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bovesy B A5 % S50 (Myotonic dystrophy type 1) o i AZDMT - &L

B 5 shA S 131 e A6 H K FIAT I e 8 2
’W1@4ﬁﬁ%%ﬂ{MMK%ﬂﬁ3—ﬁﬁﬁﬁﬁjﬁWGi
ﬁﬁﬂ%ﬁ’ﬁMM1€$&ﬂ$$?w%%m @A T Ea T4
$ oo Aw AP F IR e et we (C2012) % MCUG £4F B 7|93

v Ak it fsdmyoD mRNAZ e dpt m P A L B > (e AmyoD F-v
FLAREAT S PV i 2 BELCBEIRI - TE 377
?ﬁyﬁﬂpWIﬁﬁéﬂ’mmAgiﬁﬂﬁgﬁﬁﬁﬁonw
f1* Next Generation Sequencing (NGS) & i R|C2C12-(CUG)200£
AMEF|mre? A itam xS % = X gmiRNA 2 E o A i@
£ @ pI1061 BmiRNA - A 1 f5 @ RID|9T5R » FILE P 450 miRNA G
By e o SR 8E ~ 2 F F e 37 (nirTarBase) 2 445
< I};*J%L’?EﬁT PEARF] o JUEE A 2 PmiRNAE P DML o 2 w7 3
Hp & F g2 205 B crmiRNA > ¥ 2 Q-PCRE% # CUG200hkm e 4 it
femiRNAeP & R o AP BmiR-22-5p ~ miR-199b-5p ~ miR-218-
5p & CUG200smPe 2 i {5 £ & 5 B2 % + 2 o 1 * miRWalk2. 03¢ /]
LEﬁLmiRNA?’a;hﬂT’ﬁ%agq]’ 1 % #%Gene Ontology 4 #7158 & Fl#r
**’mwﬂ e‘t«mﬁﬁvﬂ%rmmﬁ 5 Ry Cim g A 1
Kokl el \?f SR HE o A Bt wmie Y R AR
niR-218 ¢ it MyoD# Fleh 3o ﬁ’mRNAz\ TR Pl o hib KA EL
e &P o AP Epre-mir-2184eMyoDin3’ R 2R T - Az L
3 HEK-293Tm?e » /4 K £ RF T e % o ¥ ¢b 5 5C2012 ‘w¥e ¥
# & A MmiR-22, miR-29C, miR-100> &a {5 % = % 2 § Fr 4]
myotube 775 = > gt 2 % BommiR-218 » miR-22, miR-29C, miR-100
T f B wreans it oo 2w 3 R alMbnll knockdownsim fg
? > MyoD“mRNA# 7 % Fov £ ILE "8 X > & 7 MyoD¥ i 4t
miRNAZ 452 o 1 * 24 4 F 30 e =k TargetScane - Human miRNA
Targetsgip| ¥ 12 % & famyoD 3 -UTR#» miRNA » # ¥2NGS data¥ %A
CUG 2002 @ 5 F @ emiRNAE 7R B > J5d Q- PCRi AR R
# A P miR-193afrmiR-682F ic € 2 & TMyoD 3° UTR# - H iElt
; wC2C127 # & 4 B miR-193afrmiR-682 » ¥ # MyoD 3¢ F %
E TR o Feb s Ay Xi»\DMl}}% AR mre g A i ek
LR S et 0 B RS ¢ L SRR
BRI EE A B R e 487 amiRNAGR I o

5.8 A1vp X S % - 3 (DML) ~ CUGH%# ~ MBNL1###1 ~ miRNA
myoD ~ C2C123+* fm¥e ~ 3vim¥z & it

: Myotonic dystrophy type 1 (DM1) is a multisystemic dominant

disease caused by expansion of CUG repeats in the 3 -UTR
of the DMPK gene. In DM cells, the MBNL proteins are
sequestered by CUG repeats to form RNA foci, leading to
defects in alternative RNA splicing that are linked to the
pathologic features. Based on previous data we speculated
that myoD may be regulated posttranslationally. In this
study, we test if myoD can be regulated by miRNA. We
monitored miRNA expression in C2C12-CUG200 cells by NGS,
and found 45% was significantly altered during the
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differentiation course. By bioinformatics and gRT-PCR, the
NGS data are analyzed and validated. miR-22-5p, miR-199b-
5p, miR-218-5p were consistently and significantly up-
regulated in differentiated CUG200 cells. The target genes
were predicted by miRWalkZ.0 and then analyzed by KEGG
pathway and Gene Ontology (GO). The result revealed that
the target genes were involved in biological processes
including regulation of cell proliferation, cell cycle,
cell death and striated muscle differentiation.
Overexpression of miR-218 reduced the protein and mRNA
levels of MyoD gene, consistent with that observed in
CUG200 cells. Luciferase reporter assay also indicated miR-
218 can regulate MyoD 3° UTR. Overexpression of miR-22,
miR-29C, miR-100 in C2C12 cells also suppress myotube
formation, indicating that these miRNAs negatively regulate
the differentiation of myoblasts. Bioinformatics softwares
were used to predict miRNAs that may target myoD 3 UTR and
which also are up-regulated in C2C12-(CUG)200 cells. Two of
them, miR-193a and miR-682 were tested with MyoD 3" UTR by
reporter assays and found to inhibit the reporter activity,
and overexpression of miR-193a or miR-682 in C2C12 cells
resulted in reduction of myoD protein level. In addition,
we generated immortalized cell lines from DM1 patients’
fibroblasts, by which we will use to make myoblasts for
further analysis and validation of miRNAs found in C2CIZ2.

myotonic dystrophy type 1(DM1), CUG expansion, MBNLI
knockdown, miRNA, myoD, C2C12 myoblasts, myogenic
differentiation
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Iegs B e A % HEe (Myotonic dystrophy type 1) » #§ 42 DML - &3¢ 5 ki
Al gep 30 R s - AR H A PR @A 0 DML s 4 s B8 1
& DMPK # F)413°-23 ik«%ﬁ% % e CUG £47 B 7|43 > » MBNLL ¢ 45l
A5 T CUG #3 > id 2 T p5enfl 14 3 o &3 A g I Ak 8t s (C2C12)
%I CUG Z4F B 7I#H > s 18 aamyoD mRNA Zirdledpt 2 P &L £ >
e & myoD F-v FAIRE AT o JRIT A L e ﬁi,%%éﬁew;: o ITHE B IF
S e hed ®EIE DML Aopd ¢ 0 mRNA § S8 H g sopisdl o A fl e
Next Generation Sequencing (NGS) % i ip] C2C12-(CUG)200 £ 4§ & 71| im®e ¢ f i
a2 A it is % = X e miRNA 23R8 > & 3 2 i p 1061 B miRNA > &
s 975 B FME P 45%: MIRNA § B F e o BB ens 4 - 4
= F s 7 (mirTarBase) 2 & 45 2 gszﬁ'f A F] 0 JEaEE 4 @ miRNA ¢
P22 DML B }?’]i w2 F P et A M miRNA > 301 Q-PCR %% &
CUG200 enim?e & i+ 18 mMIRNA enZ JLfi-im e 2% 7 3 miR-22-5p~miR-199b-5p -
MiR-218-5p & CUG200 shim® A it 4 % L& 4 B F + = o 4% miRWalk2.0 37 ]
T MIRNA 7 5 97 5 F) - £ 156 Gene Ontology 4 45 i34 & F]#7 87 i1 4
PRI E—‘r FE DRI e 7 R e s 1t S Imre A S e
W E o A Bk e ¢ R A I mMiR-218 0 £ @ MyoD A Flehg-v &
MRNA % X Dldrd] o hb RFE L 70T %P > AP 3% pre-mir-218 v MyoD
13 % - A 4 2 HEK-293T fmve > (4 R 25 T el d o ¥ ¢k
C2C12 w2 @ i R 4 R miR-22, miR-29C, miR-100 > &4 it %= X 4 ¢ #»P#
myotube 775 = > gt % % & miR-218 > miR-22, miR-29C, miR-100 + & € £ 3
Fevep fmre eng it oo 2w IR . Mbnll knockdown ke ¢ > MyoD e mRNA
2 % Fe ZAMEF M BT MyoD ¥ e Ak mIRNA A f o f1% 4 F T e
=k TargetScane~Human mlRNATarget FRpF o2& A myoD 3 -UTR & miRNA
¥ ¥ NGSdata ¥ & CUG 200 m?z ¢ 5 F A mIRNAEFR &> %ﬁ“ﬁ Q-PCR %
AR % R ¢ miR-193a fr miR-682 ¥ it € % 4 T MyoD 3’ UTR # 4+ &
A1 & C2C12 ¢ i # % 3R miR-193a f- miR-682 » ¥ ¢ MyoD v B 4 R
T TE o Feb o, Ay gz.;DMl:’f;; AghmA mre B E T A etk o L L
‘*’““3&‘« Bz o fp g i‘ﬁ‘r‘fr}}% Ad TR O BRI %R A B e

%z %87 i mIRNA a3 172 -

Mati® « 5 2 g ‘é‘fﬁ}i% - 41(DM1) ~ CUG ## ~ MBNL1 #r4] ~ miRNA ~
myoD ~ C2C12 #+% ‘mPz ~ wtimbz & it

-
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Myotonic dystrophy type 1 (DM1) is a multisystemic dominant disease caused by
expansion of CUG repeats in the 3’-UTR of the myotonic dystrophy protein kinase
(DMPK) gene. In DM cells, the muscleblind- like (MBNL) proteins are sequestered by
the double-stranded CUG repeats to form RNA foci, leading to defects in alternative RNA
splicing that are linked to the pathologic features. Previously, we found myoD protein
levels, but not RNA, were decreased in C2C12 myoblasts expressing CUG expansion or
in myoblasts with mbnll knockdown. So, we speculated that it might for regulation of
posttranslational modifications. Because miRNAs are involved in the pathogenesis of
DM1, we test the hypothesis that myoD can be regulated by miRNA. We have monitored
miRNA expression in C2C12-(CUG)200 cells by Next Generation Sequencing (NGS).
Before differentiation, 1061 miRNA were detected, whereas a total of 975 miRNA
were detected after cell differentiation, among them expression of 45% of miRNA
was significantly altered. By bioinformatics software (mirTarBase) analysis and
gRT-PCR validation, we selected several miRNAs that are up-regulated during
differentiation course in C2C12 -(CUG)200 cells. Among these, the miRNAs which
were associated with DM1 disease, cell cycle control or skeletal muscle generation
were selected and further analyzed for their expression in differentiation medium on
day 3 (DM3) relative to in growth medium (GM) by real-time RT-PCR. miR-22-5p,
miR-199b-5p, miR-218-5p were consistently and significantly up-regulated in
differentiated CUG200 cells. The target genes were predicted by miRWalk2.0 and
then analyzed by KEGG pathway and Gene Ontology (GO). The result revealed that
the target genes were involved in biological processes including regulation of cell
proliferation, cell cycle, cell death and striated muscle differentiation. The precursors
of these miRNAs were cloned respectively and transfected into C2C12 cells to
evaluate their effect on target gene expression. We found that overexpression of
miR-218 reduced the protein and mRNA levels of MyoD gene, consistent with that
observed in CUG200 cells. Luciferase reporter assay also indicated miR-218 can
regulate MyoD 3’UTR. Overexpression of miR-22, miR-29C, miR-100 in C2C12
cells also suppress myotube formation, indicating that these miRNAs negatively
regulate the differentiation of myoblasts. Previously in Mbnll knockdown C2C12
cells, we found that protein but not mMRNA of MyoD was decreased. Bioinformatics
software (TargetScane ~ Human miRNA Target) was used to predict miRNAs that may
target myoD 3’UTR and which also are up-regulated in C2C12-(CUG)200 cells. Two of
these miRNAs are miR-193a and miR-682. Transfection of miR-193a or miR-682 and
MyoD 3°UTR reporter into HEK-293T cells results in down-regulation of the reporter
activity, and overexpression of miR-193a or miR-682 in C2C12 cells results in

2



reduction of myoD protein level. The NGS data of C2C12-(CUG)200 compared with
control cells during differentiation had been analyzed and validated. In addition, we
have generated immortalized cell lines from DM1 patients’ fibroblasts, by which we
will use to make myoblasts for further analysis and validation of miRNAs found in
Cc2C12.

Keywords : myotonic dystrophy type 1(DM1), CUG expansion, MBNL1 knockdown,
miRNA, myoD, C2C12 myoblasts, myogenic differentiation
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B A ep %ﬁ"ﬁgfi(myotonic dystrophy or dystrophia myotonia, #& #DM)-&_
- AEA  REHEA K 2 B A (1) Pl B ANTERT B
F %) 580004 21 @ f o BRIEF LA R 0 B 754351000004 2.1 (2) - #
Tk Ak L R SR E o b K 5 ﬁ*£%m#~é7§¢’5*—@£
g Ap B ek @ #%%fj\/ﬁa B MRS H R A A A ERTE :&,qﬁ * B E
Poa sk R FE 0 BT Sk A e g s (multi-systemic neuromuscular
disorder) (3) - DMz 5 i e & HPEREZHBEE 2R ®AL G fA5E > DM12
DM2 > J’Z mq",\%fﬁc JEAREE 02 o DMLY 5 #1773 DM &1 698 % > ;v([’ii}%’ FlH_A S
5 19%t 4 3 £ B#(19913.3) i~ % F DMPK genesi= =3 2t 3% % (3’-untranslated
region, 3’-UTR)F\ FCTGEAF A 7| B % 3 »ri 5% » 2 g FCTGE 4F oh=x #icdk 5
Jo b AR ARBRE o s e E B4R S 0 5 £ AF = Az 51000 § i% SE R
L 3 % 4gx (congenital myotonic dystrophy; CDM) » i& 45 3] e 4 2 53 pF 2
iﬁg IR MR fo R B ¥ gk (4) DM2R]E_%3021} szinc finger9 (ZNF9)
genes% — intron® > 2 CCTGw Byipa £ 47 F 793 > CCTGHHH# < #ic ) &
75~11,000=% (5) - DM1¥2DM2# 2 i/ Jee4p v > e ADM2¥ @ £ X 4 %

By o

DM #1555 18 4
p A DMensops & + 8 5 €45 A 7 2 33 12 - RNA gain-of-functionv'%%%l
ik - DM1{rDM2355 + £ mCUG/CCUG%?%i% R ARNA - flmbe P A58 fE T

ohairpin= s34 (6) 0 X% 313F SRNAR £ v B & meQrCUG-BP and ETR-3
like factor(CELF)f~MBNL (muscleblind-like protein) = =« 72% v % (7) >

Fip 25 X RNAToCI (8) » i@ s gipdt Foo Fent § 2 2r i o "E%MBNng‘»
BOEFAIESE AR R AE R EICUGEA }%’»ﬂJmCUG BP3-v FrAkiE B AL
#BCUG-BP3}v adFff 2 > % s A" > g2 LZmME 2 (99> MBNLE 7 2
FAFREHEMET R0 0 2B CUG-BPE_7 4 (antagonistic) = ;42 377 52
%] » 4ecardiac troponin T(CTNT) ~ muscle-specific chloride channel (CIC-1) ~ insulin
receptor (IR)% (10, 11) » A H 3R &3 F v veig 8 ~ 35 5 2 43r ] Kk - DM
7 Jp ¢ € F Mbnlék 2 (loss-of-function) 2 2 CUG-BP i A& # 3i.(gain-of-function) 1
I % - Mbnll Egrwjxfm B 7 R DM gp 4 G E o a Bz A
FEER ¥ (12) 0 @ iR & RCUG- Ble@t,f*EUj | B g 43R DMAR B s
REHErAFTRADDREA3) - @ & DML 2 -] Rt ) FE & &
MBNL1 # 23 @ 3eig 8 fo RNA 45357 48(14) ",f pt2_ ¢t MBNLL &iT+ 4%
FIT 58 miR-1 S & o gty DML o 4 s Sk Rag B(15) e

-



PR 5 ;mgi% F miRNA% #
M h3F 577 AT MIRNAs 7 i 87 il (i i g peniop g - B ¢

¢ #d CAG £ 4 B 7|## % 5%k «n SCALl {r Huntington’s disease (16, 17) - i
E I L;u;-, N A CNGE R A 7] € 2 FmiRNAG 2 £ %> CNGE R A 7|4
**RNA% & 9 (RNA binding protein)& 5 =4 » © ¢ = 35/Mbnll (15) - RNA
fi2 %z f% (RNA helicases) p68 ~ p72 (18)ic#f v S & » gk v ik 4 € # T %%
AF T B F > ERDMerug ik o 787 7 # R > CNGE 4 A 71 € » 51Drosha
frDGCR8:iz#f cr4f & 3-v > HFRmMIRNAZ & = 23 - Droshad_fA F =~ 4f & ¥
v v ¢ z 7 DEAD-box RNA helicases p68(DDX5)frp72(DDX17)4-nuclear factor
90(NF90)4-NF45 (19) » % p68 ~ p724& £ 4F B 7= 31 % & 15 » T FRmIRNAZ &
= N IR AR (18) % ¢ %85 47 (FXTAS > Fragile X-Associated Tremor/Ataxia
Syndrome) & ¢ FMR1& F]:05°-UTRj CGG## “r 3% » @ & B €47 / 5| chig iy
£ primary-miRNA#p 12 » & 7 Droshaf-DGCR8AL = 51 % & |t ..:éfiaj v 5l 4=
MIRNA% 23 12 = 7554 (20) -

MIRNA DML 5 ¢ ¢ 5

AR RAR S Ay BT MIRNAs = 7 a0 520 & DML ehsop i - ok 4p ik
MR 7 R 3T miR-1 %7 3 o LIN284-LIN28 binding proteins ¢ & TUT4 i*
* 5 & pre-miR-1 =k #4352 uridylation > :E Dicer & ;% iv%* (21) > F]m &2 4
= mature 7 miR-1- » MBNL1¥ £ LIN28 < % & & pre-miR-1loop * =
UGC motif - & CUG £ 4 & 733 % ¥ «im®e ¢ > MBNLL @423 ¢ = LIN28
F4£ 3 pre-miR-1 } - i@ mature & miR-1 & " > TEAFF A iEAE £ R
SN 3 m&,»]‘p(15)°“$ i miR-12_ ¢k tLDMlﬁw,f;qv‘ - ’;é‘irl? - - myomiR=1% 3 >
&]4rmiR-206 (22) ~ miR- 335@5‘. % DMLyp; 4 =5 ¢ > miR-29b ~ miR-29¢ -
MIR-33 & DM1y5 4 ‘e & > (23) 0 ¥k B Iﬁ,myom|Rv’ miR-1 > miR-133b »
miR-206:1% frmislocalization B o7 2 MIRNAT &y € 52 DM1svp & 2 K i
P 4(24)c R P w AR T B AB  F B FEDT S o

MIRNA & § #25v¢ a3 i

MIRNA %8125 5 4 S qz B ent gz » Ho & 57 F Rvehn s 7 & L4808
RAF G rep mREAR A E o B]4emiR-195 ~ miR-497 i i¥ satellite cells quiescent
Gyl fi (25) > MiR-675-5p ~ MIR-675-3p A A it (26) » b #b » $r % A svp (w5
ok feav)? LR T F 230 £ miRNAX 42 4L 2 myomiR» ¢ 2 miR-1-miR—133a -
miR—-206 (27, 28) » {5 #p* 3 < /]?’%#El 41miR-208a ~ miR-208b ~ miR-499 ~ miR-486
£%L 4@ 29 20 (29) o @ MyoDiz#g iMRFs» 4% F ¢ & @42 miRNA
AP A rmiRNAS A B B m e 4 1 > 2 miR-181#4r+|Hox-All#® MyoD 4
7.+ 2 (30) » MyoD4rMyoG# 3#rmiR-214 % & v #r4] p 184 FIEZh2ige A 1L ie
7(31) > MyoD2} ¥rmiR-2064r+#|Fstllf-Utrn 4 T 24 & i (32) % -
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Bk AT P HRL R b C2C12 g e @ F 4 CUG # 4
B 7] & &_ knockdown MBNL g i fmre L it g 4 X P4 0 2 MyoD protein
level P &~ *% > @& MyoD RNA level ¥ @b ¥ £ % - 5% myoD # i 54
# 0 AL AP CUG 200 2 fm%e > |7 11t i v A it eha5(33) o A i
BIMBNL%>r MyoD £ 7] & 3R e038 357 84 ## 4% {2 (posttranscriptional) erpg £ o 34
o RIMBNLL &% 7 &t recruit %+ miRNA # # &2 % £ 3 MyoD 3’UTR -
m MBNL1 knockdown p#iz#* miRNA Rl k%&£ 3 MyoD3'UTR > ¥
MyoD mRNA 7 & = & translation hZ 4= > &m F A L ag 4 o Flpt g 4
e 45 8] MBNL1 knockdown i = ¢ myoD T ' §_f g3+ R § 35 on
Py e T3 myoD 3’UTR /& 7 £ F X miIRNA #7 »

HA 273507 5 48 CUG #4342 MBNLL knockdown ig = 3vim?e 4 it
Frdlen mRNA > 8- % A P4 2 NGS &7 435 RNA #A o A 4F tlmie ¥
ZILP BT F 3 & T2 mIRNA > £ 217 T 5 A T A R o

g

1. 1% = f8 % 4 £ CUG200 (PEGFP-CUG200):7C2C12:m % 5 » 11 % 4p fis it 5 4+
s_ehcontrol km #2 $k(pEGFP-N3) -

2. 2 NGS (next generation sequencing)-|- 4 + T_& ~ 17 &% . pEGFP- CUG200
¥R e imre ? LR A AT A GmIRNA > E 701 0 miRNA -

3. {1* Real-time quantitative PCR 2 2 i i£ 77 MIRNA > ¥ #-% & i 7 miRNA
4 &2 Rk % E mRNA ey -

4. EH i pCS?* DsRed-pre-mir{- pEGFP-pre-mir ZEFAL i

5. Transfect &% 42 mMiRNA f'48 3 C2C12 M LR mE A i U E
Ao dn FehdmE o o

6. MAFTHWEFS D FE MRNA 4p M HAF o &2 5gp 4 GO pathway @ &
HATHEE RSP RAT

7. A FHHIERE S ED MyoD 3UTR @ miRNA # ¢ % &NGS:hE & &
Hhva €563 MyoD3UTR hiziE miRNA -

1'~1\

8. {1 * Real-time quantitative PCR 4 17 f= dual-luciferase reporter assay %
MyoD 3’UTR eniz i#2 miRNA ¢ F 35 41 % MyoD 3'UTR 3 # X
miRNA -
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1. Wi

PR R F 2 e ke i C2C12 o) Blvegk R e (Skeletal muscle
myoblast) ~ HEK 293T cell * #g %75 % %m*z ~ Hela cell ~ human primary DM1
fibroblast cell * # DM1 4~ s gk ‘a* ‘w9 (GMO07492 5 & ¥ A #iw?e ~GMO03987 ~
GM04033 ~ GM03989 4 =] 5 CTG £ % 500 ~ 1000 ~ 2000 =t =5 R s ¥e) » pEp
Coriell Institute for Medical Research » ¥ 12 37.0°C » 5% CO, i i2 T 32 % o

C2C12 #; % ** Dulbecco’s modified Eagle’s medium(DMEM ; Gibco) ~ 10%7%y
2 i ji(Fetal bovine serum, FBS; Gibco) ~penicillin /streptomycin (1% P/S; Gibco)
L-glutamine (4mM ; Gibco)  #xig {7 4 i 2 % pF > 2L 12 Growth medium(GM)3: %
C2C12 mPs X % B X4 » % » #3152 % #% 5 Differentiate medium (DM) > 2
DMEM -~ 1% P/S ~ 4mM L-glutamine ~ 2% 5 x j-(Horse serum ; Gibco) 14 3% % ‘m7#
it e 2% CUG £4f B2 w3 & A3 4 » 500pg/ml G418 » knock down
Mbnll e ¥ F e » 2ug/ml puromycin ° Hela 32 % ;& = C2C12 GM 1 % % >
HEK 293T cell ] 5 DMEM ~ 0.1% P/S ~ 10% FBS » ¥ 9 & /S PFi&E (748N % o
Human primary DM1 fibroblast cell p] £ 3 % ** DMEM -~ 15% FBS -
Antibiotic-Antimycotic (1X anti-anti ; Gibco) - Nonessential amino acid solution (1X
NEAA ; Gibco) > %) 9 A BPFEFHAEE « APt S w22 Z 4~ 0.6
ug/ml puromycin > # 5 myoblast & 32 & % Bl % £ 4 » 0.6 mg/ml G418 -

2. Wpd AR AR S

'&:ffiai %@ & : shMbnll & %2 (TRCN0000102630 ~ TRCN0000102633 -
TRCNO0000102634)f+p RNAiCore » 44 5x10° B HEK293T ‘m#e Aigam® o
g% 12 PBS i 18 40 ~ 10ml 378 i3 £ % 0 3 e gl AR o4 (8.1ug
pCMV-ARS8.91 ~ 0.9ug pMD.G -~ 9ug lentiviral ShRNA plasmid)*+ 1.5ml tube ¥ & &
393 > L M4 » 125mMCaCl2 # % 5 4 43 ~ £ 4 » 2X Hepes-Buffered Saline
(HBS; Promega) 3| tube » >t 2 B4 % 7 » 48 > EF B-tube ¥ iR £ 2353 f
~10cmE i ? > B3R RY B AR 10 )P > BT AR o R0
X jis % 36~48 [ ¥ o B 4 C2C12 chypd 2§ 4 AT 2 st (7 3 iR #
fi v+ Lenti-X™ Concentrator : J5 4 Jgi% =1 : 3 (Takara Bio Company) » i £ 3
{834 CF J& overnight » £ 12 4°C a4t~ 15009 ~ 45 4 48 > & {8 # " ) IR
100ul w i3 T 2k 45 100 & chvps 4 % > ¥ 5 3%-807C -

B % & % #%4x10° B C2C12 e 48+ 6cmdish # > f e~ 8 pg/ml
polybrene |33 &% ¢ > 3&¥ 4 » 100pl JR¥5m+ R TR 4 0 1< £ 3+ 3703
AR o Elwie 2 74 R (recover)- % 0 BRI H - AR ERE G T F 2ug/ml
puromycin ¥ % ;% - & iE - % ¥ {¥ stable ShRNA cell lines -



3. FRIEREFAHFF R

RNAZ B~22 z §: tw?2 12 TRIreagent3 P~total RNA » £ 12 Phenol/Chloroform
(1:1>pH43) ¥ i ik » B8 M DEPC-K w3 o P~1ulshRNA:E 7 1%:5
DNA#: & A ke st RNA & B (185 ~ 28S) - 12 NanoDrop (ND-1000 Spectrophotomer >
Thermo) 4 +TRNAE B 3 % & -

MRNA Q-PCR: = & PCR #1i¢ * ik ® % Step One Plus™ (ABI) » Fast
SYBR® Green Master Mix (1X SYBR ; Life) ~ #-Forward ¥ Reverse primer ;2 &
H## = (primer-Mix 0.5uM) 2ul > cDNA(#-# 128 ) 1ul > 4 d2H20 1 10ul > 2
L35 { v > Q-PCRF eifit 2 istage1:95C 10 4 4% ; stage 2 :
BT 154 60C 144 €440 BHE-F TR+ L& Ct B8
GAPDH(internal control)sn Ct &8 » 3+ & 41 2 ((AACt) » T 5 4p ¥t T & chidiciE -

miRNA Q-PCR: = }+ #- Specific Forward primer 22 miRNA Universal Reverse
primer i& & - = (primer-Mix 0.5uM) 2ul - cONA(#F# 32 %) 1ul > Q-PCR » J&
eiE it 5 istagel : 95°C > 10 ~ 48 s stage2:95C » 1545 ~60C " 1 ~ 45> £ 4
40 B #% ;> stage3 : 95C » 154, ~60C > 1 »48~95C » 154 - F k= = {5 »
f 4 Ct & > £ U6 (internal control) = Ct @ 14 » 2 & 4y 20880, 90 % jnst 5 § oh

BE -

4, & * LB

B~ Fov E Bode s o 12 SDS-PAGE it (79388 T & » £ ;4 3] PVDF + o %
f& % 8 T PVDF %212 7%% 7 %3k &% 3% Bovine serum albumin (BSA):i& {7 e %1
(blocking)s& & % § 7 p2 39 > ;& 1~2 -] B > 12 TBST buffer (20 mM Tris ~ 137
mM NaCl ~ 0.2 % Tween 20, pH 7.4) 5% #ic=t © 1395 P $3-v 4v » - B fifl > 0 4
Cxie 1K= » £ 0 TBST buffer #c=t o £ 1335 — Bdufl cfdsg+e » = Bl >
=72 — | pF > TBST buffer #&=% - 8« {s 12 ECL system (Western LightningTM
Plus-ECL,PerkinElmer Inc)¥2 PVDF %% } ez adndf it ¥ & 4 46 » £ 1K
B kA o

5 2 F A A H5

MIRNA P & 2 ]38 B

f1* MICROT-CDS
(http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=microT_CDS/index)
#-H miTG score %% % ~ »% 0.7 Targetscan-mus (http://www.targetscan.org/mmu_61/)
#-H Aggregate PCT % % <> 0.7 » £ @yt 2 £+ % > MiRDB
(http://mirdb.org/miRDB/)#-# score 3% 7 = ** 60 o

Gene Ontology(GO) & 714 ## & #7287 KEGG 2 472 /T 4 47

f1* DAVID (http://david.abcc.ncifcrf.gov) e =k > &k 4 47 4p B <55 GO pathway >

A

7 molecular function(MF) ~ cellular component(CC) -~ biological process(BP) » t

2
g
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http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=microT_CDS/index
http://www.targetscan.org/mmu_61/
http://mirdb.org/miRDB/
http://david.abcc.ncifcrf.gov/

Pt BP AH F AR A AT L BERF A BELFOAHTER

6. RETHAR

- & in Azl * C2C12 m#z 1 genomic DNA ¥ 4 #-45 » §1* primer set » forward
22 reverse B i 0 iE {7 PCR 2+ #1% en i B w A 47 18 » - insert f- vector
TR R 0w T2 45 chinsert o vector i 7 ligation» 2. {4 41 * DHSatransform:
¢ clone {s ﬁ&:? R BFEIR G BT Tk

% 2% % (point mutant)¢? PCR deletion:  #l & @2 R Al Ly » L B-%
% 8 PCR Deletion 1% B - 515 » B-F 7R 87 2 3 s B o primer %
35 B-E deletion sh 3 B 3 w2 (22 an R/ 7 E L forward primer 0 3 A K G
reverse primere % f 16 - ¥ {5 > 12 QIAGEN ® Spin Miniprep % % 548 -PCR *
BiE&is > 4er 1plDpnl (NEB)» & 37CTiemfEd > 1.5 | p& o 7 § %
RS DNA 2 B > 27 73 R %8 DNA- £ 448 10 2 7 PCR 4
f 7 (transform)i& » 48 (competent cell-DH50) » & 7 7 R % BLc0%k 4] DNA =
PAEAMY A R T A SRR REST &0 A2 7 mutation £
deletion 48 -

7. g3 kR AR

pGL3 control-musMyoD 3’-UTR # 3 firefly luciferase 3¢ % 8 12 MyoD
3°-UTR A #1; pRL-TK R| &f 5 85 4 'm e ¢ # 4% § 4 18 Renilla luciferase i £ >
v i® 5 firefly luciferase vector 3 %—}%‘ & M internal control -

i transfect cf§ = - co-transfected pGL3 control {= pRL-TK & 48 crim e » #
PBS ‘}%‘iﬁﬁ » ¥ 4v » 1X Passive Lysis Buffer 500ul >t 287 » B 3378+ F & 20
s B MGRAE UBE o B — 2452 18 10l dmPe F B~k 40+ Luciferase
Assay Reagent I 25ul » 2 luminometer #4 firefly luciferase 4 s ip|:& » Rl % 154
» Stop & Glo TM Reagent 25ul 12 e firefly & & F pF» % iv Renilla luciferase -
7= % luminometer # Renilla luciferase /4 sk pl3& » d = ﬁ v B 1Y luciferase siE
Moo

8. A 431 A DML A S G 2 oo
# % % pLAS5w- Ppuro -hTERT &% 31t g4 £ AR 160 20 st e iz 5

? I RNAICore 7w k5 & (T4 i WA > LRl L ops ol » AP F 5l a4
¥ 5 8469 RIU/UI » % — % #-4 #f DML 4= % 5 s # % 2.6x10° B 485+ 6 2 4
Fe o ;yz,.;}}%i,,g % vk} ik 0 4e ~ 8ug/ml polybrene |32 & % ¢ 0 F 4e »
Fid (0 MO 3 12 15 ant B i R iwts o [ X S R &R 0 e
P2 (740 (recover)— % v R w X B3 R R L 77 0.6 ug/ml puromycin > & iE
S X T EA s it sk A DML S AR % o §| % A 22> hTERT PCR A£30?
snprimer > ¥ 7 43 i 'm®% cDNA it {7 PCR fg3% °
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9. s34

Er PRI % F @ % SigmaPlot kg AT B R L BB A FHF
£ * t-test k-5 > 2 pvalue £ F )3t 0.05 i 2 %o *p<0.05;**p<0.01;
***p < 0.001 ; Non-significant (NS) : p>0.05 -

B2

1. myoD 3¢ #& <4+ & MBNL1 knockdown % ¢ i & s %

i g * cyclohexamide #r#3Tehd-0 & = > % I & ¥ AR 2 (ShRFP){- knockdown
Mbnll sr%m¥e & ¢ (ShMBNL634) » MyoD 3#-v f& =142 3 % % £ £ (Fig 1B) > =
4_MyoD 3#-v % shMBNL634 chim®z ¥ — B &VJJ-& PR PR de B 'R M R % (Fig
1A) - F]3* > Mbnll knockdown I % ¢ i = MyoD #-v % $£ < > 4&ip] MyoD -
§ Rl t R SR o

2. myoD 3°UTR & 5| ¥ it £ miRNA # =

#-pGL3 control~pGL3 control-myoD 3'UTR FL~myoD 3’UTR % B 7 F % £ (Fig.
2A)transfect = C2C12 & Hela # »+# 5 413 transfect myoD 3'UTR FL him* % 3
% C2C12(Fig. 2B) ¢ Hela(Fig. 2C)# #p#2*t control ‘- luciferase /=12 % 3 A F
% o @ & D2 luciferase /& 423 # 42 > D4 B ¥ & Hela % ? E 123 ‘w)e. °o iz 7T
myoD 3’UTR 5 7| ¥ it £ MIRNA #3-> a mMRNA % &% ¥ it 2 & D2-D4
ek 7] ¥ ic £ muscle-specific mMiIRNA #7315 -

3. miR-682 ¢ # 4= MyoD ¢73°-UTR

F1* microRNA.org ~ Microcosm Targets ~ TargetScan Human 3 #& # F 4 =k 35 p] 4!

F P €243 MyoD3’UTR o miRNA > 2 ¢ 5 4 B miRNA Ej&;&ﬁ;a;{,ﬁli'l ’
A,\ B % mMiR759~miR339-3p~miR682 {- miR762- % i& -PCR i ipliz 2 miRNA &
C2C12 ~ Hela ~ ATDC5 w#z ¥ e IL& > 2 I miR-759 ~ miR-339-3p # C2C12
‘wie ¥ £ RF % > miR-682 ~ miR-762 % C2C12 ‘m¥2z ¥ PRI E 3 % 3R (Fig. 3)

- # 5 A MiR-682 ~ MiR-762 22 Myo D 2_ & e1ff 7% » % L miR-682 £ LA & 1L {4 T
% » @ % MBNL1 knock down & 3 % % + = (Fig. 4) > % 5t miR-682 ¥2 myoD &
ZIRE LB A mR-762 £ AR 4pF > X5 & myoD v R E & B %
(Fig. 4) - miR-682 & MyoD 3’UTR _} 3pip| it & 1“%_75 Z o s E 114112
256-277 » 2 ¢ 1-14 ehi= % 7 §_MyoD 3UTR AL FenE (T o F b 20 7o ) i 3
255-277 i % 4 “/f er1 clone (F2A — D5) » % 3 transfect & C2Cl12 ‘wm?z P {3
luciferase /#1235 w4 > &7 miR-682 ¥ it 3 ¥ MyoD 3'UTR(Fig. 5) -
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4. & ¥ C2C12-(CUG)200 £ 4 & 7| m% NGS e %

AP g C2C12-(CUG)200 fmie BETR i B REE ik &0 AW L A b
it = % o703 RNANGS 4 47> B miRNA & C2C12-(CUG)200
dmre e ib g ARY A ILE e o AP INGS 4 472 A B < X 5 SMReads o 15
A1 B] % Nlumina 7 GAIIX f= NextSeq500 » Z_& {5 1 * miRDeep2 ** ¥ miRNA
T hE R B A 5 miRBasel9 o X mMIRNA g Bl @ 7 10 3] s it
BEFEHA I nme aRelp < S RE LY RhizE o N FIIL D
MIRNA 3 HaEe e kT dux 3 84 I miRNA 2 2 £ 24 593k % (Fig. 6) -

AR FRLE-H AT NGS (g% o A it w5 £ 3 1061 i miRNA 44
Rl R o & CUG200 w*2 up-regulation e384 > :x € 30 a B0 ahl 3

1273% > H ¢ <3+ 7 22 b end 7 3.29% ; down-regulation 3% 4 > zi%ﬁ 3%
AR Fand 7 2675% 0 B¢ AT 2o bend 3 1073% c A it i x5 975 B
MIRNA 4% 1 B3] > & CUG200 wm?z up-regulation e 4 » xS E + 303 B2+

e 7 15.67% 0 H P AT 2w et 7 11.44% ;5 @ down-regulation R A o
LR EANA B et 7 29.62% H ¢ 3T 2w b ent 7 20.69% (483 3
LR 5

5. ¥4:iE &2 mIRNA

NGS # g B sk 2 5 Wi 2 (67 Shicdp 8 % HAE» 2 P L - NGS
2% ¢ reading counts -] >+ 100 5 miRNA 5] ",f TRV G miRNA #idy 0 £
#-CUG200 A4 1t f A 1v w0 cee & 2 R e ot 2 » 7 (CUG200 DM3/CUG200
GM) / (N3 DM3/N3 GM) = Fold change - 1 * }* = ;% &4 % 2 5 miRNA »

BB drd>15 0 AP T R B 05 E'J % T3 o % Fold change % % =
Fléa~ # Bis > ¥ M3 44%miRNA @ & 2 i e 15 2 (Fig8A) » 4&% »
1 * ﬁdfg%‘”dﬁ 247 MIRNA e L2518 > AP 8 A2 B2 AP R 7
£ 3 % %7 & (Highly conserved) s miRNA » # 3% < 1”:}5 P R BT AR E
pﬁﬂm4 ¥R bmmlRNA°4¢\?}§l‘4ﬁ"ZﬁmmlRNA"i(LA: & it

\\\Xy

1

iféﬁ, R - B
DML 5 5 e4p i v[ﬁkv‘ # 3 i A w3 £ 2 o miRNA» JI’% A RE A Tk pooR
ik 23 49 B MRNAMGH! H3 F 3B AR ) %= o F M IseiEr
F Ry T AR M e }?ec* # P miRNA 5 = » F] 5 1% % ﬂ)gk#ﬂ 2 miRNA ¢ %
WA P im e A B AR o b s TP AN 8 e 1E ) 33 2 e mIRNA B
»~(Fig8B)- " & mMRNA @ &H P — 38 > AP HRv 7|57 P o
FABEFES > Aeed 18 BiEiE mIRNA> 29 5 13 BHE A 0 A w G
miR-1a-3p ~ miR-22-5p ~ miR-26a-5p ~ MmiR-99a-5p ~ miR-99a-3p ~ miR-100-5p -
mMiR-132-3p~miR-133b-3p~miR-195a-5p ~miR-199b-5p ~ miR-218-5p ~miR-331-3p ~
miR-497-5p ; 5 B A>T > & 4 i : miR-10a-3p ~ miR-10b-5p ~ miR-92a-3p ~
miR-92b-3p ~ miR-486-3p (0) -
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6. %% NGS i 5
% 7 FEis NGS #1113 mIRNA & 3 » AP k-2 miRNA 2 27 Real
Time quantitative Reverse Transcription PCR (QRT-PCR) = 2% - 2| %] iz 4 miRNA
ik B &S NGS 484 » s €215 <05r EMri & -- %73 11
® MIRNA % & NGS %% > # ¥ 73 3 % miRNA Ex > # § A PFIEH > & 4
% mmu-miR-22-5p (fold change = 1.72) ~ mmu-miR-199b-5p (fold change = 3.40) ~
mmu-miR-218-5p (fold change =2.09) ; 7 4 e 7 TP HFL I HFLE >
5 % mmu-miR-10a-3p~mmu-miR-99a-3p~mmu-miR-195a-5p~ mmu-mlR-497-5p,
JF 4 B AEEE LS WL mmu-miR-26a-5p ~ mmu-miR-92a-3p ~
mmu-miR-132-3p ~ mmu-miR-486-3p (Fig. 9) -

7. 1% 2 $F FRRLIFRIEE MIRNA 0P R Flios i 0 4
F P - mmu-miR-22-5p ~ mmu-miR-199b-5p ~ mmu-miR-218-5p = # mMiRNA - |
AP T ARELIFRE P REAT I RS AL = B A TS WA
MICROT-CDS - Targetscan-mus ~ miRDB » #- MICROT-CDS 1 miTG score % 3
+ 3+ 0.7> £ 22 Targetscan-mus 2 miRDB #i % # 't 4} > Targetscan-mus =7 Aggregate
PCT % % + 3% 0.7 » miRDB 7 Target Score 3% % < 3% 60 » Fgp 41 kehp &4 51
FIF 5B oot A 1% David gexp A $7ia B F] ¢ 422 784 biological
process (Gene Ontology analysis) > 14 2 & 473zt 2k F191 %2 ch KEGG 2 32 /5
(KEGG pathway) » /£ GO s 2% %112 KEGG £ /¥ I » S L F| 48
g st (BE HAIFREK ) pyalue ¥R & o AP GEE ATV
Pedi o graep A b ek FlegEER! RAFISREKRIE o - 4 3t = B mIRNA s
LA R E AL A TR AP T hP R A FE G A g e o & iR
WA~ 7= A Fl o bilde Mef2c ~ Myf5 ~ Shh ~ Sox6 ~ Pax3 ~ Mbnll ~ Six4 ~ mTOR
g ehgk 7 o

8. i 4 R MIRNAs = miR-218 # %2 & it X f2

#- precursor miRNA 7 73 i& » pEGFP-N3 chi'#8 ¢ » -4 & 4 h miRNA
R fﬁai\‘%ﬁﬁ—i}is@ C2C12 m® ® » L C2C12 wme A it s o b {4 % =
X A fveg 4 A EEF IR miR-22, miR-29C, miR-100 f 4 {8 % = X ¥ L B
(EGFP) ¥ myotube #0255 4 P &g at% M(Fig. 10) o ¥ ¢+ » A& NGS a2 & ¢
#F IR miR-218 3 A A I % » miR-218 A MiR-218-5p » v A A FFfrE &Y 3
BEFRDOET] > BRI A x4 I 885 5L Slit2 A F]fr4 d 88 11 5L
Slit3 A F]« intron ¢ > ¥ ¥ & % 5 pre-miR-218-1 ﬂfr pre-mlR-218-2 f
microRNA.org g iRl © ¥ ac 9P {525 70 % % &1 miR218 ¥ &t % # 47 MyoD i
FpraLp e 4 b g B AL F) o B CUG200 ehimie 4 i 5 = X EE‘: » MyoD v f;{'f
e4 I 5 T *%(Fig 11A) > %57 miR-218 & myoD 7 i & hag% > 42/p] miR-218
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Ve myoD A Fl2 &R o
d %> MyoD 3’-UTR + = & 3 7 miR-218-2-3p e & = > 5 7 #£31 miR218 &_%
# ¥ myoD 3°-UTR » 24 i % i pre-miR-218-1 7 clone » #-7 3 pre-mir-218-1
B33 pCS2+4 "+ » ¥ -v @3 1 C2C12 w¥e ¥ > I % J2 P~ RNA fr -
v B > miR-218-5p # & #f 4c 1 ¥ 114£0.7 & (Fig 11B) » 1 * Q-PCR frd = 8- %
E 0 F IR AE R A miR-218 2 {4 » MyoD i mRNA T '3 7 40% > F-v £ ILT
"7 30%(Fig11CD) > ¢t % % &+ MyoD & 3L+ i ¥ miR-218 34 #5 -
#- pre-miR-218-1 #: 3] pEGFP-N3 48 ¢ 7 EGFP A 7]% > d » miRNA 2 = {2
fa v B h o BRYLH > FET LEEREF X AR K2 T
MIRNA § & # o 24 7 3% pEGFP-N3- pre-miR-218-1 &2 % ¥ L % F i » = 4 1
C2C12 tm¥e ¥ » 4] * 500ug/ml G418 éF:E - R ¥ {8 > Bmie A A V3 % 5 X
2 mre A R 0 B IE AR £ IR miR-218 ehimre H 4 i fhg 4 33 A5 g myotube
% w(Fig 12) » &t miR-218 ¢ Frd|mie & it o

53 MIR-218 £ 2 £ &P 3-UTR F &7 ¥ > APz =
pGL3-control-MyoD 3°-UTR -Full Length(pGL3-control-MyoD 3’-UTR -FL) =4 %
%GR #BSE R D] o miR-218 % & - (Fig 13A)# 'J“$ (pGL3-control-MyoD 3’-UTR
-Del331-336) (Fig 13B) = #-z 37 MyoD 3’-UTR 7 f 4 &2 pCS2+ 2
pCS2+-miR-218-1 — A=#% 4 3 HEK-293T ‘m® ¥ » @ p|H 4L LR > S5 %R
miR-218 #r+] MyoD 3’-UTR ;4 3k 7% 14 30% (Fig 13C) - #- pGL3-control ~ MyoD
3’-UTR -FL ~ Del 331-336 1§78 » &g 4 1 C2C12 mre ¥ » 5% 3 ",ﬁz miR-218
B A& ans k& R 4p it control 0 R & FL 0 40%w 4R 3] % 60% (Fig 13D) -
¥ ¢k o s i x4 Deletion 331-336 4 sk 4R # 8 22 pCS2+ 24
pCS2+-pre-miR-218-1 - A& % 3 C2C12 wm®s ® > & % &1 miR-218 7 € r ]
B 7% (Fig 13E)’ 4 77 miR-218 ¥ &t 33 47 % £ 5 myoD 3°-UTR 331-336 2. & »
d e B F e miR-218 ¥ i 47 MyoD A F1413°-UTR &7 3
MyoD 7 RNA fr - % R o

9.NGS %% % &4 F3R2 qRT-PCR & dual-luciferase reporter assay #3 &1 #
it A MyoD 3°UTR 7 miRNA

A NGS % % ¥ iF 7' miRNA % CUG repeat ‘w% ¥ §_upregulation- ¥ ¥2 TargetScane
Human miRNA Target 7 ;2] miRNA ¢ 3 MyoD 3’UTR hig % :2(7 2 & » HF R
19 B+ s mRNA > B (23F 40 12 B 8 & %9 7 mIRNA (miR-221, miR-34a,
miR-760, miR-335, miR-27a, miR-193a, miR-30c, miR-296, miR-339, miR-34a,
miR-24, miR-409 ) (Fig. 14)

- 4 * gRT-PCR 2] miIRNA % & I 4 7 dual-luciferase reporter 735 1+ #£
71 € # 5 MyoD 3’UTR ¢ miRNA - qRT-PCR . % & 5 miR-193a % CUG200
imre P AILE F IR % (Fig. 15A) - # miR-193a 4+ MyoD 3’UTR full length
- 4=3% 3 HEK-293T » » 47 luciferase & 15 P &2 = % (Fig. 15B) - 1 * 4  F

’
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UFE R e LR Rl MIR-193a ¥ it ¢ % & T MyoD 3’ UTR 253-258 » 2 3 MyoD 3’
UTR 255-277 ¢ 7 7 — ¥R i» 0 miR-193a seed region » & #-3 % MyoD 3> UTR
255-277 e A 1 C2C12 § ¢ » 4 47 luciferase /& 1% » 3% 34p $2%° MyoD 3’
UTR full length 3 P 3w 42 3 % > T2t AP 4a Rt % 38 7 &0 2% F| miR-193a
gy e & C2C12 % ¢ & 4 3R miR-193a > 24 3 MyoD 3-v F i i ¢
T '3 (Fig 16) - 3 & b 2% > miR-193a % C2C12-(CUG)200 enim?e ¢ » ek IR
FA 2w AR MyoD 3’UTR #r+4] MyoD 3-v eh& 3 > 8- Hdrd)ime

AT

10. # # MIRNA B 3-enizE A Flehi 1

% 7 MyoD ZL Flraoch o i 4 F 8RR F s ¥ miR-22-5p ~ iR-199-5p -

MiR-218-5p *1# frehizE K F](£ 2 ) » ¢ 3£ Mef2c (myocyte-specific enhancer
factor 2C) ~ Myf5 (myogenic factor 5) ~ mTOR(mechanistic target of rapamycin)Gata4
(GATA binding protein 4) ~ Nfatc3 (nuclear factor of activated T-cell 3) ~ Six4 (SIX
homeobox 4)Ski (SKI protooncogene) » = )I%:};, M fe PR A B AR SR g 3
dooo AP hip ATFIE HBEE CUG200 fnre A it (s chdk I 0 IR A 1t

ts p-mTOR e3-9 B £ 7 "% 7 30% (MTOR # % )(Fig 17)> Six4 £ 4+ pe ‘2. 4p 2 >

H # Nfatc3 ~ Ski ~ Myf5 -~ Gatad ~ Mef2c =i ] £ Iﬁ,;ﬂ’ﬁ %A IR o ] E_
Mef2c ¥t leimre o itpr g ~ £ £ > & & CUG200 'w?z ¢ B * R % (Fig
17) -

11.40 7 DML & ¢% 47 f* myoblast 4% $k

20 A fwe Y - HEHRBEAP DR HKRESE 0 AP E K Coriell Institute for
Medical Research = & pF 7 4 #F DML Jj5 4 e~ i 4 8 ' 2 (Primary human
DML fibroblast cells) » %L = GM07492 ~ GM03987 ~ GM04033 ~ GM03989 - &
B/ wl i CTG £4F 5 = en¥t e e~ & % 500 ~ 1000 ~ 2000 = mf}% B imPe o

Ao k- 72 49 1 (immortalized) - # * Human telomerase reverse
transcriptase(hTERT) i ‘m % chzgie 3 ¢ SE ¥ wie 4 W@ M5 o 2 L #
PLOX-TRET-iresTK #l ieo5 % % > g % = ¥ {2 41 0.6 pg/ml puromycin & i -
¥ R w3 i (Fig 18 A)x 4% PCR FEznim®e 4 ¢ 1 ¥ g 446 » hTERT
# F](Fig 18 B) -

LR ame i LR 0t R e (myoblast) snim e f i i i MyoD en
B 7| £ 1) p3xFlag % IE@W};& s TRH R AT i S R R fm e o SN Y 4
Rk A e o P& p3xFlag-human MyoD = 48 2 F & #Wi¢ MyoD 3-v i3
i lmre o it o P A LA 5 MyoD FA(S % - % s BT d S BLE 2 Al flag
F %3 d > MyoD {rflag & g & ¥ (fusion protein) » ¥ %’%é wopH AR
PP MyoD &_¢F &k en(Fig 19 A)> = 11 * f & ¥ £ 4 ¢ /i MyoD 3 % 3R(Fig 19 B) -
A RARH P m i HR 1T 5 DML B iR e - A S o
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3 - DMLy 487 § L3 (A miRNA 5354 2

#2 2014 & 11 % > DML g eidn b = 27 o 1% o5 £ H M3 U 5) fo skt
MIRNA § £ B enstit % > 7 1= |4 9 & 7 MIRNA fop 4 featd 502
3%~ T o £ 49 B miRNA -

Expression

. Method References
in DM1

Yasunari Matsuzaka et al., 2014
Juan M. Fernandez-Costa et al., 2013
Auinash Kalsotra et al., 2014
Stefano Gambardella et., 2010
Riccardo Perbellini et al., 2010
Riccardo Perbellini et al., 2010
Yasunari Matsuzaka et al., 2014
Alessandra Perfetti et al., 2014
Auinash Kalsotra et al., 2014
Stefano Gambardella et., 2010
Yasunari Matsuzaka et al., 2014
Stefano Gambardella et., 2010
let-7b T qPCR Auinash Kalsotra et al., 2014
Alessandra Perfetti et al., 2014
Riccardo Perbellini et al., 2010
miR-145 1 qPCR Auinash Kalsotra et al., 2014

miR-1 1= gPCR

miR-133a Tl gPCR

miR-206 1 gPCR

miR-29b ! gPCR

miR-499 ! gqPCR Auinash Kalsotra et al., 2014

miR-7 ! gPCR Juan M. Fernandez-Costa et al., 2013

let-7d ! gqPCR Auinash Kalsotra et al., 2014

let-79 ! gPCR Auinash Kalsotra et al., 2014

miR-9 ! gqPCR Auinash Kalsotra et al., 2014
miR-10a ! gPCR Juan M. Fernandez-Costa et al., 2013
miR-10b = gPCR Juan M. Fernandez-Costa et al., 2013
miR-22 ! gPCR Auinash Kalsotra et al., 2014
miR-23a ! gPCR Auinash Kalsotra et al., 2014
miR-23b ! gPCR Auinash Kalsotra et al., 2014
miR-26a ! gPCR Auinash Kalsotra et al., 2014
miR-27a ! gPCR Auinash Kalsotra et al., 2014
miR-27b ! gPCR Alessandra Perfetti et al., 2014
miR-29a = gPCR Riccardo Perbellini et al., 2010
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miR-29¢c ! gPCR Riccardo Perbellini et al., 2010
miR-30b ! gqPCR Auinash Kalsotra et al., 2014
miR-33 ! gPCR Riccardo Perbellini et al., 2010
miR-100 ! gqPCR Auinash Kalsotra et al., 2014
miR-103 = qPCR Stefano Gambardella et., 2010
miR-107 = gPCR Stefano Gambardella et., 2010
miR-125b ! gqPCR Auinash Kalsotra et al., 2014
miR-133b = gPCR Stefano Gambardella et., 2010
miR-135a ! gqPCR Auinash Kalsotra et al., 2014
miR-140-3p 1 gPCR Alessandra Perfetti et al., 2014
miR-148a ! qPCR Auinash Kalsotra et al., 2014
miR-181b = gPCR Stefano Gambardella et., 2010
miR-181c = gqPCR Stefano Gambardella et., 2010
miR-191 1 gPCR Alessandra Perfetti et al., 2014
miR-193b 1 gqPCR Alessandra Perfetti et al., 2014
miR-194 ! gqPCR Auinash Kalsotra et al., 2014
miR-328 ! gPCR Auinash Kalsotra et al., 2014
miR-335 1 qPCR Riccardo Perbellini et al., 2010
miR-365 ! gPCR Auinash Kalsotra et al., 2014
miR-454 0 gqPCR Alessandra Perfetti et al., 2014
miR-574 1 gPCR Alessandra Perfetti et al., 2014
miR-885-5p 0 gqPCR Alessandra Perfetti et al., 2014
miR-886-3p 1 gPCR Alessandra Perfetti et al., 2014
miR-132 ! gqPCR Alessandra Perfetti et al., 2014
miR-142-3p ! gPCR Alessandra Perfetti et al., 2014
miR-215 ! gqPCR Alessandra Perfetti et al., 2014
miR-218 ! gPCR Alessandra Perfetti et al., 2014
miR-221 ! gqPCR Alessandra Perfetti et al., 2014
miR-886-5p 1 gPCR Alessandra Perfetti et al., 2014
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% = -~ % miRNA ¢ NGS #4#

#7015 18 B ixiE MIRNA > # &3/ 2 {-(CUG)200 Mmre ¥ o it {54 it e
£ 0 122 (CUG)200 'w¥z ¢2 4P o % it £ (Fold change) i+ & » 3% 1.5 fF+ 2
B =05RETH - X3 WBBHEBOSBHTH

)
3
A

N3, DM3

CUG200, DM3
CUG200, GM

Fold change
N3, GM

mmu-miR-1a-3p

0.602696273

55.78181818

92.5537799

mmu-miR-199b-5p

1.441418294

7.652737752

5.309172073

mmu-miR-195a-5p

0.872810358

3.937797525

4.511630148

mmu-miR-133b-3p

0.840930345

2.900859816

3.449583943

mmu-miR-99a-5p

0.909209427

2.657501176

2.922870238

mmu-miR-331-3p

0.483668708

1.374101733

2.840997795

mmu-miR-132-3p

1.166296022

3.300312826

2.829738561

mmu-miR-497-5p

0.759664369

2.107957425

2.774853621

mmu-miR-22-5p

0.749125109

1.693711467

2.260919366

mmu-miR-100-5p

0.748251653

1.623867297

2.170215448

mmu-miR-26a-5p

0.964459069

1.90091354

1.970963414

mmu-miR-99a-3p

0.766377269

1.469745958

1.917783861

mmu-miR-218-5p

0.805783133

1.523301516

1.890460913

mmu-miR-486-3p

0.839717742

0.396377198

0.472036231

mmu-miR-92a-3p

0.617081087

0.283223336

0.458972641

mmu-miR-10a-3p

1.196948682

0.503649635

0.420777969

mmu-miR-10b-5p

0.190340909

0.055003427

0.288973228

mmu-miR-92b-3p

0.522367342

0.132529679

0.253709733




2 Z - PERAFHGO A #4r KEGG 2 2 EA
f1* MICROT-CDS (miTG score = *t 0.7)¥* Targetscan-mus(Aggregate PCT = *¢
0.

7)3E B MiR-22-5p~miR-199b-5p ~miR-218-5p e p &AL F]» A &2 % 2 v % >

Y3 TP FBAF &% (A) GO fv(B) KEGG ek iE {7 4 47 o
A
. . Fold
GO Term GO biological process complete . P value
Enrichment

positive regulation of gene silencing by

G0:2000637 | 15.75 0.014113
miRNA
miRNA loading onto RISC involved in gene

G0:0035280 15.75 0.014113
silencing by miRNA

G0:0010586 mMiRNA metabolic process 13.78 0.018482
negative regulation of translation involved

G0:0035278 | ] ) ) 11.31 0.004643
in gene silencing by miRNA
negative regulation of muscle cell

G0:0010656 i 11.02 0.028658
apoptotic process

G0:0046426 | negative regulation of JAK-STAT cascade 4.48 0.024615

G0:0035914 skeletal muscle cell differentiation 4.08 0.015335
positive regulation of protein kinase

G0:0045860 o 4.08 0.015335
activity

G0:0008286 | insulin receptor signaling pathway 3.75 0.043565

G0:0000209 | protein polyubiquitination 3.67 0.001589

GO0:0051865 protein autoubiquitination 3.67 0.046378
protein  ubiquitination  involved in

G0:0042787 | ubiquitin-dependent  protein  catabolic 3.50 0.002229
process

GO0:0017148 negative regulation of translation 3.20 0.039328

G0:0006470 | protein dephosphorylation 3.11 0.001721
transforming growth factor beta receptor

G0:0007179 ; 3.06 0.045893
signaling pathway

G0:0016311 | dephosphorylation 2.83 0.009058

G0:0016567 | protein ubiquitination 2.52 0.002710
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positive regulation of transcription from
G0:0045944 2.13 0.000000
RNA polymerase Il promoter
G0:0046777 protein autophosphorylation 2.11 0.048225
negative regulation of transcription from
G0:0000122 2.07 0.000024
RNA polymerase Il promoter
negative regulation of transcription,
G0:0045892 1.99 0.001499
DNA-templated
transcription from RNA polymerase |l
G0:0006366 1.99 0.031404
promoter
positive  regulation of transcription,
G0:0045893 1.97 0.000689
DNA-templated
G0:0010468 |regulation of gene expression 1.97 0.021191
GO0:0006351 |transcription, DNA-templated 1.92 0.000000
G0:0007275 | multicellular organismal development 1.86 0.000025
GO0:0006355 |regulation of transcription, DNA-templated 1.78 0.000000
G0:0008284 | positive regulation of cell proliferation 1.71 0.022304
G0:0030154 | cell differentiation 1.61 0.008350
GO0:0006468 | protein phosphorylation 1.58 0.028397

B

KEGG ID

KEGG pathway

Fold

Enrichment

P value

mmu04310 | Wnt signaling pathway 1.9 0.00000015
mmu04150 | mTOR signaling pathway 1.9 0.0023
mmu04012 | ErbB signaling pathway 1.9 0.000072
mmu04520 | Adherens junction 1.9 0.00012
mmu04930 | Type Il diabetes mellitus 1.9 0.0034
mmu04910 | Insulin signaling pathway 1.8 0.0000016
mmu04062 | Chemokine signaling pathway 1.7 0.000002
mmu04340 | Hedgehog signaling pathway 1.7 0.012
mmu04370 @ VEGF signaling pathway 1.6 0.0074
mmu04510 | Focal adhesion 1.6 0.000054
mmu04010 | MAPK signaling pathway 1.5 0.000024
mmu04810 | Regulation of actin cytoskeleton 1.5 0.00022
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mmu04144 | Endocytosis 1.5 0.00064
mmu04514 | Cell adhesion molecules (CAMs) 1.5 0.0018
mmu04630 | Jak-STAT signaling pathway 13 0.028

2 m ~iggEeeg A il ip MR T
5|4 % MiR-22-5p ~ MiR-199b-5p ~ MiR-218-5p 18 {& & 7]

miRNA Candidate Gene

miR-22-5p Gatad
miR-218-5p Mef2c
miR-199b-5p mTOR
miR-218-5p Nfatc3
miR-199b-5p Pax3
miR-22-5p Shh
miR-218-5p Six4
miR-218-5p Ski
miR-218-5p Sox6
miR-218-5p Myf5
miR-218-5p MyoD
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