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Antisense oligonucleotide (ASO) therapy

-An approach to fighting diseases using synthetic single-stranded DNA-like molecules targeting RNA
-ASOs usually consist of 15-30 nucleotides complimentary to target RNAs
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ANTISENSE OLIGONUCLEOTIDE (AO) THERAPY GETTING
MOMENTUM SINCE 2013
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~50 antisense
compounds are
under clinical
trials for various
conditions




Our study led to the development of an FDA-approved drug
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DUX4 is toxic for cells

e DUX4 in muscle cells cause .
Inflammation

= Muscle inflammation Atrophy
» Muscle wasting

» Disrupted muscle development

DUX4

Muscle development

* Only a trace amount of DUX4 is needed to cause FSHD
» Expression of DUX4 in 1 out of 200-2000 cells can lead to FSHD



Using gapmers for gene knockdown

Carefully designed gapmers MOE/LNA DNA MOE/LNA
1
targeting DUX4 ITTTTTTTTTI
gapmer DUX4 mRNA

Gapmer hybridizes to the DUX4
mMRNA (target binding)

TTTTTTTTTTT target

DUX4 mRNA:gapmer complex binding

attracts RNase H

RNase H
RHase H degrades the

mRNA:gapmer complex (target TTTTTTTITTITT target

degradation) degradation



Gapmer antisense technology: an unprecedented
strategy to knock down DUX4 expression

Proceedings of the
National Academy of Sciences
of the United States of Americe

Inhibition of DUX4 expression with antisense LNA
gapmers as a therapy for facioscapulohumeral

muscular dystrophy

Kenji Rowel Q. Lim*®, Rika Maruyama®®, Yusuke Echigoya®®, Quynh Nguyen®®, Aiping Zhang¢,
Hunain Khawaja?, Sreetama Sen Chandra“?, Takako Jones®, Peter Jones®, Yi-Wen Chen*’,

and Toshifumi Yokota®%'®
PNAS July 14,2020 117 (28) 16509-16515; first published June 29, 2020 https://doi-org.login.ezproxy.library.ualberta.ca/10.1073

/pnas.1909649117

Molecular Therapy

Original Article | Online Now

DUX4 transcript knockdown with antisense 2’-O-methoxyethyl gapmers for the
treatment of facioscapulohumeral muscular dystrophy

Kenji Rowel Q. Lim e Adam Bittel e Rika Maruyama e Yusuke Echigoya ¢ Quynh Nguyen e Yiging Huang e Kasia Dzierlega
Aiping Zhang e Yi-Wen Chen e Toshifumi Yokota ¢ Show less

Published: October 14, 2020 e DOI: https://doi.org/10.1016/j.ymthe.2020.10.010



https://www.cell.com/molecular-therapy-family/molecular-therapy/fulltext/S1525-0016(20)30544-X
https://doi.org/10.1016/j.ymthe.2020.10.010

Our research hypothesis

/FSHD patient-derived muscle cells

- => DUX4?

. FSHD mouse model

We hypothesize that the use of our LNA and 2'-MOE gapmers will result
in highly effective DUX4 knockdown in FSHD-patient derived cell models
and in a mouse of FSHD



LNA/2’-MOE gapmer treatment significantly
improves muscle fusion in vitro

unaffected/healthy. non-treated ESED

LNA1 FSHD.
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*p <0.05, **p < 0.01

Myogenic fusion index (MFI) =
# nuclei in myotubes / # total nuclei
Lim et al. PNAS 2020




LNA/2’-MOE gapmer treatment significantly
Increases myotube diameters in vitro

unaffected/healthy non-treated
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*p < 0.05, **p < 0.01, ***p < 0.005
Lim et al. PNAS 2020 Lim et al. Mol Ther. 2021




Testing gapmers in an FSHD mouse model

2-3 months old

LNA4/MOE3
20 pg

3x i.m.
every other day

FLExDUX4 mice




Our LNA/2’-MOE gapmers reduce DUX 4 expression in vivo
» Data show reduced DUX 4 expression in vivo and important muscle improvements

LNA gapmer 2'MOE gaﬁpmer FLEXDUX4/+ mice
5] T . M | 3xi.m.of 30 ug LNA4 /20 ug MOE 3into TA
215 ; g ) (every other day)
§1o- ﬁi g | Collected 24 hours after the last injection
g 5 * %% 3 4 m Scrbl: gapmer control with scrambled sequences
3 o £ 2 n=5 each
PBS LNA4 PBS Sc € .

PBS MOE3 PBS scramble

Lim et al. PNAS 2020 Lim et al. Mol Ther. 2021

Away from injection site injection site

PBS ™ 'NA Lim et al. PNAS 2020

interstitial space (IS) IS + myofibers

7-week old FLExDUX4/+ mice,
1x i.m. of 30 mg Fluorescein-LNA 4 into TA
Collected 24 hours after the injection

13



LNA gapmers improve muscle function of FSHD model mice

& rLEx DX mice Muscle Collection
111111111111111*11111

Grip Strength Testing Week 10
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*
20
:: . FLEXDUX4/+ mice
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1o 12 LNA gapmer 4
~ Subcutaneous injection (20mg/kg)
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FLExD/PBS FLExD/LNA4 US Patent Number 11,518,955

Issued December 6, 2022
Yokota T et al.



Conclusions and Future Work

LNA and 2'-MOE gapmers effectively
knock down DUX4

Carrier-based delivery of the gapmers
are being tested
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