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(MyoG) FILER 2K 14 i (MHC) 25 14 192 15K F 5 RIP B6E YTHDFI 5 Yes JeBE 4R I 1(YAP1) mRNA fUAHTLAE, & YAPI
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[Abstract] Objective To investigate the improvement effect and potential mechanism of m°A recognition protein YTHDF1
on Duchenne muscular dystrophy (DMD). Methods (1) We collected muscle tissue and peripheral blood from DMD patients (38
confirmed patients with surgery at Xi'an Children's Hospital from September 2016 to June 2017, DMD group) and non-DMD
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patients with orthopedic surgery (33 age-matched patients, 2-3 years old, control group). The expression levels of YTHDF1 and
dystrophin in the muscle tissues were quantified by RT-qPCR and Western blotting. The serum creatine phosphokinase (CPK)
content was determined using ELISA. (2) Take SkMC from skeletal muscle myoblasts and set up empty vector group (transfected
with scrambled negative control), AAV-YTHDFI1 group transfected with YTHDF1 overexpression vector and scrambled group
(transfected with NC siRNA) and si-YTHDF1 group (transfected with YTHDFI siRNA). Cell proliferation was analyzed using an
EdU assay. The expressions of dystrophin, myogenin (MyoG), and myosin heavy chain (MHC) proteins were measured by Western
blotting. A RIP assay was used to verify the interaction between YTHDF1 and YES-associated protein 1 (YAP1) mRNA and
investigate the modification level of the m°A site on YAPI mRNA. (3) Thirty Mdx mice were randomly divided into: the empty vector
group (n=1S, intraperitoneal injection of empty adenoviral empty vector) and the AAV-YTHDFI1 group (n=1S, intraperitoneal
injection of YTHDF1 overexpression adenovirus vector). We profiled the body weights, muscle and organ wet weights, fiber diameter,
and fiber type of the mice. The protein levels of YTHDF1 and dystrophin were detected using Western blotting. We used HE staining
to observe the pathological changes in the gastrocnemius and quadriceps femoris muscles. Results (1) Compared with control
group, the expression of YTHDF1 and dystrophin was significantly lower in DMD patients (P<0.01), and the serum CPK content was
significantly increased (P<0.0001). (2) Compared with empty vector group, the EdU positive rate and the expression of dystrophin,
MyoG, and MHC proteins significantly increased (P<0.01). In addition, overexpression of YTHDF1 prolonged the half-life and
improved the stability of YAPI mRNA. Compared with Scramble group, the EdU-positive rate and the expression of dystrophin,
MyoG, and MHC proteins significantly decreased (P<0.0S or P<0.01). (3) Compared with empty vector group, the mice in AAV-
YTHDF1 group developed more rapidly with higher muscle mass in the gastrocnemius muscle, quadriceps muscle, and triceps
(P<0.0S). We observed no difference in the weights of inguinal, gonadal, or retroperitoneal fat pads and a significant increase in the
fiber areas of gastrocnemius and quadriceps femoris (P>0.05). Conclusion YTHDFI regulates the stability of YAPI mRNA by
recognizing the m°A modification of YAP] mRNA and thus promotes YAP1/dystrophin-mediated myocyte proliferation to inhibit
DMD progression.
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N FBELA 448 fh YTHDF1 il dystrophin (26 35 7K,
W EZ 45k 3k B T-HE YTHDEL %F 85 LS L2 i 154
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1.1 EEH YA G4 ML (fetal bovine serum,
FBS). Ham's F-10 K5 7% 3 W [ 3% [E Gibco 24 ] 5
Lipofectamine 3000 74 Y41 7f] . DMEM $53%3& | H %
R, HERR. KKRERWASEME Invitogen A Hl ;. A
7% Bz *E K A+ (human epidermal growth factor, hEGF) .
HZEOKHY . LA AW . JAE B -EDTA %1 H
3 [H Sigma /A 1) ; YTHDF1 jif #3A JfUki AAV-YTHDF1
J2 YTHDFI /v T #i RNA(si-YTHDF1) g [ 2%
Addgene /A F] ;5 PrimeScript RT-PCR X ] &4 F H 4%
TaKaRa /A A ; BCA [ & & II5E 00 & . EdU it
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U NI B A R S
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1.2.1 RT-qPCR £ il YTHDFI mRNA /K F  {# f
Trizol 124 771 £ BU L A 4H 21 50 RNA, J F Prime Script
RT 20 &5 S 5% 5% i cDNA., fifi 1] SYBR Premix Ex Taq
I 7£ ABI 7500 SE 1 PCR £ 4t H E4 7 S B o S 3 51t
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04pl. ERUFSI4450.8 ul, ddH,0 6 pl, 2xSYBR %k
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95 °C 20s, 56 C 10s, 72 C 15s, 3S MG, LU
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FHXSRIBACE o 1T H IR 107K
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RICWAR R G, UL GAPDH NS M, Image] #X
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Tab.1 Primer sequences of RT-qPCR

5k ERiiGIEY) IRER

YTHDFI1 S-ATGTCGGCCACCAGCGTGGACA-3' S-TCATTGTTTGTTTCGACTCTGC-3'
YAP1 S“TAGCCCTGCGTAGCCAGTTA-3' S“TCATGCTTAGTCCACTGTCTGT-3'
GAPDH S“TCTTAAGAAGACGACGGCTTCAG-3' S“TTGCTCTCTCACTTGTCCTCGAT-3'

YAPL. Yes1 FH 4% 5508 45 (Kl 5

1.2.4 YTHDF1 & 1 &K 7KF 5 17§ CPK & it (Y AH
FeME 40T SR Pearson AH G 40T YTHDF1 #5 32
KK 5 13 CPR & AR EE

1.3 4iffelssE A E BN R (SMC) H i RHBE
A AR AR B A M o AR, BT hEGE.
HOFERHN . L-45 Z Bk Fl DS K 5 & (1) DMEM K 7 5L
W, #MFE10% FBS, T 37°C. 5% CO, &M FHEFE.
1.3.1 3 Rk I siRNA A R HR 3 NCBI
GenBank 3% 4} % 1 YTHDF1 4R fi% X (CDS) 41, &3t
RS 15 A Xho I BamH I 7] 437 15 A PCR 5|
Yy s EH B, WD) B IR sl R A 4
T AT AR R R ) b B ) B 3 IR A, ik =
KIGFFRIESZ S0, s FE . 55 2 R
G, PRBUTRLS £ Xho I BamH I XTI % &
Wy e, BN T . 2 R AR B LB L
AT R, HUE T BRI . YTHDEFI siRNA J

FEBAPEXS B (NC siRNA) B8 A R R
AT, Al

1.3.2 ALYy BRSO K SkMC A, 4R
T 6 FLA T (R 1054 /em?) o BB 25 2R (5%
e %f M8 23 45 1K) AAV-YTHDF1 4 (%5 J¢ AAV-
YTHDF1 i 3 3% 38 1K) 5 Scrambled 21 ( 4% 4 NC
siRNA) . si-YTHDF1 4 (% %% YTHDFI siRNA), T4
Ml A 2 70% B, i FH Lipofectamine 3000 % % it 5]

AT, BT 37 CHEFR 48 h, UM
1.3.2.1 Western blotting £ lll YTHDFI i} ¢ 35 5w Ik

ROR PRI U] SkMC 40 i R 1, SR F Western
blotting £ #lll YTHDF1 £ [1 335 7KF-, —#T YTHDF1
HUAF R} 1: 1000, FRAEL TR 122,

1.3.2.2  EAUEAGIU A0 A6 58 1 50 AR 4 EdU K5
GUHFAEEE, i s-2 32l AR (EdU) B AL
R 45 A AN M 3G B O o T BAU I B 4L 24 2 1,
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4% 22 58 W RE VAW 8] 5 30 min, 0.5% Triton X-100 ¢ &
15min, {0 NI E 30 min, 40 )8 4% F Hoechst
Yufty, BEHLERC S A X T Wik N e A .
1.3.2.3  Western blotting £ I dystrophin, YAP1.
MyoG. MHC & [ #&iA /K 42 B SkMC 2 il B
1, % Western blotting p il dystrophin, YAPI,
MyoG. MHC & I #&AKF-, #IEL TN 122, —
Pt dystrophin HLIK . YAP1 HLIK . MyoG Hi & Al MHC
PUAFR R LA R 1: 1000,

1.3.2.4 RT-qPCRFGM YTHDFI ., YAPI mRNA #iA7K
SF- i FH Trizol 3 71 $2 B SkMC 411 i & RNA, % H
RT-qPCR K3illl YTHDF1, YAPI mRNA #iA/KF,
YEL BRI 121,

1.3.3 SRAMP 7ELEHE TN - >R A SRAMP 7E 24K
P ZE N YAPT mRNA J¥51) 7 8 m A B 57 557

1.3.4 RNASETHE W (RIP) Kl YTHDFI 5 YAPI
mRNA 45 G500 AR4E Magna RIP RNA 455 85 [
REVITE R G Ul 320 Btk Rp i . FHAN A
TR AT RNase 5511570 1Y RNA S22 22 ik 2 SkMC
Y, F7E 4 °CF HIRA anti-YTHDF1 i/ | anti-
m°A HUIREY IgG 1 2R 11 A/ G WG BR 55 77 40 i 241 ) ik
W Veik)a, 2tk %y UiUE RNA, SR )5 R H RT-
qPCRIATRE 5 HT o

1.3.5 mRNAFEMERKI 44 YTHDFI siRNA 16 h
Ja, Al SRR R R D T H, W0
2. 4, 8 X 16hIAHAE, FEHUS RNA, FHEGHRACR: I
RNA ¥, 5% 5415 %] cDNA, i i3 RT-gPCR A6 il
YAPI mRNA Fik7K-, 3 HrRfi 2

1.4 W5 30 HUHE SPE VS I 9 Mdx /) L,
4 AWy, RTE 10~18 g, WA F V5 %58 K250 56 5h )
UG SRR SV ATIE S . SYXK(PE)2016-005], 75
T 12hoG/12 h RIS | IR (2243) C . W
45%~60% FAEE T, A HHSEEYOK . APk 2 vy
T L R e 52 5 3 ) AR A 56 B 2R DL S it
(20160918-1F)

1.4.1 DMD/DMEBAFGE 30 H Mdx/MRFEHLST
J 23 IR 5 AAV-YTHDFL 41, 415 B, 258k
ZH B T O 200 wl A5 264K, AAV-YTHDF1 41 8 i i
%200 Wl AVV-YTHDF1, HHEHEEEE 1K 5511k
WG 48 h . B8 LRSS 15 do BRI/ MR IR
. PRI RS HCRAS AR . BEE 1 RESS 20 E4b
F/NERL, RAENLA SRR, K ULA 42U
B . Y AR A2

1.4.2  Western blotting 7 ill YTHDF1 . dystrophin £ [
FkKF BALRA LU & A5 K, R
Western blotting #;{Il] YTHDF1 ., dystrophin & 132k 7K
F, BAREAER 1.2.2,

1.4.3 HEYm  /NRACIESS 37 BV B RERZ LR B
POk AL, HAHR/NA T 0.5 em®s JH 0.9% AE2EEL
KB 51550, BHSURA & p, HGlR
T 49% Z R R T, # YR 51T HE 44
o, T oA mE.

1.5 Siitepub B SR A SPSS 22.0 B F AT 4840
Mo FTASEBEE L xts o, WIZH A HLBCR T K6
5y, Z4E ECR AR 20, L mWw
FeAE R FH LSD-t K86 . P<0.05 WEFA G #E X

2 & B

2.1 YTHDFI17E DMD & WL AL A 5 L
RT-qPCR #l Western blotting g R woN, SX gl
tb#, DMD 44 WL 4140 YTHDFI mRNA F18
287K T34 B 53 B A% (P<0.01 B P<0.001, [#11A. B).
ELISA K 25 B s, S5xF ME4 s, DMD 4l
MLY% CPK & & B B 4 11 (P<0.001, [¥11C). Pearson A
KOrHrai R 7R, DMD 5% YTHDF1 28 H KA 7KF
5 Il ¥ CPK & & 2 i #f ¢ (#=0.8658, P<0.0001,
ID). Western blotting fr il 5 R 7, 5% FRAT 1L
B, DMD 83 LA 24U dystrophin 25 1 KA 7K
B AR (P<0.01, K1E).

2.2 R IKYTHDFEL X LA HLHS 58 A1 dystrophin £k
[I5ZI  Western blotting Fr 25 5 R, 5728 4 Rk4]
A, AAV-YTHDF1 4] SkMC 4lififi - YTHDF1 7 |4 3
IAKSFB 5 T 5 (P<0.01, [E2A), #F W] YTHDF1 i
FIR LIy . 55 HARA L, AAV-YTHDF1 4
SkMC #fi g ' dystrophin, MyoG Fll MHC 4 [ 3 iA 7K
I 5 R (P<0.01, [812B). EdUKGIZE SR R, 5
2SR LA, AAV-YTHDF1 20 EdU FH 14 41 fitd < ]
B (P<0.01, F2C).

2.3 fik YTHDF1 X LA a4 58 F dystrophin #3411
520 Western blotting K 4t W 5 7R, 5 Scrambled
HL#, si-YTHDF1 4 SkMC 4 fifg ' YTHDF1 25 [ 3%
5 7K BH 53 4G (P<0.01, &I 3A), FEHH YTHDFI il
K525 T . 5 Scrambled 2 V3%, si-YTHDEFI1 2H
SKMC 4fi i /' dystrophin . MyoG 1 MHC & [ & ik 7K
- B AR (P<0.01, E3B), EAUKMZE R E/R, 5
Scrambled ZH 145, si-YTHDF1 2 BAU B 2 Jfd % B
B (P<0.05, E3C).

2.4 YTHDFI 5 YAPI mRNA AT AR SRAMP £
2R B P TN 45 S 7R, YAPI mRNA FAEAE £ A4
mCA & Ui 7 5 (] 4A); RIP A I 25 5 S 7R, Anti-
YTHDF1 #i & 41 &' YAPI mRNA & %, 1fi Anti-
YTHDF1 HUARLL 5 IgG HLifdlh dystrophin mRNA 7%
JCHH i 22 5 (K1 4B); anti-m®A $TA&ZH HP YAPI mRNA
wAE (K 4C), W YTHDFI #3491 YAPI mRNA H)
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Fig. 1

control peoples

m*A i 5 YAPI mRNA M EAEH .

2.5 YTHDF1 X} YAP1 335 Fll YAPI mRNA 2 M- 1)
S0 Western blotting K45 R b, 525 #2401t
%, AAV-YTHDFI1 4 YAP1 & 4 23k /K S W i T
(P<0.01); 5 Scrambled #1 FL %%, si-YTHDF1 4 YAPI
T HFIAKE I B MR (P<0.01, [BISA). THEHZE D
T EE RN, S8 8RA LA, AAV-YTHDF1
ZH YAP1 mRNA - IE K, 7] —FF ] &4 YAPI mRNA
RS /b (P<0.001, [K1SB).

2.6 YTHDFI1 X} DMD /) EJLIA A= K LA T i 114 5%
M AAV-YTHDF1 415 25 #8421 /N BRI VR 7 3 i A
&L W2 5 (P>0.05), {H 20 i}, AAV-YTHDF1
H/NRRERE S HAAR I, ZRA%1FE X
(P<0.01, [16A). Western blotting f il 45 S B/, 5
25 AR L #, AAV-YTHDF1 20 /)8 BLUUL A 20 21
YTHDF1 Fl dystrophin £ [ 38 ik 7K °F ¥ 0] & F 75
(P<0.01, ¥l 6B), 575 # A4 hE, AAV-YTHDFI
/NI B Sk L. =Sk UUILA 5 8 m
(P<0.05); (HPHLLIEMeTA) . M sl S g 1y 2 o
JoH B 25 5 (P>0.05, KI6C). HEQMEIRE R, 5

Comparison of YTHDF1 and dystrophin expression levels in muscle tissue and serum CPK content between DMD patients and

2R 8, AAV-YTHDF1 2H /) BRL 28 1 4 it 12 37
WD, SRIETRIARGE /1N, 24U B ol AR B e A5 31 el
5 (P<0.08); BLAh, S5 #IRA L, AAV-YTHDF1
20/ BUE R LA B I S LT 4 1 AR B 4% K (P<0.05
El6D).

DMD S d5c i WY L Al ZEPE LI . i B
B HAUE 22, RELGEFFWTCW Rk RIEIR, &
FOZWNAMERRZ . E3EE, DMD MAEIRIT 46 2
AT 2 ERIEIR , AR Ak HAt X, SER ]
MEEK®, DMD & —Fh EZE 0 T ZApns, HR
MEREBEATVENL PR AT IS N2 40, S 200 U A
Wl B EUE L RAETY,

DMD ) 53 ¥ 35t 1% 2 FE ill J2 dystrophin 3 [H] 5%
A1) Dystrophin 3 R 2878 T B dystrophin £ [ 284,
1] dystrophin {v T JLZH I FEE PR AT, 22— oA AR S e
A, TSRO 1240 DAPC! ™, DAPC H44f
H AL Bl B A A AR b, LA 27 AR5
BIRE ST a i, R AL PR S o A P RS LS5 A
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