I*I Innovation, Sciences et Innovation, Science and CA 3073736 A1 2019/03/07
Développement economique Canada Economic Development Canada
Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office (21) 3 073 736

122 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

13) A1
(86) Date de depot PCT/PCT Filing Date: 2018/08/31 (51) Cl.Int./Int.Cl. A67K 37/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2019/03/07 C12N 15/713(2010.01)
: : - _ (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2020/02/21 SAREPTA THERAPEUTICS. INC. US
(86) N° demande PCT/PCT Application No.: US 2018/049151
o o (72) Inventeur/Inventor:
(87) N publication PCT/PCT Publication No.: 2019/046/55 KAYE, EDWARD M., US
(30) Priorites/Priorities: 201/7/08/31 (US62/553,094); (74) Agent: SMART & BIGGAR LLP
2017/09/29 (US62/565,824); 2018/08/30 (US62/725,129)
(54) Titre : METHODES PERMETTANT DE TRAITER LA DYSTROPHIE MUSCULAIRE
54) Title: METHODS FOR TREATING MUSCULAR DYSTROPHY
Population f“”ﬁ%%%%g W’%
e A ge: 6_ 1 5 y rs g R p é@ 5 3 Q Boe ”ﬁ% ?a%g 50 ;,,,,,,W,,,,,,m,,,,,,éi”m”m,,,m,,,,}:
« 6MWT 2250m 4@ 18, 28, ang 30 mgikw o SRP-4053:30 mg/kg/wk IV |
* NSAA total >17 and / or | ————— I, e o
Rise time <7 sec g M= §
v, A SRP-4053:30 mg/kg/whk IV
-, . PLACEO . ,
“%ﬂmﬂwwmmmwmfwwwwﬂmmmmmmmmmmmwmmmmmmm{ W A A AN IS8 A
N=4 SRP-4053:30 me/ke/wk IV
. = 12 {13 enrplled)
%ﬁi tmggd Control: Amenablie 1o Exon Skipping
g;’/m,,,,m o], Y ————————-—"
¥ = 24
*Patients were continued on treatment as randomized through enrollment period and
f“‘; ’ o v, D?MB review % 7 '
2 Sereening/ Eligihility Rangomized % %ﬁéﬁ;ﬁie&amy %{%géﬂg Riopsy: 48 @”j Mo biopay

(57) Abrégée/Abstract:

The present disclosure provides, among other things, improved compositions and methods for treating muscular dystrophy. For
example, the disclosure provides methods for treating Duchenne muscular dystrophy patients having a mutation in the DMD gene
that Is amenable to exon 53 skipping by administering an effective amount of golodirsen.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca I*'I
50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca al l a



CA 03073736 2020-02-21

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 March 2019 (07.03.2019)

(51) International Patent Classification:
A61K 31/00 (2006.01) CI2N 157113 (2010.01)

(21) International Application Number:
PCT/US2018/049151

(22) International Filing Date:
31 August 2018 (31.08.2018)

English
English

(25) Filing Language:
(26) Publication Language:
(30) Priority Data:

62/553.094 31 August 2017 (31.08.2017)  US
62/565.824 29 September 2017 (29.09.2017) US
62/725.129 30 August 2018 (30.08.2018)  US
(71) Applicant: SAREPTA THERAPEUTICS, INC.

[US/US], 215 First Street, Cambridge, Massachusetts
02142 (US).

(10) International Publication Number

WO 2019/046755 Al

WIRPOQOIPCT

(74) Agent: STEFFE, Eric K. ct al.; Sterne, Kessler, Goldstein
& Fox PL.L.C., 1100 New York Avenue N.W., Washing-
ton, District of Columbia 20005-3934 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, 8T, 8Z, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES. FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(72) Inventor: KAYE, Edward M., 215 First Street, Cam-
bridge, Massachusetts 02142 (US).

(54) Title: METHODS FOR TREATING MUSCULAR DYSTROPHY

FIG 1

... .
R e el e e o e o e e /.:.:. e e e o e s A e o e e e et s /-.:. el e el e e e /.:.:.
L i ///’f’f///g/é -Q I AT A IR VOV UE AV EINE ST XA M B 5 =Z'e=m'
. L s Z42% Uit i 2
Population . DAMB Salety
: Rengiow
g.'///.w Ly AWI/ AIIILLI DN LI L LI IS

* Age: 6-15 yrs

« 6MWT 2250m

 NSAA total >17 and/or
Rise time <7sec /™

SEPADSE: Dose Titration / o
4, 10, 20, and 30 mg/ks 3?:?"%@5353&:} g e Sl IV

e : % . Z
e SRR IISIE s ‘7 SRR AR SRR S S A A A S S S 4 ,:,o.v//.w//AW/AW//M/MV/M/MV/W/M/W/M//MVIMW/M/MW/W//W/M
L e A NPT L L AAPL AN L 25 SIDIIA L LTI L EXSS L LRI ESS L LR LSS LR LI NN L L EE LT LT XV 7, / /
% ",

NS .

EREALES- 20 muihoiwie iY
e, Placebo - g/ke/

R

N = 4

7 %
t 40!0!0(",
y/ P20 PPN P RN PSRNV I IR RN T IRRRT I )RRV I RN /SR RT /SR SRR S Em T Rmn/fmnr /g mnrdy / .
R L P L L e e ecrs ””4;// /ﬁ
%, :

SRP-4053:30 mg ke fwk 1V

" nimgg?d Controd Amenable 1o Exon Skipuing

v
R
7%, (3 //‘553 .
',
7 2770117 IY (LTI MY % ///////////////////////////////////////////////////////////////////////z///////////////////////////f//////Zo

//////?///// B s

r

- R DSMB review M
Z/ % SereaningfEligisility Hungomized % Biuscls Blinpsy: % Muscie Bigpsy: 8 / o nton,
oa flasating W ek -y

(57) Abstract: The present disclosure provides, among other things, improved compositions and methods for treating muscular dystro-
phy. For example, the disclosure provides methods for treating Duchenne muscular dystrophy patients having a mutation in the DMD
gene that 1s amenable to exon 53 skipping by administering an effective amount of golodirsen.

w0 2019/046755 A1 I HEP A0 00 YO0 08 0 00 0

[Continued on next page/



CA 03073736 2020-02-21

WO 2019/046755 A }F MW 0RYH V00 ! 000 A0 A0 AR 0 R

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))
—  with sequence listing part of description (Rule 5.2(a))



CA 03073736 2020-02-21

WO 2019/046755 PCT/US2018/049151

METHODS FOR TREATING MUSCULAR DYSTROPHY

FIELD OF THE INVENTION

[0001] The present invention relates to improved methods for treating muscular
dystrophy 1n a patient. It also provides compositions suitable for facilitating exon 53

skipping 1n the human dystrophin gene.

BACKGROUND OF THE INVENTION

[0002] In a variety of genetic diseases, the effects of mutations on the eventual expression
of a gene can be modulated through a process of targeted exon skipping during the
splicing process. In cases where a normally functional protein 1s prematurely terminated
because of mutations therein, a means for restoring some functional protein production
through antisense technology has been shown to be possible through intervention during
the splicing processes, and that 1f exons associated with disease-causing mutations can be
specifically deleted from some genes, a shortened protein product can sometimes be
produced that has similar biological properties of the native protein or has sufficient
biological activity to ameliorate the disease caused by mutations associated with the exon
(see e.g., Sierakowska, Sambade et al. 1996; Wilton, Lloyd et al. 1999; van Deutekom,
Bremmer-Bout et al. 2001; Lu, Mann et al. 2003; Aartsma-Rus, Janson et al. 2004).

[0003] Duchenne muscular dystrophy (DMD) 1s caused by a defect in the expression of
the protein dystrophin. Dystrophin 1s a rod-shaped cytoplasmic protein, and a vital part of
a protein complex that connects the cytoskeleton of a muscle fiber to the surrounding
extracellular matrix through the cell membrane. Dystrophin plays an important structural
role in the muscle fiber, connecting the extracellular matrix and the cytoskeleton. The N-
terminal region binds actin, whereas the C-terminal end 1s part of the dystrophin
glycoprotein complex (DGC), which spans the sarcolemma. It has been shown that
dystrophin-deficient muscle fibers of the mdx mouse exhibit an increased susceptibility to
contraction-induced sarcolemma rupture (see Petrof et al. 1993; Cirak et al. 2012).

[0004] The gene encoding the protein contains 79 exons spread out over more than 2
million nucleotides of DNA. Any exonic mutation that changes the reading frame of the

exon, or introduces a stop codon, or 1s characterized by removal of an entire out of frame
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exon or exons, or duplications of one or more exons, has the potential to disrupt
production of functional dystrophin, resulting in DMD.

[0005] Disease onset can be documented at birth with elevated creatine kinase levels, and
significant motor deficits may be present in the first year of life. By the age of seven or
eight, most patients with DMD have an increasingly labored gait and are losing the ability
to rise from the floor and climb stairs; by ages 10 to 14, most are wheelchair-dependent.
DMD 1s uniformly fatal; affected individuals typically die of respiratory and/or cardiac
failure 1n their late teens or early 20s. The continuous progression of DMD allows for
therapeutic intervention at all stages of the disease; however, treatment 1s currently
limited to glucocorticoids, which are associated with numerous side etfects including
weight gain, behavioral changes, pubertal changes, osteoporosis, Cushingoid facies,
orowth inhibition, and cataracts. Consequently, developing better therapies to treat the
underlying cause of this disease 1s imperative.

[0006] A less severe form of muscular dystrophy, Becker muscular dystrophy (BMD) has
been found to arise where a mutation, typically a deletion of one or more exons, results in
a correct reading frame along the entire dystrophin transcript, such that translation of
mRNA 1nto protein 1s not prematurely terminated. If the joining of the upstream and
downstream exons in the processing of a mutated dystrophin pre-mRNA maintains the
correct reading frame of the gene, the result 1s an mRNA coding for a protein with a short
internal deletion that retains some activity, resulting in a Becker phenotype.

[0007] For many years 1t has been known that deletions of an exon or exons which do not
alter the reading frame of a dystrophin protein would give rise to a BMD phenotype,
whereas an exon deletion that causes a frame-shift will give rise to DMD (Monaco,
Bertelson et al. 1988). In general, dystrophin mutations including point mutations and
exon deletions that change the reading frame and thus interrupt proper protein translation
result in DMD. It should also be noted that some BMD and DMD patients have exon
deletions covering multiple exons.

[0008] Recent clinical trials testing the safety and efficacy of splice switching
oligonucleotides (SSOs) for the treatment of DMD are based on SSO technology to
induce alternative splicing of pre-mRNAs by steric blockade of the spliceosome (Cirak et

al.,2011; Goemans ef al., 2011; Kinali et al., 2009; van Deutekom et al., 2007).
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However, despite these successes, the pharmacological options available for treating
DMD are limited.
[0009] Thus, there remains a need for improved compositions and methods for producing

dystrophin and treating muscular dystrophy, such as DMD and BMD 1n patients.

SUMMARY OF THE INVENTION

[0010] The present disclosure 1s based, at least in part, on clinical evidence showing that
treatment with an exon 353 skipping antisense oligonucleotide, golodirsen, significantly
increased dystrophin protein in patients over baseline. Furthermore, a positive correlation
between exon skipping and de novo dystrophin protein was observed.

[0011] Accordingly, 1n some aspects, the disclosure provides a method for treating
Duchenne muscular dystrophy (DMD) 1n a patient in need thereof who has a mutation of
the DMD gene that 1s amenable to exon 53 skipping, comprising administering to the
patient a dose of golodirsen or a pharmaceutically acceptable salt thereof.

[0012] In some aspects, the disclosure provides, a method for restoring an mRNA reading
frame to induce exon skipping 1n a patient with Duchenne muscular dystrophy (DMD) 1n
need thereof who has a mutation of the DMD gene that 1s amenable to exon 53 skipping,
comprising administering to the patient a dose of golodirsen or a pharmaceutically
acceptable salt thereof.

[0013] In some aspects, the disclosure provides, a method for increasing dystrophin
production 1n a patient with Duchenne muscular dystrophy (DMD) 1in need thereof who
has a mutation of the DMD gene that 1s amenable to exon 53 skipping, comprising
administering to the patient a dose of golodirsen or a pharmaceutically acceptable salt
thereof.

[0014] In some aspects, the dose 1s administered at a dosage of 4 mg/kg, 10 mg/kg, 20
mg/kg, 30 mg/kg, 40 mg/kg, or 50 mg/kg of body weight of the patient.

[0015] In some aspects, the dose 1s administered as a single dose. In some aspects, the
dose 1s administered once weekly. In some aspects, the dose 1s administered
intravenously. In some aspects, the dose 1s administered intravenously by infusion. In
some aspects, the dose 1s administered intravenously by infusion over a period of 35-60
minutes. In some aspects, the dose 1s administered intravenously by subcutaneous

1njection.
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[0016] In some aspects, the patient 1s up to 40 years old, up to 30 years old, or up to 21
years old. In some aspects, the patient1s 1 to 21 years old. In some aspects, the patient 1s
5 to 21 years old. In some aspects, the patient 1s 6 to 15 years old.

[0017] In some aspects, the disclosure provides a method according to any of the
foregoing or related aspects, wherein the patient has a mutation of the DMD gene that 1s
selected from the group including exons 3 to 52, 4 to 52, 5to 52, 6 to 52, 9to 52, 10 to
32, 11to 52, 13t0 52, 14t0 52, 15t0 32, 16t0o 52, 17to 52, 19to 52, 21 to 32, 23 to 32,
24 t0 52, 25t0 52,2610 52,27 to 52,28 t0 52, 29 to 52,30 t0 52, 31 to 52, 32 to 52, 33 to
52, 34t0352,35t032,36t0352,371t0352,381t0352,3910352,401t0352, 41 to 352, 43 to 52,
4210 352,45t0 32,47 to 52,48 t0 52, 49 t0 32, 50 to 52, 34 to 58, 54 to 61, 54 to 63, 54 to
64, 54 to 66, 54 to 76, 54 to 77, and exon 52.

[0018] In some aspects, the disclosure provides a methods according to any of the
foregoing or related aspects, wherein the patient 1s chronically administered golodirsen.
In some aspects, the patient 1s administered golodirsen for at least 48 weeks. In some
aspects, the patient 1s administered golodirsen for more than one year, more than two
years, more than three years, more than four years, more than five years, more than ten
years, more than twenty years, or more than thirty years.

[0019] In some aspects, the disclosure provides methods according to any of the
foregoing or related aspects, wherein the patient 1s on a stable dose of corticosteroids for
at least 6 months prior to administration of golodirsen. In some aspects, the patient 1S on
a stable dose of corticosteroids for at least 6 months prior to administration of golodirsen
and remains on corticosteroids during administration of golodirsen.

[0020] In some aspects, the disclosure provides methods according to any of the
foregoing or related aspects, wherein golodirsen or a pharmaceutically acceptable salt
thereof 1s formulated as a pharmaceutical composition. In some aspects, golodirsen or a
pharmaceutically acceptable salt thereof 1s formulated as a pharmaceutical composition
having a strength of 50 mg/mL. In some aspects, golodirsen or a pharmaceutically
acceptable salt thereof 1s formulated as a pharmaceutical composition having a strength of
50 mg/mL and presented 1n a dosage form of 100 mg/2 mL. In some aspects, golodirsen
or a pharmaceutically acceptable salt thereof 1s formulated as a pharmaceutical
composition having a strength of 50 mg/mL and presented in a dosage form of 500 mg/2

mL. In some aspects, the dosage form 1s contained in a single-use vial.
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[0021] In some aspects, golodirsen or a pharmaceutically acceptable salt thereof 1s
formulated as a pharmaceutical composition comprising golodirsen or a pharmaceutically
acceptable salt thereof and a pharmaceutically acceptable carrier. In some aspects, the
pharmaceutically acceptable carrier 1s a phosphate-buffered solution.

[0022] In some aspects, the disclosure provides a method according to any of the
foregoing or related aspects, wherein exon skipping 1s measured by reverse transcription
polymerase chain reaction (RT-PCR).

[0023] In some aspects, the disclosure provides a method according to any of the
foregoing or related aspects, wherein the method increases dystrophin production in the
patient. In some aspects, the dystrophin production 1s measured by western blot analysis.
In some aspects, the dystrophin production 1s measured by immunohistochemistry (IHC).

[0024] In some aspects, the disclosure provides a method according to any of the
foregoing or related aspects, further comprising confirming that the patient has a mutation
1n the DMD gene that 1s amenable to exon 53 skipping prior to administering golodirsen.

[0025] In some aspects, the disclosure provides, Golodirsen or a pharmaceutically
acceptable salt thereof for use 1n treating Duchenne muscular dystrophy (DMD) 1n a
patient 1n need thereof, the patient having a mutation of the DMD gene that 1s amenable
to exon 53 skipping, wherein the treatment comprises administering to the patient a single
intravenous dose of eteplirsen of 30 mg/kg once weekly.

[0026] In some aspects, the disclosure provides, Golodirsen or a pharmaceutically
acceptable salt thereof for use 1in restoring an mRNA reading frame to induce exon
skipping 1n a patient with Duchenne muscular dystrophy (DMD) 1n need thereof, the
patient having a mutation of the DMD gene that 1s amenable to exon 53 skipping, wherein
the treatment comprises administering to the patient a single intravenous dose of
eteplirsen of 30 mg/kg once weekly.

[0027] In some aspects, the disclosure provides, Golodirsen or a pharmaceutically
acceptable salt thereof for use in increasing dystrophin production 1n a patient with
Duchenne muscular dystrophy (DMD) 1n need thereof, the patient having a mutation of
the DMD gene that 1s amenable to exon 53 skipping, wherein the treatment comprises
administering to the patient a single intravenous dose of eteplirsen of 30 mg/kg once

weekly .
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 1s a flowchart summary of the Phase I/II Study of SRP-4053 in DMD

Patients study design.

Figure 2 depicts RT-PCR data (Baseline and at 48 weeks post SRP-40353

treatment) for each of the 25 patients in the above study.

Figure 3 depicts the Western blot data (Baseline and at 48 weeks post SRP-40353

treatment) for each of the 25 patients in the above study.

Figure 4A depicts immunofluorescence staining of muscle biopsies from a single
patient (Ex 1) at baseline and on-treatment stained for laminin to show total muscle

fibers.

Figure 4B depicts immunofluorescence staining of sections (1-3) of the muscle

biopsies from Figure 4 A stained for dystrophin.

Figure SA depicts immunofluorescence staining of muscle biopsies from a single
patient (Ex 2) at baseline and on-treatment stained for laminin to show total muscle
fibers.

Figure SB depicts immunofluorescence staining of sections (1-3) of the muscle

biopsies from Figure 5A stained for dystrophin.

DETAILED DESCRIPTION

Embodiments of the present disclosure relate to methods for treating muscular
dystrophy, such as DMD, by administering an antisense oligonucleotide specifically
designed to induce exon 53 skipping 1in the human dystrophin gene, golodirsen.
Dystrophin plays a vital role 1n muscle function, and various muscle-related diseases are
characterized by mutated forms of this gene. Hence, in certain embodiments, the methods
described herein may be used for inducing exon 53 skipping in mutated forms of the
human dystrophin gene, such as the mutated dystrophin genes found in DMD.

Thus, the disclosure relates to methods for treating muscular dystrophy, such as
DMD, by inducing exon 53 skipping in a patient. Furthermore, the disclosure relates to
methods for restoring an mRNA reading frame to induce exon skipping in a patient with
DMD. The disclosure also relates to methods for increasing dystrophin production in a

patient with DMD.
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[0037] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by those of ordinary skill in the art to which the
invention belongs. Although any methods and materials sitmilar or equivalent to those
described herein can be used 1n the practice or testing of the present invention, preferred
methods and materials are described. For the purposes of the present invention, the

following terms are defined below.

I. Definitions

[0038] By "about" 1s meant a quantity, level, value, number, frequency, percentage,
dimension, size, amount, weight or length that varies by as much as 30, 25, 20, 15, 10, 9,
8,7,6,5,4, 3,2 or 1% to a reference quantity, level, value, number, frequency,
percentage, dimension, size, amount, weight or length.

[0039] “Amenable to exon 33 skipping” as used herein with regard to a subject or patient
1s intended to include subjects and patients having one or more mutations in the
dystrophin gene which, absent the skipping of exon 53 of the dystrophin gene, causes the
reading frame to be out-of-frame thereby disrupting translation of the pre-mRNA leading
to an 1nability of the subject or patient to produce dystrophin. Non-limiting examples of
mutations 1n the following exons of the dystrophin gene are amenable to exon 53 skipping
include, e.g., deletion of: exons 3 to 52, 4to0 52, 5t052,6t052,9t052, 10to 52, 11 to
52,13 to 52, 14to 52, 15t0 52, 16to 52, 17to 52, 19 to 52, 21 to 52, 23 to 52, 24 to 52,
2510352,261t052, 271052, 28t052,29t0352,30to52, 31 to 52, 32 to 52, 33 to 52, 34 to
d2,35t052,36t032,37t052,381t032,39t052,401t0352,41 to52,43 to32, 4210 32,
4510 52,47 t0 52,48 t0 352, 4910 52, S0 to 52, 54 t0 38, 54 to 61, 54 to 63, 34 to 64, 54 to
66, 54 to 76, 54 to 77, or exon 52. Determining whether a patient has a mutation in the
dystrophin gene that 1s amenable to exon skipping 1s well within the purview of one of
skill 1n the art (see, e.g., Aartsma-Rus et al. (2009) Hum Mutat. 30:293-299, Gurvich et
al., Hum Mutat. 2009; 30(4) 633-640, and Fletcher et al. (2010) Molecular Therapy 18(6)
1218-1223.).

[0040] The terms “antisense oligomer” and “antisense compound” and “antisense
oligonucleotide” and “oligomer” and "oligonucleotide" are used interchangeably 1n this
disclosure and refer to a sequence of cyclic subunits connected by intersubunit linkages,
with each cyclic subunit consisting of: (1) a ribose sugar or a derivative thereof; and (1) a

base-pairing moiety bound thereto, such that the order of the base-pairing moieties forms
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a base sequence that 1s complementary to a target sequence 1n a nucleic acid (typically an
RNA) by Watson-Crick base pairing, to form a nucleic acid:oligomer heteroduplex within
the target sequence. In certain embodiments, the oligomer 1s a PMO. In other
embodiments, the antisense oligonucleotide 1s a 2°-O-methyl phosphorothioate. In other
embodiments, the antisense oligonucleotide of the disclosure 1s a peptide nucleic acid
(PNA), a locked nucleic acid (LNA), or a bridged nucleic acid (BNA) such as 2'-0,4'-C-
ethylene-bridged nucleic acid (ENA).

[0041] The terms "complementary"” and "complementarity" refer to two or more
oligomers (1.e., each comprising a nucleobase sequence) that are related with one another
by Watson-Crick base-pairing rules. For example, the nucleobase sequence "T-G-A
(5°=237)," is complementary to the nucleobase sequence "A-C-T (3’2 57)."
Complementarity may be "partial," in which less than all of the nucleobases of a given
nucleobase sequence are matched to the other nucleobase sequence according to base
pairing rules. For example, in some embodiments, complementarity between a given
nucleobase sequence and the other nucleobase sequence may be about 70%, about 75%,
about 80%, about 85%, about 90% or about 95%. Or, there may be "complete" or
"perfect" (100%) complementarity between a given nucleobase sequence and the other
nucleobase sequence to continue the example. The degree of complementarity between
nucleobase sequences has significant effects on the efficiency and strength of
hybridization between the sequences.

[0042] "Dystrophin” 1s a rod-shaped cytoplasmic protein, and a vital part of the protein
complex that connects the cytoskeleton of a muscle fiber to the surrounding extracellular
matrix through the cell membrane. Dystrophin contains multiple functional domains. For
instance, dystrophin contains an actin binding domain at about amino acids 14-240 and a
central rod domain at about amino acids 253-3040. This large central domain 1s formed
by 24 spectrin-like triple-helical elements of about 109 amino acids, which have
homology to alpha-actinin and spectrin. The repeats are typically interrupted by four
proline-rich non-repeat segments, also referred to as hinge regions. Repeats 15 and 16 are
separated by an 18 amino acid stretch that appears to provide a major site for proteolytic
cleavage of dystrophin. The sequence 1dentity between most repeats ranges from 10-
25%. One repeat contains three alpha-helices: 1, 2 and 3. Alpha-helices 1 and 3 are each
formed by 7 helix turns, probably interacting as a coiled-coil through a hydrophobic
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interface. Alpha-helix 2 has a more complex structure and 1s formed by segments of four
and three helix turns, separated by a Glycine or Proline residue. Each repeat 1s encoded
by two exons, typically interrupted by an intron between amino acids 47 and 48 in the
first part of alpha-helix 2. The other intron 1s found at different positions in the repeat,
usually scattered over helix-3. Dystrophin also contains a cysteine-rich domain at about
amino acids 3080-3360), including a cysteine-rich segment (1.e., 15 Cysteines in 280
amino acids) showing homology to the C-terminal domain of the slime mold
(Dictyostelium discoideum) alpha-actinin. The carboxy-terminal domain 1s at about
amino acids 3361-3685.

[0043] The amino-terminus of dystrophin binds to F-actin and the carboxy-terminus
binds to the dystrophin-associated protein complex (DAPC) at the sarcolemma. The
DAPC 1ncludes the dystroglycans, sarcoglycans, integrins and caveolin, and mutations in
any of these components cause autosomally inherited muscular dystrophies. The DAPC
1s destabilized when dystrophin 1s absent, which results in diminished levels of the
member proteins, and 1n turn leads to progressive fibre damage and membrane leakage.
In various forms of muscular dystrophy, such as Duchenne's muscular dystrophy (DMD)
and Becker's muscular dystrophy (BMD), muscle cells produce an altered and
functionally defective form of dystrophin, or no dystrophin at all, mainly due to mutations
1n the gene sequence that lead to incorrect splicing. The predominant expression of the
defective dystrophin protein, or the complete lack of dystrophin or a dystrophin-like
protein, leads to rapid progression of muscle degeneration, as noted above. In this regard,
a "defective" dystrophin protein may be characterized by the forms of dystrophin that are
produced 1n certain subjects with DMD or BMD, as known 1n the art, or by the absence of
detectable dystrophin.

[0044] An "exon" refers to a defined section of nucleic acid that encodes for a protein, or
a nucleic acid sequence that 1s represented in the mature form of an RNA molecule after
either portions of a pre-processed (or precursor) RNA have been removed by splicing.
The mature RNA molecule can be a messenger RNA (mRNA) or a functional form of a
non-coding RNA, such as rRNA or tRNA. The human dystrophin gene has about 79
exons.

[0045] An "intron" refers to a nucleic acid region (within a gene) that 1s not translated

1nto a protein. An intron 1s a non-coding section that 1s transcribed 1nto a precursor
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mRNA (pre-mRNA), and subsequently removed by splicing during formation of the
mature RNA.

[0046] An “effective amount” or “therapeutically effective amount” refers to an amount
of therapeutic compound, such as an antisense oligomer including, for example,
ogolodirsen, administered to a mammalian subject, either as a single dose or as part of a
series of doses, which 1s effective to produce a desired therapeutic effect. For an
antisense oligomer, this effect 1s can be brought about by inhibiting translation or natural
splice-processing of a selected target sequence, or exon skipping to increase production of
dystrophin.

[0047] In some embodiments, an effective amount 1s at least about 4 mg/kg, at least 10
mg/kg or at least 20 mg/kg of an antisense oligomer, or a composition including an
antisense oligomer, for a period of time to treat the subject. In some embodiments, an
effective amount 1s at least about 4 mg/kg, at least 10 mg/kg or at least 20 mg/kg of an
antisense oligomer, or a composition including an antisense oligomer, to increase the
number of dystrophin-positive fibers 1n a subject. In various embodiments, an effective
amount 1s at least about 4 mg/kg, at least 10 mg/kg to about 20 mg/kg, 20 mg/kg to about
30 mg/kg, about 25 mg/kg to about 30 mg/kg, or about 30 mg/kg to about 50 mg/kg. In
some embodiments, an effective amount 1s about 30 mg/kg or about 50 mg/kg.

[0048] In various embodiments, an effective amount 1s at least about 4 mg/kg, at least 10
mg/kg or at least 20 mg/kg of an antisense oligomer, or a composition including an
antisense oligomer, to increase the production of dystrophin in a subject. In various
embodiments, an effective amount 1s at least about 4 mg/kg, at least 10 mg/kg to about 20
mg/kg 20 mg/kg to about 30 mg/kg, about 25 mg/kg to about 30 mg/kg, or about 30
mg/kg to about 50 mg/kg. In some embodiments, an effective amount 1s about 30 mg/kg
or about 50 mg/kg.

[0049] In certain embodiments, an effective amount 1s at least about 4 mg/kg, at least 10
mg/kg or at least 20 mg/kg of an antisense oligomer, or a composition including an
antisense oligomer, to stabilize, maintain, or improve walking distance from a 20%
deficit, for example in a 6 MW, 1n a patient, relative to a healthy peer. In various
embodiments, an effective amount 1s at least about 4 mg/kg, at least 10 mg/kg to about 20

mg/kg 20 mg/kg to about 30 mg/kg, about 25 mg/kg to about 30 mg/kg, or about 30
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mg/kg to about 50 mg/kg. In some embodiments, an effective amount 1s about 30 mg/kg
or about 50 mg/kg.

[0050] In certain embodiments, an effective amount 1s at least about 4 mg/kg, 10 mg/kg,
about 20 mg/kg, about 25 mg/kg, about 30mg/kg, or about 30 mg/kg to about 50 mg/kg,
for at least 24 weeks, at least 36 weeks, or at least 48 weeks, to thereby increase the
number of dystrophin-positive fibers 1in a subject. In certain embodiments, the increase 1n
dystrophin-positive fibers in the subject 1s to at least 20%, about 30%, about 40%, about
50%, about 60%, about 70%, about 80%, about 90%, about 95% of normal. In some
embodiments, treatment increases the number of dystrophin-positive fibers to 20-60%, or
30-50% of normal 1n the patient.

[0051] In certain embodiments, an effective amount 1s at least about 4 mg/kg, at least
about 10 mg/kg, about 20 mg/kg, about 25 mg/kg, about 30mg/kg, or about 30 mg/kg to
about 50 mg/kg, for at least 24 weeks, at least 36 weeks, or at least 48 weeks, to and
stabilize or improve walking distance from a 20% deficit, for example in a 6 MWT, 1n the
patient relative to a healthy peer.

[0052] In various embodiments, an effective amount 1s at least about 4 mg/kg, at least
about 10 mg/kg, about 20 mg/kg, about 25 mg/kg, about 30mg/kg, or about 30 mg/kg to
about 50 mg/kg, for at least 24 weeks, at least 36 weeks, or at least 48 weeks, to thereby
increase dystrophin production in the patient. In some embodiments, the increased
dystrophin production 1s about 0.1%, 0.2% 0.3% 0.5%, 0.7%, 0.9%, 1%, 1.01%, 1.5%,
2%, 2.01%, 2.5%, 3%, 3.01%, 3.5%, 4%, 4.01%, 4.5%, 5%, 5.01%, 5.5%, 6%, 6.5%, 7%,
7.5%, 8%, 8.5%, 9%, 9.5%, 10%, 10.5%, 11%, 11.5%, 12%, 12.5%, 13%, 13.5%, 14%,
14.5%, 15%, 15.5%, 16%, 16.5%, 17%, 17.5%, 18%, 18.5%, 19%, 19.5%, 20%, 21%,
22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 40%,
45%, 50%, 55%, or 60% relative to a healthy peer. In certain embodiments, the increase
1n dystrophin production can be by about 0.1% to 0.5%, 0.5% to 0.9%, 0.8% to 1%, 0.9%
to 1.2%, 0.9% to 1.0%, 0.9% to 1.01%, 1% to 1.01%, 1% to 1.5%, 1.5% to 2%, 1.9% to
2.0%, 1.9% t0 2.01%, 2% to 2.01%, 2%, to 2.5%, 2.5% to 3%, 2.9% to 3.0%, 2.9% to
3.01%, 2% to 3.01%, 3% to 3.5%, 3.5% to 4%, 4% to 4.5%, 4.5% to 5%, 5% to 6%, 6%
to 7%, 7% to 8%, 8% to 9%, 9% to 10%, 1% to 2%, 1% to 3%, 1% to 5%, 2% to 4%, 2%
to 5%, 4% to 6%, 5%, to 8%, 8% to 10%, 1% to 5%, 2% to 6%, 3% to 7%, 4% to 8%, 5%
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to 10%, 10% to 12%, 12% to 15%, 15% to 20%, 17% to 20%, 20% to 22%, 20% to 25%,
25% to 30%, or 30% to 35% relative to a healthy peer.

[00S3] By "enhance" or "enhancing," or "increase" or "increasing," or "stimulate" or
"sttmulating, " refers generally to the ability of one or more antisense oligonucleotides
including, for example, golodirsen, or pharmaceutical compositions thereof to produce or
cause a greater physiological response (1.e., downstream effects) in a cell or a subject, as
compared to the response caused by either no antisense oligonucleotide or a control
compound. A measurable physiological response may include increased expression of (or
production of) a functional form of a dystrophin protein, or increased dystrophin-related
biological activity in muscle tissue, among other responses apparent from the
understanding 1n the art and the description herein. Increased muscle function can also be
measured, including increases or improvements in muscle function by about 1%, 2%, 3%,
4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or 100%. The percentage of muscle fibres that express a functional dystrophin can
also be measured, including increased dystrophin expression in about 1%, 2%, 5%, 15%,
16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or 100% of muscle fibres. For instance, 1t has been shown
that around 40% of muscle function improvement can occur if 25-30% of fibers express
dystrophin (see, e.g., DelloRusso et al, Proc Natl Acad Sc1 USA 99: 12979-12984, 2002).
In some embodiments, the increased dystrophin production 1s about 0.1%, 0.2% 0.3%
0.5%, 0.7%, 0.9%, 1%, 1.01%, 1.5%, 2%, 2.01%, 2.5%, 3%, 3.01%, 3.5%, 4%, 4.01%,
4.5%, 5%, 5.01%, 5.5%, 6%, 6.5%, 7%, 7.5%, 8%, 8.5%, 9%, 9.5%, 10%, 10.5%, 11%,
11.5%, 12%, 12.5%, 13%, 13.5%, 14%, 14.5%, 15%, 15.5%, 16%, 16.5%, 17%, 17.5%,
18%, 18.5%, 19%, 19.5%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%,
30%, 31%, 32%, 33%, 34%, 35%, 40%, 45%, 50%, 55%, or 60% relative to a healthy
peer. In certain embodiments, the increase in dystrophin production can be by about
0.1% t0 0.5%, 0.5% to 0.9%, 0.8% to 1%, 0.9% to 1.2%, 0.9% to 1.0%, 0.9% to 1.01%,
1% to 1.01%, 1% to 1.5%, 1.5% to 2%, 1.9% to 2.0%, 1.9% to 2.01%, 2% to 2.01%, 2%,
to 2.5%, 2.5% to 3%, 2.9% to 3.0%, 2.9% to 3.01%, 2% to 3.01%, 3% to 3.5%, 3.5% to
4%, 4% to 4.5%, 4.5% to 5%, 5% to 6%, 6% to 7%, 7% to 8%, 8% to 9%, 9% to 10%,
1% to 2%, 1% to 3%, 1% to 5%, 2% to 4%, 2% to 5%, 4% to 6%, 5%, to 8%, 8% to 10%,
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1% to 5%, 2% to 6%, 3% to 7%, 4% to 8%, 5% to 10%, 10% to 12%, 12% to 15%., 15%
to 20%, 17% to 20%, 20% to 22%., 20% to 25%, 25% to 30%, or 30% to 35% relative to

P B 4 4

a healthy peer. As used herein, “increased dystrophin production,” “an increase in the
production of dystrophin,” or the like refers to an increase 1n production of at least one of
dystrophin, a dystrophin-like protein, or a functional dystrophin protein in the subject.

[0054] An "increased" or "enhanced" amount 1s typically a "statistically significant”
amount, and may include an increase thati1s 1.1, 1.2, 2,3, 4,5, 6,7, 8,9, 10, 15, 20, 30,
40, 50 or more times (e.g., 500, 1000 times) (including all integers and decimal points 1n
between and above 1), e.g., 1.5, 1.6, 1.7, 1.8, etc.) the amount produced by no antisense
oligonucleotide (the absence of an agent) or a control compound.

[0055] The term "reduce" or "inhibit" may relate generally to the ability of one or more
antisense compounds of the invention to "decrease" a relevant physiological or cellular
response, such as a symptom of a disease or condition described herein, as measured
according to routine techniques in the diagnostic art. Relevant physiological or cellular
responses (in vivo or in vifro) will be apparent to persons skilled in the art, and may
include reductions 1n the symptoms or pathology of muscular dystrophy, or reductions 1n
the expression of defective forms of dystrophin, such as the altered forms of dystrophin
that are expressed 1n individuals with DMD or BMD. A "decrease" in a response may be
statistically significant as compared to the response produced by no antisense compound
or a control composition, and may include a 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%,
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% decrease,
including all integers 1n between.

[0056] As used herein, the terms "function" and "functional" and the like refer to a
biological, enzymatic, or therapeutic function.

[0057] A "functional" dystrophin protein refers generally to a dystrophin protein having
sufficient biological activity to reduce the progressive degradation of muscle tissue that 1s
otherwise characteristic of muscular dystrophy, typically as compared to the altered or
"defective" form of dystrophin protein that 1s present 1in certain subjects with DMD or
BMD. In certain embodiments, a functional dystrophin protein may have about 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% (including all integers 1n between)

of the 1n vitro or 1n vivo biological activity of wild-type dystrophin, as measured
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according to routine techniques 1n the art. As one example, dystrophin-related activity in
muscle cultures 1n vitro can be measured according to myotube size, myofibril
organization (or disorganization), contractile activity, and spontaneous clustering of
acetylcholine receptors (see, €.g., Brown et al., Journal of Cell Science. 112:209-216,
1999). Animal models are also valuable resources for studying the pathogenesis of
disease, and provide a means to test dystrophin-related activity. Two of the most widely
used animal models for DMD research are the mdx mouse and the golden retriever
muscular dystrophy (GRMD) dog, both of which are dystrophin negative (see, e.g.,
Collins & Morgan, Int J Exp Pathol 84: 165-172, 2003). These and other animal models
can be used to measure the functional activity of various dystrophin proteins. Included are
truncated forms of dystrophin, such as those forms that are produced by certain of the
exon-skipping antisense oligonucleotides of the present disclosure.

[0058] The terms “morpholino,” “morpholino oligomer,” or “PMQO” refer to a

phosphorodiamidate morpholino oligomer of the following general structure:

e

0=P—-N_

ONOJ/

N

B = nucleobase

and as described 1n Figure 2 of Summerton, J., et al., Antisense & Nucleic Acid Drug
Development, 7: 187-195 (1997). Morpholinos as described herein are intended to cover
all stereotsomers (and mixtures thereof) and configurations of the foregoing general
structure. The synthesis, structures, and binding characteristics of morpholino oligomers
are detailed in U.S. Patent Nos. 5,698,685, 5,217,866, 5,142,047, 5,034,506, 5,166,315,
5,521,063, 5,506,337, 8,076,476, and 8,299,206, all of which are incorporated herein by
reference. In certain embodiments, a morpholino 1s conjugated at the 5’ or 3’ end of the
oligomer with a “tail” moiety to increase 1ts stability and/or solubility. Exemplary tails

include:
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[0059] "Golodirsen", also known by 1ts code name "SRP-4053" 1s a PMO having the base

sequence 5’- GTTGCCTCCGGTTCTGAAGGTGTTC-3" (SEQ ID NO:1). Golodirsen 1s
registered under CAS Registry Number 1422959-91-8. Chemical names include:al//-P-

ambo-[P,2' 3'-trideoxy-P-(dimethylamino)-2' 3'-imino-2',3'-seco](2'a—>5")(G-T-T-G-C-C-

CA 03073736 2020-02-21

T-C-C-G-G-T-T-C-T-G-A-A-G-G-T-G-T-T-C) 5'-[4-({2-[2-(2-

hydroxyethoxy)ethoxy Jethoxy } carbonyl)-N, N-dimethylpiperazine-1-phosphonamidate]
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Golodirsen has the following structure:
O B(n) B(25)
O N/\ OJID O)\‘
ol J| Lol e ol A
3 N /N
N, O 5 o C’N\ O
7N 3
H,C CH, CH;
24
n=1-24
B(1-25):

G-T-T-G-C-C-T-C-C-G-G-T-T-C-T-G-A-A-G-G-T-G-T-T-C
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And also 1s represented by the following chemical structure:
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