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Myostatin antisense nucleic acid therapy for rhabdomyosarcoma
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Rhabdomyosarcoma (RMS) is a highly malignant myogenic tumor that is
resistant to treatment, and the development of more effective therapies 1Is an urgent issue.
Antisense oligonucleotides (ASOs) that inhibit splicing of the myostatin gene (MSTN) and suppress
mRNA production of MSTN were developed as potential therapeutic agents for muscle atrophy in this
study. In the course of researching treatments for muscle atrophy, we found that MSTN-ASO inhibits
the proliferation of RMS cells. MSTN-ASO decreased MSTN mRNA and myostatin signaling in RMS cells
(Maeta et al., Int J Mol Sci., 2022). MSTN-ASO inhibited proliferation of RMS cells by arresting the

cell cycle. In addition, high doses of MSTN-ASO induced apoptosis in RMS cells. Furthermore,
simultaneous inoculation of RMS cells and MSTN-ASO inhibited tumor expansion in a mouse xenograft

model .




(Rhabdomyosarcoma: RMS)

MSTN

MSTN
MSTN-ASO

(MSTN-ASO)

ASO

MSTN-ASO

TUNEL

; xenograft
MSTN-ASO

RMS (CRL-2061 ,

RMS

Sl
\§L.¢L Y
RT-PCR MSTN mRNA
MSTN/ GAPDH

(MSTN)
MRNA (MSTN-ASO)
(RMS)
MSTN-ASO  RMS
MSTN-ASO RMS
mRNA
(RMS)
MSTN-ASO
xenograft  MSTN-ASO
1) MSTN-ASO RMS ; MSTN-ASO RMS
2) MSTN-ASO RMS ; RMS
Fucci
3) MSTN-ASO ; Fucci
MSTN-ASO
-CDK CDK
4) MSTN-ASO ; ASO RMS
5) xenograft MSTN-ASO
MSTN-ASO RMS
RMS
MSTN-ASO
RMS
RT-PCR  MSTN mRNA
CCL-136 ) ( )
RMS MSTN-ASO  MSTN mRNA
45
RMS (CRL-2061 ) MSTN-ASO F40
MSTN mRNA %%
( 2 MSTN-ASO 2%
(Maeta et 02
al., Int J Mol Sci., 2022) 515
MSTN-ASO RMS %10~
MSTN mRNA “
0
MSTN-ASO
CRL-2061 MSTN- 1. RMS
ASO ( 3 GAPDH mRNA



05

(A) MSTN-ASO (nM)
(bp) 0 1 5 10 50 100 200
5000 - =—— 04
MSTN  Zo- _—
ey
GAPDH =~ g 03
(B) 1:2 é
Ego; §(ro.z
wa 0.
Eéos é
EEOA 0.1 h
€202
o 0 5 100 150 200 00 -
01 2 3 4 5
AO2+1 (nM) Days
2. CRL-2061 MSTN-ASO MSTN-ASO 3. CRL-2061 MSTN-ASO
MSTN mRNA (A)RT-PCR MSTN- CCK-8 MSTN-ASO
ASO MSTN (BY(A) ( ) 100 nM MSTN-ASO ()
MSTN/ GAPDH
MSTN MSTN-ASO MSTN CRL-2061
CCL-136 MSTN YOL6229R MSTN
CRL-2061 CCL-136 MSTN-ASO
MSTN YOL6229R MSTN-ASO
MSTN RMS
MSTN-ASO RMS MSTN-ASO MSTN
mRNA
(Maeta et al., Int J Mol Sci., 2022) MSTN-ASO MSTN
RMS
RMS (CRL-2061
) BR (Gl) "Y(S) =G (G2/M)
100 B il
Fast-Fucci = . . . - !
< 50
0
16 20 24 28 32 36 40 44 48 16 20 24 28 32 36 40 44 48 (1)
« 4 MSTN-ASO
CRL-2061 4. CRL-2061 MSTN-ASO Fast-Fucci
MSTN-ASO MSTN-ASO
PCR(TagMan™ Array, -

Human Cyclins & Cell
Cycle Regulation)
MSTN-ASO
Gl
CDKN2B Gl

E2F3

¢ 9

, .
N M.tk Lk iTLlL I
- w1 I

e T I

2N-AACT)

I oo e i..i él; = 1
Tiere #=tm=T TETT

mIHm§KHNHNHNMHNIN(NQQN5D(DODHNNQmHqumwN@SHHHNmN
B OENEESI<O0000UULZORXEX XIS LULE 00000000000 Bpmpd
) 000000000 5 8858883 o
5. CRL-2061 PCR MSTN-ASO
100 nM MSTN-ASO CDKN2B

E2F3



TUNEL CRL-2061 MSTN-ASO 24

MSTN-ASO RMS
MSTN-ASO
( 6 MSTN-ASO
MSTN-ASO xenograft MSTN-
ASO MSTN-ASO MSTN-ASO
«n

MSTN-ASO

TUNEL Hoechst Merge

) (+)
1535 mm3 535 mm3

Cisplatin MSTN-ASO  Water

7. xenograft
CRL-2061
MSTN-ASO

ASO (=) 100 nM
6. CRL-2061 MSTN-ASO ASO(+) ASO
TUNEL MSTN-ASO TUNEL (mn3)

MSTN-ASO
Cisplatin

RMS MSTN-ASO



6 6 0 6

Takeda Atsuhito Ueki Masahiro Abe Jiro Maeta Kazuhiro Horiguchi Tomoko Yamazawa Hirokuni 11

Izumi Gaku Chida- Nagai Ayako Sasaki Daisuke Tsujioka Takao Sato Itsumi Shiraishi

Masahiro Matsuo Masafumi

A case of infantile Barth syndrome with severe heart failure: Importance of splicing variants 2023

in the <i>TAZ</i> gene

Molecular Genetics &amp; Genomic Medicine 2190
DOl

10.1002/mgg3.2190

Maeta Kazuhiro Farea Manal Nishio Hisahide Matsuo Masafumi 14

A novel splice variant of the human <i>MSTN</i> gene encodes a myostatin- specific myostatin 2023

inhibitor

Journal of Cachexia, Sarcopenia and Muscle 2289 2300
DOl

10.1002/jcsm.13314

Yamada Mamiko Maeta Kazuhiro Suzuki Hisato Kurosawa Ryo Takenouchi Toshiki Awaya 14

Tomonari Ajiro Masahiko Takeuchi Atsuko Nishio Hisahide Hagiwara Masatoshi Miya Fuyuki

Matsuo Masafumi Kosaki Kenjiro

Successful skipping of abnormal pseudoexon by antisense oligonucleotides in vitro for a patient 2024

with beta-propeller protein-associated neurodegeneration

Scientific Reports 6506
DOl

10.1038/s41598-024-56704-z

Maeta Kazuhiro Farea Manal Nishio Hisahide Matsuo Masafumi 23

An Antisense Oligonucleotide against a Splicing Enhancer Sequence within Exon 1 of the MSTN 2022

Gene Inhibits Pre-mRNA Maturation to Act as a Novel Myostatin Inhibitor

International Journal of Molecular Sciences 5016 5016

DOl
10.3390/i jms23095016




Farea Manal Maeta Kazuhiro Nishio Hisahide Matsuo Masafumi 10

Human Dystrophin Dp7lab Enhances the Proliferation of Myoblasts Across Species But Not Human 2022

Nonmyoblast Cells

Frontiers in Cell and Developmental Biology 877612
DOl

10.3389/fcell.2022.877612

Kazuhiro Maeta, Manal Farea, Hisahide Nishio, Masafumi Matsuo 23(9)

An Antisense Oligonucleotide against a Splicing Enhancer Sequence within Exon 1 of the MSTN 2022

Gene Inhibits Pre-mRNA Maturation to Act as a Novel Myostatin Inhibitor

International Journal of Molecular Sciences 5016

DOl
10.3390/i jms23095016

MSTN

2023

N-of-1

125

2022




Manal Farea

MSTN

2022
Manal Farea

MSTN

7

2022
Manal Farea

8

2022

Kazuhiro Maeta, Manal Farea, Hisahide Nishio, Masafumi Matsuo

A splicing variant found in the human myostatin gene encodes an isoform that inhibits myostatin

American Society of Human Genetics Annual Meeting 2022

2022




Manal Farea

MSTN 3’ UTR
67
2022
Manal Farea
2021
0
0
1

7445640

2024

(Nishimura Noriyuki)

(00322719) (14501)
(Matsuo Masafumi)
(10157266) (34535)







