZ H R 5 )\ JH, A
B ~YAC FEFELR /NS5 i HH BCL11AmRNA Frey 784 fy 4161

foo58] P& 12 & 7 Jiti LA 15mg/kg M)k 35 (19 42 [m) BCLLI1A W) ) L HEZ H IR f5 )\ JH, A
B -YAC B JER/NER AT Ter119° A1 CD19 B HE4H M B4 BCL11A mRNA {1 $L2Y f4ial

(00591 K 13 BRTEARNGIT H, BATERMK I F AN (phleb. ) FIRMATEIKYIHFFA
TG IT R IR N R AR S 40 i A s s i 20 8 1 (g/L) « BB IR (ER7K)
FOBEIE FEAZF R 4 (10 A 20mg/kg) VAIT 4.

foo60] K] 14 BR{EARNGIT H, BATERMKIIFF AN (phleb. ) FIRMATE KV FA
FRIIE T 4L rb A AR N R KSR Sh Wi 40 JE I o X 2R 20 40 e ) B 28 P T 2 . R WA T IR (6
K ) FHEIEFERZ IR 4 (10 F1 20mg/kg) Y774,

[oo61] K 15 BoRTERFFLRIZE-LJE , LA 20mg/kg FH BRSNS IR (37K ) BlfRik A% IR 4 7
B2 A IPAT B IRV FAR B IEN R KL 1 B &8 58 -0 AH XS GAPDH x4 1 S Y 1
BCL11A KiK. X T &I, it TRF AR XL (242 ) Fpra MR CAF) Bl

=

Ho

foo62] & 16 BosERT TR LJE LL 20mg/kg FHEAAXNT IR ( #hK ) Biffit ZZ H R 4 7
B2 A IPATE KU FAR B IEN R KL 1 B &8 88 -0 AH XS GAPDH x4 A 1 S Y 1
y - F1 B - EREE [ mRNA RiE. W FHMEITHNREANSIERN v -EREA (v A+G, £
1), i (Macaca mulatta) v - EREEEH (HBG2, ££ 2) , e B — BRaz 9 (HBB, £ 3 ;HBB mH, £~
4) FE .

[0063] K] 17 RI/RTEWFFLRIEE 17 B T X IR ( #h7K ) Ak SEA% H R 4 (10 1 20mg/kg)
TBIT AR PATEIK DI F AR AEN RS (T ) Ml (RES ) B sE AR
GAPDH #rfE4L 1) BCL11A mRNA FI# A FIZRE . X T &AEITH N 5304, s R Fh A
XL(OZER2) FPrARME (A8 i,

[o064] ] 18 R /RTEWFFLRIEE 17 JEXF T X IR ( #h7K ) Ak SEA% H R 4 (10 1 20mg/kg)
BT H W PAT KU F AR AE AN R KK g (T ) FiE (RHES ) B 88 hAH
X GAPDH FrfEALIY) v — BRER A mRNA LR RIE . X T//MEIT A B8 A s B s A
y-BREQ (v A+G, A=) MRtk v - BkiEHE (HBG2, 4442 ) MlE.

[oo65] K] 19 BIRTESS 17 JH, PATEIKDIH FARBIHE A RKESx IR (EhK ) A
AL 4 (10 1 20mg/kg) V697 41 B BE B & #f + AHXF GAPDH brifEfL ) v - F1 B - BkiE
1 mRNA (SRR . A2 e A 40 e X T MR T A S s Ny - BREE
(y AG), BiME v - BkEE 1 (HBG2) , A% B — Bk&& 1 (RhHBB) , AURAE B — Bk&x 1 (RhHBB mH)

9
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T &

[oo66] & 20 WoRTESE 17 B, PATE MK I FARMIEN R KBS B (EhK ) Ffe
HHEZATIR 4 (10 F1 20mg/kg) V697 40+ 1 B i B B8 *H AH T GAPDH AR e 1) v — A B — BR
H A mRNA BB ERIE . RN B A T EANR T A S A SN v - BRE A
(v A+G) , Bipi v — BkEE 1 (HBG2) , H#J B — Bk&z = (RhHBB) , MM B - BREZH (RhHBB mH)
T &

[oo67] K] 21 B eSS 17 FIXTHE (#h7K ) FEIEFEAZ IR 4 (10 A1 20mg/kg) VA 7T 434
ITERIK I FAR AN R K30 1B BB il 0 T GAPDH Fr#EAL 1) BCLT1A ( THiE% ) A1
Y- BREEE (KHE ) mRNA F S PRk . XF8ANEIT AR %N 30, R BCL1IA
fRFREY XL (2242 ) FETA RFE CAF) PlE. P& MEr 2T ms i, Bos
N vy -EREA (v A+G, £242) FFpiE v - BRE T (HBG2, 42 ) Ml

foo68] & 22 BInTEEE 17 F, XTHR ( 3Rk ) A A% HF IR 4 (10 F1 20mg/kg) ¥RIT 4L
PATERIK VI F AR AN R KW 5B fif 1 A% GAPDH Fr#fEAL (1) BCLI1A ( THiE% ) A1
Y- BREEE (KHE ) mRNA F S8 - Rk . XTSI A %N 30, R BCL1IA
fIRFEY XL (2242 ) FETARFE CAF) PlE. P& MEr a2 ms~ a0, Bos
N v -EREA (v A+G, £242) FFpiE v - BREE (HBG2, 42 ) & .

[0069] & 23 BoRXTFHATE MK FARMAE N RK KW, LA RS () FZ i
K CA) PrEBET F- M r 48 1 7340 (%0 )

[0070] P& 24 BoRXTFHATEBKDIFTFARKHEN R KW, LA RS () FZ i
K (A HIANE L F- 40 A AL 8 (%0 ) o

(00711 K25 IR — KA ELS 245 AL R (T ) 10mg/kg ( H1[A] )  F1 20mg/
kg (IR ) 167 AP HE N R KBS RIAME ML v — BRET 1 28 gl &

[0072] & 26 oRA/EXTREARIRAA A, 7E v - BREE g ( “UE 17 BRI 27) B H B TE]
R AE N RSP iy — BREE AAE st IR T 20 550 SR i

[0073] ¥ 27 BIRTE 10mg/kg B H, /£ v - BRE AU ( “Ug 178 U 27) (1) &ANFA]
2 AE N RE SR 2 i A iy — BRER A1 st IR F 20 B0 SR f i

[0074] ¥ 28 IRTE 20mg/kg FIEAH, £ v - BREE AU ( “Ug 178U 27) ()& A
2 AE N RE SR 2 i A iy — BRER A 1E st IR F 20 B0 SR f i

[0075] P& 29 WIRTEEFA B /N SRR R OCTEAZ R 4 [ P58 I 1] 170 S 28 F 0
[o076] P 30 STk [ HFAE RN B SRl 2 2 r I SCBEAZ TR 4 VA< PS5 I A 1) S 78 ) 3

=

Ho

(00771 K] 31 Wk H B A A/ RIS P A 2 I SCTERZ IR 4 1 2H 204 P2 o s i) ) i
A&

(00781 & 32 oAk T HLF B 253 1 A U IR R AR U ) S ST A IR B TR A
JE B ML RS A

[0079] & X

[0080] Ny T ibA K HHTEZS 5 BEAR, B SEAE T 30O€ LR E . X1 LU ARIEMH BEARE
() 3 A B 2 B H 1 H

[0081]  RZJERLT AT Y, AR3E “RL)7 8L “2)”, FE N T —AN UL EWFFC B RS, &
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o 5HE NS HEERPRME. ERELLSE T R, RGO RLA 7B L7 RIBEEIE NS5
HEEET A CKTEVNT) 125%,20%,19%,18%,17%,16%,15%, 14%,13%,12%,
11%,10%,9%,8%,7%,6%,5%,4%,3%,2%, 1%, 8 /NFE BTG L BRAE 5 R B
MR SORIFE R (BT XA BUE R AT BE(E 1 100 % M- )

[0082]  A=WiE VI < A0 A SCAE FH 1), FE & CLEWNE PR R R TR TR AR AR R P AR AN R Y
(D, FEAY ) BA TGP AT AT A2 70 B4R o i, 2t T 2E PR, X AR B AR
WS, BN R A DIE PR o TE4RE 8 ST S8, 72 R A B2 S AR s 1 1
THOLT 1% B K DTk AT IR B 1 B 22 IR 22 20— Pl A= 3 1 1A 38 20 3 o R PR A AR
YETER” 557

[0083]  p4¢3E, $ A0, Y8 /D B« A ST P, AR e RGN b B Bl
VBV BRI, 2R s G 2 2% 0 B ()L, o 22 2 ) (a0 7E AR 4 AR ST IR IR 9T
ZHTAEAR RIS A A I A, BRAE S D A ST IR (YR T IS O T AEXT BRAMA (B2 AN R
AR IR . X RRAMA” 252 51697 BN R s Bm 3 BE 1AMk, 59897
IR KRR (REIRTT FIAME T — A3 5 BN R B BT HE ) &

[0084] M, SZikF, B AR ST, RIE 23 7 MR BB 2 e AR
NP2 R - 1697 MR (BFCON“B3E 7 3O2E7) 2& B mrAME (s JL,
)L, JLE, D AE, 8RN ) .

[0085]  AHERZER (LNA) :HOAS SCAE F A, RAE “LNA” BE “HH e AL TR & 18 XA AZ EF IR 254
Y, RIEAZHEIA T 27 K47 (B 2 R B AN RXOAE IR (27 & 47 ORI
Y1) o LNA TESCHRH A B FR N BNA (#r82 F X BR BUOSUA LR ) o HomT LU $a LNA B4, B8R
MAE“LNA FEAZE R G LN R385 — A DA R IXEE RO AL B B AU () A%
iz .

[0086]  AZEFMR « UNA AT F (1), RAE “AZAFIR 7, 2486 3 Bl 50 7 B3 50 o0 AN S0 & 2 1)
Tl IR 35 A () 4 7 L 78 5 R ARA7AE A% EF R, W1 DNA B RNA, DLk DNA, FHEE R SRAEAE A% 1
R, FITIR B RARAEAE AL R AL S B MR BN/ BRBRIE 343, 75 A ST iR FR o “ R IR 2510
V7. FE—esTE 7 R, JERIRAFAE AL AT TR B 48 AT B B o A% R, A SO %
HIREL 2" BRI HR, W 2" BRI HIR. 76—t r &, JERRAAIE IR
BFESE LR (LNA) .

[0087]  FEA L[RIVE AEASCAE S & “ A bRV, 28 e R LR BUL IR 7 51 2 (B 1 B
B o WA AR IR RN GRS BRI, Qo SRR 2% 7 SR LA B 5 [RIR Ak 2, ) e AT 1o
WA AR L FYR”. FVRGRIETT DR AH R 52 . ik, [FUR I REE T LUg B
KEAIARI S5 R / S RERFPE AR RIS L o B4, Qn A AT B R AR N 53 A K, 4 o
RIS VASN “BiK 1) BLSRKM)” B ER, A/ SO EA B B AR M .
Vg — PR LR B 4 A R R AL 5y — i AT DA A2 “ TR ) B 3.

[0088]  UIAATI A HIF, w] LA F 22 P B (AT — P EL IR R I FR S IR P 51 ik B
ARSI AR R LT B HURE A 3RS B A S 0 B T A R P 41 K BLASTN Al A T &R R
5[] BLASTP ik I1 BLAST A PST-BLAST. 7 ¥ iX FF2 7 7E Altschul, %5 N\, Basic local
alignment search tool, J.Mol.Biol.,215(3) :403-410,1990 ;Altschul, Z£ A\, Methods
in Enzymology ;Altschul, 28 N, ” Gapped BLAST and PSI-BLAST :a new generation
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of protein database search programs ” , Nucleic Acids Res. 25 :3389-3402,1997 :
Baxevanis, % A, Bioinformatics :A Practical Guide to the Analysis of Genes
and Proteins, Wiley, 1998 ; fl Misener, 2 N, (%W %H ), Bioinformatics Methods and
Protocols (Methods in Molecular Biology, 8 132 # ), Humana Press, 1999 H#fiiA ., %
T E RN A1, B SCHR R AR el o SR A RS AR BE 4R 7 . (B — LU 7 S b,
RAETRIE B AH R AE A |5 2% 7 B AR RS R 2270 5096, 55 %, 60%,65 %, 70%, 75%,80% ,
85%,90%,91%,92%,93%,94%,95%,96 % ,97 %, 98 % , 99 % B 5 2 J2&: [FI YR 1, I 1H 4%
FERMEN a3 A ERIVERY . A — LSty &, ik A SR R s P 81 AE — L8 St T
E, Bk A SIS 2/ 9,10, 11,12, 13, 14, 15,16, 17 BREE L Mk FE, 7F—LLs2jifi 7 &
W TR AH O S i L FE Y S B 7 S AE A ik 3 o 7E — S8 STy Z8 R, I I A DG S (e A0 45 50
FRAN R AN EB R I . £ — L85 U7 S, Pnid A SR RE {2 %2/ 10, 15, 20, 25, 30, 35, 40, 45,
50, B TE 2L .

[0089]  FEAAHIA A AL AT “HLAAHF] 7 45 R A ML B IR e H1 R EL AL LA 44
T E RN GUR BRI, an SR 5% S AE XS LA B 5 AT R Bk, B EE A N R
AR WA KT, W] DA 22 B AT — b LU R R IR B R Fr 1, P
SRR AT AE VT BALAE Fe oh 3RA5 B I Le 4n T A% P R Fr 21 ) BLASTN Al H T & 2 e
%1 () BLASTP 5k 1 BLAST Al PST-BLAST DA K H T/ A EL X ) EMBOSS needel 5= & LT 14
EMBOSS Water. $LRY HIX FPFEZ7E Al tschul, 2% N\ ,Basic local alignment search tool,
J.Mol.Biol.,215(3) :403-410,1990 ;Altschul,Z: A\, Methods in Enzymology ;Altschul
2 A, Nucleic Acids Res. 25 :3389-3402, 1997 ;Baxevanis % A, Bioinformatics :A
Practical Guide to the Analysis of Genes and Proteins,Wiley, 1998 ;fiMisener, £¢
N, (%i%5 ), Bioinformatics Methods and Protocols(Methods in Molecular Biology,
% 132% ) ,Humana Press, 1999 F4fiik . B 1 %€ Al —VEFP 2122 4b, 1305 KR Fr il i 4R
PE[R] —PERR L (487N o B — LBt T7 S, AN RAEFRE AR S IE AR b, 9 2% 1 41 FR) 0 o2 3 i
¥y % /> 50%,55%,60%,65%,70%,75%,80%,85%,90%,91%,92%,93%,94%,95%,
9626,97% ,98% , 99 % B3R 5 2 2 A R, WP 2% 7 IO R He A _EAR AV o A — L5 ST
J7 G, Frid i AR SR IR ) e B PP Bl A — LB SE 5 58 T, BT IR A SR S i 2 22 /D
10, 15,20, 25,30, 35,40, 45, 50, Bk 5 £ M

[0090]  EZHZN AnA AT 1), ARAE “HRAL LR & 8 52 J0 AR I RN - BiE BB 5 i (1) B
B R B G A BRI B 58 v 4 RS L 20 2 1 A0 o I A, R B B ) T T R AR AT
A AE— sy &b, SRR L BRI AP AAAERREE B8, i, o, B B v RIEHH I
AR 2, — oSy 2, SR 2B 4 SR 0 AE S L VR IR BURRAE 9 AR L 2H 2, 4
ASCAF Y, $RAZART DR SR 2H 21 L BB 2H 23RN / B Er BE Al 2R . s A R A 2R R SO
[0091]  VRYTHRE A ST ), RIE “VRI7 A RE " 245 LLE H TR R 22097 &
PRI R/ RS VR TT B 32 10 T 90T RCR KE T R & . 697 SR T AZLR (BRI,
ALIE A BRI & ) B BN, 324303 45 X ROR s BUs B ROR )« JoH
&, “URIT A RCR” R AR AR I I 5 PR A SRR, TP BRAE IR B TG, A/ B IR
BRPRRE IR ) 7 B R B , A RGBT D BT T )5 B O, B RN I AT A

12
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6T BT AR 6 YT B SV & . 1697 A Al 5 LAnT DLELS 24N B 551 & (1 77
BHEATEMEH . N TARMRRE IR AL IRIT A E (M B RGN RS 2477 ZNIIE Y
B AR ) wTRL, a0, ARAE i & 1% S5 e A A A T . HeAk, X TAEAT 4R
R a7 A s (A1 / BURALRIE ) v DU T 2 Fh R 3R, A0 46 B9 97 (1903 5 A e 1
PR R e 25 i M s IR e A RS, R, — e fd B, MR R T
TR B it F IS ), it FH s A2, A/ B8 P 0 4RE e 24 70 ) HEE B Y 28 VR 9T Rl A] s SRR 2y
SURA TR

[0092] VAT WA SCAEH B, RiE “¥R9T (treatment) ” (A “I6JT (treat) ” BL“IGIT
(treating) ”) s&Fa AT = H &84 B8 A kR « L8 2R A - FU0 A1) R o S 0 IR HE AR/ B0 1O
(g, ifn 2185 ML RE B RS BB bE , SRR A A , MR e ) 19— Fh DL RER BRFAE  2EIR
R B RE AN/ B O (1, 121 8 LR R A Bk b, SRR 40 P , R i3 ) 1
— B DL B R SR AE I 46 5 I8N 8 95 S PRE AT/ B L (T, i 4T B AL RE P A B
BREE, SR AN P, B BT ML ) b DA IR BRI () 7 B R AT/ Bl R S 5
FEFD / SRR (4N, 121 8 ML RE B RS BRI e , R gn i, RS ) 1 B e
ARERFAIE R AR 2R TT 7 (B0, AR ) o X MG YT 1T DU XA 2 IR DB
JiE AN/ B DL IAARAE IR 520 A0/ BRAN 2 I e A/ B8 O ) R AR AE 1 52 4%
e HL B A1, X FhIE T AT DA S0 S A OG0 e A/ B0 0 B — DL AR AR
(SZIRE 1 o A ST IR B A 5595 1 i AR AR 0 5 2 1, FCAR B8 2 B2 ARAE ) i 3 Y el ]
DA HR B 3| 2

[0093]  TE4HfHIA

[0094]  FRHEEFHLIA, A& BT AEH 9715 B- 40 CLL/ k298 11A (BCL11A) v A0
TRIT 5 BCL1LA AH OGP IA JoahE B0 0 1 o5 A A A 7 7. B B I, BRAR a1
BCL11A V& YEFBUM IMRIEkE A, filhn, v BREE AR ERIA . BRIk, A& B T¥6097 405
1995, QB am B F B — Mg 2 24 A ) DU, AR BRI T a8 T I B>
BCL11A {3232 s/ 541 BCLL1A 3% 14 () BCL11A f e X AL EH BRI 7)o (E— LU ST 5
Zrh, B T A B> N BCL11A PR F2IA 1 S A% H BR #E (7] A\ BCL11A FE[K Bl BCL11A H{E A
RNA (mRNA) [FRIFHAS (fdm, XL, L, M, S 8% XS) HIIX IR, 76—Sesir 94, Rl T~ 1 s b
N BCLIIA FE Rk A% R B A 36 T A\ BCL11A JE[K 5 BCL11A )45 {# RNA (mRNA) [&] Fil
RS 7 51 I 1) HAME T3

[0095] AR HHEIAS[E 5 THAE LA R 30 VEARFE IR o 5800 B AN AR | A R B . AT LUK
B N T A K AL E T . (BN A, “807 B =R “F /807, Bk R A i
i

[0096]  BCL11A AIAH I8 A5

[00971 A BCL11A FEPR4fd CH,EE48E A, H 5 /N BCL11A R B A MBI . BCL11A &
MR ELEL SR 7, 76 B B H AT Th RS, o H, ELRIBLETI AR T B A6 2040 f 2B B b R A A
PULEHNTE BCL11A 7EBRER H R R R FEAEH HF R BT 5k E AR 1) R G R IAM
o BCLLIA fE B HEH PN LA RT A ik H UL v sREE DR IAE R L RAT
flEiThRe, I, BCL1IA 1B v BREE E AR A HRIAT 5 Dh g .

[0098]  BCL11A PAZ A MR R, B 2 I T BCLLIA B =Fh = ZL R Fh AL, HAE PR PNIEALE

13
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3" R T P ANE . C%1 BCL11A 5HE&E AR, BRE &1, Frid & &7
DHAEELLE TG )L - & - AT 85 (6 # . BCL11A ¥ 12 5 1M1 2K I L BE B S AH 5% R o
JeH S, #H| BCL11A i v BRE A RIAI B, B, P2 A f6 L 408 (1, o] DLAMEEAE 41
U0, WRIRANM, B — P 3% i 45 ol a8 1 Bk B 1 R RV L e RS

[0099]  BCL11A FJi~5 7

[0100] 40 F SCSEHt il H it 1 1, AR BN I %8 58 1 B W) BCL11A B9 —Fh LA b [RI A Y 1
RSCEEREHRR R AT . 7 — LS 7 S8 Hh, AR A B 1 e 1 B 2 Ak 1) = 32
ZEEFP R IEA X g, A% BN B2 55T T A BCLLIA 2 K A% R 410 2 450 )
ST 2 AR A RO T BCLIIA MR X3 /B BCL11A £ (fldm, XL, L& S)
[RIAE L X 3870 R MAZ B IR 517 &2 557, K 3 i BoR, fEAMR T 1,2, 3 F1 4 H, iz X 38
R THEEIE R/ BCL11A 314 B BLAE SEA% T IR 7 T A A4 o R R sl i iR i 17 ploh %
THEA U 03800 3 B I7 15283 R 52 1 S % 1 IR 1 mT et

[0101] V&Y a1 A ohr e

[0102]  BRHEFHISL, A& AR T 5965 N BCL11A FIRXER 7+ I IR AL H TR -
TS, & T A B I IR AL B R S AT AT Rete T IR B 2D, PR BRI ] BCL11A FRIAEL
TR SRR .

[0103] %, AEWs N IR/ A BCL11A K FRIA FEZF IR AT LA T A BCL11A FE K 5§
BCL11A {5 1% RNA (mRNA) [FApHY (fltn, XL, L 88 S) WIFERI¥ . B, AEme s A
BCL11A 3[R 32 () A% 782 7] LA 5 N BCL11A £ [K B¢ BCL11A 15 RNA (mRNA) [&]Fh
RS 7 5 F S m) ELANE A EAH R 20 o — S S2iE J5 S8 vh, AR AS & W i S AZ T IR
HA5 5 A BCL11A FE K B BCL11A )15 /3 RNA (mRNA) 7] F 2 ()32 42 5 471 ) B 1) EL AN 28 7 2
50% (fltm, &%) 55%,60%,65%,70%,75%,80%,85%,90%,95%,96%,97%,98%,
5% 99% ) MIFEHIFES. RN BCLI1A FEPFI/N R BCL11A 3 PR 3 22 s 2 41 [ — e, AR
AR W B SEAZ AT TR I8 v AR HE /N B BCL1 1A FE K] 58 BCL11A 45/ RNA (mRNA) [RI A L (1) 7 51
Wit fE— L5t 7 7, MRHE A B I X R B A7 5 /N Bl BCL1 1A JE PR B BCL11A A5 i
RNA (mRNA) [R)Fh 24 13 22 7 41 i) Je ) AN 22 /0 2 50% (f5lan, 22049 55%,60%,65% ,
70%,75%,80%,85%,90%,95%,96%,97%,98%, 5 99% ) #H [ F41 .

[0104]  #% 3%, GEGS NI/ A BCL11A B[R R IA I A% H RRBEAS 5 BCL11A mRNA ff)—
Fh DA _F [F P Y (R R X IR R B & o E— LSt 7 2, et iiZb A BCL11A BERFRIA (1) 5
BB 5N (B, b T 1,408 F 2, /BT 3, 4ME 7 4, BANE ¥ 5) Fk Bl
() BCL11A mRNA [PJ¥E X 38 28 X Bl & o 7E— L8l 7 Z 9, Beig el N BCL11A ZE R ZRIA )
HERERRAEH 5 AN BN BCLL1A SR [X 8 8 B 45 4

[0105] 4 PEAR, ) B R 5 BCL11AmRNA [ HE [X 35, 1) 2 22 7T LA ZE A 4h B AR N 3#E4T .
HAZ ] CLAEAR S0/ B A A4 58 25 N HEAT , W ARSI A FIHT . G E, AR 2R A8 A A
SEFBARE IR AL SR, AR N, IR 7+, BT, S8 BA HAMZIR 751
BTe TGRS EH Rk BA £ /0% 50%,55%,60%,65%,70%,75%,80%,85%,
90%,95 %, BE % IR 7 A1 R — MR IR 7+ 2 (B &5 & o At 25 R, 7E Sambrook 4%
N,1989,Molecular Cloning :A Laboratory Manual,Cold Spring Harbor Labs Press
AT, H A B 5 DL N o FEARGU A, TGl 10 4 S8 RISk 5% AR LS o
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50%,40%,30%,20%, 10% , 5% B /DA% H IR AS L 1 2% 22 B9 A U AT AE, 914, Meinkoth &5
N»1984, Anal. Biochem. 138, 267284 Hi3k 15 ;A2 5] H DLHBAR IR . G HfE, 5
2R (14-20bp) A 72 ) DNA 2 1] 1) 2 58 2 7 ek e P 9 HREAZAE B e %) T~ H A58
AT

[0106] 2 58 2% ™A% i 52 % 1 R 1285 - 5 A 7 TR 1 ol 2 A 5 XU e R 4 ) K B
(n) , AR TiE 2 8 70 0 A I RO oA BE ST o 4, 24 58 77 P ] DA a2 R 0/ B P I
N FE AN/ B8 I ORI B R EUAE o P BE AT LAAE A8 A0 BRI R v, BRAE A58 Ja e gk A
#, FH-T- DNA EPIREl RNA ER Ry b B KT 100 AN B EE 1) B AMZ R 1 28 52 1 7™ 4%
HAZSAF WL RAE 42°C, HAT 1mg AT 21 50 % FH LI, B 28 T AT o TG I 5 2 1
RS2 TE 65°C 0. 2XSSC ek 16 7% . 18— L5t 77 S, 70 i A B P ik 2 /i, Tl AIG
FERS BE P i LR TS S REHE 5. B0, 2T 100 AMZ AR 1 XUBE F0) S 151 Hh &5 P2 A% B e 4
JELE 45°C 100XSSC 15 438k XFF61l, 2T 100 A% H B XUEE ) SE I ™ 88 B e ik & 7E
40°C 4X SSC 15 738t MW, Hr & 2% S ME ot T AFH SR E ML B 1 2X (B =y ) WIS
g b 2R T e Ml B 5 4452

[0107]  BCLI11AmRNA [FFH % (1% %]

[0108] 4 BT Ark, B 2 I 7 =M 3 2N BCL11A mRNA [ Fh 2, B, [A] 2 XL, L 1
So KA, FE7E =Fh FE R /N B BCLIIA mRNA [ FhAY, B, [FF0 AL XL, L A1 S. % T/NER
AN, B2 W0 7 HoAth BCLI1A mRNA [F RS, 40, 76 N A, 36T B AR 3T $2 45 44 ) %2 Fol
[F) fh AU LE Ensembl & KA 20 % (European Bioinformatics Institute and Wellcome
Trust Sanger Institute) TV #i&, J i UL T &% 5% 4% 7 5 5 % 58 :ENST00000358510,
ENST00000538214, ENST00000537768, ENST00000477659, ENST00000489516,
ENST00000409351, ENST00000479026, ENST00000492272, ENST00000489183 ., 7! [] BCL11A
RN /N BR R 2 1 e S B e 51 3R v, e SR B AR 1

[0109] SEQ ID NO:1 = A BCL11A-XL NCBI %3%'5 NM 022893

[0110]  SEQ ID NO:2 = A BCL11A-L NCBI %35 NM 018014

[0111]  SEQ ID NO :3 = A BCL11A-S NCBI &35 NM 138559

[0112]  SEQ ID NO :4 =/ BCL11A-XL NCBI &35 NM 001242934

[0113]  SEQ ID NO :5 =/ BCL11A-LNCBI %35 NM_016707

[0114]  SEQ ID NO :6 =~/Nfi BCL11A-S LNCBI %&3%5 NM 001159289

[0115]  SEQ ID NO :7 =/ BCL11A-XS NCBI %&3%5 NM 001159290

[0116]  FE—LEsLji )7 b, IRHEM I UL H IR S5 A SEQ ID NO =1 & 7 By iy A B
/INER BCLITA B —Fh DA b [ Fh Y N IR IX 3. 76— 28 s 7 2 Hp, $e i e LR H RS &
FSEQ ID NO :1 £ 7 & nf A B/N L BCLLIA [FFh A 40 57 N B X ek, 7E — B8 Szt )7
FH SRR R XEZ TR A A N BCL11A, /MR BCLLIA M [RIFh AL, sl AH &AM T A
X3, 7E—Lesja 7 2, SR UEZ IR 45 A N BCL11A IR H R 1-283,284-613,
B 614-715 WXk, ik, SEQ ID NO :1 FZFH R 1-283,284-613, 8, 614-715. {E—
BBy R, FEAL I I CEAZ R 45 & N BCL11A [ 8 250-500, 259-438, 284-613,
415-445,415-436, 716-5946, 716-2458, 2459-3958, B 1% 1 2 859-2358 W [ [X 1k, 1E % Ff
SEiE )y %, NBCL11A %[ SEQ ID NO :1 & 3 S sy EMA XL, L 88 S. 762 ML)y
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Zerf, /R BCLL1A %6 H SEQ ID NO :4 % 7 s FFA XL, L 858 S.

[0117]  FE—28Sti )7 Brh, AR R X EZEREA 5 N8/ R BCL11A FE PR 5 A 5L
/INERC BCL1TA FI{5 {58 RNA (mRNA) [R]Fh 284 1 3% 22 17 51 1 Je 1) B AR 2270 50 %, 2270 55 %, &
60%, 2/ 65%, 20 70%, B0 75%, /0 80%, /0 85%, £/ 90%, /0 95%, /b
97%, 2/ 98%, B A/ 99 % AHIFI T A . fE—LEsii 7 S, AR ERTREA S A
B/ BCL1 1A &R B A B0/ % BCLL1A FJ{5E {5 RNA (mRNA) [R)FH B )34 252 e 21 1) e 7] FL AR
[F 751 o

[0118]  7E — Lo syl 77 & 1, AR # A% & BH 1) 3% 25 /7 H1) 76 3% H O\ BCL11A 5 [ 1) % 1 12
1-283 (AMEF 1), ZH R 284-613 (4MET 2) , B HR 614-715 (4MEF 3) FIIXIRA .
[0119]  FE—UL5jiJ7 S rf, AR A K BRI IE 227 4176 N\ BCL11A mRNA [RJFH %Y XL (SEQ 1D
NO :1) IR ER N o 7E— LB 77 S8 0, M4 AR & B Y 7% 482 )7 41 /£ N\ BCL11A mRNA [A] F
A9 XL(SEQ ID NO:1) M 4% H B 200-620,410-450,415-436, 415-446, 420-450 P, BLE A
BCL11A mRNA [FF#% XL (SEQ ID NO :1) HIAZEFIR 716-5946 ( #MEF 4) M.

[0120]  7E—LLSj 77 2, M4 A% J BH 1) 3 82 /7 5175 N BCL11A mRNA [RIF# 24 L(SEQ 1D
NO :2) WIRX RN » 7E— LSt J7 2, MR HE AR & BH I 227 41 75\ BCL11A mRNA [F]Fp 4 L
IRZE R 716-2458 (#MEF 4) B HIR 2459-3958 ( AMEF 5) W

[0121]  7E—LLSjti 77 2, R4 A% U BH 1) 3 82 /7 51175 N BCL11A mRNA [RIF# 24 S(SEQ 1D
NO :3) HIRXH RN o 7E— LSty 7, M PR A & BRI 227 4145\ BCL11A mRNA [RIFh 2L S
A% E R 716-858 ( AME 1 4) Bit%Z H IR 859-2358 (MR T 5) .

[0122]  FE—usijii 7 2, SRR R U IRZE A5 SEQ 1D NO =1 & 7 F B /R N Bk
/INER BCL1TA FIAH B X 3838 A _FAH R SR X 5k @ an, R4t i e LB FH IR T LSS & 2 A
SEQ ID NO :1 & 7 Fp /i A BN R BCLL1A A B IX 35k (fBlan, 4h e+ 1,2,3,4, 8¢ 5) 7
H &/ 50%,55%,60%,65%,70%,75%,80%,85%,90%,91%,92%,93%,94%,95 %,
96%,97%,98% , 99 % B 5 25 [A]— 1 e Z1) (R B DX s o LR DX 3378 A 1 B 5 ks
[0123] FHHER

[0124]  FEAK BIIEH N RIARIE “ SEAZH IR 7, 238 A DB A% B s ik L 40 % 1 i 4>
To BARBIHRIEFEREZEMEH . EACH, PAMZERR (FBAL) Wa] DRIy ik
BRI, fE—SEST RH, RIE AL, “RRER 7, “ B AR RIS BT . R
WA, Y38 AL IR BCRAR BT I, Ta 2 s an A, T, G, C 8 U K741,

[0125] 7 Jx B W) 55 1% 1 IR A 0% 98 /> B0 & 5 ik B N BCL11A & K] B¢ BCL11A A5 fif
RNA (mRNA) [FJ R0 2 (R AZ PR 410 22 450 [ X380 HIE 227 51 1) s m) EL AN 22 /0 80 %6 AH [R]
A N BCLLIA Rk,

[0126]  FE—4E50ji 7 R, A KM EZ T RO SIE AR | EBRMAER T 5157 50 H
EEE R ERAEAN PR H. YA R E2 T DURAER T A AR A5 ek
A AR R ZEA i B S A ) A B K B B IR [ e A [ 1 S A% IR 1) JE Akt 1)
BT

[01271 3R 1. ATDLH T RTHREE S R T 5T .

[0128]
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JP4) (5-3°)

[0129]
ATTGCATTGTTTCCG SEQ ID NO: 63
GTTTGTGCTCGAT SEQ ID NO: 64

CATTGCATTGTTTCCG SEQ ID NO: 65

CGTTTGTGCTCGAT SEQ ID NO: 66

CGTTTGTGCTCGATAA SEQ ID NO: 67

CCGTTTGTGCTCGA SEQ ID NO: 68
CGTTTGTGCTCGA SEQ ID NO: 69
TTTGTGCTCGATAA SEQ ID NO: 70
TTGTGCTCCATAA SEQ ID NO: 71

TTTCCGTTTGTGCTCG SEQ ID NO: 72

ATTGCATTGTTTCCGT SEQ ID NO: 73

CGTTTGTGCTCGATA SEQ ID NO: 74

[0130]  7E—E5i 7 S, Bk SE4% B BR T 1 3k 5 A 72 TCCGTTTGTGCTCGATAAA (SEQ 1D
NO :75) B A A& TTTGTGCTCGATAAAAATA (SEQ ID NO :76) , BiAN & ATTGTTTCCGTTTGTGCTC (SEQ
ID NO :77) .

[0131]  FEMLIE R SLHE T B, AR EZ H R A5 80 gapmer.

[0182]  FE—HUSUji )7 Rrh, TR EZ HRKE /DT 19 MEER, KT 184, &
P/ NT 17 MZHIR

[0133]  FE—UUsifiti 7 S, AR B SEAZ B IR0 & 3w oR A A2 B R 2R AU o
[0134]  7E—8SLJti U7 S, B il 4% 5 R S AL o W A8 T I A% 1 IR, Gn ik 57l 50 N i s
%6 H HH BLT 2% 200 4 B ) AL BB AR IR A% P IR <27 —0— Ji 3k —RNA H.JG, 27 —OMe—RNA 51T,
27 —0— Jidk -DNA, 27 — &2 -DNA HJ5, 27 — % -DNA HJG, LNA 56, FTFERZER (ANA) HiJG,
27 — 9 —ANA FLJT, HNA 57T, INA 5701 2”7 MOE 7T,

[0135]  7E—HE50ji )7 R, Frid B H BRI A & BUE IR (LNA) B e B H 8 8 R
(LNA) HIT4H k.

[0136]  FEARIEMHISCHETT S, Ik 5 R 2 Lt 7 1o 7 —S8Siiti T B, TR % H IR
AL Er 5 A R SR A% R A AH 24 1 XSS R, 91 4, 2270 3,4 B35 N AH AR AZ IR I 4 [X 3
(BOXEEB R ) o FTIR AL E IR, 7E— LSt /7 S, AT LL (AR ) A WEE . f£—
SES T S, TR SR IR I A AR 1), WA 2 siRNA

(01371  MLA R WEM TR

[0138]  HURIFIA KB I UL HRRAIER 2 .

[0139] £ 2

17
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[0140]

[0141]

Oligo #

J¥5 (5-3)

P e e O e T W Y= . N
oo N Eo kRN o ® NSO s8N =

W W NN N DN N MDD MDD N NN
- O O W ~N O 0O = W N =2 O

"Cs® Te® A ts 9s ts Os ts ts Cs Cs Ts® Gs° T°

G;® A° Gs° a5Csasts 9s 9s 1595 9s §s "Cs° T G°

AL TL T gsCsaststs gs b ts ts ¢ "Cs°Gs°T®
"C® AL Tt gs Csasts ts gs ts o ts "Cs® MC° G°

A TS T g "o astts gs t ts ts MG "Cs° G°
AT T gsCsaststs g ts ts s MCs® C° G°

Te® Te® Gt gs o ts 0o gs @5 1 A® A A°

"Cs® Gs® Ts® tsts gs ts 9s Cs ts "Csgsas TP As°A°

"Cs® "Cs® G’ ts ts ts 9s 1 9s Gs s "Cs® Gs° A°

Ts® Ts® gs ts Gs Cs ts MCs Cs @s TsCACA°

TS TT 6 Mo gstots ts 9s ts s €5 Ts® C° G°
"Cs® A’ Ts® ts Gs "Cs A5 ts ts G5 tsts ts MCs® MCs° G°
MCs® At togs Csas tets gs ts ts ts MCs° MC° G°
MCs® A® T® ts Qs Csas tsts g ts ts Ts® MCs° MC° G°
"Ce® A TPTs% geCs as b s gs tetets "Cs® MC° G°
"Cs® A’ T°Ts® 9sCs as ts ts gs t:t: Ts® MCs® "C°G°
™C® A® Tt QeCe 2 te 1. gs L T Te® "C.° ™C.°G°
MCs® A® T’ T’ Go° Gs @ ts s ge tsts s ™MCs° MC°G°
G’ T° To° ts Os t5 G5 Cs 1 ™Cs G @5 ts A° A° A°

T’ Te® To Gs b s Co ts Co Gs @ 1 A® AL° A°

Te® Ts® Ts® Gs ts s Cs 1 "Cs Gs @s Ts® As® AS°

Gs® Ts° Ts® 5 9s 15 95 Cs 15 Cs G5 @s Ts° As® As°

Gs® Ts® To® £ gs 16 Gs Cs s "Cs G5 As® To® As°

"C:° MCs® Gt to ts 9o ts 95 Cs ts "G5 gs AS°TSPA?
"Cs% Gs® To® to ts Os t @s Cs ts "Cs 9s As® T A°

Gs® Ts® 5195t 9s Cs s Cs Gs® As° T°

"CPGs° T’ ts ts 95 ts 9s Cs & Cs G°AST?

"Cs® MCs® G’ ts ts ts Gs 1 95 Cs s Cs Gs® As® T°

Te® "Cs® "Cs® Os ts i ts Gt 9s Cs 15 Cs G A° T°
"Cs® Gs® to ts ts s ts Gs Cs & "Cs® Gs° A°

T Ts® "Cs® MCs Gs ts ts 1 Os 1 9s Cs £ "Cs® Gs® A”

18

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NQO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

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
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Oligo# ¥4 (5°-3°
32 Ts "Gy "Gl Ge it b st g 6 & "GN G A SEQ ID NO: 39
33 T.°™C°™C.° g fe te s O & Gs Cs To° ™C.° G° SEQ ID NO: 40
34 Ts Ts oy Ca0sfstils0:5:0:6. T @ Gs G SEQ ID NO: 41
36 G T°Ts®ts G Mos Os ts ts ts @s ts 9 "Cs® Ts° "C° SEQ ID NO: 42
36 T Te® Te® Cs MCs Gs t e t s te gs MCs° To® ™C° SEQ ID NO: 43
37 B G b s b D 10 B 1 "Ca s Fis Ts A A° SEQ ID NO: 44
38 MCs’ G’ Ts® tate 9 ts §s Cs ts "Cs Os As T A A° SEQ ID NO: 45
39 Ny By Ts Ts Lisle 0oty ol Ty By B SEQ ID NO: 46
40 MCLGLTLT Ot gots Os Cs ts ™Co gs As® ToALAC SEQ ID NO: 47
41 MCs’ G’ Tt ts s ts 9s Cs ts MCs Gs® As® Ts°As’A° SEQ ID NO: 48
42 MCL G T Te® Te® Gt Gs Cs ts ™Cs Gs 35 Ts ALA SEQ ID NO: 49
43 e B L LG g h a0 AT T A SEQ ID NO: 50
44 "G B T et e b 9 8 s M0 9.8 T A° SEQ ID NO: 51
45 "B, 0Te Ts Ol t G 0:m: T, A SEQ ID NO: 52
46 MCs" Gs” tatete 9s ts 9 Ca ts "0 G° A Ts” A° SEQ ID NO: 53
47 "G G T Tt 9: 1 9 G 1 "0 1 A2 T A° SEQ ID NO: 54
48 "Gy B Ts L hgsti " G A" Ty A” SEQ ID NO: 55
49 "Cs® Gs® Ts’ ts ts G ts s Cs ts "Cs Gs® As® T° SEQ ID NO: 56
B "G 6 Lkthkatetl"naAl T SEQ ID NO: 57
51 B B Ehnhaah el AT SEQ ID NO: 58
52 "o G" T hashguta b e O ™ T° SEQ ID NO: 59
53 MGG Ty Te ti0t:0aCelts "G g AS° T° SEQ ID NO: 60
54 Cs By lalalyOs 1y 0s 0y s "Co’ G’ Ay T° SEQ ID NO: 61
55 MCe® G’ Ts® T ts gs ts gs Cs ts "Cs® Gs° As° T° SEQ ID NO: 62

[0142]

£ 2 Rl St 7 S8 7 ARIE A R W e O 2 IR B RAT 5k B 38 2 (1) O3

MR T H) F IR 12 80 & (4, 13, 14, 15, 16, 17, 8% 18) AMAHARAL H 2 %20 50 %
(#411,50%,55%,60%,65%,70%,75%,80%,85%,90%,91%,92%,93%,94%,95%,
96%,97%,98%,99% B % ) M [E K7 FI AL SE L TR -

[0143]  FEZ Pty b, IRIEA K R N EZHIRBEIESEA R 2 MR CEREIR
IR B 51 2/ 50% (41, 50% ,55%,60%,65%,70%,75%,80%,85%,90%,91 %,
92%,93%,94%,95%,96%,97%,98%,99 % 8L 5 % ) AH[F i 7 51 A AR L SEAZ A PR .

0144] K&

[0145] 3R, RIEA K I B S L H R T VA ARNE LK . AR I R 5%
TR A DLAL S Mk 10, 11,12, 13, 14, 15,16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,29
83X 30 AN AHAR A% T R K B I AR AR A% IRy 41 Bk el 4 3 10,11, 12, 13, 14, 15, 16,17, 18, 19,

19
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20,21,22,23,24,25,26,27,28,29 8¢ 30 MHERZ T LK Z FIAH AR B IR Iy # A il 1E—
e St 7 P, e CE TR AL A 3t 10-18,10-17,10-16, 10-15, 10-14, 10-13, 10-12,
11-17,11-16, 11-15,11-14, 11-13,12-17, 12-16, 12-15, B{ 12-14 ¥% E B2 K & 1) A0 A8 A% 1
7% & %) 8¢ i & 4k 10-18,10-17,10-16, 10-15, 10-14, 10-13, 10-12, 11-17, 11-16, 11-15,
11-14,11-13,12-17, 12-16, 12-15, B¢ 12-14 #ZEH R K B A S R 7 FI A . 7E—dest
7 S, AR B R B B K B 2 10-16 Y 12-16 MEERR . 7 —Sesifi )y &, A
KM R XEZHREAZ T 22 MEER, WAZ T 20 MEIER, A2 T 19 MEHIR,
115,16, 17 85 18 ML HERA . 17— L8t )7 7, AR B I R OCEZ AT IR AL & /T 20
MEH IR 15— R, AR R LEZHRKE/NT 18 MEHIR. AAEZH
VPR, ROZIRAR, 240 T A K B I BT IR , BUAH A% 1 1R T 41K BE 45 v Yo [l ), B
ALFEE ], 40 A 10-30 ( BLAE 10-30 2 [A] ) FhER B SR, A4 10 A 30 =3
[0146] WA SCH %€ MR TRRT AN S, “IR T HI R — a2 % (% ) 7 % SCRTEELXT
JEANFEGINER O (AR TFE) DUSEELE K A 2307 51 A — e ek 7 5 5 2% 7 51
BHE AR R SR E 538 @807 5 R -— 1 aT USSR 2 2577 51 2 18R [F] Y BT
PIAZBR B T H A, B DASE SR AR A s AR 1) 5 4, FFale LA 100 SRS . AEIXFEI bhase A, i
S AEALE, DL IX A R R AR BT, 1A A2 H i 1 9 IR 2 % B 7 LU XS 1 81 2 ],
B 01 A i B D T A T I RH BE [X 3k 2 TR0 AN [R] 9 X 3k O 7 0 BUZ R 7 9 1) — 1 L
XA A CAAS [6) 75 LI, 3K 277 S0AE AR GURE AR N, 9114, 458 2 AR AT 3R45 v H AL A4
BLAST, ALIGN 2§ Megalign (DNASTAR) A LA K FH T+ S A& L X} ) EMBOSS needel B TR
LX) EMBOSS Water. AxAfidskidss A N G307 DL F T E X H3E 24 250, S48 EL BRI 51
4K R L B 7 BOAR AT B0 . A3 i, WU-BLAST-2 % Fl T 8 S e e %1 | — 1k
(Altschul 5 A\ ,Methods in Enzymology,266,460-480(1996) ;http ://blast.wustl/edu/
blast/README. html) . WU-BLAST-2 il Z MuRZ4, HZHKE MBI, "TIHERNZS
HULL MMERE - ESHEE=1, ES0%=0.125, tFE{E (T) = 11. HSP 5% (S) F1
HSP S2 SHU2 s A& H HAR YRR € 7 5 I 4 A 18 I FE e A 5 1 57, SR, 7T DA 2 B/ ME
HHKE N ECRIRT,

[0147] B HE AL R

[0148]  FE—LUsjii )7 27, RIE “RE i R X BRI v B A A

[0149]  UNASCAE AR TE “RAF R, & F8 G 8 W8 40, Bl 50 o AL e ek 4] (3
FEIEIA] ), Gr i R IR B A R IR % T IR [ IR 2 i A ) 0 87, I BB G RARAAAE L IR
11 DNA B RNA, FHE RARAAAE IR IR, G S B M AW AN / BB IE 58 4y, HAEARSCH AR A
“WHEBRE” . FEARH, BREHTR (Fo0) 0] DIRRA AR BUIZ IR BT .

[0150]  FEAWDAL 2240008, 38 55 A RIS “AZ 87 Fa A0 5 W0 43 OB A5 50 7 B 1, I HLnT
DA BR] WG AE 78 % i IR B o By A P, L T8 e S A% IR A 1 IR 2 TR) A% R I e e i 42
TEAEIAN 54008, A RS “RZ B R 1B IR AR B R TG, H H A SE SR RIS LT
A DASRBZE — W1 “REH IR T 5”7, 38 H AR PR A B 7 1 (R B 2R R 7 R R 2 A AR 2
M) o [FARE, REEAE—Fh DL A (R B 3 H g A I AL R I 00 R, AR “#%
TR vI LA TR “RE 7, B i 22 48 s A% H (R B2 M AEAE FI PR BT, v AT RS “ 4%
HIR”.

20
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[0151] QAN I R N SO VR B, SERRE RN 57 RimZ HRAEE 5 MHIR
(AL A, R AT LB AT AAEL B 57 R 2k 4]

[0152]  JERRAAAE FIZH IR B HE B A B K 0 A% H R, WAL H R B 27 12115 1)
R, W 2" BRI -

[0153]  “AXEERRAIY” &t THEAT / BHESE 20 rh B 3 BUR R SR X R, 41 DNA B
RNA B B 1A J5 ) b, 7E AR R G G0, RANIAR X R AR A% 1 8 vT LA “ U ER
[ BICAH 2 17, B0 SEAZ R A AR T DA ) #E i PR 2Rk 1 77 sUOE Dh e MEsE M . SR, iX
FER “HH 2107 A v LA ), WS, a0, EATT 5 25 S B R AR b il , i A7 5 i)
SR RS E, BRI RAR AR BRI . SR, P de L, i AL o S A% R A H5AE FH DA
it ZR I8 1 77 SN EAA ThRetERZ e 45 dnid o 7= A e #E B 3G I i £ G S A D AT/ B et
A0 N AZ BR B PUIE AN/ BUEE N B iE AN R SRR R o A% E R A Y ELAR S5
5 Ul Freier&Altmann ;Nucl. Acids Res. , 1997, 25, 4429-4443 #1 Uhlmann ;Curr. Opinion
in Drug Development,2000,3(2),293-213 #ifiif, J: HIE T X 1l “BiEZER (LNA) ” #55
ik

[0154]

21
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A N

; ) F
s ‘P o —P o \\\ _ 0=P-O
3 a ;
BRACHERR I 2-0- P 2 -MOE 2
5 i %@ O
o
ﬁ/ /\/N
_E & N W,
NHZ
2-AP HNA CeNA PNA
3
RO b/ k_? 7§_7
v
O=P—N
2\ O—P o
HIAS OH :
e ? F ANA 3 AN

2°-(3-F2Hk) N Jk

O=P-BH;

ol i P
[0155] %1
(01561  [Kuth, TEAZ H IR AT AL DAS & T al b DL T & T4 i = R SR A7 1E A% HF IR 1) ] A
P - ik 27 - EZHER (X BEFEFRNDNA”) , (HB AT BE 22 M iZ B R (X BI85 R
9 “RNA”) , BRIXAE ) RIRAEAE AL B IR AN — DL EIE RN I H IR, R H IR AU
G o XL AL BR A AT Dd 2t 18 i S SR AT BE e F RS A0 7 o3& 4 B AR G 1Y)
WA TR H 241 B W02007/031091 $&ALEAEFH A5 H .
[0157]  FEZEIRMH I ANIG 92 A ) A% B BR A YD, 4 LNA B 27 - AR %, AT e {61947
Fe 245G I3 SR RST s, I b vT DL/ AR 4 e 5 o 45 A R AR 2 BT S B R RST I
R
[0158]  FE—HLSuji 7 =, A KR X EZEHRO S 20 1 MEZEREUY) . £
STt T S AR R LEZ T IRE S 20 2 MR . £ — LS T B, Ak
WIS R H BB & 3-8 PAZ E RIS, il 6 8L 7 Pz H R R, 1 — LSt Ty

22
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Z, BT IR R EHRE U R BUEZIR (LNA) Bz 3 sz 4, 820 5, 82
b6, B 7, B0 8 M IR T BRI AT LSS LNA. 75— L85 B, BT ik A% 1 R
AU AT LLJE LNA

[0159]  FERIEEARAFF NG HARN G0 IR R, 258 S AN A% B R 24 Bl I et A% IR
J7 4 5y B R 7 ST, B2 F1BIR e I AR R B I e SR IR T DAL & B ATk 7 471
HAEAE B —Fh DL B AL TR B AH B AZ B RIS ALY, o LNA FRoo B K B TR 2R A, A2 Tt
SRR/ FEXUEE RO EE RS E M /T, (DG 52 A ) A IR R ) o

[0160]  7E LSy 28w, S SRR 132 51 A% T R Y 471 2 1) () A0 A 5 T A0 12 7 1 i %
77 FAZ BRI () 150 DX A5 R B, 4 Gapmer e+ 3 40 A H2 2 i X 45 B 8 Y, A1/ 8%
“Gapmer WIT" B4 2RI A XI5k D, F1 / BLAE SEA% IR A AAZ A A0 40 DNA A% R A7 £, A1/
BUEARAR L IR T A1) 57 B 37 A X

(01611 IR FiZ H FRAB M ) S0 A FEAS M 50 7 AR AL 27 — BRI Bl AR WA S 4, L4
SRZE A SR AN ) IE HAL v LA A3 0 i k% ER B4

(01621  Aft % () 1% H R 28 L4 A& LNA, 40 % 2 -LNA (40 B -D- % & -LNA, 1 o -L- %4
H-LNA) , FI / BRE 3 -LNA (41 B —D- &3k —LNA FIl o —L- &3k —LNA) A1 / BifRAC —LNA (40
B -D— #iAL ~LNA Al a —L- A —~LNA) F1 / 8 ENA (#0 B -D-ENA A a —-L-ENA) . A% 2
B -D- & -LNA,

[0163]  7E—LLSTjiJy o, A K I IR O IR WATAE AZ H IR (40 “Gapmer
WH7HB PR BN X IR A F0C A ) FharHhik 5, lhn :27 -0- fedk —RNA B0, 2" ~OMe—RNA H#
TG, 27 —0- kit —DNA, 27— 28 Jk —-DNA HLJT, 27— 5 ~DNA 5270, LNA Hog, fIFE R (ANA) Hog,
27 — 4 —ANA AT, HNA #9%, INA (4 A#%BE —Christensen, 2002. Nucl. Acids. Res. 200230 :
4918-4925, 7E ik 5] FHFH AL ) BT 27 MOE HJt.

[0164]  FE—LBSTUtE 7 =, FEAN K W I S SEAZ IR, B HAH B AZ B IR ¥ 21 rh A A AE —
Fb_ IR R IR BRI

[0165]  7E LS /7 b, R A 27 -0 H%HE 5L -RNA (2"MOE) , 2” — 4§ ~DNA
PR LNA A% H B R, IF HIXAE A R B I S R AT AL S a7 i gt B X =k
YR A% B 2R A, BT DAL 2538 B ik =8 B 1 — M 2R B R 2R . AE
— ST T R B — AR IR & 27 -MOE-RNA, 41 2, 3,4,5,6,7,8,9 B 10 4
2" -MOE-RNA ¥ HBR H U0, fE—YEsjii r B, 20— PN BRI E 2”7 — % DNA,
u12,3,4,5,6,7,8,9 8 10 4~ 27 — % ~DNA L H L H.7C

[0166]  FE—LESt 7 R, AR R XN FEZEROE 20— M8E &R (LNA) $oT,
w1,2,3,4,5,6,7, 8 8 4~ LNA ¥.JT, 41 3-7 B 4 & 8 4~ LNA ¥.J5, 8% 3,4,5,6 B¢ 7 4~ LNA
BIG. fE—LESTiE T R, A IR B R R 2 LNA. 7E— L8 )7 29, Ak B
NEZFHR T AR S B -D- 42 —LNA, A& — DL LB LNA FoG B4R -LNA, &
H -LNA, S -LNA, 57— H 2L —LNA F1 / B B -D 8% a —L ML) ENA B HAH & 7E— LS
T, TR LNA MOmsng B2 57 — FJE — Jmsng .

[0167]  FE—LUsti 7 2, AR BB S AL E R v ABEEL & 2 B IR (fLik LNA)
AL DNA $ot. RIEAE FF I B EH RIS (P LNA) F1DNA HLoo & 10-25, 41 10-24,
ik 10-20, 1 10-18, HEFE L 12-16 4~ 75— L5577 R, AR B I AR

23




N 105247052 A i MR P 91/46

HHE R T A, WA AL R 741, 2D — M E R (Diik LNA) 2H Rt B R i
HRR TS DNA BT, 75— S8sUtiJ7 B, AR I IR SR B R R 2 LNA B IR 2R
VI R IRAFAE R RZH IR (01 RNA B DNA, Sk DNA A% 5 ) , ARkt B A% 5 iR 18]
TR, AR .

[0168]  RiE “RxWAL " & T8 1% B B B AL 58 40 F HAFE R IRAEAE R DL AR R IRAAAE AR
Ao DRI, “AZ BRI AN AL FE O R0 R R4 RS E e B4, 1117 HLIE R4 2 A ALY A AR ey
(N

[0169]  AZWEAL I LA CFE , (HASFR T~ IRNE S, S04, JOWz g , i IR E , PRIGENE , S5 RIS,
GRS, 5— FL O msng , S s g , i S MOz 0 , 5 JRERIEIE , 5— PUBRER JRIBEIE , 6- 2 JE N
W, 2— ZAENERS, JILE, — 2 FENERS, Il 2- G —6- 2 FENES,

[0170]  FE—ESLj 7 =, R PR 2 /0 — DML 2 1% B H DA & T2 Rl 40
[RGB A% DS <5 H O ng , S Wi g, {5 e RO M g, 5— YR PRI IE , 5— PR bR ik PR M g
6— ZAHEIENS, 2— SIEIENS, LT, o FENENS, Fl 2- S -6 ZHENENS,

(01711 BiEZIE (LNA)

[0172]  ORiE “LNA” 28 XML E BRI, FRoR “BlE IR 7. H AT LL2 458 LNA Ak, 8L,
MAE “LNA FAZEIR” WG O T A B, LNA 248 50 — A LB IX PRSI 1 B R A ) 55
AR . LNA B EBRASAE N TERZBRREIAI C27 A C4” 18] — 40 R STk i — oo 3 R™-R™
R, AEE SRR A (A ) o T AR R LCEZH IR LNA ik A8 T 4S
*@ H

[0173]

[0174]
[0175]
[0176] B ik B &, ARG AUACHT Cp e A2, AR IR B C, - e 2k, AR L8 HUAX
Cyy— BRSO AE RIRAFAE MR IR SAUM (IR I » DNA ST, SE AR i PR3 [T, Ttk
SEm PRI ], B SE T, R SR ], ANBCAA s Piideth, B R AR B A SR AU

[0177] P 57 SAHAR AR AR FIR (B HE 12, B 6 — PRk A1, I (A% IR ) 3 432 B
5’ - ARumbk EME L B FE IS RO FIREIE FBUEE R ™

[0178]  Ps $E7R SAHAE AR MR FIRIBE RS, 5 3" - KimAkH] ;

24
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[0179]1 RYAIR*— @45 /R B 1-4 N3k @ UL N & 000 3L B/ R 7 41 R i — i 3 3k g

—C([RR)-,-CRY) =CR")-,-CR") = N-,-0-,-Si (R*) ,~, -S—,-S0,~, -N(R*) -, fI> C =
Z, o 7 % H -0-,-S—, 1l -N(R") -, 3 H. R%FI R "& B o7tk 5 A AR U C - ke
B AR B Cy o 3, AR HBERACH C, o JRIE, FRIE (TR HEACHY C, o S,
Corp~ JEAAFEREIE, C,y M IE, FRIE, C Ly B EUEBRAE, Cyp— e B IE, FHEE, O 2, J5 %
B - Pk, D5, DT IR, A 5 AR, AR U5 AR - BRIE, 4 05 UL, A0y SRR, U, L - A
T (Crg bk ) EmE, m WAL, B - AN (C behE ) - &R - R, B C - itk - &
FEPRHE, B - TN (Cpg— bEdk ) G —C g ik — IR, C o ok — BRI, IR,
C o~ KEMESE I, 2% (sulphono) , C, ¢~ KEIEREEA L, i, BRI, B lEdE, C ¢ K dEmift,
XI 2, DNA 4 A7, b 2 id AL ], b g Ve T, B8 2R AT, i 25 1, A4, o os
HE AN Z 55 56 T DT s gl BRI HL L A AN Bk O B3 RO R P— i AT LASR 7R AT H B

I HFE (= CH,) , Hr st T A F Aoty , A6 FRFE ] AZE R 8 S B A Bk B, 3 H. 5
[0180]  fF/ERIR™,R% R, R*, R™, ROFI R “SANBUA RO Hhide B & AT HLERAR ) C - HE
B, AR IR Cyopp— M, AR IR Cyopp— B, F2 58, € 28, Co o B R S
B, Cy MR, JRIE, €y BRI IIREE, C o B BidE, LR, 77, J7 U0k — ks, J7 4
5k, 05 BB, AR5 Ak, I 07 SRR - BRI, RO5 AL, A0 SR, B, R - N (Ce i)
A, B, B - A1 (Cpe bedd ) — & - FREE, &2E —C o bl — &t | - Al
(Cpg— JEdk ) &I —C ¢ Iodk — FIIRIE, C ¢ Jdd — PRIEEIE, IRIE, C o Ielprsal 2, i
(sulphono) , C, ¢ Kkt s L, I, BB, Bkt dE, C o Kedsmifl, =&, DNA AT,
oAb BTG R A, A SN I (A, B R T, iy R A, RECAZ, FErb g e R 20 55 ] DUAE:
196 M A A, S HL L AR A RO R AR 2 — S v DAFR 7R AR, B AR, P23, BT 3% s B AR
O RS S Horp RYE AR C - BedE, IR B A BIANAHAR I (HERT ) BUREE AT AFR /R
SEOSEER) B AMOEE F B R, AR B & eI, ik B AR C - Bt s DL L
PEELFERINEREL o X T FrE FHEr O, A X AREE R AT CATE R 8% S B Ay B3R #

[0181]  fE—Lbsjifi 7 ZErf, RY™AN R ¥ — 4 7R padke F HH DAR 25 004 i ) 28 Fr) 32 [ 21 i 1)

—t# :C(R'R") -C (R'R") -, C(RR") -0-, C(R'R") -NR*~, C (R'R") =S—, F1 C (R'R") -C (R°R") —0—, L
HAS RORT R PAT DT IR MO 3% 958 . 7F — LUt 7 S, R “A0 R AT L, AT 3k 7 ik 1

DA S T 4 R0 C gt 2, W H 3, ans

[0182]  fE—LL5j )y S, R™AI R “— it g /R 63k ~0-CH(CH ,0CH,;) - (27 0~ KL 2.3
MR —Seth 28 A, 2010, J. Org. Chem) — 7F R— 8% S— ¥ B,

[0183]  fF —tbsizjifi J5 22, RYMI R * #2488 —Ju3E —~0-CH(CH ,CH,) — (2° 0— Z LN #%
1% —Seth 4 N, 2010, J. Org. Chem). — 7F R— 8% S— #4 %

[0184]  7F—dbszjifi 5 &, R™FI R —2$E 8 — o0k —0-CH(CH ,) —. — F R— 5 S— B,
[0185]  fF—Lbsijifi Jy 2 rf, R¥AI R ¥ — i+~ — o —0-CH ,—0-CH,— (Seth £ A, 2010,
J. Org. Chem)

[0186]  7F — L& sLifi 7 &+, RYAHIR *— 2 45 /8 — JC % —0-NR-CH ,— (Seth %% A\, 2010,
J. Org. Chem)

[0187]  7E—ULsffE /7 ek, LNA oo A% H UL N AR5 -

[0188]
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H § CHs
o B é g © 8
|$O:(-._| o O
H;C e e OCH, o
0 O & - ""-»...0 O 0
Q
; ; ;
(R,S)-cEt (R.S)-CMOE (R.S)-5-Me-LNA

[0189]  7F—Lusuifi 5 &, R, R, RY, R°, R™JST % 3 B DL T & A R4 A, )=,

Cyoledis, BUIRIY C gl C o oJfidi, BRI C o Jfi s, C IR BRI C , JIE, C bt
5, B Cple 85, acyl, BURHIBEAL , C | (R ARe 3 BUUH) C (R be . X T

FEHCy, ARERRIEHATAT LLEE R 5 S B A) E3E],

[o190]  7E—85zjti &, R, R: R, R, RS2 A

[0191]  FE—dusfi 7 &, R, R®, ROk il LR S I R4 S K&K, C Lok
5, BRI Cy gkt dis, C o i, BURIR C , oMtk C, (MIR BRI C , bk, C | ohr S, HX
FRE Cy ot , B AL, B HIME 2L, C | 2 B e R AR C B itk . X T g i

O, AXFFREE R AT LAE R 8¢S B 3R 3

[0192]  7E—LE5jE )7 S, R, RY, ROEAL

[0193] 7 — BB 5 i 5 K, R R | Mo dhik B B LR &% T4 sk 10 4 -
H, —CH,, —CH,~CH,, —CH,~0~CH,, A1 -CH = CH,. & 43, £ — 2852t )5 &, R°8L R i fF— A
Fe S, M —ANER (4052 RER ™) & H H PL R ST :C, ki d, C, Jaidt, C, gk
5, B C g, BURHY C o Mtk , BUARHY €, g BB B 2 (-C (= 0)-) s H &4
HAR ) 2 A ST Hhode B DAR &5 T B B el 2 AR« T 3=, Cobidit, BUARH C ok,

Co oM i, HUARIY C , gl dE, C , bk, B €, BFE, 0T 15 ST» NJJ5» Ny, CO0J ;5 CN, 0-C( =
OINJ Jos N(H)C(=NHNJ, LEINMH) C(=X)NMH) J . HA X & 08 S HHEA T T, M
SEHLR H, CghidE, BUARH C | obidik, C o oMidi, BRI C o i, C , bk, BRI C , B,

Cy o BRI IE, BRI C | & IE S I s Ry I [A] o 7 — S8 S 7 R, RPEk R "2 — 2 B 1Y)
Crehidd. 7E—LL3 /7 S, R8I R ™2 — 2 HUR A E A3, Hor ik i B R 48— A
DL EAST Hi3% 5 F, NT,J,s Noy CN, 0F,, ST, 0-C( = 0)NJ,J,, N(H)C( = NH)NJ, J,E5& N(H) C(0)

NH) J 0 HE M fE—SesSThti )7 S, &4 T M J ST H Bl C | ghidk. 78— LesTifir 4
HL R R T — i I, LR R R I AE S R, ROE R T — R S, 7
Bt R, R R ™2 — 2 LMk, sy 2, R°E R ™2 — 2 EUR A
B EYE TR T, RER ™ Z & C(= 0NJ J,o XFTFHTAH T O, AXEHRIE AT
DATE R 87 S HUa) B4 E . XFERT 5 BN Z EF BR 7E W02007/134181 HH AT, HAE ILiE
g FH AR TN .

[0194]  FE—HLSLji T Z8h, B RAXIEE , A FE LB SRALN Y AN R IR AE AE AL Bl s , G ngend
B IE , BCEAR R A B A R W g , A A SR S R AZ S , anak H B DA 2% 0 2H B 1) 4H. 1)
K IR A, O g , 100 fi s g , JERMEEngy, PRIENE , A/ BRAS B SR P AZ B, 2 5 18
M — FRIENE, 2— BRAR — JRUENE, 5— PUBLAE — JRIENE, 27 BRAR — I IR, 5- H Lo ms g,
5- WEMR I — PmsngE , 5— PUbREE — HOmsng, F1 2, 6— —a JENES

[0195]  7E—4&sjifi 7 S, RYAI R " — i ik A LU F &I — 03t .- CRR) -0-, —C
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(R'R") -C (RR") -0-, —C (R'R") -C (R'R*) -C (R°R") -0-, —C (R"R") -0—-C (RR") -, -C (R"R") -0-C (RR")
-0-,-C(R'R") -C (RR") -, -C (R'R") -C (RRY) -C (R'R") -, ~C (R*) = C(R") -C (R°R*) -, -C (R"R") -N (R°
)=, —C(RR") -C (RR) -N (R") -, —C (R"R") N (R) -0—, F1 -C (R"R") -S—, —C (R"R") -C (R°R*) -S—, H:rfr
R, R*, R%, RY, R®, Al R'% E B bk (B &0 AR IR HBEAR ) C (o i3 AR MU Cy - I
B ARE AR 1) Cy BRI, FRIE, Cp oy RS, Cp - BERIE I, C, - MR, 3,
Cop~ BEEEFEFRIE, Cp o GeIEPIE, L, J5 38, 5 08 — JR3E, 5 28, R 3E, 2oy
I, R 0 AL - R, AR TR e R, B - I (C bR ) B, RP R,
B - M (Cpm Jedik ) — & — ek, &k —Cp = etk — JE AR, B - M1 (C it ) &
B -Cg Brdk - BAEIEE, C o Prdk - BRIEEE, IR, C o MBI, B (sulphono),
Cro— FEFEMAIE A, , A dL , BBk, B edk, Co— Gedkfifl, )a, DNA 48 A, Jutb o i P Jk
s AL 2RI PRI (], B S T, i SR T, T AR, JH A 5 0 4 5 i m DA b ol A I
HLWAS O OB RN R — 2 A AFE AR BRI 1 3 (= CH )« X TR
HCy, AXTFR AT BAZE R 85 S Bl B3R E].

[0196]  7E—Lbsjifi 7 ZErf, R™AN R e nik B LA R &30 ook ( 3L [E ) —CH -
0-, —CH,~S—, —CH,~NH—, ~CH,~N (CH,) —, —CH,~CH,~0—, —CH,~CH (CH,) —, ~CH,~CH,~S—, —~CH,~CH,~NH—, —
CH,~CH,~CH,~, —CH,~CH,~CH,~0—, —CH,—CH,~CH (CH,) —, —~CH = CH-CH,~, —~CH,~0—CH,~0—, —CH,~NH
-0-, —CH,~N (CH,) —0—, ~CH,~0—CH,—, —CH (CH,) ~0—, 1 —CH (CH,~0—CH,) —~0—, 1 / &%, —CH,~CH,—,
Al =CH = CH-o XFF Rl F O, AXEFRIEE R AT ATE R 85 S B B4R 3.

[0197]  {E—2LsjifiJy &b, RV R * e /m — ot C(R "R -N(R%) -0—, Hrr, RUHI R "Mkt
S H H AT BT (S MR, Coohid, BURH C | ohedt, C, oJlidd, BUCHT C oy
Wi, Cp JRIEBHURI C , bt C | Je i3, BRI C | i fa 5, B, BURBESE, C &
FELEHEBIR Y Cp o Z bk, WA, I H s H AP ROGEH ML NS A &, K&K, C .
B, BRI Cobidk, C, oMidd, BURIT C, oMfiE, C, JMRILEIUR C , I, C | I,

BURHY Coht Sk, Bk, BURRIEESE, C |k e dt BREBRHY C 2 ket , .

[0198]  fE—Lbspjifi 7 & rf, RVAI R *—ie i /m — 0% C(R°R”) -0-C (R°RY) -0-, FH R?, R,
R®, A RMST M3 LR S IR AL (& KR € oBidd, BURI C | ohidk, C, Jii 2k, B
A Co I, C o, HRIEBREUR I C o b, C BT, BURH C Bk, BEIE, BUAC A
B, CLe BB AR C | B HE i, Al

[0199]  7E—S85zjifi 5 &, R™AI R Rl — ot 3t —CH(Z) -0—, Horp 7 % 5 i DR &% 0 2H ik
HIZH :Cghedk, C, o Jiidk, C ol B C | ohedik, BURH) C ook, BUACHY C o B, Bt
5, BRI BESE , B B, Bt B s AR BB 22 5 I EL I A N B R 22 [, i S7 B gl kST
Hh I H AR 5 I AT AR R AR BRI, - xR, AR FR 4, 015, NJ o, ST1H N,
0C(=X)J,, 0C( = X)NJ,J,» NJ°C( = X)NJ,JHI CN, Herbr %A T, T J g e Hal C
Pk, JEH XA 0, SEUNJ o 7E—ReSHE 7 R, 7 & C e BRI C | hidd. 7E—uk

SCHE TSR, 7R, fE ST R, 7 REUVRI C ki dt . FE— SRS K,
REURILSE C It . 7E—Lesuffi y &, Z & CH,0CH,~. XF T T, AXFREE
FIAT LATE R B S B a iR B . IXFEIBUAZ R TE US 7, 399, 845 H A JF, HAE st i 51
DAFCREARIEN . 7E—Uesizifi &, R, RS RY, RS, RSB AL, 7E—Sesuii y &, R ™, R%, R
e I H R R ) — AN ek 3 ml LU BR T A AN W SCRIAE WO 2007/134181 A4 K&
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i

[0200]  7E—LL5jE 7 S, R™AI R “— e fa /R fEAfF e B S B I & BE i e 2k, ek —
JuHE ~CH,-N(R) — AR, B & — 7o 3k —CH,-N(RY) -, Hodt R C e B k. 7B — L8l

75 %, R R ¥ — g4 R = 03k —Cq 4q,-NOR—, e q, fl1 g Jsr ik B B DL R &I 2H i 1

A K3, Cohids, BRI C L Jidk, C, ik, BRI C oo lfid, C o ohRIESIURM C o
FRIEE, Cy bk, B C ol Sk, MEdE, BARIIIEIE, C | o2t e R B UAR Y C o2 B J

B HA S AN BRI ZE ], ST s Bl ST ok DL S T B e 2 AR s K, 0],
SJi» NJ.J,» C00J;, CN, 0-C( = 0)NJ,J,, N()C( = NN J, LERNMH)C( =X =N®MH) J,, Hr
X J& 0 8C S s H HAAA TR J MO H, C ) ohed, C, sk, C, gk, C | (R Ikt ol ff

P KT RTE F G, AXTFREEA T DLTE R B80S B Hr 4R B XRE RO AL 1 R AE
W02008/150729 H1 A FF, HAE MBI 5] FH DAL AR IR N . 76— 285007 2, R™, RS R, R,
R™BRSZ % B E DL R S T A <50 3, C obidi, BRI C Lobtds, C, JA st BUAR )

Co Mt , C o (BRBLELEUAR Y C o biIk, € hr s BE, BRI C ol S, IS, BRI S, C g
BB EURH C, B I be It . 7E—SLSTii )y =, R ™, R: R R R AL 7E— S8 STty
ZHL R R R AT AR R 1 — AN AN AT LU BREZ A i FSCRTW02007/134181
HE S ) o AE— BRI )5 28 7, RYHI R — 248 oot (M %EH]) C(R™R”) -0-, Hort RUAN
R°#% B 5 3%, C —=C o he 3k, BRI € —C ke, C ,—C o) dik, BRI C ,-C M3k, C ,=C),
BRI C-C bt €\ —C e S, BUR € 1 —Co e 83, 0 1Ty, S0J5 SO,y NI, Jys N,
CN, C(=0)0J,, C(=0)NJ,J,, C(=0)]J,, 0-C( = 0)NJ,J,, N(H)C( = NH)NJ,J,, N(H)C( =
O)NJ,J,E N(H) C( = S)NJ Jo; B R “FI R —jt2fe = C(q3) (q4) ;q .81 q & EH BRI HSE, H,

7 CCrobe BRI C \—C ot it 5 8 AU 5 UBR ST i B ik 37 i ik 5 DL 25 10T ) AR
B Z IR (X3, C-Coldk, BRI C —Cobidit, C,-Colfi ks, BURI C ,—Colfidi, C ,—Cobk
B, BUACHY C-CobldE, 0 1, ST, NI, J,s Ny CN, C( = 0)0],, C( = 0)NJ,J,, C(=0)J,, 0-C( =
ONJ Jo NH)C(= O)NJ, LB NH) C( = S)NJ Jpo FFEH 584 J A J M7 HIE, H, C1-C bt
B, BURHY C1-Cole ik, C,—Colffdik, BRI C ,—-Colfidk, C,—CoblIk, HURHY C ,—Cokidk, C1-C
RIS, BURH C1-Com B e s ARy B . X FERI L A 407E W02009006478A AT, 1
TR I 5] A DA AR IR

[0201]  7E—LL5jE )y S, R™FI R “ R — otk Q- H v Q & C(q ) (a,)C(ay) (ay)»C(ay)
= C(ay), C[ = C(ay) (g,) 1-C(ay) (a,) 8% C(qy) (a) —C[ = C(ay) (ap) ] 3ays as a3r a5 H M
SR H, BER, Cpyp s, BRI C bt st C s, BRI C o ke 3, 0 1, STy, S0J,,
S0,J,» NJ,J,» Ny, CN, C( = 0)0J,, C( = 0)-NJ,J,» C( = 0)J,, -C( = 0)NJ,J,» N(H)C( = NH)
NI, Jos NAH) C( = OINJ, LELNH) C( = S)NJ  Jos %A~ J FI J S22 H, C | fi ik, C , M BE,

Cyehi3t, C | IEpEHE ARy I 90 B, AT A Q 42 Clq ) (ay) (qy) (a) FFH. qu8%
QAN CHG I, I g 8% g P 5 —ANE g AT g P i — A g b — AR He 72—
B 7 S, R, R R R, RS XA TG, RIEFREEF T LALE R 8¢S B

R F] . IXAE XA BRAE W02008/154401 /I, FAE LB 51 FH LA A I N . 1
— sty e, RY, RY R, RO, RPN HEGE B B LR S L4l -5 )&, C  ohidt, L
I C bttt C, o Midd, BRI C o Midk, C, JHRILBHURI C o gEE, C brs B, BRI
Crebt U, BEEL, BURMImESL, C | IR bE BB C B ARtk . 75— Le sty 2,

28




CN 105247052 A i BB 26,/46 T
R, R R*, R°, R™&ES. fE—Ssujfi 7 b, R, RY RYEEIFH R, Ry — AN s AN ] LA
FEBREZ AN _ESCRIAE WO 2007/134181 B, W02009/067647 FHEE J2 ) (o —L- XOMZER K
L) .

[0202]  3f — 30 {0 RUIRAZ 1 B S AL A0 L AE Je SO S A% 1 R A 19 & 7E W02011/115818,
W02011/085102, W02011/017521, W009100320, W02010/036698, W02009,/124295 #il
W02009/006478 1 Ao XK R H BRIAUIAE — L7 T °] U T ARG E Y.

[0203]  FE—Lesijitiy K, B T AR I e CEERZ BRIV LNA ik Al 11 M -
[0204]

— R

A7

W ||
[0205]  Hrb Y & H B AR & W4 R4 -0, —CH,0-, -S—, -NH-, N(R®) £l / 8¢ —CH,~ ;Z
A Z% BT Hh 3% A% R (R4, R, AR 0 2k [ ml AR SR ] 5B A R AR B R AR R 3
oy (RBEAE ), H RUE E SR C - kgt sRY RRS, RORT R i M7 1, 3% 15 Pl DL R %
TZH R IR < & AT AR 1Y) C, oy e des AR IR AR Cy S 22, AT IR 1) €,y R
B, R, Cpyy SR, Cyy JRARIEEIE, C) - WAL, JRJE, € BRI BRIE, C - itk
Pk, HE L, 5 Ak, O SRR — BRIk, D5 AUk, D5 SR, 05 O, AR D5 AL - BIRIE, A0y AU,
A5 BRI, Z I, - A (C fidik ) &, S LSS, B - A (C etk ) — &0t —
B, mHE C o Ptk - BEEREE, B - M2 (Cg fidE ) &3 —C ¢ etk - BAEIREE, C g Mt
B - PRI, R, €~ BEMEESE, BE3E (sulphono) , C, — KEFEmiBE A L, i, B %L, i
fidk, Cp o= BEIERRAL, I3, DNA 4l AF, ofb 22 im 3L A, b 2 v gk 1, 25 5 4], s
SE[A, FIRC A, e 55 36 A0 2% 55 36 1T DT b g BRI L AR AN Jl sk R AR 3 RO R P—
2Tl LR AT IR M BRI R 5 (= CHY) IF H RUEEER C - fidk. sy &
H, R RURS, RORT R AT Mo b 7 b, 326 B HH DA S I 4 500 C (o he 3, i . i F
FirA -t Ay, AXSRRIEHAT AT AE R 8 S B m) sRER 2, 51, 7R S 28 FR S7 AR 2 SR ) A A 4
B-D A a-L [FAAY, HA] LLan FRHY .
[0206]

[0207]  E A LAY LNA BTG HRoRTNE -
[0208]
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z*
B
o)
z\\O
o-L-% HE-LNA
B-D-“HJE-LNA
Z* T
B B
0 o)
\
S 0
z z
-
B-D-fiiifi-LNA 8-D-ENA
[0209]
Z*
B
0
\ e
. NR
B-D-Zd JE-LNA

[0210] A" B -LNA" B &8 % E R, Hp Dl i@ py Y I B S 8 -CH,-S—. it

R -LNA AT AAE B-D Al a -L- Fyfd =3,

[0211]  ARiB" && -INA" BEBUE TR, KA LaXFm Yy Es -NH -, NR) -,

CH,~N (H) =, 1 —=CH,~N(R) -, Her R B H &M C,_,— Jedk. & FEE -LNA AT L2 B-D A a -L- 44

M=,

[0212]  ARiB" & -LNA" BEBUE TR, HA L @i Y R -0-. &2 -LNA

A L2 B-D A a -L- #A — 3,

[0213]  ARif" ENA" GEHUEMZE IR, K Bl Fd@ Y & -CH,-0- (HH -CH,-0- 1

AR TEBETHANTHEB M2 -8 ). REASFE.

[0214]  FE—LEBU YRGSy S8H, INA 6 B -D- % -LNA, a -L- % -LNA, B-D- &

JE -LNA F1 B -D- @A -LNA, 2 B -D- %3k -LNA,

[0215]  Gapmer 11

[0216] AKHIKIFZERRINIEN gapmer. gapmer FEA%H IR &0 & — BOAHAR I e 8 55 4

RNA i, £ RNA i H A% E B (4870 6 B 7DNA AZEF BRI XI5, 78 A SC R X 38, B 55 [X 45,

Yb) MZERZ IR . RNA B H Z5EE XIS BEmT DLER 5 AT 15 2 [ 84 RoR . X3k B Bl Y

FE5" FN 3" ) FAG Y 5RIEANJ7 (A% T FR A I X3, i BB S5 4 RNA Bl 1A AH &8 BUA% 1 IR

115" 13" i) 1-6 MEF R . 1KLL IR B FRONIX 3k A B X A C 8% X,. Alrid
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BRI BT L B, Fon R EAE 1 & 6 Z [0, ik 1,2,3,4 50 5.
[0217]  EP 1 222 309 $2fLH T#i%2 RNA & H 35 MR R4 751, HonT DUR T8 52 S5 45 RNA
B HPRE ST o a0 S 243 E DL EL AN RNA BERS, fEH EP 1 222 309 Y Sitifs] 91-95 FR AL 777k,
HEAXER R TEZ P pmol/1/min &, 8 AL DNA I SEAZ R (B AH R AL 7
FMEALE A DNA 5k, A BAT 27 B, 76 BT IR B A% 5 R (1) BT A7 S A 2 ) 2L A A 1ol e s
BB thERREERED 1%, ED 5%, WED 10% 80K T 20%, U ERIAGHANRE
i 5L 4E RNA i He
[0218]  7E—Lusijfa g S, Wi 34t DL E kb RNA ST RNA 8§ H B, A F EP 1 222 309
RS ds] 91-95 $2 7775, RNA i H S ah @ 2 (0Ll pmol/1/min MER ) /NTEHAH
A DNA A% H R (%A 2 U, RS B RR W PTG i 1 IR 2 [0 A i A IR e o ) 7 e
RIS UG 21 1%, WI/NT 5%, Wi/ 10 % 8T 20 %, WA 5 AR SE AR I BB % 55248 RNA
il Ho
[0219]  7EHAMSLHE 5 S, Wi 34 LU G kb RNA ST RNA 8§ H B, A EP 1 222 309
[ SETtA 91-95 $RAE R J7vE (il 51 - AATSL ), RNA i H &6 1E % (41 pmol/1/min
TR ) A A DNA SERZTHIR (I%F 27 BUR, 78 L H R K T A A% R 2 7] B A fifR
WERRIEEE ) 2 FAR IR R 2220 20%, %D 40 %, W2 /b 60 %, W2/ 80 %, M\ N5
RAREA bR 45 RNA B H
[0220]  7F—LLsjifi /7 SR, AERE ZE4E RNA B 1) F4A I B HH DL 25 T4 B 4 :DNA B4,
a —L-LNA Bk, C4” ke 34k ity DNA 4k (2 W, W02009/090182 Al Vester 25 N\, Bioorg. Med.
Chem. Lett. 18(2008) 2296-2300, 7E i@ IS 5| FH HAATT ) , F1 UNA ( ANIEFEHIZIR ) #%H IR
(20, Fluiter 25 A\, Mol. Biosyst. , 2009, 10, 1039 7F bt it 5] F 3E AATSE ) o UNA 2 4
SENLIR , 18 H AR C2-C3C-C Bl Bk, T LA B E 1) “BE” Bk 3L,
[0221]  FE—2L52jE 77 B, gapmer BE B £33 ) 1 (£) ZHRTS, A-B-C 5L
X,~Y,~X, , BAE % i A-B-C-D 8% D-A-B-C B X,-Y,~X,, -D 3 D-X,-Y,~X, , H A ; X 4 A 5§
X,(6" X)) HED—AZFHRIELY, b —NUEZIR (LNA) FJT, W 1-6 MEFH IR
FALA, W1 LNA BTG R, B & 2D — MRS, 2> —AMUE R (LNA) g,
w1 1-6 MZAFFR AU, 4 LNA BoG, 9F H ;X3 B 5 Y HH AR 5545 RNA i ( 245 H %) RNA
43 F, 40 mRNA #EFE B OOUBEAAR (duplex) B ), 40 DNA A2 R 1) 28 20 AN 42 A% R 2EL il » 3%
S RENSSEHE RNA i (245 H b RNA 21, 21 mRNA #EFE 054K (duplex) ), 41 DNA #%
HRK 2D A ELNZERR, IFH X C B X, 3 Xik) hE b MEEREUY),
g/ —/> LNA 35, 40 1-6 MZEER ALY, 40 LNA B pk, i 20— ME iRk
L, tnZ/b—A> LNA J176, 40 1-6 AMZ R, 4 LNA g, 3 H ;X3 D, 4A7/ERT
1,2 8¢ 3 MZERR B0, 40 DNA A% H BRI, B 1,2 80 3 AMEH R BT, W1 DNA A H 1R .
[0222]  7E—LBSTH 7 S, X3 A B0 X 46 1,2,3,4,5 86 MZEH R, 4 LNA
TG, U1 2-5 NZH BRI, 4 2-5 A~ LNA BT, 40 3 5L 4 MZE RIS, 4n 3 5L 4 4~ LNA
BeEk il 1,2,3,4,5 3 6 MEEERZRAY), 40 LNA BJG, 40 2-5 MEEERZRAUY, 4n 2-5 A
LNA .57, 20 3 8% 4 MZE R, i 3 56 4 A LNA B e A / s IX 4 C 5 X, 45 1,
2,3,4,5 8¢ 6 MZEERIAUN), 40 LNA BT, 41 2-5 MEH RIS, W1 2-5 /> LNA g, 41 3
B4 MZE R, 1 3 5 4 > LNA Ho6EkH 1,2,3,4,5 8L 6 MZE RIS, 40 LNA
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TG, U1 2-5 NZH BRI, 4 2-5 A~ LNA BT, 40 3 58 4 MZE RIS, 4n 3 5L 4 4~ LNA
HLIGH K

[0223]  FE—UUsijii )y &9, B B Y ALHEREAE 554 RNA Y 5,6,7,8,9, 10, 11 81 12 AMES:
(RIA%EF IR , BY RS % B2 4E RNA B 5-15 1, B 6-10 AN, 8% 7-9 4, 40 8 ML % H 2, 5 B B8]
Y HHRERS S 4E RNA 1Y 5,6,7,8,9,10, 11 8% 12 AMES I E R, 55 RS % 524 RNA Ji§f 5-15
AN, B 6-10 AN, B 7-9 A4S, W 8 NMELEZE IR, 5L B 5L Y HHREE 554 RNA (1) 5,6, 7,
8,9,10, 11 B 12 NMELMIAL L, BUREHS Z24E RNA BERY 5-15 4>, 8 6-10 A4, B 7-9 4>, 11 8
MBI TR . (E— STty H, X3 B B8 Y i 22 /b —> DNA B H IR e, i 1-12
A~ DNA BA7%, 3% 4-12 4> DNA BA75, A% 6-10 /> DNA B85z, U1 7-10 /> DNA 87z, Ak ik
8,9 B 10 > DNA B G2 i, B A& 2 /0 — AN DNA AZEFR BT, 11 1-12 /> DNA HJ%, {10 ik 4-12
/> DNA BT, AR 6-10 4™ DNA B7%, 41 7-10 4> DNA Bz, S A% 8,9 B¢ 10 4> DNA H%.
[0224]  7E—UBsiti &, X3k A B X, G 3 8 4 MZ RIS, 40 “ R A% 2R 4L
Y7 o B BB 3 B4 AR E R SR, W A% RIAZ SR AU 43 Bk (R 4K A
TR R E LNA. XI5 B A3% 7,8,9 B 10 4> DNA P GERH 7,8,9 B 10 4> DNA FE TG4
&, FEHLIX I C B X, AFE 3 B4 M RIS, WA FIAZ 1 2RAU 3073 B ik i B8 H
3 B 4 MNMZE TR, 40 “AZE AL AU 7 55 Brad (R 4L R, e B ik A7) 22 LNA
KRRV S, fltn, (A-B—-C B X,-Y,~X, )2-11-3,2-10-2,2-8-4,2-9-3,2-9-4,3-10-3,
3-10-4,4-10-3, 3-9-3, 3-9-4, 4-9-3, 3-8-3, 3-8-4, 4-8-3, 3-7-3, 3-7-4,4-7-3, 3 H i& 7]
PLELHE X 35k D, TR X 48 D 7] LLEA — A8 2 MR 5.0, W DNA FLoG. gapmer BE1T
SEA R 7R TE W02004/046160 1 JF HAE Sl 5] I AA L. 75— 285t 77 R, AR
gapmer JX X FEZH R AT LAt shortmer gapmer, 4138 [H Il i & F B 5 60/977, 409 H fplrid
1) BLAE SeiE L 5] FH A AR,

[0225]  7E— LS 7 S, AR B E R B S 3k 10,11, 12,13, 14, 15, 16, 17 B
18 ML B IC AL T IR 7 41, AR FriR #HARZ B R 7 4128 (57 -37 ), A-B-C B},
X,~Y,~X, , BT A-B-C-D B{ D-A-B—C 8% X_-Y,~X,, -D 8 D-X,-Y,~X, f), Hrdv ;A 5E X,
1,2,3 84 MZ R AP B JT, 40 LNA B4l Bk 5B B0 Y /245 B 4 RNA 73+ ( 41 mRNA
#E) TR RUEE AR I GES S24E RNA B 7,8, 9,10 B 11 NMHARKZ R B e 4% < 9F H. C 5 X,
HH 1,2,3 8¢ 4 MZERBLHIT, W LNA BT . SJAF7ERS, D fHELAS DNA $Lon2H pl.
[0226]  7F LSy R, A B X FH 1 S LNA BTk . LSy 2, A 5 X, 2
A LNA BT . (E—SeseifiJy 22rb, A 5 X /A 3 A LNA Bt dH . £ Ssujfi =, A
B X, 4 N LNA BLeZH Y. fE— LS S, C B X, fH 14> LNA BLond pl. 7 — 2Ll
FEH, CELX, B 24 LNA BRoGZH . 768 —LEsiji 5 9, C 5 X, 1 3 /4 LNA BLocZH ks
TE—SesfE 7 R, C 8k X, HH 4 AN LNA JoedHpli. 7 —Sesff 5 b, B Ek Y i 7 MZ IR
B R. fE ST S, BELY 8 ML IR CAH . fE—LEsi 7 &, BELY
9 ME IR ICA R . 7ERELESTE T 2, XI5 Bt 10 MR AR . 783 e st
T, X BB Y A7 1-10 4> DNA FAf, 78 —SEsjii )y £ 91, B 10 MEX R o4 Ak
FE—SESf T 2, BELY B 11 ME R ICAH L. E—LS 7 £, BELY # 1-11
A~ DNA #.Je, 155, 41 2,3,4,5,6,7,8,9, 10, 8¢ 11 4~ DNA HLJT . 7E 8852t /7 7, BEk Y i
DNA FLCA . E—SLsif /7 =, BBk Y A7 o —L MBI &/ —/N LNA #oT, W1 a L #4)
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K 2,3,4,5,6,7,8 89 A~ LNA FRJG. 78S 5 B, BE Y BE /D — a-L- FHEt
LNA Bone R BT o« —L- 8400 LNA BRooe o —L- %82% LNA oo, 7E—Lesr B, 17
FET A-B-C B X,-Y, X, IR ERRE0E A H UL T SR A « (ZEHRED HIT — X
1B 5 Y— MBI oT ) (1-8-1,1-8-2,2-8-1,2-8-2,3-8-3,2-8-3, 3-8-2,4-8-1,
4-8-2,1-8-4,2-8-4, B ;1-9-1,1-9-2,2-9-1,2-9-2,2-9-3, 3-9-2,1-9-3,3-9-1,4-9-1,
1-9-4, #¢;1-10-1,1-10-2,2-10-1,2-10-2,1-10-3,3-10-1, Bf ;1-11-1,1-11-2,2-11-1,
2-11-2,2-11-3,3-11-2,4-11-1, 1-11-4. fE—L&5Ljif 7 R+, A-B-C AL EF B B0k E th LA
& WA R4 :3-8-3,3-10-3, 3-9-3, 2-8-3, 2-11-3, 3-9-4, 4-9-3, 4-8-4, 3-8-5, 5-8-3,
2-10-3,3-10-2,4-9-2,2-9-4, 4-8-3, 3-8-4, 2-10-2, 2-9-3, 3-9-2, 4-8-2, 2-8-4 F1 4-7-4,
FERELE S T 2 v, X A A C B X R X, A REAS =AY LNA BRARZH R, 9 HLIX I8 B B Y
H 8 8% 9 8% 10 MEZH IR HL4A, L1k DNA FRA K. 78—y £, A Ff1 C N HE HEPEA.
=ANERPYAS LNA B2 R, 37 H B /1 8,9, 10 BY 11 M HEE .0, Hidk DNA #7020 it
[0227]  FEZ PS5, H'E gapmer Wi HHXFEARLE A X3 A A1 / B C B X,
A/ BCX, H3,4,5 80 6 MEE RV, i A 27 -0- AR OH - 8 (27 -MOE) [
IWEEH 27 - 3 - WA R AR i, F BLIX I B B 8,9, 10, 11 8% 12 AMZF, 4 DNA
R R, Horp X 48, A-B-C B A5 3-9-3,3-10-3,5-10-5 B, 4-12-4 ¥4k, H & gapmer ¥ it1E
W02007/146511 HAFF, HAE @S 51 FHIEAA L .

[0228]  RXEFERI[AIER:

[0229]  ASCHTIR M) S FEAZH IR 1) S il it i e 2L B B . & 24 Hh, A sl o i 42
B 37 AHARARIERE

[0230]  7E [ AR 2 HF N 25 I, AR A0 8 F RN G2 K B A, A R B ) e ST TR R i
(1) 57 ARG 57 A A, R H AT LLan] AN 57 KA.

[0231]  RIE“EFEIEHA] B NZH IR (AR SRR ML B BRI R R ) 5 4
BAR AL () S A1) 0 475 Bl 19 P 22 AT AN B A B R T 25 (A1 o AR R W 1) e SC 5% R B HAH 2%
IR IT A iE i R AR . & Y, B ME RIS R A S 37 ML T IRERE .
Y PIAZ R (0] 2 B 45 W02007/031091 Ak (R A5 &, HAE il 51 FH - A AR

[0232]  7E—UL5ja 7 S, A% HF IR A1 452 ] DU G 1B 5 IR R — IR 21 9 X AR IR il AL
PO E R, AR AR e BB RS (boranophosphate) — X A, A Hy RNA i H 24
T I A 75 D I 5 R (1) R 1 S A& A%

[0233]  ASCRRMEAE MBS E (S) R IANEFETT DL Ll i) o BiACHE R BR A% 1 IR [A] 1%
P R AIE R, JCHXS T gapmer [FER I (gap) X8 (B 2L Y) o FiACHEER R L n] LA AE X
I (A/X 0 C/X ., IR H AT A/X B8 C/X . 5 DR, 3F HAEX LD i, S AL ) 3R
[0234]  ZRTIIXIE A BE X, B B Y F C 8L X, , ] DAL S A% B R IAD R, A2 AR IR B , 40
IR — R IEHE, JUHAS, 940 4 050 P A% H R R AU R 4 X e A B X R0 C B0 X, N B R T R (1]
R 52 N UL R I B, e X9 A B XA C B X, 7 LNA AR

[0235] AR BH SR A% T B 1) A% 1 I D) i 42 ] DA W I — s , font Aol e 15 B e R i, DA 7
VI RNA filf H Z4HF5E RNA. 3 T 050G BIRZ R RS0 AN e S5 R, a2 2 il i , A PR e A2 A1
L. RS TT B, AR K EZE R IR / B 5 RIS 8@ 1 AR R
Fis A1 07 AR R . FEAR R BIPLIE ST =, e B H IR & 20— Ak
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T T

[0236]  WIHE, HEBEEE —FEE R, W — B N E R, BRETE 5 A R AR B R I S A% T R
Hh U R A% R A R 6 2 [R) B A% R S FR e AR AR (38 AR X 4 A 3R X AT ER
C 8¢ X, # ) A LAt W02008/053314 H i I (19 A% 1 e 1 A 0 R FH BEAN / BRAE W 9 Ao
W02008/053314 TELILIELE 5 I AR,

[0237]  FE—4E5a 7 &, a0 b0 a ST &, fE60E HoR B FR S 0L T, Bl
HAR PR R B R — R el B R e, SR &Y.

[0238]  7E L5 7 R, SEAZE BRI A T R A S B R AR RS « 430 S HAR )
gapmer SERZ TR 7 H1, WA SC A SR AR R A0 46, 1 BR AR 1 2, 72 2 FP STt 5 R, M2 i
PR T B ), ] DA B AR &2, AR SC A TR L, 45 4, I X T A% B R AU,
U1 LNA, B2 (B sz, oT DA B IR TS ( BEER g ) 8. FRE, 49 KAk gapmer 3%
AT A, A IR AL IR LERT, Y C A RRIR BN 5 H BB I M s ng ), 7
Z RS T R AR T TR AL E TR I — /N UL C AR AT LU RABIH Y C Bk .
[0239]  Z4MHEW)

[0240] AR UETRHE 25 P &1, Frid 25 P20 & W8 S R AR R B 36 7 Vs PR (41
un, | CERF ), R —F L L 2GR X 254 AP RT DTS A & —Fl DA
MR IR

[0241]  REAR TR A SR T EE X E FELT (ethical) M T AR
MG, HARN GUE R, XA A YIE S TR T ra # R, & T
N B2 A Wi ek M A 1S Z 20 A 03& T F T A R S gt AR G I B, 9 LI 1
AL R A2 R 0] DA DLEd@ i (iR ) SRR/ B T IR p st

[0242] A SCHEIR 1) 2450 4G P i il 0 AT DLE I O 0 AT Ar] 7 25 1) 46 B2 IS 7 24 B 2 40
WP IF R . B KRR TR R SRR SR AR/ B R DL e
BRI RS20 ORIk, AR S, WER L BEFN / B S PR M ORI N B R I R B 2
iR ipi 2 &

[0243]  FRAE AR & BH () 25 4H 6 W mT LA CLERAS B 7 &, A/ B2 AN B A B A7 7)o ) 5
BEER / B . WIARSCE AR, “ R R RS TS B ISP R 23 4 A YA
R o T 0 T R I A T e FH T A2 AR TR I o T R R AN/ SO R A R 1
(25 y, an, Blan, XA AR 2 — B =02 —.

[0244]  ARIEA K B 2590 4L A9 B3GR o < 25 IR FE IR/ BAT AR e B 2 B AR G
AR [F — M R/NRL/ BURTT 1SR 1 D B — D AR B it B 4 A P S AR T e
AR o 3 SR ) S AAE TS 0. 1% 2 100% (w/w) V&R S -

[0245] 254500 AT LA 55 A5 24 FH IR ), a0 A SO ), A0 38 AR o) /0 BT A5 3 7 49
PR B 45 88 751 L B VAR AR 20 RV A 7R SR T PR A SR A AR A B LA A
7 JE3 751 [T A4 B 700 T R SE, WOE T BT % UREE R B4 . Remington” s The Science
and Practice of Pharmacy, %8 21 hR, A.R. Gennaro (Lippincott, Williams&Wilkins,
Baltimore, MD, 2006 ;i i 51 FH - AATSC ) A 1 FH - EC il 25 W 206 P i) & P se 77 A
THAIEW O REAR . B TR BRI A 55 Y i B = AT A (s F=4
ARAT AN AR B LE WS 55 55 A0 DL 5 1 5 SN 5 29 & 0 ) H e — Rl 2 A s 43 A ELAE
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F ) H 5 B AE A R I HE A

[0246]  7E—LLsij /7 b, 24 LI N 2D 95%, &2/ 96%, 2/ 97%, £/ 98%, &
1>99%, 8 100 %6 405 . AF— L8t 7 S b, OB Rttt - AR BB o AE— e ST
J7 Zr, W77 eh 3 ] £ 5 R0 24 i M BV R R . FE — LB S 7 S, TR R 24 FH 4 o
7 — e S 5 G T, TR IR 7700 2 35 [E 245 8 (USP) , Wk 24 8t (EP) , <[ 24 i, A1/ 55 [ o 24 i
[PIARIE o

[0247]  FH Tl 254 &9 1) 24 FH IR A4, (EAS R T, 18 PR A1) 20 BRI A/ B30
W7 RS TR/ BT A AR TR R A 7R B A S R AN/ B . KRR
MRt T 7 P DAAT: 326 by G455 15 25 W i ) r o ARSI TR ) 32 1100 A0 18 TRk 2 1) a8 ek R A 7 s o £
P AL T R R AR / 855 & T A A

[0248]  ZGFAIMBCHIAFN / B A i@ H 25 e mT L, il 4, 7E Remington :The Science and
Practice of Pharmacy %5 21 i, Lippincott Williams&Wilkins, 2005 (5] HIEAA
) hEE

[0249]  FE LSy A, Mg AR o] DL T3 IE A SCHTIR M) I UL R« WIAR ST i
(), Fi B A A N 1) 4% 16 e IR OUZ 2H R ) 2890 o I s ] DLIE S SR AR i (@i e 7= )
el %o MR AR TT DAALHE R AR Mg, BCE AT 2 i vd v r e s i e e (4540, B 1 IR T 2 I
W& ) o REJBAAR VT AT LS FH S ) o 75 S 2H 2R3 14 36 Tl oA

[0250] i ]

[0251] A& B4R AL ) 75 ZV6 7 1 32l it FH A A A SCRTIR R 7 s e AR (i, )
NEZHIR ) W7,

[0252]  ASCATIAM R LEZ R AT LB 4 25 B H , Frid 45 258 R B EAN R T,
FEIK B2 T LRI 1 1B b &8 R BRI (i, DIREREG &) o FE—SESTiifi 7 &, A
AR R R AT LB Sk N SR 29« 7E— S8 sii r R, AR SCATIR I e X
AR T LAl 2 R 4a 20t o 7R — RSty S, T SR ER A R 45 24 77 0] LATE
WITR R 25 RIS E A, S2bs b, FriR IS4, 24577 2 v] DUR ¥E 75 2L R, Ay y7 8 1k
PRt e o AE— S8 ST R, ASCITR R U E R AT AR H — B PRI — i — Ik
P VBWH — R VEEH IRV H — RN H IR BUCAASE 8] it H -

[0253] WA

[0254] AR B S SCSEAZ T R nT LUFAERIE 7030, F T 0, a2 W7 6 7 AT

[0255]  FEWFFEH, A B s SCEEAZ IR W] LU T4 e M40 ) 248 i F0 S 38 2 ) BCL11A
EARA R G I P AR H] mRNA AT RE 8 R ) » AT T8 0 Dh g 14 4>
Ml AE A H TR I7 TR A v

[0256]  FEVZWIHT, A& B M) S SCSEAZ IR v DL T80k RNA BR 3R | Jif o7 2 58 FH R AL A
RN 52 B 4H A 412U BCLL1A R,

(02571  XFTY6 97, PRBE BB AT 00 BORAE, 1T DLE I I 5 BCL11A BRI SRIG T M 31 5k
N5 S it FH A B ) e SO R RIR 9T o B — 25 BRI ) 2 S8 3 it FH YR 7 BRI AR
) —Fh LA AR B e U T RR BV B W06 )T M5 A 8L 5 T - 5 BCL11A FRIAAH K
[R5 95 B 0 BN LB, NI TT o IROCEZH IR, A K IS E e 40 & 418
DI R -
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[0258] AR B XCBEAZ T BRE T3 FH TR 97 A SCH S W i I 2590, BOE TR TT AR
SR SR RE ) 7 1 o

[0259] &AM FH T VAT A SCHE K 0 RE I 775, FITId 77 v/ ) 75 282 L 140 A8 3 it FH AR STl
R S AR, A/ sRg A, M/ s A .

[0260] 7 & BH AL VA YT T3 ML 9 i BP0 1) 2%, BT O v L 96E 1n) 7 BRI B 52
it AR B A B I AL RR B K B 29 E 4

(02611  7E— ANt 5 G, BT 22 I 9 T3 i B0 490 A2 bR 41 B s

[0262]  7E 55 —/NSLiti oy R A, BTl 33 M e B DL & B — Hidhifg 3%

[0263] YR TVRIT VAR, AR B BEAZ T TR EA K B2 S S 8—Fp 2L B
#EZH 23R BCL11A FRIA B8/ o Padedt, 4% B I A% IR B A R B I 25 40 -6 W i =
PP L BBy - BREE (A RA G . AR B I A R AR R B 25 4 A W )
MWLV E—F UL FERA 2 G ) LI ZL R I B . AR ideth, BT iR #4230 3 B 5
RN/ BRIE AR A A0 B I B— 4B A SR A A, 2140 B #H SC 40 M« 2 B840 e i JBR s A6
FRz.

[0264]  JRIT HHi&

[0265]  AXSCHTIR Y BCL11A [ SCSEAZ A B VA 45 77 AT DL T Ab #E 4% Fh BCL11A AH OG5 «
JoRE AR L o

[0266]  HR4HAUIE (SCD)

[0267]1  #HeR4HMER (Sickle Cell Disease) , BUBRIRAHEFTIN (sickle cell) &t a3k
ERIR I , FCARFAE 9 ELAT 7 5 1 S AR R 11 L i IR 20 it 40 P, FLosk/ D i B A SR 01 . IX R B B
& B DR 1 A8 5 3501 B DL e R B 1 77 U U B R B . SCD 5 & Ff 72 5 1 9
iEAH 5, Wb U A, 3 B R AT LS BUE T A BRI . SR, TR E £
A, A& T A AL 20 25 AR R & A E .

[0268]  SCD B 7E #y AL RAHT #nG 7 DA 1) XS A A AR o o X e 2 5 WL 82 3 e
P X 8. A RRE A, KL SCD Mg (BRI, B — AN I RAR ) S Bgm Ryttt A
TEJBRGL By 2 AT 4 7™ E AR

[0269]  ARSCHTIAMN BCLL1A e CBEAZ R VR 577 T LA TR SCDo AR IE, anA ST
19697 (treat) ” BL“VRYT (treatment) ” ZFaIE—Fh L S5 HWAH S HPREIR, By 1 BLAE
AR I —F LB IR T4, F /B8N0 0 —Fe DA _E 3R A 7 B R B

[0270]  7E—LBSLj 7 R, 16T & T8 3 B8 A G AR L Dk A% L Sl 3 i) SCD R8s () —
DA FEAR , ZEIR SCD ZE38 i —Fh DL IR 46 sk /IS SCD 28 25 1 — b DL HR () 7™ 25 B A
/ BRI R, ARG EAR T, 200 IRIE AR 5 s B oK A/ A8 s 00 AL
WL s (lan, ZEEEE AT ) s 57 sSkw s B8] s 8 i olcds (o, K% ) s
SO T A A (B, O3, GO 2R R, IR, (O 00 (o I R AE ), FIEs Bk (i,
)

[0271]  7E—ES0 77 2, VR 9T 2 48 75 B0 IT M 2l s> B MRE IR . 7R S e s
it 7 e A, B R AR () & 0] A LA S 96T BUBTC IR 7 O HE (94, i SR AL s ) B AR
JE B B, AR VR 97 BT S22 138 e IR & ) AH B 22204 10%6,20%,30%6,40%,50% ,
60%,70%,80%,90% ,95% , B 5H Z /b .
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[0272]  FE—SUSC Ty 2, VRIT ARG v BREEE R (B, BRIE, A EH &
WA VEES H SRR E 7 BERIE N ) o R M St 7 Srh, SN ERE FRIAF & T SCD &
F B BERE AW DEE D RIA

[0273]  Huwrp¥gEELIM (a, B A &)

[0274]  Hb A IEEFE AL, W1 SCD, A 5 M) LYK )38 (1) B DRI AE oMb A g 23 1f LA e A Btk
00 R n I H S B M4 B ) 55 AL R IR o R A g 33 000 A 52 i) B A ) s 1 21 5 1 ) 2 R )
RAR BN B T 2, praf i 2185 2 20 AR B N A1 S 45 A B . AR R i 2 I A 44
11 1 1A = = B S 2 o = W T e < =N S KPP S o 17BN W 23 S s 5 0 A 1
i R AT YR T M i X

[0275] i i BT I AT A B0 2 ) FF RORE , B0 FE i 8 KR AT i R O LA T
SR, W1 SCD, L2 M 8% BP0 X T~ A& %0 O B B IR 26 N 5 T — @ B BE I IR o
[0276]  IMZLEE DY S8 VB A, Ik o BRERIBEFIPN % B BREE 8k, H DUs =Rk
A7, FEANT, B BREAFEHA O 11 ERRAFER S, T o SREARE R Ak 16 F
KIS FE R Gt o IX 72 AR IR AL IR ARIRAS , Hop IE W MAS A A B FE 3 R Ea A g A
a HEFERE . FEBAA IR A B T, o B0 B BRI RAR, SEL AR AT / 8L
FEE T R, AR YRR S5 R ARG g B 532 . o A1 B b R AR SEDN L T
A I A R B s DL

02771 o Mo EFRIL (o BE9RAR ) 3 ) HBAL A1 HBA2 FE A, 7 H S 80k/b K o BREH
A KRR T AR B BREE ARG IO B Ly BREE AR INAPIRSL. B BRER
7 A R 38 0 5 BO0U SR AR B IE 1, % DY AR ARG € BB 3240 1 -5 SE AR B 1 R

[0278] B HurP¥EITINL (B BEHIRAR ) ¥ % HBB A, I H I T 8075 ™ B B R T 5%
A, —HESARRHIE B ORI, Hog o s R A, AN e R VL B OEEIE K
(RE VIR ) o AE N B BERZRER, AL ER o 874, HAE o Hirhigsy
PG O S ALY Rk . &k, & o FELSG 20 gl i B S E8UBRS 5, 7 B
a HERLNTT LA TR,

02791 RE & Hurpig LI DMRAIR K 2B . S0, e Tl 6 ERER A4 3E R i) 8 A i %,
HHSEOX SRR W 4. D8R8, AN E A 3% W o A 6 BRI A

[0280]  ASSCHTIAM) BCLLIA H e SCEEAZH BE TR 15 77 ] LU 367 #2200, Bl an, o,
B AN/ BY 6 HiFRETTM . WIARSE R IARIE, “¥69T (treat) ” B “VRYT (treatment) ”, 42
PRI — P LA b 550 A O¢ BFREIR, B 1E BAE IR 59 1) — Fh DA _EREIR ) & A, AT/ B8/
I ) —Fh DL SREAR B 7™ EE RS B

[0281]  FE—LBSLt 7 =, 167 21680 70 B8 A SR AR I G b s F0 i)t rh i 2 s
e DL FRE AR L SE AR Hb bl 2R IR R —Fh DR ER 4G, ek D i B i v —
Fh UL FREIR i 7™ B FE R/ B A2 28, T I RE IR0 45 (AN BR T i 48 L 42K 88 17 4T v g JE R I
R . AR LLSTR T R, YR YT AR A BT A SR DR L G B | AT ) v v S 0l AR
— P DL SRR, ZEAR Hi A BT I AR I — A DL R R R AR el e i B R S ) — b
DA EREIR ™ B RS A/ BlOR AR 2, AR EHAN R T+, 200 S IRIG AR 5 sl B W oK A/ B
A UL T e (B, ZEEBE ) 57 Sk s B e A e (i,
IRIILE ) 5 520 Co I A 38 (A, o, o 28R, IR, Oo 8, (O E R AR ) , PSR B R
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(o, )

[0282]  7E—HESLj 7 S, VR IT A2 48 7F ELVR T M 2l s> AR IR . AR S e s
it 7 e, LR AR () & 0] A LA S 9697 BUBTC IR 7 O HE (94, i SR AL s ) B AU
JE B B, AR R VR 97 B I S22 138 eIk & ) AH B 22204 109%6,209%6,30%6,40%,50% ,
60%,70%,80%,90% ,95% , B 5H Z /b .

[0283]  FE—ULsijii 7 £, IR RIS NG v BkE ARk (Fln, SR, B VFH
WA RS HSE B 2 BERIA N ) o 752 FP STy 2, SN v Bk AERIAE R T Hi
WM EFF o, B B 6 BREE MDD 1FRIA .

[0284] L 275 DL SEHtif], A% WA 4 BT A TRV B AR SR IT0, e AT TN N2 4 B A g BR | A
RERFEE . BrA 5 a5 IR AR,

STt 151

[0285]  SEjiff 1. #[h) BCLL1A (R BEREH BRI 1T AN & Ak

[0286]  ASEfG 1 B 1 THAIA BT LA 20 I BCL11A SR FIE 14 1) LNA SERX IR 1
AT . FEIZ SR, B R X S XL, L A S [RIR A b g B S X I (K] 2) .

[0287] &+ A BCL1IA B =FhFZ[FF A (BRI, XL, L 85 S ;3 3) MFH, 75BN SCFE 13
THAIA B 401 Bl LNA SERZH IR, 5 2N FRF R M B (40, 12-16 &4k ) A1 LNA &t

LT R .
[0288] % 3
[0289]
BCLI1A  [AFH x5
XL NM_022893 SEQID NO: 1
A L NM_018014 SEQ ID NO: 2
S NM_138559 SEQ IDNO: 3
XL NM_001242934 SEQID NO: 4
bR L NM_ 016707 SEQIDNO: 3
S NM_001159289 SEQID NO: 6

[0290] &1t LNA B G H) S J7V:7E Wahlestedt, C. 28 A 2000, PNAS91 (10) :5633-5638
i, Fodid 5l HIEAAR S, A INA B ERESR 4 P EIR.

[0291] %4

[0292]
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Oligo  BCL11A-  KJi LNA Fe %1 (5-3")
# XL it
1 597 14 3-8-3 MG T® At st gs to ts €5 Cs Ts® G° T°
2 220 16 3-10-3  Gs® A° Gs® a5 Csasts 9s 9s £ 9 95 9s MCs° Ts® G°
3 429 16 3-10-3 AL T T Qs Csaststs gs t ts ts ¢ "Cs°Gs°T®
4 430 16 308 MET AR T vt bt b L & TCO E TGP
5 430 15 383 A'TST0:"sabtodbi GG 6"
6 430 15 383"% AT, T, ecatbotlhi ™G "C.G°
7 415 14 3-8-3"c T’ T® Gt gs Csts "Co s s ts As® A A°
8 416 16 3-10-3 ™MC°G."T.® it 0ste 0: Gt "Cals8 T ALCA®
9 419 14 3-8-3 MC°MC° Gt t ts Gs ts s Cs ts "C® G A°
10 416 13 2-8-3Mc  Te®T.°gsts Os Cs ts "Cs Cs a5 TPASSA®
3-10-3
11 420 16 e T T T Cs MCs Gsts te ts 9o ts 9s G Ts® "C® G°
3-10-3
12 430 16 o =G AR T8 1 G U6 Sl T 0 T T M0 GG
13 430 16 2-11-3  MC° A t° tgsCsas tets Qe tste ts MCs® MC° G°
14 430 16 3-9-4  MC.° A° T.° t9sCsas tsts Gs bt T® MCs° MC° G°
15 430 16 4-9-3  MC° A° T°Te® gsCs s ts ts 95 totets "Cs® MCs° G
e A TP T 8k b i LA T G2 G
16 430 16 4-8-4
G°
TCs® As® Ts°t0sCs s ts ts gs £ Ts® T "C° "Cs°
17 430 16 3-8-5
G°
AT T Gl e b L o LLL "B e
18 430 16 5-8-3 g
3-10-3
19 415 16 e G’ To Tt 9o ts 9s G b Cs gs @ 1 As® A° A°
20 415 15 3-9-3"c T T Ts® gets Qe Cs ts "'Cs g @s ts As® As® A°
21 416 14 3-8-3Mc  Te® Te® Ts® ge ts 9s Cs ts "Cs gs @s Ts® As® AS°
22 416 15 3-9-3"c G T Tt gets gs Cs & M0 gs @5 Ts® A A°
23 417 14 388 G, Ty Ts Liyk 8 G b 6 0B T B
3-10-3
24 417 16 e "Cs® MCs® G’ it ts Ga e Gs Gs ts "0 s ASPTS°A°
25 417 15 3-9-3 "G G’ Tt ts 9t 9s Cs & M0s g A T® A°
26 418 13 2-8-3 G° TP tits gsts gs Csts s Gs° A T°
27 418 14 3-8-3  MC°G°Ts ti ts Os ts Os Cs ts Cs GP AL T
[0293]
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Oligo  BCL11A- K LNA 751 (5-3")
# XL ey
Ao B
28 418 15 3-9-8 "G TC G tibikostigscticsG” AR T
29 418 16 3-10-3  Ts°™Cs® MCs® gs ts ts ts Os ts 95 Cs ts Cs Gs° A° T°
30 419 13 2-88 TG5O tyth s s g o Ty T8 10,7 AP
3-10-3
31 419 16 me TS T "G "ag b g g6 & "GO G A°
32 419 15 388 ‘ThP"Cuo"C.F gx bule biGsth 0x s b "B GLF AT
33 420 14 388 T&"ol "0 tebkithtlte g Ty ™C®G®
34 420 16 3568™ ToTy "6 "6athbhat.nT "6 a°
3-10-3
35 421 16 e Ge® T® Tt G ™Cs Qs ts ts ts s ts gs "Cs° T ™C°
36 421 15 3-9-3Mc TTTe’CsMCsPststs s 9s ts gs "Cs® Ts® C°
37 416 16 2-11-3  MC:°Gs’tstots Gots s Cots "Cs gs @s TPALA®
38 416 16 3-9-4  MCGs° T it 9ot Gs Cs ts "Cs 9s As°TsPA°A°
39 416 16 4-9-3 MC°Ge’ T’ Ts teUets Qs Cels "Cs gs @ To ACA°
40 416 16 4-8-4  MC° G’ T Tt Gets s Cs ts "Cs s As® TAPA°
41 416 16 3-8-5 MCi°Gs’ Ts i ts Osts Gc Co ts "Cs Gs® Ag® To°AA°
42 416 13 5-8-3  MCs" G’ T T’ Ts® gs ts 9s Cs 1 "Cs 9s @s Ts"As°A°
43 417 15 2-10-3  MC° G tots ts G te 96 st Cs gs As® TS° A°
44 417 15 3-10-2 MG’ Gs® T ts ts Qe ts 9s Cs 1 "'Cs gs @s Ts” A°
45 417 15 4-9-2  MC° G’ Te® Tets gs ts s Co ts "Cs gs @ Ts° A°
46 417 15 2-9-4  ™C.° G tote by Gt Gs Cs e MCs G AC TS° A°
47 417 15 4-8-3  ™C° Gg® Te® Te®ts s ts Gs Cs ts ™Cs Gs As® T® A°
48 417 15 3-8-4 MCP G Tt ts 9o ts 9 s ts Moy Gs® A° TS® A°
49 418 14 3-8-3Mc  "MCs® G:® Tt ts Os t gs Cs ts M0 G AL T
50 418 14 2-10-2  ™C.° G tsts ts s ts Gs Cs ts "Cs gs A® T
51 418 13 2-9-3 MCs° Gt tots Os ts Gs Cs ts Cs Gs® A° T°
52 418 13 3-9-2 MGG T titgst 9 Cs ts MCs gs As® T°
53 418 14 4-8-2 MC°G° T° T 15 gs ts gs Cs ts Cs gs A T°
54 418 14 284 MB.UGL" Tt  fs O Gt TB B A T°
55 418 15 4-7-4  MC° G’ To® To®ts gs ts 9s Cs ts MCs® G AL T°

[0294] "C IR EA 5- FELfumsng —1- FEmfFE AL TR IR B s N s “s” R A B IR g
KRS / IR R BUE IR s T bR “o” RANEIE -LNA.

[0295]  SEjiffsl 2. BCL11A- 57 A% BR [P AR AN e AT 1, 2

[0296]  FEAZ R X BCLL1A R4 & 31k 152 M v] DLAE 22 Fh 48 o 25 28 o A — el iak, 2%
2 BEAZ IR DA AT B /K S AEAE . BCL11A W] DA PA Y 3 1A BRI I i) BORS e 7 etk B R 3R A
BCL11A #XBR [P 3 K~FmT LASE 1 2, RNA EIZE | 5 & PCRAZ B A% BRI PR3 0 7 o BALAA 5 o
FEAZ S, B St 1 A R, i FEPESE ) BCL11A A% B RE 72 N REH 4H i _F 4k
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F£ HWE BCL11A mRNA 1A o 7] DLH RS FH B A S 2, S5 e SRR IR SR A S8 2R v 36
5. KM PREFRAE W R SR IS MR g A, FRAERFLE 37°C, 95-98 %I A 5% CO, .
MAEBR AR BB = T R TRIN, 07K P43 IR FRAE 1-2%6 88 0-0. 5% o 5 &4 41 i o A%
R 2-3 K

[0297]  fi] & ., {81 F N\ REH ZH M4 401 M3k 1 B H T = KW ALsh 4 40 o 3% 7% s 5, H
T €% BCLIIA mRNA A H)52md . A RIER (gymnosis) HIEF AR x X FEZH R LL 5
AT 25 1 M S I 21 2 g A i e AR AR R B B 2 7] (Stein, C.A. 58N 2010, Nucleic
Acids Research 38(1) :e3). iHid i & SLHf RT-PCR (RT-gPCR) & BCL11A mRNA. HR4E5L
T 1 2% 1 e SEAZ A ERHN A BCL11A R R 25 AN 7R 3 v

[0298] 4N 3 HR N, I #E ) BCL11A [RIFR Y XL A [FRIAL B, JCHAE, XL, L A1 S [FHf
AR ESME (S WK 2), iR SCHE] 1 &0 CEZE R AE %] BCLIIA mRNA [¥)
Kik.

[0299]  FEHESEEGH, X T IR R R LEZ R, AFRREE (Y FE M 0. 0064 %2 20 uM)
[ TC5ofELFAXT BCLI1A mRNA Rk ()RR A8 Sk A\ REH 4 fafif e . B AY (1) &5 RAE R
5(1Cy,) A 4(BCL11AMRNA) H 7R, 0ligo#56 : AN#L[A] BCL11A mRNA [ X HEH R
[0300] £ 5

[0301]

Oligo # IC50 (jJ.M)

4 1.3
7 1.5
8 0.3
9 0.3
10 0.8
11 0.8
19 1.0
20 6.0

[0302]
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Oligo # ICso (uM)

21 0.8
22 0.6
23 0.5
24 0.7
25 0.3
26 0.6
27 0.9
28 0.5
28 0.4
30 0.7
31 0.4
32 0.3
53 0.5
34 1.2
35 1.6
36 0.8

[0303]  7EZBANSZEG A, XFF M oligos 4 M1 5 Wit AR BEAZ B, AFEIKRE (FEE M
0.25 Z 60 uM) IC,fE X} BCLI1A mRNA 3k [ R0 8 A% S Ak A REH 40 i ff i« $ 78
145 BTN TESR 6 (1C,,) A1 5(BCL11A mRNA) . 0ligo#56 : AEH[a] BCL11A mRNA ) X
FRRHE R Y Mock) o SR HE IR 240l .

[0304] 6
[0305]
Oligo # 1Cso (uM)
4 3.9
12 6.2
13 5.1
14 2.0
[0306]
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Oligo # ICso (uM)

15 |
16 12.6
17 3.1
18 74.8
5 3.2
6 3.4

[0307]  7ER—skiaH, W TIEFERI ST IR, ARIRE (FEFE M 0. 25 2 60 uM) [ ICHfH
A% BCL11A mRNA [AS [R] [F] A 28 g Sk () sz i s SOk A REH 4B s » SRS [y 45 51
SoRTER T(1C,,) AE 6 ( [FFh% BCLI1A mRNA) H'. 01igo#56 : ANEE [ BCL11AmRNA f¥) & X
FRHIR B TR CEZ TR 240
[0308] £ 7
[0309]

1Cso (uM)

XL L S

Oligo #

3-03 23 24 20
4-03 19 14 13

| 16 09 12

[0310]  7E5 —ZRALSEEG T, X TR AT IR, AN FIREE (YEFEIM 0. 08-20 uM) [ IC,
B AN BCL11A mRNA 3k (540, 481 FH /N BROMPC—11 40w, 4 FH 5 b 06k A REH 4 ffa B ik 1)
ARSI A A o o BT [ 45 IR B R E SR 8 (1C,,) MM 7(BCL11A mRNA) . 01igo#56 :
ANEE[A) BCL11A mRNA R SRR A3 To R SRR R VA I 22 4 i o o

[0311] %8
[0312]
Oligo # 1C50 (uM) BCL11A-All
4 0.8
14 1.0
8 02
[0313]

Oligo # IC50 (uM) BCL11A-All

25 0.3
27 0.8
5 0.7
6 1.4
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[0314]  7E % —seerh, %F T M oligos 8,25 F1 27 Vit A [FI R E BRI 1C. i A8 FH
ik A\ REH 4HHRH6E . 85, 8 TG EIM 0. 0064 22 20 uM (KIS 5 5x MBERiE 10, .
IR R RER 9

[0315] %9

[0316]
Oligo# Wit  ICso (uM)
8 3-10-3 1.0
37 2-11-3 2.0
38 3-9-4 1.3
39 4-9-3 0.6
40 4-8-4 P
41 3-8-5 0.9
42 5-8-3 1.8
25 3-9-3 0.7
43 2-10-3 0.9
44 3-10-2 0.3
45 4-9-2 0.3
46 2-9-4 0.4
47 4-8-3 0.3
48 3-8-4 0.6
27 3-8-3 0.5
49 3-8-3" 04
50 2-10-2 0.8
51 2-9-3 0.4

[0317]

Oligo # Wit ICso (M)

52 3-9-2 0.5
53 4-8-2 0.4
54 2-8-4 1.8
33 4-7-4 11.4
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[0318] L& E, XL BoR, AR WAL I S CSERE IR, an S jifs] 1 3 F R £4
AT LACAYGFE AN 0. 25 u M—60 1M fJHLAY TC A 24| BCL11A. b4k, A8 % B2 R i £ 1
N EZE T LLLATEE A 0. 10 uM-1. 5 u M 88 10,4 2cdil /N B BCL11A.

[0319]  SLjfaffl] 3. SEAZFH IR AR it 52

[0320] i FH NMRIT /)™ BROXS 7 R St ) A Bfr s () S5 A% 07 B Ik AR P T 52 5

[0321]  fais 2, B MEYE NMRT /N (n =5/ 41) #£0,3,7,10 il 14 RAZEK (xR ) ok
PR LNA EAZH TR (16mg/kg) BRIk FIES 2. o —UGNES 255 48 /N 4b
FENER . AT EH R Sidsk LT S8 AR E (580K, 55 5,6 5L 7 K, FIEE 10,13, 14 5 16
R, AAERTERE (HFVEAE ) =, iGN AR ZE (ALT) S5 1%, 02 B A g A ()
BCL11A mRNA ik, ARG RE/RIERE 8 F.

[0322] 4N 8 HHFTN, IEFR I R AL TR AN /N B A BCL11A mRNA RIA B RE I 7EYSCER
F)E BEAT IR AN o B, ZE S BET oligos 8 A 25 S HEZ) 40 % ¥ BCL11A mRNA f 3/,
MAEME oligos 8 Fl1 20 &~ ZJAH[EIf¥) BCL11A mRNA )&/ . @ %, 0% & BCL11A mRNA
FIETEFEE A Z) 10-50% , 11470 B BCL11AmRNA 232 6 FE 3 4 10-40% . 8%, 16
I7 A ) 4 B RN 8% B EN B2 50

[0323]  ZRGFHIE, XECHIE R, AR IR B I I AL B R an SE Tt 5] 1 rh 4 ad g S e
& R AT 52 137 H o] DA 2] - Pt 2 218 A BCL11A mRNA Ri&, B EAR T, &,
JE

[0324]  FERASZEG T, b SCHTIR, A8 FH NMRT /)N 5RO 306 4538 1100 5 SO A2 T ek JE A 7 T
R B R ) BCL1TA P B R SCSERZ T B 1)/ BRI AR BB R 48 B BB H A2
Mo e FH 3% 3 1 S SCBERZ IR 107N R B IMILYE ALT 7K 235 2K 4 AH AR AL 25 5
[0325]  FERARISEIGH, (1 Wistar K ERXTIERE R AL B BRI AR A T 52 B 185
Z B (50,7,14,21 F128 K ) &5 Tt HXTHEM: Wistar KR (n=5/41) LAEh/K (Xf
M) BUEFEN R X EZ R (25mg/kg) FIBRLA A —IR. 15 30 RATERR . X T %41
YU T S8 SO AR, AhER A T I, B AR ) EE, R B ZH 2, AL
PRGNS (N R BRI b, R IR AL N, Dt BRI, IH 21 2%, JR 2= AL
)

[0326] i #E[H) BCL11A FRIEFR I L HEZ IR K Wistar KR HIZRE (Hla, i, B
) EIEEANSZ R . AN, 0 Fm IR LS4 AR e (4140, ALT, AST, ALP, JHZTLER, IR &,
WLER ) R & 2005 % FRZEAH B 2RAul i 25 31

[0327]  ZRGFHIE, XECHIE R, AR IR HE I I UL B IR an SE Tt 5] 1 rh 4 ads fy IS e
T e A R T A2 1

[0328]  sjififsl 4. EFAEAYFN B -YAC B3/ B B4E R %507

[0329]  HFAEAUFINE N B - BRERAFEN (B -YAC) AHEFE R /N B T 5 W40 £ AT S
] i 45 0 22 Filt LNA SERZ TR AR N 3T

[0330] {4 5 2, IR4E LRI [ 22 HE 2 — & N IR m B A TR B -YAC 36 5 R/ R
FIEL 25 LA (25 8 15mg/kg) iEFFH R X FEERE - (1) 255 0,3,6,13,20 F1 27 KA &E4%
245, 1B B 29 KK (Ab%E) A1 (2) 455 0,3,6,13,20,27,34,41,48, Fl1 55 R ELE 2, 18
TEER BT R (bR ) o XTSI 250 ]38, 7228 0 RAVFAS (4325 29 5 57)
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ZHTRAM o ASHEFTH S A& SRR (B0, B 8E ) 10 BCL11A milR DA SERZ H IR
()L A 27 R A ) 3 A

(03311  5sjffy] 3 o 4 S — 2, X T B A BRI B BE (R /N IR, B 38 FH 45 P e SR A% H
FRIGIT HIZE 58 K, Wik A XHAEMEIER . 7EIRITALIAITE AST AP R MR 5 E R,
[0332]  HFAARU/NEREHEH BCL11A mRNA 2Rk (o mi b i s AR 28 LA I 9 (i S DU A ) A
10 (FEH fE /A )RR . B -YAC % HE[K/IN R BCL11AmRNA 235 bR i gL A 25 AR K] 11
IR . S \JE B -YAC #5FEPRI/NER ) Ter 11980 CD19 B BE4H ALY BCL11A mRNA ik
SR A ML A S AR 12 R RIR

[0333]  WLA & R R, BCL11AmRNA 2R IA I mst SR 7E 55 )\ i S ok, AR, 7E MR SEAZ
ferh, ik oligo 8 IS5 BCLI1A b XF Tk oligo 4, 4L 15 B 25mg/kg 7
AN, AT BCL11A RIAmRIZ 5. BeA, XT3 A BRI s 2L /N R, 24t B\
I, % T IR EAZ R AR WS 2 BCL11A SRIAmFR I 2 57

[0334]  ZRGH G, % STt 2R B, ARk B HR AL 1 e SCBEAZ IR 1T LA R ) %A R 4 21
H R Py BCLLIA RI&, GG HAR T 88, B4 .

[0335]  sCjififf] 5. AE N RS A 25 38 224 5T

[0336]  JEAT {1 FH 4 #E ) — A DA L [RI A L ) BCL1 1A (1) 81 70 i SCSEAZ 7 IR 1) 24 B4 HIF 7
DAt — 20 uE B N 2 A FN3K T

[0337] T &, WAL EFE /N 275 B IR, 7EBEBATE], 28 5 R e e MEvE S e (4R
Z &V HAKE 2. 5-4kg) LA 20mg/kg B/ BB LL 10mg/ kg A 20mg/ kg &1 J& 1
At FH e FE ) BCL1TA- RES I LNA OUCERZHRREON IR (#h7K ) o« fESJE—IR%G 25 (K
VLB 17 B Bk T LIRWE A RFEER ] ) 5 KL R, BERT SR, i
T-HIF 5 PR B B ) F 2 A E i DA % 21 4 2B R AN R R A 25 A, YR T AL R i —
FIER M. SEIG TSR 10 HIRIAR.

[0338] % 10
[0339]
, B
il K~ — » -
4 FHIACTE R ARALIE PATHRIK D) TFR
(mg/kg) - .
CRTH) (R 17 )
Pt 0 4 4
fKA= 10 4
ot E 20 4 4
PONIGS 0 4 4 .
iR 10 4 .
AL 20 4 4 .

[0340]  FFRH & M (6 8 16 7l& )

[0341] HeJa—IRFIEAZ (557 HEEE 17 ) 5L Rt

[0342] 2GR AEWIARIC AN ML (PR ) FIE8E CIRIEI s, 78 7 AT, 26
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AIEE 17 F ) BUOREH: A I8 ik ELTSA W5 #f 2 BCL11A A1y — ERER [ mRNA Ri15, LA IG LI
ZLERH (HbF) A1 v - BREE KV A S oA il (HPLC) 0 A B i HbF /K. A
H Kleihauer 777 0& F- 400, 7855 LR @ 1G5 BE R MMk B BURE 588 . 2 M7
BN RS BURESS 17 B ERE B . I8y i BE R AT IS 17 & MR O EURE
FEZE 17 JA M () BORE 8 FH G i i R 25 O A AT 15 B e Rk AT .« E5E 17
JE| B ) A A A 58 A4 v VR I B 13T

(03431 LI 2% 20 M EL 45 A ) 150 MDORSE ot 000 0 P 20 400 P Y R 2 A B A i 2T B 1
[0344]  XFA0E AT BURE ] T-7EA 32 18 16 W7 St i B 4lrh, 7255 — R s 12 JA 57
w22 (DCE 17 A ) LNA e XFEARZEIR GG\ 24 F1 48 /NI Z54K3N 15 3 # o
[0345]  FEJRGES (28 7 JEIAIEE 17 ), W, B AE SEEAT BORE, T A i E I
TE A IB 3EAT I R AL 74T

[0346] >k [ A1 L e By i 20 8 O B AE ] 13 FR R . A1 JE I A R 2 21 20 1)
B A BAERE 14 thiEoR . J@id RT-qPCR 78 55 -6 A6 BB i i BCLTTAmRNA f%) S 28 pp i
BEIEE 15 FiER. @it RT-gPCR 7ESE LEXS R A B #fH v - BRE A B - BREE 1 mRNA #2
RN ELERE 16 F 7R, @it RT-gPCR 7EEE 17 JEXS g (TR ) Ms (JRH) &hE+
BCL11A mRNA fJ SR Il A 17 7R, @i RT-gPCR 7228 17 XS IEE (T ) Ak
B (KE) B v - BREE mRNA 3R AR K] 18 iR R . @it RT-qPCR 7E28 17 J&
SR B & v - BREEAA B - EREE I mRNA ) BB il & 76 8 19 iR, @it RT-gPCR
TEEE 17 X CEE 8 v - BRE AR B - BRET T mRNA (3878 gl 276 1 20 iR, il
it RT-qPCR E 28 17 J&%F BB i BCL1IA (TS ) A1y — BREE T (JEHR ) mRNA [ 4L 7 ()
PR EAER 21 hEoR. @i RT-qPCR 7E58 17 J& X i #&  BCL11A (T35 ) A1y — Bk
T (JRHES ) mRNA LA AR K 22 R EIR .

[0347] X THEFEMIPATEIK VI F RIS, B e F- 40 02 (%0 ) B9dLAd il &
(RSP (F) MdgbeplisoR (4)) 2K 23 hiER. X TE B RHATE I T T A 15)
Y, A8 I F- 4HR 350 (%0 ) RSB & (A RSE () Fdgth@lseR () £
24 H IR,

[0348]  XFHE (THHS ), 10mg/kg ( H1[d] ), Al 20mg/kg (JEEIB ) FIEAH4ME A v - BREH
) i Y fR B E I 25 R iR o XTI, 10mg/kg A1 20mg/ke FE 4, 4N E ML v - BREE G
(TENXTHRIT 2020 ) 72 v - BRER UG ( “Ud 17 BR“UE 277) BR8N I TR) R SO ()00 o
MAERE 26,27 A1 28 HH RN,

[0349] 4L 45 BAT R IR, S50k E AR E, 76K B BCE 1 BEAE i o0 52 B 24 m A
BCL11A KiE . X+ v - BREFARIA, SHCE A, 75K B BB 00 BEAE & P 2 3 m i 5 22
“AERIFRIE . FEANT SCATIR 1) R Ry i sh oW 5 B i K AN A

[0350] X T-E i F- 40 A&, 50T 2] 0. 2% AH L, 728 17 s 1 230
21 10%0 F— diffl. xJT-~MFE I F- 4i il &, 5 X B H 1940 0. 3%oH bk, 7228 17 &
W1 RIL) 8%0. BLAN, 75K H K H AN E ML R & Bl & A, %30 1 F- iR 20 26
15 JEFFaa .

(03511  XJT-ARJEMLA v - ERE A E, X T304 17225 15 B ELR03 in, th/ME 10mg/
kg FIEAHIES 17 FIMERIEIN. LRI T7 2, 30 Q 78 20mg/kg FIEALES 17 JHE
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G0

[0352]  FERPATERMKIIHF AR A, 55 HEZAR L AR 22 E] BCLI1A mRNA RIE Ik . [H]
B, S FAEAT SR AR W 53] F- 4008k HbF (y - EREE ) A48

[0353] iz, ASSLitAs BT i (1) S g 25 SR B S0 RS AR LG, 7E3) 1 AR DAEEBE (B
HARE ) BT 85% ¥ BCL11A mRNA @b e M 454, o B 50 BBAa ., 72309 Q
DAEEBE (BEEFIBEE ) %) 60% ¥ BCL11A mRNA fifRA SR 4E 4. Hah, idx35
XTHRSNPIAH LLAE S 1 A8 KT 80— 5/ v — BREE I mRNA RIE 5|\, F1 5 X HRAH L, 3)
YT ANEIM P -ERE R y - BRE . SXREEIIM L, 3hY Q 2B AME I v - BRE&
FA =N, S5t RshA EL, 9 136 SOE 86 AME b F- 0.

[0354]  Zi 25 R, ANSIHBIAIE I , -5 3 AN FEM bl A R BRER AL (1) I A% IR W] LA KX
PN P 2R Y BCL11A FIAH: H LA /D W 5 B0 s 5 23 A A b iy - BREE
[0355]  SEjitafsl 6. &N 23 )%

(03561 /A Si it 5] iy o 302 % (PO AR 8 2 1T 10 St 97 il 2% (1) LNA SEAZEF BRI AR N 25 4R3) 12
[0357] M4/ 2, @id % Figfash PR AR /NR A E (20mg/ke) MR I S H
. TEEZ 28 RIIZ NI A] s B AT ML, I, BRI B BE B EURE o e 0T 2% EURE P 2H 21
2R 8h 112t . OB &5 R EoRTER 29-31 .

[0358] 45 38 W] o S A% TR PR 23 BN T WL 2 4tk o BB P A BURE B 2H R, A dE
BE. 72 PG+ 2050 C o N2 21 wg/mLe BT, BRI t |00 NAITRo FEREET, € 0
NLI=Ko

[0359]  MZZGARBN I 90, W T 2 B T I UL IR 1) B Rl e Pl AY (& 32)
[0360]  ZEAHE, 1ZIBIR I, fEEH (B, &R ) i, AR BB AE R I CSEAGFER 1
ZNHLH AL RN SeAh, A BRI e XCTEAZ R 43 BB 2 AN SR 2H 21, B0 4
B8, MBA AT EIER .

[0361]  IXFERIA T AR M Z D — ST 7 R0 2 AN J7 T, AR, X F A RN
AT 5 AP AR SR A 35 K 28 5 R AR o IR A8 | et RN 03 R E AR A TR B3 43, 9
HEEARR RS AR A . DRk, 75 5 B 35 A0 B R Ji sz 5 1) 75 Xk AR K
B DA HBUR B SR PR IA

[0362]  FERCHIE R A A P EORIE W “ 35— 88 7 <28 =7 SRR E R 2 5%, H
A B AN BR A — N BOR SR LA X 55— AN AT A AR 5 A0 34k BRI B3k AT 7 V2 AT 20 I i
I I 5 17 A2 AR EAR 2R B SR A BRI BRI Bk B35 5 B AH R A AR 5 — MR A
X5, (MEXT RS AREREH ) LXBRERE R

[0363]  JaLiA]“—AN" (“a” Al “an”) FTEASCHAE BB BFIBCR R A5 9, RIS 2 HAH
AR, BAZEE RN EE E A Y. R AN 2T AT AR R AR T
Bz A5 35 4 = B AR G, WICRTE — N B A2 Al 7 2 TR L6 “ B0 AR
LR B IR S35 2 19, BRAEAH S 48 B Bl AN R SO S AME R AT L. A R B HE L AR
— AN AFLE T ECCABR L 2 A S 45 e B P B AR R SE i 7 56 AR
A FEH A 2 T — AN BN R AR T ECABR L 2 A 7 5 45 1 P2 BT A
RIS 77 5o LAk, BOAZIRMR, AR B AHE AT A AR 40 A A AR, bk § — a2 A
T8 BRI RCRI L R 1 — N B 2 A R BL 3R A IR PEARIE S5 4 51 N B & 1% 2R ZE
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R — WA ZSR R (B, AR AR HAR AR ZER ), BRAE 53 4 W B BrARAS
A B AR N G R R 51 5 BN — 8. AEAFAESI R R ZER (B, 72 S A
BRI P ), NMAZER AR, L ATF iR R, JF Hoaf UAZH BB R
AN B NAZER R, W, 4R AR AR ] R TR A BRI B R IE S
I 5 A S B 1R 2R 8 I it 5 58 A B 1 73 32 H I 3R IRFALE S5 2 B AR Bl i 5K
RAESEAL S 1 TRl H Y, SR B S T SR AE BRI FRAE A SO 357 Bkt DLtk %
TR & AT IR o 38 BB AR, A% 5 WY AR A 08 S it g S 5 T R A B A A ASOR) SR HE R
FEAL, TANE BB 2 75 51 L ZBAR B HERR o A5 HT R, F8R 25 B T 557 Rl e S
ST VRGN 2 0 R T e 25 RHE BB I 5] IR AA L.
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[0001]

[0002]

<110>
<120>
<130>

<150>
<151>

<160>
<170>

<210>
211>
212>
213>

220>
<221>
222>

<220>
221>
222>

<220>
221>
222>
<220>
<221>
222>

<400>

Fri#

Santaris Pharma A/S

B-40 HCLL/3k 8T L1A  (BCL LAY (1 35 42 15 BB i 35 70 A0 5 ) i

1151 WO

US 61/827484
2013-05-24

77

PatentIn version 3.5

1
5946
DNA
BN

SAEFL
(1).. (283)

5 T2
(284). . (613)

Ah 273
(614). . (715)

574
(716). . (5946)

1

trttttetet teetetgett

tgegeeatet ttgtattatt

ttttetetge agtetectte

cgeeegeege cgeegeegee

aageaaggea aaccccagea

attcttacag atgatgaacc

ctecetecacet gtgggcagtg

gagcacaaac ggaaacaatg

cecttecectt caccaatega

gteacgecag aggatgacga

gaacacatag cagataaact

ggagcetctaa tccccacgec

gatgagceea geagetacac

ctettgeaac acgecacagaa

agtccectga cceegegggt

ccacctetee atgggattca

ggatcagtat cgagagagge

ctgtttagtc caccaccgag

gaagagatgg ccctggecac

aaaaaaaage
tetaatttat
tttetaacee
geegeegeeg
cttaagcaaa
agaccacgge
ccagatgaac
caatggecage
gatgaaaaaa
ttgtttatea
tetgecactgg
tgggatgagt
atgtacaact
cactcatgga
tggtatecet
tattgeagac
tteeggeetg
acatcacttg

ccatcacceg

catgacgget
tttggatgte
ggeteteeeg
ceegeecege
cgggaattet
cegttgggag
ttceccattgg
ctetgettag
gecatccaate
acgtecateta
aggggectet
gcagaatatg
tgcaaacagce
ttaagaatct
tcaggactag
aataacccct
geagaagggc
gacccecace

agtgecetttg

50

cteccacaat
aaaaggcact
atgtgaaccg
ageccaccat
cgececgagece
cteccagaagg
gggacattet
aaaaagetgt
cegtggaggt
gaggaatttg
cctececteg
ccecgeagee
cattcaccag
acttagaaag
gtgecagaatg
ttaacctget
getttecace
gcatagageg

acagggtget

tecatcttece
gatgaagata
ageegtegte
gtetegeege
tettgaagee
ggatcatgac
tatttttate
ggataageca
tggcatcecag
ccecaaacag
ttetgeacat
tatttgtaaa
tgcatggttt
cgaacacgga
teetteceag
aagaatacca
cactcecece

cetgggggeg

geggttgaat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
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[0003]

ccaatggeta
aacacgtcta
ccattccage
tcegeceete
acgttcaaat
tacaagtgca
aagacgcaca
gecagetecee
teegtggteg
gaggaggaag
ctgacggaga
cacgagaaca
gacgtcatge
gteetgegeg
tgegacgaag
cgeggetget
agccccaget
ceceecggecg
gectecagge
geetectegt
gagetggacg
attagtggte
gagtactgtg
acgggcgaaa
ctcaccagge
tgtaagatge
gatcgagtgt
cteccacetg
cetgtaggat
acgaagctaa
ttetttttte
atctgtatgg
aatttacatg
tattttaaat
tgagagaaaa
catgtacagt
agacagaata

ttaaatgtat

tggageetee
geecaccget
caggtagcaa
cteeeteeca
ttcagageaa
acctgtgega
tgcacaaatc
cggaacccgg
ccaagttcaa
aggaggacga
gegagagget
getegegeeg
agggeatggt
agaagcataa
acteggtgge
cecegggega
cgetgagecee
cgatgeecaa
agctcaaaga
cggagcactce
gagggatcte
cgggeeegeg
ggaaagtctt
ggeettataa
acatgaaaac
cttttagegt
tgaataatga
acacccectt
ttttttetag
gaatatgaga
tttttecttt
ggeaatacta
ttgtgtatgt
tgtcectaat
agagagagag
tttattttat
gatagcactg

caattggaaa

cgecatggat
glcecccagge
geegecette
geeeeceggte
cetggtggty
ccacgegtge
gtcececatg
caccagegac
gagegagaac
cgaggaagag
ggactacgge
cgeggtegtg
gcteagetee
gegeggeeac
cggegagteg
gteggeeteg
cttetectaag
cacggagaac
teectteett
ctcggagaac
gggecgeage
caggeecage
caagaactgt
atgegagetg
geatggecag
gtacagtacc
tataaaaact
ttteaccact
teccatgtga
gtgettgtea
tttttttttt
ttgeatttta
ttttttttaa
tegttgetga
agagaaaaag
aacgtgagga
aaaaaaaatc

ggaagaaaaa

ttetetagga
cggeecagee
ctggegacge
aagtccaagt
caccggegea
acccaggeca
acggtcaagt
ttggtgggea
gaccecaace
gaagaagagg
ttegggetga
ggeglggeeg
atgcagcact
ctggecgagg
gaccgeatag
geggggeetgt
cgecatcaage
gtgtactege
agctteggag
gggagtttge
ggeacgggaa
tcaaaagagg
agcaatctca
tgcaactatg
glggggaagg
ctggagaaac
gaatagaggt
ccecttecce
tttaaacaaa
ccageacace
tecetttatgt
cgeaaacttt
acttagacag
gcaaacatgt
accatgetge
ggaaaaacag
tetatgaget

aggccttgaa

51

gacttagaga
ctatgcaaag
cceecetece
catgegagtt
geecacacggg
geaagetgaa
ccgacgacgg
gegecageag
tgatccegga
aggaagagga
geetggagge
acgagagecg
tcagegagge
ccgagggecea
acgatggeac
ccaaaaagcet
tcgagaagga
agtggetege
actccagaca
gettetecac
gtggagggag
geagacgeag
ctgteccacag
cctgtgecca
acgtttacaa
acatgaaaaa
atattaatac
atcgeectece
caaacaaaca
tgtttttett
teteacegtt
gageectttet
catgtatggt
tgetgtttee
atacattctg
tetttggatt
aaatgtetgt

ttgacaaatt

getggeageg
gttactgcaa
teetetgeaa
ctgeggecaag
cgagaagece
gegecacatg
tetetecace
cgegetecaag
gaacggggac
ggaggagegag
ggegegeeac
cgeeetgece
cttccaccag
cagggacact
tgttaatgge
getgetggge
gttegacetg
cggetacgeg
atcgeetttt
accgeccggg
cacgeeccat
cgacactigt
gagaagccac
gagtagcaag
atgtgaaatt
atggcacagt
ccetecetea
agccccacte
aacagaagta
ctttttettt
tgaatgcatg
cttgtgeaat
atgttatgge
agttcegtte
taatacatat
aaccctetat
ctctaaaggg

aacagaaaaa

1200
1260
1320
1380
1440
1500

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
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[0004]

cagaacaagt
cacatcgatg
taataaacct
taaaaagatg
aacaaaactg
tgggetgttt
tgcaaaagece
tgetttaata
ggttgtcaag
agaggctgac
caacgtggta
tgatgattaa
gagaaagaat
ttetttteca
ttttattett
atagcacttg
gagtataaaa
tacaggteta
cattgaggag
tattgagett
ttaacataga
cttttttaaa
ggggaactge
aaaaatggta
aaaaacatac
actcatgttg
gtatttgaat
tttttaactg
aaaaaagaca
atttgtatge
gaagccatat
gegggttgtac
aagctaataa
acattccage
aaaaaaaaac
ttagattgga
acttttttgt

aaagctgttt

ttattetate
gttettteta
taggaactag
acccattatg
attataccag
tgcccaaagt
ctggaacgea
atgtettttt
tggacaatca
aataaggttt
ctatttgeca
ctatgaattc
tttaagagta
tacactgtgt
ttaatttttt
actctgectg
taaacctget
tacttaagge
cattttitaa
acttacttgg
aatgaatgat
tataaatgtt
attttagggt
gtggaaattc
attggggaaa
attectatge
taaatgttca
ttgettgtte
ggetgecaca
ttcaaaaaaa
aatggeggtt
atatcctttt
cgttggtttg
atcttacctt
caatgttttg
aagaatttca
aaatggcaat

gtegtaactt

atttggtttt
cttgttataa
catataattc
tectagttaa
tataaaagct
tttattttet
attaaataca
aaaaatactg
aatgataaac
gacagaggeg
tttaaaacta
ttaagacttg
gecagtatata
getatttgtg
cttttttatt
tgatatctgt
cagataggac
aaaagttgeca
aaactaaaaa
acgcaacatt
tgettteget
aagaaaaatt
teccattgtet
tatgeettgg
ggtttaagat
taaaatacat
tetagtgtta
tcttaaaagg
gtatattttt
aaaaaaagag
tgegggeagee
ttgttecttt
ttatgtagtg
catatgcagt
cagttttttt
tatgeaaage
gcagaatatt

gaaattttat

aaaatatgag
acttgtaget
tatattgtat
teatcatttt
actttgetee
ttaaacaatg
ctagtaagga
gecaccaaaag
tttaagacct
aacagaagaa
gaacaggtat
catttaaatg
tgtetgtget
ttaacatgga
aagctageat
atettttete
aattaagtge
agaatgectga
aaaaaaaact
geaagegetg
tetacagtge
ttttttaaaa
tggtggtgtt
atacacaccg
tatatagtac
ttatggtett
ggcactatag
tatcaatgta
ttaatttgge
agaaacaaaa
tgectagaatg
tteectgetge
tgetttttgt
aaaagaaaga
cattgeccaaa
atattaaaga
ttgttattgg

cttttactat

52

tgeettggat
taattcagca
tteteacaac
teetttagtt
tggtgagage
attaaattga
gttcatttta
aaatagatcc
tgtataccat
aataatatga
ataagctaat
tgacattctt
ccctaaaagt
agaggattca
ctgecccagt
taatcagaga
actgtacaat
aaaaaaattg
ttgecageca
tgaatggaaa
aaggattttt
aacacttcat
acaagacttg
ctettcaggt
ttaaatatag
ttttetgtat
tatttatatt
cettttttgg
aggataatat
aagtgtgaca
tcacatggat
catactgtat
cecetttectt
aagaaaaaaa
aactaaatgg
gaaageeccge
cecttttetat

geggagtecact

ctattaaaac
ttgggtgage
aatggectacce
taattttata
ttaaaagaaa
atgtgtaatg
tgaagatatt
agatctactt
attgaaagga
tttattagca
attgatacaa
aaaaaaagaa
tgtacttcat
ttgtttetat
tggtgttcaa
tacagaggtt
tttecccagtt
aacacaatct
tttacttgac
cagaatacac
ttgtacaaaa
tatgtttagg
ttateccattt
tgtaaaaaaa
gaaaatgcac
ttetagaatg
gaagcttgta
tagtggaaaa
agtgcaaatt
ttacagatga
ggctgteata
geagtactge
ctatcacccet
aaggaaaaaa
tgetttatat
tttagtcaat
tectgtaatg

atttattatt

3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
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[0005]

gettatgtge cetgtteaaa acagaggeac ttaatttgat cttttatttt tetttgtttt

tatttttttt tttatttaga tgaccaaagg tcattacaac ctggecttttt attgtatttg

tttetggtet ttgttaagtt ctattggaaa aaccactgte tgtgttttit tggeagtigt

ctgecattaac ctgttcatac acccattttg teccectttatt gaaaaaataa aaaaaattaa

agtaca

Q210> 2
211> 3958
<212> DNA
Q213> A

220>
221> ARFI

<222>  (1)..(283)
220>

221> 4 EF2

222>  (284).. (613)
<220>

221> HAEF3

€222> (614).. (715)
220>

221> HETF4

<222>  (716).. (2458)
<220>

221> 4MET5

€222>  (2459).. (3958)

<400> 2
tttttttttt ttttttgett

tgegecatet ttgtattatt
ttttetetgg agteteette
cgeecgecge cgecgecgee
aagcaaggea aaccccagea
attcttacag atgatgaacc
ctectecacet gtgggeagtg
gagcacaaac ggaaacaatg
ccetteccett caccaatega
gtcacgecag aggatgacga
gaacacatag cagataaact
ggagetctaa tccccacgee
gatgageccca geagetacac
ctettgeaac acgecacagaa
agtccecetga ceccgegggt
ccacctetee atgggatteca
gegatcagtat cgagagagge
ctgtttagtc caccaccgag

gaagagatgg ccctggecac

aaaaaaaagc
tetaatttat
tttetaacce
geegeegeceg
cttaagcaaa
agaccacgge
ccagatgaac
caatggcage
gatgaaaaaa
ttgtttatca
tetgecactgg
tgggatgagt
atgtacaact
cactcatgga
tggtatceet
tattgecagac
ttecggeetg
acatcacttg

ccatcacceg

catgacgget
tttggatgte
ggeteteeeg
ceegeeceege
cgggaattet
cegitgggag
tteccattgg
ctetgettag
gcatccaate
acgtecateta
aggggectet
geagaatatg
tgecaaacage
ttaagaatct
tcaggactag
aataacccct
geagaaggge
gaccccceace

agtgeetitg

53

cteccacaat
aaaaggecact
atgtgaaccg
agcccaccat
cgeeegagee
ctecagaagg
gggacattet
aaaaagctgt
cegtggaget
gaggaatttg
cctecceteg
ccecgeaggg
cattcaccag
acttagaaag
gtgcagaatg
ttaacctget
getttecace
gecatagageg

acagggtget

tcatctteece
gatgaagata
ageegtegte
gtetegeege
tettgaagee
ggatcatgac
tatttttate
ggataagcca
tggecatccag
cceccaaacag
ttetgeacat
tatttgtaaa
tgeatggttt
cgaacacgga
tectteccag
aagaatacca
cacteceece
cetgggggeg

geggttgaat

5760
5820
5880
5940
5946
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[0006]

ccaatggeta
aacacgtcta
ccattccage
tcegeceete
acgttcaaat
tacaagtgca
aagacgcaca
gecagetecee
teegtggteg
gaggaggaag
ctgacggaga
cacgagaaca
gacgtcatge
gteetgegeg
tgegacgaag
cgeggetget
agccccaget
ceceecggecg
gectecagge
geetectegt
gagetggacg
attagtggte
tetteacaca
gatggaaget
acgegtgeeg
tgacagtage
taggeetgea
cccacattgg
gtgatgecet
tgagtccceca
attgacacaa
ttataagaca
catcgggtgg
ggttaceget
taaatcatag
tgtggtttte
cacgecgaat

tgtetttitaa

tggageetee
geecaccget
caggtagcaa
cteeeteeca
ttcagageaa
acctgtgega
tgcacaaatc
cggaacccgg
ccaagttcaa
aggaggacga
gegagagget
getegegeeg
agggeatggt
agaagcataa
acteggtgge
cecegggega
cgetgagecee
cgatgeecaa
agctcaaaga
cggagcactce
gagggatcte
cgggeeegeg
cceccatteg
cgagagecct
cecagtegac
cteccaagaag
gegecatttt
aacagtgaat
ggeecttetg
acccettgtt
taaatgtige
atgaggetge
gtaggaggaa
tatcagatgg
caatatcata
ctaactgtet
cetgttttte

tttagcttag

cgecatggat
glcecccagge
geegecette
geeeeceggte
cetggtggty
ccacgegtge
gtcececatg
caccagegac
gagegagaac
cgaggaagag
ggactacgge
cgeggtegtg
gcteagetee
gegeggeeac
cggegagteg
gteggeeteg
cttetectaag
cacggagaac
teectteett
ctcggagaac
gggecgeage
caggeecage
gegtagtace
taagttctga
gtcagegtgg
cegttgtgeg
atttatattt
cagtcccata
aaaccagcca
tetatacatt
agctttaggt
ttatgatttt
cagatttgag
cataaatttt
attaatgtag
gacttataat
aaatatatge

gaaagaacat

ttetetagga
cggeecagee
ctggegacge
aagtccaagt
caccggegea
acccaggeca
acggtcaagt
ttggtgggea
gaccecaace
gaagaagagg
ttegggetga
ggeglggeeg
atgcagcact
ctggecgagg
gaccgeatag
geggggeetgt
cgecatcaage
gtgtactege
agctteggag
gggagtttge
ggeacgggaa
tcaaaagagg
cagagagctc
gaaaatttga
tetgteatee
aagacagagt
tttaataaaa
gagagggece
acctaattac
ctatgttgte
ggtgtttget
gtacttetgt
aaatgggeag
caaggagaat
tagtaatatt
ttgeatacca
ttttggtgge

cactgggega

54

gacttagaga
ctatgcaaag
cceecetece
catgegagtt
geecacacggg
geaagetgaa
ccgacgacgg
gegecageag
tgatccegga
aggaagagga
geetggagge
acgagagecg
tcagegagge
ccgagggecea
acgatggeac
ccaaaaagcet
tcgagaagga
agtggetege
actccagaca
gettetecac
gtggagggag
geagacgeag
aagatgtgtg
ageccccagg
tgetagtttg
cctgeagagt
agtaaaaaca
gtggaccatce
ctgtattgtg
ttttaaaaag
tgttctttaa
acctgtttee
gagatgtagg
caaaatgcaa
getgtttatt
ttaaataatg
taccatgcag

geggtaaate

getggeageg
gttactgcaa
teetetgeaa
ctgeggecaag
cgagaagece
gegecacatg
tetetecace
cgegetecaag
gaacggggac
ggaggagegag
ggegegeeac
cgeeetgece
cttccaccag
cagggacact
tgttaatgge
getgetggge
gttegacetg
cggetacgeg
atcgeetttt
accgeccggg
cacgeeccat
cgacactigt
geagtttteg
getgggetgg
tgatgtttte
ccttecagee
aaaaaacaga
getgteatga
gaaatgegcea
tgtgcettaac
tttttaatge
tacagacacc
aggggaacta
aacttgggaa
aatgctgaag
cataatatgg
gatttgaatt

ctaaagaagg

1200
1260
1320
1380
1440
1500

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
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[0007]

tgataaatgt cagtagtitc

aatatatctt aatgcagaca

tgggegcagat tttagagggg

atcacagcaa tgctetatte

ggtggtaaaa attetttetg

ttttactget tggagatcca

gtcaataata gagctcagac

gtggggaaaa tcctacctat

ccaaataatt ggcatgtgaa

<210>
211>
212>
213>

220>
221>
222>

<220>
221>
222>

220>
221>
222>

<220>
221>
222>
<220>
221>
222>

<400>

3
2358
DNA

8A

AT
(1).. (283)

SR T2
(284).. (613)

AR T3
(614).. (714)

M T4
(715). . (858)

AR T5
(859). . (2358)

3

tttttttttt ttttttgett

tgegecatet ttgtattatt

ttttetetgg agtetectte

CECCCECCEe CECCECCgec

aagcaaggea aaccccagea

attcttacag atgatgaacce

cteetecacet gtgggeagtg

gagcacaaac ggaaacaatg

ccttecectt caccaatega

gteacgecag aggatgacga

gaacacatag cagataaact

ggagetetaa tccccacgece

gatgagceca geagetacac

ctettgeaac acgcacagaa

agtcccetga ceccgegggt

ttattaaata
aacaaacata
ggaaattata
cttagaaatt
geecagttaa
gaagagaatt
acctgtgtge
ccacettetg

ttatttectg

aaaaaaaagc
tetaatttat
tttetaacce
geegecgecg
cttaagcaaa
agaccacgge
ccagatgaac
caatggcage
gatgaaaaaa
ttgtttatea
tetgeactgg
tgggatgagt
atgtacaact
cactcatgga

tcttcacaca

ttetaatttt
aaacttettt
ggaggaaaga
agtgccacaa
tttgcacaga
agaaacaaca
tgtagattca
gctagattac

cttattcata

catgacgget
tttggatgte
ggcteteeceg
ccecgeecege
cgggaattct
cegtigggag
tteccattgg
ctetgettag
gecatccaate
acgtcatcta
aggggectet
gcagaatatg
tgecaaacage
ttaagaatct

cccccatteg

55

aggttcecaa
agtacttaca
agttcacate
ataagttaca
acttttetea
tagcaaatta
catacaggee
ctagettagt

ataaataatg

cteccacaat
aaaaggeact
atgtgaaccg
agcccaccat
cgeeegagee
ctecagaagg
gggacattet
aaaaagctgt
cegtggagegt
gaggaatttg
cctecceteg
cececgeaggg
cattcaccag
acttagaaag

gegtagtace

accttcagga
tcaggaaatt
agaacagaca
tetacaaaca
gtttggtatt
aaataggttt
gtgaacctaa
gaaaagatag

actgtcta

tcatctteee
gatgaagata
ageegtegte
gtetegeege
tettgaagee
ggatcatgac
tatttttate
ggataagcca
tggcatceag
ccccaaacag
ttetgeacat
tatttgtaaa
tgeatggttt
cgaacacgga

cagagagcte

3480
3540
3600
3660
3720
3780
3840
3900
3958

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
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[0008]

aagatgtgtg geagtttteg
ageccccagg ggtggegtee
tgetagtttg tgatgttttc
cctgeagagt ccttecagece
agtaaaaaca aaaaaacaga
gtggaccate getgtcatga
ctgtattgtg gaaatgegea
ttttaaaaag tgtgettaac
tgttctttaa tttttaatge
acctgtttec tacagacacc
gagatgtagg aggggaacta
caaaatgcaa aacttgggaa
getgtttatt aatgetgaag
ttaaataatg cataatatgg
taccatgecag gatttgaatt
geggtaaate ctaaagaagg
aggttcccaa accttcagga
agtacttaca tcaggaaatt
agttcacatc agaacagaca
ataagttaca tctacaaaca
actttteteca gtttggtatt
tagcaaatta aaataggttt
catacaggee gtgaacctaa
ctagcttagt gaaaagatag
ataaataatg actgtcta
<210> 4

211> 6122
<212> DNA

gatggaaget
acgegtgecg
tgacagtagce
taggeectgea
cccacattgg
gtgatgeecet
tgagtcccca
attgacacaa
ttataagaca
catcgggteg
ggttaceget
taaatcatag
tgtggtttte
cacgeegaat
tgtettttaa
tgataaatgt
aatatatctt
tggggeagat
atcacagcaa
ggtggtaaaa
ttttactget
gtcaataata

gtggggaaaa

ccaaataatt

213> /NZEE (Mus musculus)

220>
221> AEFIL
€222> (1).. (390)

<220>
221> 4 ETF2
€222>  (391).. (720)

220>
221> 4 RT3
222> (721).. (822)
<220>

221> 4 B4
€222>  (823).. (6112)

<400> 4

cgagagecct
cccagtegac
ctccaagaag
gegeecatttt
aacagtgaat
ggccettetg
acccettgtt
taaatgttgg
atgaggetge
glaggaggaa
tatcagatgg
caatatcata
ctaactgtet
cetgttttte
tttagettag
cagtagttte
aatgcagaca
tttagagggg
tgctetatte
attctttetg
tggagatcca
gagctecagac
tectacctat

ggcatgtgaa

taagttctga
gtcagegtgg
cegttgtgeg
atttatattt
cagtcccata
aaaccagcca
tctatacatt
agetttaggt
ttatgatttt
cagatttgag
cataaatttt
attaatgtag
gacttataat
aaatatatgce
gaaagaacat
ttattaaata
aacaaacata
ggaaattata
cltagaaatt
geecagttaa
gaagagaatt
acctgtgtge
ccaccttetg

ttatttectg

gaaaatttga
tetgteatee
aagacagagt
tttaataaaa
gagagggece
acctaattac
ctatgttgte
ggtgtttget
gtacttetgt
aaatgggcag
caaggagaat
tagtaatatt
ttgcatacca
ttttggtgge
cactgggega
ttetaatttt
aaacttcttt
ggaggaaaga
agtgccacaa
tttgcacaga
agaaacaaca
tgtagattca
getagattac

cttattcata

gacgttcaag ttcgecaggga cgtecacgtee geacttgaac ttgeagetca ggggggettt

56

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340

2358

60
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[0009]

tgecattttt
tttttectta
tetttgtatt
tggagtctee
cgeegeecgee
cccageactt
atgaaccaga
ggeagtgeca
aacaatgcaa
ccatcgagat
atgacgattg
ataaacttet
ccacgeccgg
gctacacatg
cacagaacac
cgegggtigg
ggattcatat
gagaggettc
caccgagaca
tggeecaccea
agcctecege
caccgetgte
gtagcaagcc
ccteccaace
agagcaactt
tgtgegacca
acaaatcgtc
aacctggtac
agttcaagag
aggacgacga
agagggtgga
ctegggegege
geatggtget
agcataagceg
cggtggeegg
ccggegaate
tgagcceett

tgcetaacac

tteatetete
aaaaaaaaaa
atttctaatt
ttetttetaa
gecgeegecce
aagcaaacgg
ccatggeceg
gatgaattte
tggcagecte
gaaaaaggca
tttatcaacg
geactggagg
gatgagtgea
tacaacttge
tcatggatta
tatcecttea
tgcagacaat
cggeetggea
tcacttggac
tcacccgagt
catggattte
cecaggecgg
accctteetg
cccggteaag
ggtggttecac
cgegtgeaca
ccecatgaca
cagegacctg
tgagaacgac
ggaagaagaa
ctacggette
agtggtggge
cageteccatg
tagccacctg
tgagtcagac
ggetteggeg
ctecaagege

ggagaacgtg

tetetecete
agccatgacg
tattttggat
ceeggetete
geeecegeage
gaattctege
ttgggagete
ccactggggg
tgettagaaa
teccaateetg
tcatctagag
ggeetgteet
gaatatgccee
aaacagccat
agaatctact
ggactaggtg
aaccccttta
gaagggeget
ceecaccgea
geetttgaca
tctaggagac
cccagtecta
gegacgecce
tccaagteat
cgacgeagec
caggecagea
gtcaagtceg
gtgggeageg
cccaacttga
gaagaggagg
gggetgagee
gtgggegacg
cagcacttea
geegaggeeg
cgecatagacg
gegtetgteea
atcaagetgg

tattcgeagt

tatcectett
geteteccac
gtcaaaagge
ccgatgtgaa
ccaccatgte
ccgaacctet
cagaagggga
acattcttat
aaggtgtgga
tggaggtigg
gaatttgece
ctecteggte
cgeagggtat
tcaccagtge
tagaaagtga
cagaatgtcc
acctgetaag
tteccacceac
tagagegect
geggtgetgeg
ttagagaget
tgeaaaggtt
cectecetee
gegagttetg
atactggtga
agctgaageg
acgatggeet
ccagcagtge
teccagagaa
aagaggagga
tggaggetge
agggeegege
gegaggeett
agggccatag
atggcactgt
aaaagetget
agaaggagtt

ggctegetge

57

ctetetteet
aattcatctt
actgatgaag
ccgageegte
tegecgeaag
tgaagccatt
ccacgacctt
ttttatcgag
taagccgect
catccaggte
caaacaggaa
tgcacacgga
ttgtaaagat
atggtttete
acacggaagt
ttececcageca
aataccagga
tececeeeetg
gggggeggaa
gttgaatcca
ggeagggaac
actgeaacca
tetgecaatce
cggeaagacg
gaagccctat
tcacatgaag
ctccacagec
getcaagtea
cggggatgag
ggaggagetg
acgccaccat
cetgecegat
ccaccaggte
ggacacttgt
taatggtegt
getgggtage
tgacctgecce

ctatgeggce

ctetetettt
cecctgegeca
atattttcete
gtecgeacge
caaggcaaac
cttacagatg
ctecacctgtg
cacaaacgga
tecceettete
acgecagagg
cacatagecag
getetaatee
gagcccagea
ttgcaacacg
ceectgaccee
cctetecatg
tcagtatcga
tttagteecac
gagatggece
atggcetatgg
acgtctagte
ttecageecag
gecectecte
ttcaaattte
aagtgcaacce
acacacatge
agctececcegg
gtggtggeca
gaggaagagg
acggagageg
gagaacagct
gteatgeagg
ctgggegaaa
gatgaagact
ggetgetece
cccagetege
ceggeegega

tccaggeage
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[0010]

tcaaagatcce
agcacteccte
ggatctcagg
geeegggeag
aagtcttcaa
cttataaatg
tgaaaacgca
ttagegtgta
ataatgatat
ccecctteca
ccecatgtgat
atgagtgett
ttettettet
ggggeaatac
tgttgtgtat
taaattgtce
gagigtgagg
atcatgtgea
tetgeagaca
acatgtatta
tttattetat
gtttttttte
tttaggacct
tgacccatta
ttataccagt
gectaaagtt
aaggecctgg
taaaatgatg
tgttgagtgg
atgatgagag
tgtttgecat
tetgaagete
aagagcagca
actgtgtget
tttctttctt
atagcacttg
gagtataaaa

tacaggtctt

cttecttact
ggagaacggg
gegeagegge
geeceagetea
gaactgtage
cgagetgtge
tggecaggteg
cagtaccetg
aaaaactgaa
cecettecee
caaacaaaca
gtcaccagca
tttttttaaa
tattgeattt
gttttteecce
ctaattcatt
gagggagggt
getttatttt
gagcagatag
attggagagg
catttggett
tgettgttat
agcatgtaat
tgtecctagtt
ataaaagcta
ttattttatt
aatgtgatga
catttaatga
acaataaaat
agagagagag
ttgaaactag
taagacttge
gtatctatgt
atttgtgtta
ttttetteet
actetgecta
taaacctget

tattaaggga

tteggagact
agcttgeget
acaggaagtg
aaagagggca
aatctcactg
aactatgeet
gggaaggacg
gagaaacaca
tagaggtata
attgtecette
aacaaacaaa
cacctggttt
ttttaaatte
tacgcaaact
ccttaactta
atgagcaaac
agaaaacaac
ataacacgag
cagtgaaaaa
gaaaaaaggc
ttaaaatgag
aaacttgtag
tetgtgttgt
aatcattgat
ctttgeteet
ttatttttaa
aatacattag
aattcetggeg
gataaagccec
agacagaaaa
aacaggtgta
atttaatgtg
ctgtgeteee
acattgaaga
tetttgtttt
tgatacctgt
cagataggac

aacgttgcaa

ccagacaatc
tetecacace
gagggageac
gacgcagega
tecacaggag
gtgcecagag
tttacaaatg
tgaaaaaatg
ttaataccct
cagccctact
caacagaggt
tttgttttgt
tttatgttet
ttgageettt
gacagecatgt
atgttgttge
gecatgetgea
gagggaaacg
aaggtgetaa
cttgaattga
tgcettggat
tttaatctag
atttetecaca
ttttgecttt
tgtgagagea
atggttatca
caagaagttc
ccaaaagaag
tttagaggac
cggtagtgat
taaggggeca
acagtcttca
tggaagttgt
ggatttgttt
aagctagcat
atcttttete
aattaagtge

gaatgctgaa

58

geettttgee
geeeggggag
geeccatatt
cacttgtgag
aagccacacg
tagcaagcte
tgaaatttgt
geacagtgat
cceteactee
ccetgtagga
aatggaaget
ttttectttt
caccgtttga
ctettgtgea
atggtatgtt
tgtttccagt
tacataatte
gtgtetgggt
atgtetgtet
caaattaaca
ctattcaaac
cattgggtga
acaatggcta
aactttgtga
taaaagaaat
aattgaatgt
atcttgtgac
tagatcegge
atttgaaaga
tggttagcac
gegatacaat
aaaagaagag
acttecattte
ttattttgtt
ctgececagt
taatcagaga
actgtacagt

aacaattgaa

tecteateag
ctggacggag
agtggteegg
tactgtggega
ggcgaaagge
accaggcaca
aagatgcctt
cgagtgttga
cacttgatge
tttttectagt
aagaatatga
ttttttettt
atgcatgttt
ataatttaca
acggetattt
tecattetga
tgtaatacag
tgactaacce
ctaaagggtt
gaagaacaag
catgttgatg
ggtaataaac
cctaaaaata
acaaaactga
ggeetgttte
gaaatgtgeca
aatacttgtt
tetagttggt
acaggetgat
gatgtagtac
gatgattaac
gaagaccttt
ttttecatac
ttattettte
tggtgttcaa
tacagaggtt
tttecccagtt

cacaatctea

2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
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[0011]

atgatgagca ttaaaaaata

cgttgecage cattgactig

tgtggatgga aacaacacac

aggatttttg tacaaaactt

acttcattat gtttagggeg

agacctgtta tccatttaaa

cttcaggttig taaaaaaaaa

aggtttaaga ttatatagta

ctaaaacaca gttatggtet

atctagtgtt aggcactata

cactcaaaag gtatcaatgt

tatatttttt taatttggca

gagagagaga gagagagaga

ggtttgggga geetgetaga

tttececett tectgetgee

tatgtagtgt getttggeee

tatgcagtaa aagaaagaaa

cagttttttt cattgecaaa

tatgcaaage atattaaaga

geagaatatt ttgttattgg

gaaattttat cttttactat

acagaggeac ttaatttgat

tggatgacca aaggtcattg

agttctattg gaaaaaccac

atacacccat tttgtcecctt

aa

<210>
211>
<212>
<213>

<220>
221>
222>

<220>
<2215
222>

220>
<2215
222>

<220>
221>
222>

<220>

b

3425
DNA
MR,

A B
(1).. (390)

ShEF2
(391).. (720)

253
(721).. (822)

L TR
(823). . (2565)

ataaaaaaaa
actattgagc
ttaacataga
ttttaagtat
gaacagcatt
aatggtagtg
tgaaaacaaa
cttaaaaata
tetttetgta
gtatttatat
acctttttgt
ggataatata
gagagaggtg
atgtcacatg
atgetgtacg
ctecteceeg
gaaaaaaaaa
aactaaatgg
gaaagcccge
cettttetat
gggagtcact
cttttatttt
caacctgget
tgtetgtgtt

tattgaaaaa

acaagcaaac
ttecteactt
aacgaatgac
aaatgttaag
ttagggttee
gaaattctat
acaaaacaaa
ggaaaacgca
tttctagaat
tgaagettgt
tagtagaaaa
gtgcaaatta
tgacattgta
gatggetgte
cagcactgea
ctecaccegac
aaggaaaaaa
tgetttatat
tttagtcaat
tecctgtaatg
atttattatt
tetetgtttt
ttttactgta
tttttggeag

aaataaaaaa

59

ctaaaaaaaa
ggatgcaaca
teetttgett
aaaagaattt
attgtettgg
geettggate
aaaaaaacat
cactcatgtt
ggtatttgaa
atttttaact
aaaaagacag
tttgtatget
cagagaagec
ataggggttg
agctaatage
attccageat
aaaacaacaa
ttagattgga
actrtttegt
aaagetgttt
gettatatge
tattattatt
tttgtttetg
ttgtetgeat

attaaagtac

ctaagacaga
ttgcaagege
ctacagtgea
ttaaaaagac
tggtgttaca
acacaccget
acatggggaa
gattcctatg
ttaaatgttc
gttgettgtt
getgecacag
gagagagaga
atataatgge
tacatatecet
gttggtttgt
cttaccttea
caatgttttg
gagaatttet
aaatggcaat
gtegtaactt
cetgttcaaa
ttttttaatt
gtetttgtta
taacctgttc

taaaaaaaaa

4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6122
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[0012]

221> A EF5
<222>  (2566).. (3425)

<400> 5
gacgttcaag

tgecattttt
tttttectta
tetttgtatt
tggagtctee
cgeegecgee
cccageactt
atgaaccaga
ggcagtgeca
aacaatgcaa
ccatcgagat
atgacgattg
ataaacttet
ccacgeecgg
getacacatg
cacagaacac
cgegggtigg
ggattcatat
gagaggette
caccgagaca
tggecaceea
agcctecege
caccgetgte
gtagcaagee
ccteccaace
agagecaactt
tgtgegaceca
acaaatcgtc
aacctggtac
agttcaagag
aggacgacga
agagggtgga
cteggggege
geatggtget
agcataageg

cggtggeegg

ttecgeaggga
tteatetete
aaaaaaaaaa
atttetaatt
ttetttetaa
geegeegece
aagcaaacgg
ccatggeeeg
gatgaattte
tggecagectc
gaaaaaggca
tttatcaacg
geactggagg
gatgagtgea
tacaacttge
tcatggatta
tatccettea
tgcagacaat
cggeetggea
tecacttggac
tcaccegagt
catggatttc
cccaggecgg
accctteetg
cceggteaag
ggtggttcac
cgegtgeaca
ccecatgaca
cagegacctg
tgagaacgac
ggaagaagaa
ctacggette
agtgglggge
cagcteccatg
tagccacctg

tgagtcagac

cgtcacgtee
tetetecete
agecatgacg
tattttggat
ceceggetete
geeeegeage
gaattctege
ttgggagete
ccactgggeg
tgettagaaa
tccaateetg
tcatctagag
ggeetgteet
gaatatgccee
aaacagecat
agaatctact
ggactaggtg
aaccccttta
gaagggeget
ceecacegea
geetttgaca
tctaggagac
cccagtecta
gegacgececee
tccaagteat
cgacgeagec
caggecagea
gtcaagtceg
gtgggeageg
cccaacttga
gaagaggagg
gggetgagee
gtgggegacg
cagcacttca
geegaggeeg

cgcatagacg

gcacttgaac
tatcectett
geteteccac
gtcaaaagge
ccgatgtgaa
ccaccatgte
cegaacctet
cagaagggga
acattcttat
aaggtgtgga
tggaggttgg
gaatttgecce
ctecteggte
cgeagggtat
tecaccagtge
tagaaagtga
cagaatgtce
acctgectaag
ttecacccac
tagagegeet
gggtgetgeg
ttagagagct
tgcaaaggtt
cceteectee
gegagttetg
atactggtga
agctgaageg
acgatggect
ccagcagtge
tcccagagaa
aagaggagga
tggaggetge
agggeegege
gegaggectt
agggccatag

atggcactgt

60

ttgecagetea
ctetetteet
aattcatett
actgatgaag
ccgageegte
tecgecgeaag
tgaagccatt
ccacgacctt
ttttategag
taagcegect
catccaggte
caaacaggaa
tgcacacgga
ttgtaaagat
atggtttete
acacggaagt
tteccageca
aataccagga
tececceetg
ggggegeggaa
gttgaatcca
ggeagggaac
actgcaacca
tetgeaatee
cggeaagacg
gaagccctat
tcacatgaag
ctecacagee
gctcaagtca
cggggatgag
ggaggagetg
acgecaccat
cetgecegat
ccaccaggte
ggacacttgt

taatggtcgt

ggggggettt
ctetetettt
ceetgegeca
atattttete
gtecgeacge
caaggcaaac
cttacagatg
cteacctgty
cacaaacgga
tceecettete
acgecagagg
cacatagcag
getetaatee
gagceccagea
ttgeaacacg
ccectgaccee
cctetecatg
tcagtatega
tttagtccac
gagatggece
atggetatgg
acgtctagte
ttccagecag
geecctecte
ttcaaattte
aagtgcaacc
acacacatge
agctececegg
gtggtggeca
gaggaagage
acggagageg
gagaacagct
gtcatgeagg
ctgggegaaa
gatgaagact

ggctgeteee



CN 105247052 A

FF

5 %

12/43 11

[0013]

ccggegaate ggetteggeg
tgagcceett ctecaagege
tgcetaacac ggagaacgtg
tcaaagatce ctteccttact
agcactcctc ggagaacggg
ggatctcagg gegeagegge
geeegggeag geccagetea
cegtteggeg tagtacceeg
gaacccttaa gttctgagaa
agcecgacgte aacgtgetece
caagaagaca agagtcctge
tattttttaa taaaacgtaa
teccatecag agggecctag
agccaaccta attacccgta
cattetatgt tgtettttaa
aggeggtgtg tgettgtttt
ctttatgtet gtgtactttt
tcaagtgeeca ggeaggagac
aaagaaaalc aaaatgcaaa
agtattgetg tttattaatg
cattaaataa tgcataaata
ctace

<210> 6

<211> 1825

<212> DNA
<213> /PpER

<220>
221> 4ETI
€222>  (1).. (390)

<220> _
221> ALRF2
€222>  (391).. (720)

<220>
221> A EF3
<222> (721).. (822)

220>
221> 4 ET4
222> (823).. (965)

220>
221> 485
<222>  (966).. (1825)

<400> 6

ggtetgteca
atcaagetgg
tattegeagt
tteggagact
agettgeget
acaggaagtg
aaagagggea
cgagetcaag
actttgaage
gttatcetge
cgagtcetee
aaacaaaaaa
gactgecgea
ctgtggaaat
aaagtgtget
ttaattttta
tttecttcag
ctagaaaagg
getaggggat
ctgacgtgtg

tggecacactg

aaaagetget
agaaggagtt
gegetegetgg
ccagacaatc
tetecacace
gagggageac
gacgcagega
atgtgtggea
cceccaaggge
tagattgtga
cageetggge
aaccagacce
gltggagega
gagcatgacc
taacattgac
atgetegtaa
aagctcatag
aagtaggett
aaatcatagt
tttttectet

aatccttttt

getgggtage
tgacctgece
ctatgeggee
geettttgee
geeeggggag
geeccatatt
cacttgteet
gtttteggat
ggggeggaca
tgttttetga
ctgeagtgece
acattggaac
cgtecaacce
cctgacceet
ataataaatg
gacaatgtgg
ggtgageaga
ttecagatgge
aatatcataa
ctgacttata

caaatacacg

cccagetege
ceggeegega
tccaggeage
tectecatcag
ctggacggag
agtggteegg
tcacacacce
ggaagetcaa
tgcgeegeee
cagtagccte
attttattta
agtgaacccg
ttttgaaacc
tgtttetata
ttggagettt
ctgettecagg
aggaccagac
atacatttte
ttaatgtagt
atttgecatac

cttttggtga

gacgttcaag ttcgeaggga cgtcacgtee geacttgaac ttgeagetca gggggpcttt

tgccattttt ttecatetete tetetecccte tatccctett ctetettect ctetetettt

61

2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3425

60
120
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[0014]

tttttectta
tetttgtatt
tggagtctee
cgeegeegee
cccageactt
atgaaccaga
ggeagtgeca
aacaatgcaa
ccatcgagat
atgacgattg
ataaacttet
ccacgeccgg
gcetacacatg
cacagaacac
cgegggteet
gtttteggat
ggggegeaca
tgttttetga
ctgeagtgee
acattggaac
cgtccaacce
cetgaccect
ataataaatg
gacaatgtgg
ggtgageaga
ttcagatgge
aatatcataa
ctgacttata

caaatacacg

210> 7

<211> 1480

<212> DNA

aaaaaaaaaa
atttctaatt
ttetttetaa
geegeegecee
aagcaaacgg
ccatggeeeg
gatgaattte
tggeageete
gaaaaaggca
tttatcaacg
geactggagg
gatgagtgea
tacaacttge
tcatggatta
tcacacacce
ggaagetcaa
tgegeegeee
cagtagecte
attttattta
agtgaacccg
ttttgaaacc
tgtttetata
ttggagettt
ctgetteagg
aggaccagac
atacatttte
ttaatgtagt
atttgeatac

cttttggtga

213> PFER

. (45)

<220>
221> A BT
222> (1).
220>

Q221> 4ETF2
<222>  (46).. (375)

<2205

221> 4 EF3
<222> (376).. (477)

agccatgacg
tattttggat
ceeggetete
geececgeage
gaattctege
ttgggagete
ccactggggg
tgcttagaaa
tccaatcetg
tcatctagag
ggeetgteet
gaatatgecece
aaacagccat
agaatctact
cegtteggeg
gaacccttaa
agecgacgte
caagaagaca
tattttttaa
tcccatccag
agccaaccta
cattcetatgt
aggeggtgtyg
ctttatgtet
tcaagtgeca
aaagaaaatc
agtattgetg
cattaaataa

ctace

geteteccac
gtcaaaagge
ccgatgtgaa
ccaccatgte
ccgaacctet
cagaagggga
acattcttat
aaggtgtgga
tggaggttgg
gaatttgece
ctecteggte
cgeagggtat
tcaccagtge
tagaaagtga
tagtacccceg
gttctgagaa
aacgtgetece
agagtcctge
taaaacgtaa
agggeectag
attacccgta
tgtettttaa
tgettgttit
gtgtactttt
ggecaggagac
aaaatgcaaa
tttattaatg

tgcataaata

62

aattcatett
actgatgaag
ccgageegte
tegecgeaag
tgaagccatt
ccacgacctt
ttttatcgag
taagccgect
catccaggte
caaacaggaa
tgecacacgga
ttgtaaagat
atggtttcte
acacggaagt
cgagectcaag
actttgaage
gttatceetge
cgagtectee
aaacaaaaaa
gactgccgea
ctgtggaaat
aaagtgtget
ttaattttta
tttectteag
ctagaaaagg
getaggggat
ctgacgtgtg

tggeacactg

ccectgegeca
atattttete
gtcegeacge
caaggcaaac
cttacagatg
ctecacctgtg
cacaaacgga
teccettete
acgecagagg
cacatagcag
getetaatee
gagcccagea
ttgeaacacg
cecectgacee
atgtgtggea
ccecaaggge
tagattgtga
cageetggge
aaccagacce
gttggagega
gagcatgace
taacattgac
atgctegtaa
aagctcatag
aagtaggett
aaatcatagt
ttttteetet

aatcettttt

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1825
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[0015]

220>

221> ALEF4

222> (478).. (620)
<220>

221> AAEF5
<222>  (621).. (1480)

<400> 7
agagcagacg cggegegega

ccattettac agatgatgaa
accttectcac ctgtgggeag
tcgageacaa acggaaacaa
cgeettecee tteteccate
aggtcacgee agaggatgac
aggaacacat agcagataaa
acggagctct aatccccacg
aagatgagcc cagcagetac
ttetettgea acacgecacag
gaagtccect gaccccgegg
tcaagatgtg tggeagtttt
gaageeccca agggegggge
cctgetagat tgtgatgttt
ccteccagee tgggectgea
aaaaaaacca gacccacatt
ccgeagttgg agegacgtee
gaaatgagca tgacccctga
gtgcttaaca ttgacataat
ttttaatget cgtaagacaa
ttecagaaget catagggtga
aaaggaagta ggcettttcag
gggataaatc atagtaatat
gtgtgttttt cctetetgac
cactgaatce tttttcaaat
<210> 8

211> 14

<212> DNA

213> AT

<220>

223> TR

220>

<221> misc_feature
222> (1).. (14)
223> iR ERAEIE R

<220>

cggtgtgaag
ccagaccalg
tgccagatga
tgcaatggea
gagatgaaaa
gattgtttat
cttetgeact
ccegggatga
acatgtacaa
aacactcatg
gtcettecaca
cggatggaag
ggacatgege
tetgacagta
gtgeecatttt
ggaacagtga
aacccttttg
cceettgttt
aaatgttgga
tgtggetget
geagaaggac
atggcataca
cataattaat
ttataatttg

acacgetttt

ttacagceeg
geeegtiggg
attteccact
gectetgett
aggcatecaa
caacgtcate
ggaggggect
gtgcagaata
cttgeaaaca
gattaagaat
caccccegtt
ctecaagaacc
cgececageeg
gcectccaaga
atttatattt
acccgteeca
aaaccageca
ctatacatte
getttaggeg
tcaggettta
cagactcaag
ttttcaaaga
gtagtagtat
cataccatta

ggtgactace

63

geeagecgaa
agctccagaa
gggggacatt
agaaaaaggt
tectgtggag
tagaggaatt
gtecetetect
tgeceeegeag
gecatteace
ctacttagaa
cggegtagta
cttaagttet
acgtcaacgt
agacaagagt
tttaataaaa
tecagaggge
acctaattac
tatgttgtet
gtgtgtgett
tgtetgtgta
tgeccaggeag
aaatcaaaat
tgetgtttat

aataatgcat

cetettgaag
ggggaccacg
cttattttta
gtggataage
gttggeatee
tgecccaaac
cggtetgeac
ggtatttgta
agtgeatggt
agtgaacacg
cceegegage
gagaaacttt
getecgttat
cetgecgagt
cgtaaaaaca
cctaggactg
cegtactgtg
tttaaaaagt
gttttttaat
ctttttttee
gagacctaga
gcaaagetag
taatgctgac

aaatatggea

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1480
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221>
222>
<223>

<220>
221>
222>
<223>

<220>
<221>
<222>
223>

<400>

misc feature
(.. (3)
B D% JELNA

misc feature
(1).. (1)
5 FP i Hf s

misc_feature
(12).. (14)
B -D-%{FELNA

8

ctatgtgtte ctgt

<210>
211>
212>
<213>

<2205
<223>

<220>
221>
222>
<223>

<220>
<221>
222>
<223>

<2200
<221>
222>
223>

<220>
221>
222>
223>

<400>

9

16
DNA
ANTHY

FA AT

misc feature
(1).. (16)
it £ B 2 A0

misc feature
L) - kB
B -D-% JLLNA

misc feature
(14).. (16)
B ~D-FAELNA

misc feature
(14).. (14)
B F e s e

9

gagacatggt gegetg

<210>
211>
<212>
<213>

220>
223>

<220>
221>
222>
<223>

<2205
<2215
222>
223>

<220>
221>
222>
223>
<220>

[0016]

10
16

DNA
ANILH

FAH

misc feature
(1).. (16)
o £ R S 4%

misc feature
(1)< (3)
B -D-%JLNA

misc feature
(14).. (16)
B -D-S{HELNA

64

14

16
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[0017]

221>
<222>
223>

<400>

misc feature
(14).. (14)
55— Ff i i gz

10

attgeattgt ttecgt

210>
211>
212>
213>

<220>
<223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

220>
<221>
<222>
223>

220>
221>
222>
223>

<400>

11
16
DNA
NI

BT

misc feature

(1).. (16)

Al PR T

misc feature
(.. (3)
B ~D-4HHELNA

misc feature
(.. (1)
5 i i mi e

misc feature
(14).. (16)
B -D-%{ JELNA

misc feature
(14).. (15)
5 FF 2 [ g e

11

cattgecattg tttceg

<210>
211>
<212>
<213>

<220>
223>

2200
221>
222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>

12

15
DNA
AT

M

misc feature

(1).. (15)
A T T

misc feature
(D.. (3)
B -D-S{ HLNA

misc feature
(8): kD)
5 Hf1 B Jifu v g

misc feature
(13). . (15)
B -D-S HELNA

65

16

16
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[0018]

221>
<222>
223>

<400>

misc feature

(13).. (14)
5 Ff 3 ffa i e
12

attgecattgt tteceg

210>
211>
212>
213>

<220>
<223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

220>
<221>
<222>
223>

<400>

13
15

DNA
NI

FEATRR

misc feature

(1).. (15)

At PR i

misc feature
(.. (3
B ~D-4HELNA

misc feature
(13).. (15)
B -D-% ZELNA

misc feature
(13).. (14)
55— F 3 [ Pz

13

attgecattgt ttceg

210>
Q211>
212>
213>

220>
223>

<220>
<221>
222>
223>

220>
221>
222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

<400>

14

14
DNA
ATLH

WM

misc feature

(1).. (14)
AR T T

misc feature
(1)..(3)
B -D-5{HELNA

misc feature
(8).. (8)
5- I g g

misc feature
(12).. (14)
B -D-SHELNA

14

ttgtgetega taaa

210>
211>

15
16

66

14
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[0019]

<212> DNA
213> ANTH

220>
223> WEEER

220>

<221> misc_feature
222> (1)..(16)
<223> B RR S
<220>

<221> misc_feature
222> (1).. (3)

<223> B -D-FIZLNA

220>

<221> misc feature
222> (1).. (1)
<223> 5 H Ak B m g

<220>

<221> misc_feature
<222> (11).. (11)
<223>  5-Hl B g mE mg

<220>

<221> misc_feature
222> (14).. (16)
<223> B -D-%IELNA

<400> 15
cgtttgtget cgataa

<210> 16
211> 14
<212> DNA
213> ATH

220>
<223> FEAGHER

220>

<221> misc feature
<222> (1).. (14)
<223> BRI AR B %

<220>

<221> misc_feature
222> (1)..(3)
€223> B -D-FZLNA

<220>

<221> misc feature
€222> (1).. (B)
223> 5 H Ik B g

<220>

<221> misc_feature
<222> (12).. (14)
€223> B -D-FZLNA

<220>

<221> misc feature
€222% (12)..(12)
223> 5 L R g g

<400> 16
cegtttgtge tega

210> 17
211> 13

67

16

14
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212>
213>

<220>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

<220>
221>
<222>
223>

<400>

DNA
ATHY

R

misc feature
(1).. (13)
A B 2 i 4

misc feature
(L) (2)
B —D-% FELNA

misc feature
(8).. (8) )
5 B A i e i

misc feature
(11).. (13)
B -D-FHELNA

17

ttgtgeteca taa

<210>
Q211>
212>
213>

<220>
223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<220>
221>
<222>
223>

<220>
221>
<222>
223>

<400>

18
16

DNA
ATLHy

PR R

misc feature
(1).. (16)
e A B 2 i 4

misc feature
(.. 3)
B -D-5{ HELNA

misc feature
(5). . (5)
5 FF i i i g

misc feature
(14).. (16)
B -D-FHELNA

misc feature
(15).. (15)
5 FF S i i g

18

ttteegtttg tgeteg

<210>
211>
<212>
<213>

<220>
223>

[0020]

19

16

DNA
ATHY

BYHE

68

13

16
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[0021]

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

220>
221>
222>
<223>

<220>
221>
222>
<223>
<220>
221>

222>
<223>

<400>

misc feature

(1).. (16)

B R i A 4%

misc feature
(1).. (3)
B -D-4{ ZELNA

misc feature
(1) 1G5
5 F K Jif g g

misc feature

(6).. 0
5 K e e

misc feature

misc feature
(14).. (16)
B -D-%{ ZELNA

misc feature
(14).. (15)
5 F HE fif g g

19

cattgeattg ttteceg

<210>
211>
212>
213>

<220>
<223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<400>

20
16

DNA
ATH

IR

misc feature

(1).. (16)

A P i S 4

misc_feature
(1. . (2)
B -D-5 JELNA

misc feature
il = 5100
5 Ff 2 g mg g

misc feature
(14).. (16)
B ~D-SHELNA

misc feature
(14).. (15)
5 F B g ms e

20

69
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[0022]

cattgecattg tttceg

<210>
211>
<212>
213>

<220>
<223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
<2215
222>
<223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<400>

21
16
DNA
ATHy

FH

misc feature

(1).. (16)

i A% R A 2

misc feature
(D.. 3
B -D-S{JELNA

misc feature
(.. (1)
5 FP 4k ffa i e

misc feature
(13).. (16)
B -D-5{JELNA

misc feature
(14).. (15)
5 FP I v e

21

cattgeattg ttteceg

<210>
211>
212>
213>

<220>
<223>

<2200
<221>
222>
<223>

<220>
<221>
£222>
223>

<220>
221>
222>
223>

<2205
<2215
222>
<2235

<220>
221>
222>
223>

<400>

22

16
DNA
NI

B Rt

misc feature

(1). . (16)
AR i A A

misc feature
(D.. @)
B -D-5{ZELNA

misc feature
) 2 (GLEY
5 P L g g

misc feature
(14). . (16)
B -D-FAELNA

misc feature
(14).. (15)
5 P 4k ffu e e

22

70

16

16
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[0023]

cattgecattg tttceg

<210>
211>
<212>
213>

<220>
<223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
<2215
222>
<223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<400>

23
16

DNA
ATHy

FH

misc feature

(1).. (16)

i A% R A 2

misc feature
(D.. @)
B -D-S{JELNA

misc feature
(.. (1)
5 FP 4k ffa i e

misc feature
(13).. (16)
B -D-5{JELNA

misc feature
(14).. (15)
5 FP I v e

23

cattgeattg ttteceg

<210>
211>
212>
213>

<220>
<223>

<2200
<221>
222>
<223>

<220>
<221>
£222>
223>

<220>
221>
222>
223>

<2205
<2215
222>
<2235

<220>
221>
222>
223>

<400>

24

16
DNA
NI

B Rt

misc feature

(1). . (16)
AR i A A

misc feature
(D.. (3
B -D-5{ZELNA

misc feature
) 2 (GLEY
5 P L g g

misc feature
(12). . (16)
B -D-FAELNA

misc feature
(14).. (15)
5 P 4k ffu e e

24

71

16

16
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[0024]

cattgecattg tttceg

<210>
211>
<212>
213>

<220>
<223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
<2215
222>
<223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<400>

25
16
DNA
ATHy

FH

misc feature
(1).. (16)
WA B R I 4

misc feature
(D).. (5)
B -D-S{HELNA

misc feature
(.. (1)
5 FP 4k ffa i e

misc feature
(14).. (16)
B -D-5{JELNA

misc feature
(14).. (15)
5 FP I v e

25

cattgeattg ttteceg

<210>
211>
212>
213>

<220>
<223>

<2200
<221>
222>
<223>

<220>
<221>
£222>
223>

<220>
221>
222>
223>

<2205
<2215
222>
<2235

<400>

26

16
DNA
NI

B Rt

misc feature

(1). . (16)
AR i A A

misc feature
(D.. (3
B -D-5{ZELNA

misc feature
(10).. (10)
5 L g g

misc feature
(14). . (16)
B -D-FAELNA

26

gtttgtgete gataaa

<210>
211>

27
15

72

16

16

16
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[0025]

<212> DNA
213> ATH

<220>
223> WEHE

220>

<221> misc_feature
222> (1)..(15)
<223>  ERACHERREEE R

<220>

<221> misc_feature
222> (1).. (3)
<223> B -D-FHALLNA

<220>

<221> misc feature
222> (9)..(9)
<223> 5 H I g

<220>

<221> misc_feature
<222> (13)..(15)
€223> B -D-FHALLNA

<400> 27
tttgtgeteg ataaa

<210> 28
211> 14
<212> DNA
213> AIm

<2205
223> BEHER

<220>

<221> misc_feature
€222> (1)..(14)
<223>  WRACHE R BEE R

220>

<221> misc_feature
222> (1)..(3)
<223> B -D-SHALLNA

<220>

<221> misc feature
<222> (9)..(9)
<223> 5 F 3L v g

<220>

<221> misc_feature
<222> (12)..(14)
<223> B -D-FALNA

<400> 28
tttgtgeteg ataa

<210> 29
211> 15
<212> DNA
213> AIm

<220>
223> WEEER

<220>
<221> misc_feature
222> (1)..(15)

73
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[0026]

<223>  WRACHERR G IE

220>

<221> misc_feature
222> (D)..(3)
€223> B -D-%HFLLNA

<220>

<221> misc feature
222> (10).. (10)
€223>  5-HIHE g

220>

<221> misc_feature
<222> (13).. (15)
<223> B -D-FHIELNA

<400> 29
gtttgtgete gataa

<210> 30
211> 14
<212> DNA
213> ATIMm

<220>
223> HEHER

<220>

<221> misc feature
€222> (1)..{(4)
<223>  ORACHERRERIEE

<220>

<221> misc feature
<222> (1)..(3)
€223> B -D-%HIELNA

<220>

<221> misc feature
<222> (10).. (10)
<223> 5-H I g ng

<220>

<221> misc_feature
<222> (12)..(14)
<223> B -D-4%(JELNA

<400> 30
gtttgtgete gata

<210> 31
211> 16
<212> DNA
Q213> ATMH

<220>
223> M

220>

<221> misc_feature
<222> (1)..(16)
<223>  WACRE R N

220>

<221> misc_feature
222> (1).. (3)
<223> B -D-FHIELLNA

<220>

<221> misc feature
222> (1)..(2)

74
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[0027]

<223> 5 Ff L

<220>

<221> misc_feature
222> (12)..(12)
<223>  5-HI AL fumgng

220>

<221> misc_feature
<222>  (14).. (16)
<223> B -D-AELNA

<400> 31
cegtttgtge tegata

210> 32
211> 15
<212> DNA
213> ATH

<220>
223> FEMTRR

<220>

<221> misc_feature
<222> (1).. (15)
€223>  GRACHERRBEIERE

220>

<221> misc_feature
<222> (1)..(3)
<223> B -D-5FELNA

<220>

<221> misc_feature
222> (L).. (D)
<223> 5-H KL M mme

220>

<221> misc_feature
<222> (11).. (11}
<223> 5 H Xk o g

<220>

<221> misc_feature
<222> (13).. (15)
<223> B -D-%HIELNA

<400> 32
cgtttgtget cgata

<210> 33
<211> 13
<212> DNA
213> AILH

<220>
223> HGTR

£220>

<221> misc_feature
£222» (LY. (13)
223> WRAUBEER AR

220>

<221> misc_feature
€222» (1) . (2)
223> B -D-EHILLNA

<220>

<221> misc_feature
<222> (11).. (13)
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[0028]

<223>
<400>

B -D-S{HELNA
53

gtttgtgete gat

<210>
211>
212>
<213>

<220>
<223>

<220>
<221>
222>
<223>

<2205
221>
222>
<223>

<2205
221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

34

14

DNA
NI

TR

misc feature

(1).. (14)

T A R B

misc feature
(.. 3
B —D-5FELNA

misc feature
(1).. ()
5 F 3 g e

misc feature
(12).. (14)
B -D-5{FELNA

34

cgtttgtget cgat

<210>
211>
212>
213>

<220>
223>

<220>
221>
<222>
<223>

<2205
<2215
222>
<223>

<220>
<2215
222>
<223>

<220>
<221>
<222>
223>

<400>

35

15
DNA
NI

FEMTT R

misc feature

(1).. (15)
B R A I ¢

misc feature
(1)..3)
B D4 FELNA

misc feature
(.. (2)
5 3 g i e

misc feature
(13).. (15)
B -D-5{HELNA

35

cegtttgtge tegat

<210>
211>
212>
<213>

36

16

DNA
ANTH

76
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[0029]

220>
223> HEEEER

220>

221> misc feature
222> (1)..(16)
223>  WABEERERIE SR

220>

<221> misc_feature
<222> (1)..(3)
<223> B -D-FHILLNA

220>

<221> misc feature
<222> (2).. (3)
223> b5-H AR mEng

220>

221> misc_feature
<222> (14).. (16)
<223> B -D-HIELNA

<400> 36
teecgtttgtg ctegat

<210> 37
211> 13
<212> DNA
213> AL

220>
223> BEMHEHER

220>

221> misc_feature
222> (1)..(13)
223>  BACHARRMEE

220>

221> misc feature
222> (1)..(2)
€223> B -D-%HFELNA

220>

<221> misc_feature
222> (1).. (1)
<223>  5-HI Ak g mEng

220>

221> misc feature
222> (11).. (13)
<223> B -D-HIELNA

220>

<221> misc_feature
222> (1D.. Q1D
€223>  5-H KL fgmeng

<400> 37
cgtttgtget cga

<210> 38
211> 16
<212> DNA
213> ATH

220>
Q223> BEEHR

7

16
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[0030]

<220>
221>
222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

220>
<221
222>
223>
220>
221>
222>
<223>

<400>

misc feature
(.. (16)
Tt A B T O

misc feature
(..
B -D-%{ ZELNA

misc feature
(3).. (4)
65— F e Jifg ms g

misc feature
(14).. (16)
B ~D-5AELNA

misc feature
(14).. (14)
5 F B ffa e e

38

tteegtttgt getega

<210>
211>
212>
<213>

<220>
223>

220>
221>
<222
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<400>

39

15
DNA
AT

IR

misc feature
(1).. (15)
Tl ATl P O 4%

misc_ feature
(1).. (3
B -D-5 HELNA

misc_ feature
(2).. (3)
5 Ff B i v g

misc_feature
(13).. (15)
B -D-5{JELNA

misc_feature
(13).. (13)
5 B 35 [l mgs g

39

tcegtttgtg ctega

210>
211>
212>
<213>

220>
<223>

40
14
DNA

ATH

BEHR

78
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[0031]

<220>
221>
222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

220>
<221
222>
223>
220>
221>
222>
<223>

<400>

misc feature
(.. (14)
Tt A B T O

misc feature
(..
B -D-%{ ZELNA

misc feature
(2).. (3
65— F e Jif s g

misc feature
(12).. (14)
B ~D-5AELNA

misc feature
(13).. (13)
5 F B ffa e e

40

teegtttgtg cteg

<210>
211>
212>
<213>

<220>
223>

220>
221>
<222
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<400>

41

15
DNA
AT

IR

misc feature
(1).. (15)
Tl ATl P O 4%

misc_ feature
(1).. (3
B -D-5 HELNA

misc_ feature
(3).. (4)
5 BB i v g

misc_feature
(13).. (15)
B -D-5{JELNA

misc_feature
(14).. (14)
5 B 35 fiw g g

41

tteegtttgt geteg

210>
211>
212>
<213>

220>
<223>

42
16
DNA

ATH

BEHR

79
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<220>

<221> misc_feature
222> (1).. (16)
€223> fCHEERAEIERE

{2200

<221> misc_feature
222> (1)..(3)
<223> B -D-%JELNA

220>

<221> misc_ feature
222> (6).. (6)
<223>  5-FLHumERE

<220>

<221> misc_ feature
<222> (14).. (16)
<223> B -D-%HIELNA

<220>

<221> misc_feature
222> (14).. (14)
<223> 5-H AL fmEng

220>

221> misc_feature
<222> (16).. (16)
€223>  5-H Rk ngEng

<400> 42
gitteegttt gtgete 16

<210> 43
211> 15
<212> DNA
213> ATH

<2205
223> BHHR®

220>

<221> misc_feature
€202% (1).. 15
<223>  WRACHERRBEEE

<220>

<221> misc_feature
222> {(1)..(3)
223> B -D-% HELNA

220>

<221> misc_feature
222> (5)..(®)
€223>  5-H R mgEng

<220>

<221> misc feature
222> (13).. (19)
223> B-D-EHIELNA

<220>

<221> misc_ feature
222> (13).. (13)
<223> 5-H AL p g ng

{2200
<221> misc_feature

<222>  (15).. (15)
€223>  5-H AL g

<400> 43
ttteegtttg tgete 15

[0032]
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210> 44
211> 16
<212> DNA
213> ANITMW

<220>
223> SEMEHR

220>

<221> misc_feature
222> (1).. (16)
223> BB AR LR

<220>

<221> misc feature
222> (1)..(2)
<223> B -D-FHIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 F 3k fifg s g

<220>

<221> misc_feature
<222> (11).. (11)
€223> 5 F AL fifg g g

220>

<221> misc_feature
222> (14).. (16)
€223> B -D-FIELNA

<400> 44
cgtttgtget cgataa 16

<210> 45
211> 16
<212> DNA
213> ATHY

<220>
223> EVFER

<220>

221> misc feature
<222> (1).. (16)
<223> WA MR R 4

220>

<221> misc_feature
222> (1)..(3)
<223> B -D-FIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 H I fifw g mg

<220>

<221> misc_ feature
222> 1(11).. (11}
<223> 5 FI B g g
220>

<221> misc_feature
<222> (13).. (16)
223> B -D-HEIELNA

<400> 45
cgtttgtget cgataa 16

[0033]
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210> 46
211> 16
<212> DNA
213> ANITMW

<220>
223> SEMEHR

220>

<221> misc_feature
222> (1).. (16)
223> BB AR LR

<220>

<221> misc feature
282> .- ()
<223> B -D-FHIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 F 3k fifg s g

<220>

<221> misc_feature
<222> (11).. (11)
€223> 5 F AL fifg g g

220>

<221> misc_feature
222> (14).. (16)
€223> B -D-FIELNA

<400> 46
cgtttgtget cgataa 16

210> 47
211> 16
<212> DNA
213> ATHY

<220>
223> EVFER

<220>

221> misc feature
<222> (1).. (16)
<223> WA MR R 4

220>

<221> misc_feature
222> (1).. (4)
<223> B -D-FIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 H I fifw g mg

<220>

<221> misc_ feature
222> 1(11).. (11}
<223> 5 FI B g g
220>

<221> misc_feature
<222> (13).. (16)
223> B -D-HEIELNA

<400> 47
cgtttgtget cgataa 16

[0034]
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210> 48
211> 16
<212> DNA
213> ANITMW

<220>
223> SEMEHR

220>

<221> misc_feature
222> (1).. (16)
223> BB AR LR

<220>

<221> misc feature
282> ). (3)
<223> B -D-FHIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 F 3k fifg s g

<220>

<221> misc_feature
<222> (11).. (11)
€223> 5 F AL fifg g g

220>

<221> misc_feature
222> (12).. (16)
€223> B -D-FILLNA

<400> 48
cgtttgtget cgataa 16

210> 49
211> 16
<212> DNA
213> ATHY

<220>
223> EVFER

<220>

221> misc feature
<222> (1).. (16)
<223> WA MR R 4

220>

<221> misc_feature
222> (1).. (5)
<223> B -D-FIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 H I fifw g mg

<220>

<221> misc_ feature
222> 1(11).. (11}
<223> 5 FI B g g
220>

<221> misc_feature
222> (14).. (16)
223> B -D-HEIELNA

<400> 49
cgtttgtget cgataa 16

[0035]
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<210> 50
211> 15
<212> DNA
213> ANITMW

<220>
223> SEMEHR

220>

<221> misc_feature
222> (1)..(15)
223> BB RRERIEE

<220>

<221> misc feature
222> (1)..(2)
<223> B -D-FHIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 F 3k fifg s g

<220>

<221> misc_feature
<222> (11).. (11)
€223> 5 F AL fifg g g

220>

<221> misc_feature
<222> (13).. (15)
€223> B -D-FIELNA

<400> 50
cgtttgtget cgata 15

<210> 51
211> 15
<212> DNA
213> ATHY

<220>
223> EVFER

<220>

221> misc feature
<222> (1).. (15)
<223> AR 4

220>

<221> misc_feature
222> (1)..(3)
<223> B -D-FIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 H I fifw g mg

<220>

<221> misc_ feature
222> 1(11).. (11}
<223> 5 FI B g g
220>

<221> misc_feature
222> (14).. (15)
223> B -D-HEIELNA

<400> 51
cgtttgtget cgata 15

[0036]

84



CN 105247052 A F 3 % 36/43 T

210> 52
211> 15
<212> DNA
213> ANITMW

<220>
223> SEMEHR

220>

<221> misc_feature
222> (1)..(15)
223> BB RRERIEE

<220>

<221> misc feature
282> .- ()
<223> B -D-FHIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 F 3k fifg s g

<220>

<221> misc_feature
<222> (11).. (11)
€223> 5 F AL fifg g g

220>

<221> misc_feature
222> (14).. (15)
€223> B -D-FIELNA

<400> 52
cgtttgtget cgata 15

<210> 53
211> 15
<212> DNA
213> ATHY

<220>
223> EVFER

<220>

221> misc feature
<222> (1).. (15)
<223> AR 4

220>

<221> misc_feature
222> (1)..(2)
<223> B -D-FIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 H I fifw g mg

<220>

<221> misc_ feature
222> 1(11).. (11}
<223> 5 FI B g g
220>

<221> misc_feature
222> (12).. (15)
223> B -D-HEIELNA

<400> 53
cgtttgtget cgata 15

[0037]
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<210> 54
211> 15
<212> DNA
213> ANITMW

<220>
223> SEMEHR

220>

<221> misc_feature
222> (1)..(15)
223> BB RRERIEE

<220>

<221> misc feature
282> .- ()
<223> B -D-FHIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 F 3k fifg s g

<220>

<221> misc_feature
<222> (11).. (11)
€223> 5 F AL fifg g g

220>

<221> misc_feature
<222> (13).. (15)
€223> B -D-FIELNA

<400> 54
cgtttgtget cgata 15

<210> 55
211> 15
<212> DNA
213> ATHY

<220>
223> EVFER

<220>

221> misc feature
<222> (1).. (15)
<223> AR 4

220>

<221> misc_feature
222> (1)..(3)
<223> B -D-FIELNA

220>

<221> misc_feature
222> (1).. (1)
<223> 5 H I fifw g mg

<220>

<221> misc_ feature
222> 1(11).. (11}
<223> 5 FI B g g
220>

<221> misc_feature
222> (12).. (15)
223> B -D-HEIELNA

<400> 55
cgtttgtget cgata 15

[0038]
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[0039]

<210>
211>
212>
213>

<220>
223>

220>
221>
222>
223>

<220>
221>
222>
<223>

220>
<2215
222>
<223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<400>

56

14

DNA
AT

T

misc_ feature
(1).. (14)
i A Tl I i 52 42

misc feature
(.. 3
B ~D-%{ JELNA

misc feature
(1).. (1)
5 F Bk g g

misc feature
(11).. (11)
5 FF Bk ffa s g

misc feature
(12).. (14)
B -D-5HELNA

56

cgtttgtget cgat

<210>
211>
212>
213>

<220>
<2235

<220>
221>
222>
<223>

<220>
221>
222>
223>

220>
221>
222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
<223>

<400>

57

14

DNA
AT

WA

misc feature
(1)..(14)
i A Tl I i 52 42

misc feature
(1)..(2)
B -D-5HELNA

misc_feature
(1).. (1)
5 B 3 i v e

misc feature
(11).. (11)
5- F 3 Ha s e

misc_ feature
(13).. (14)
B D4 JELNA

57

cgtttgtget cgat
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<210>
211>
<212>
213>

<220>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<223>
<220>
221>

222>
223>

<400>

58

14

DNA
ANTH

AR

misc_ feature
(1).. (14)
i AR B R 4

misc feature
(1). . (2)
B -D-5HELNA

misc feature
(D.. (1)
5 F HE fiu g g

misc feature
(12).. (14)
B -D-SHELNA

58

cgtttgtget cgat

<210>
211>
212>
213>

<220>
223>

<220>
221>
222>
223>

220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

<400>

59

14

DNA
NI

AT

misc feature
(.. (14)
i £ R O 4

misc feature
1. . (3)
B -D-FL HELNA

misc feature
(1).. (1)
55— Pk i i g

misc feature
(11).. (11)
5 F HE fiu v g

misc feature
(13).. (14)
B -D-4{FELNA

59

cgtttgtget cgat

<210>
211>
212>
<213>

[0040]

60

14
DNA
AT

88

14

14
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220>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

<220>
221>
222>
223>

<400>

A

misc feature
(1).. (14)
i £ B P S 2

misc_ feature
(.. @
B -D-SHELNA

misc feature
(1) . CL)
5 Bk I i i

misc feature
(11).. (11)
5 F A& fiu g g

misc feature
(13).. (14)
B -D-SHELNA

60

cgtttgtget cgat

<210>
211>
212>
213>

<220>
223>

<220>
221>
222>
223>

220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
223>

<220>
221>
222>
<223>

<400>

61

14

DNA
ANIH

AT

misc feature
(.. (14)
T A B T i 2

misc_feature
(.. (2
B -D-F{ HELNA

misc feature
(1).. (1)
5 P 0 ff e e

misc feature
(11).. (14)
B -D-5FELNA

misc feature
(11).. (11)
5 FF Bk ff v g

61

cgtttgtget cgat

<210>
211>
212>
<213>

[0041]

62

14
DNA
AT

89

14

14
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[0042]

220>
223>

<220>
221>
<222>
<223>

<220>
221>
222>
223>

220>
221>
222>
223>

<220>
221>
222>
<223>
<220>
221>

222>
223>

<400>

I

misc feature
(1).. (14)
i A T T T

misc feature
(.. @
B -D-%(FELNA

misc feature
(1) . CL)
5 Bk I i

misc feature
(11).. (14)
B -D-% FELNA

misc feature
GLL): 0 (11)
5 F AL fi g g

62

cgtttgtget cgat

<210>
211>
212>
213>

<220>
223>

<400>

63

15
DNA
NI

AT
63

attgeattgt ttecg

<210>
211>
212>
213>

<220>
223>

<400>

64

13

DNA
ANTH

PR
64

gtttgtgete gat

<210>
211>
<212>
213>

<220>
223>

<400>

65

16
DNA
NI

TG
65

cattgcattg tttccg

<210>
211>
212>
213>

<220>

66

14
DNA
ATHY

90

14

13
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[0043]

<223>
<400>

HAH R
66

cgtttgtget cgat

<210>
211>
212>
<213>

<220>
<223>

<400>

cgtttgtget cgataa

<210>
211>
212>
<213>

<220>
<223>

<400>

67

16
DNA
NI

TR
67

68
14
DNA
ANTH

TR
68

cegtttgtge tega

<210>
211>
<212>
<213>

<220>
<223>

<400>

69
13
DNA
ATH

NG R
69

cgtttgtget cga

210>
211>
212>
<213>

<220>
<223>

<400>

70

14
DNA
NTH

SENM TR
70

tttgtgeteg ataa

<210>
211>
212>
<213>
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