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[HE] BE AN IR BT 246 (N°-methyladenosine, m®A)%54 8 Y THZ 2 (2 (YTH domain-
containing protein 2, YTHDC2) X} A B[ 725 T 4i il (human bone marrow mesenchymal stem cells, hABMSCs) i K il
SMEITEY . ik /N THPERNAiRNA) R ANThBMSCsift AT Y THD C2 3L PR 435 RO TR, I b4 BB S BAs 5 -4
1k, MFIE Y THD C2iif FEhBMSCs LR AU kA . I LB R (alkaline phosphatase, ALP) Y4 8 FlIPE R LL YL 8 55 5¢
IR S TN, JE B L3 R T 1. I 9E G AE B PCR(RT-qPCR) A I 1L A FS BB AR SCRE R iR 3k . i
JFRNAFE (RNA-seq) 23 MF YTHD C25 1% 5 195 s 41 A5 Ak, SRR YTHD C2 A hBMSCs /L B AE ML . Z68R  Bll%
YTHDC2fiE JEhBMSCs i F 73 B ALPHE P S AGZS 15T I, IF 4 38 L A AR DG RE P 23k RIS AR T hBMSCs 7E U 7
A B IETETE B AE 17, I W RIS AT SC L N 25 . RNA-seq 3 K & 50T 78 YTHD C2 5 B A T AE S mRN A #
FARESEB R EHE, &It A YTHDC2 A2 #hBMSCsIl 40k, Il iiE /3. #F YTHDC2 7] ik iz bl 4
TIBesE .
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[ Abstract] Objective To study the regulatory effect of YTH domain-containing protein 2 (YTHDC2), a
member of N°-methyladenosine (m°A) readers, on the osteogenic or adipogenic differentiation of human bone marrow
mesenchymal stem cells (hBMSCs). Methods YTHDC2 expression was knocked down by small interfering RNA
(siRNA) in vitro. Osteogenic differentiation and adipogenic differentiation of hBMSCs were induced after YTHDC2
knockdown in order to study the changes in the differentiation phenotype of hBMSCs. Alkaline phosphatase staining
(ALP staining) and alizarin red S staining were performed to examine osteogenic activity and calcium-nodular formation.
Nile red staining was performed to examine lipid-droplet formation. Real-time quantitative polymerase chain reaction
(RT-qPCR) was used to assess the expression of osteogenesis and adipogenesis-related genes. RNA-sequencing was
performed to identify the transcriptome changes after YTHDC2 knockdown and to explore the potential regulatory
mechanism by which YTHDC2 regulated the diferentiation of hBMSCs. Results In this study, we found that siRNA-
induced YTHDC2 knockdown resulted in increased ALP activity and calcium-nodular formation of hBMSCs during
osteogenic differentiation, and significantly upregulated the expression of osteogenesis-related genes. In addition, the
lipid-droplet formation capacity of hBMSCs was decreased during adipogenic differentiation. The expression of
adipogenesis-related genes was significantly down-regulated. Gene-set enrichmen analysis of RNA-seq data showed that
YTHDC2 was significantly correlated with ribosome function and mRNA-translation-related signaling pathways.
Conclusion The findings indicate that YTHDC2 knockdown can promote the osteogenic differentiation of hBMSCs and
inhibit the adipogenic differentiation. YTHDC2 knockdown may cause changes in ribosome function.

[Key words] YTH domain-containing protein 2 Human bone marrow mesenchymal stem cells N°-

methyladenosine Osteogenic differentiation Adipogenic differentiation

A E FE T 40 (bone marrow mesenchymal stem - #X{a@ B, NO- IR H! %4k (N°-methyladenosine,
cells, BMSCs) & —F7EEBET ) IZAAER TAIML EATLL moA) i 2 B A R I mRNA 4532 (1 —Fh 25 Ui
Z 10 A R A BRI IR O L SERE s IR RS S BN | A SR,
LI BMSCSTE SRR 5367 ] B iz DR 52 0 VEAESR BRSTIR 1% T me A 7 2L 2 A v (1 — 2

A J i1, B-mail: yuanquan@scu.edu.cn FIE I, AR mRNABTY) . A% B BE b




3 1]

SRS mO AL SR Y THDC2% A B B 1) 78 57 40 Ml 414 R 521 403

AL S A M AR A2 me AR 22 M

EERNZS, UfAm A S P IR B Mg

FHSLAREE A BAS A m AL G . Hoh, HILH R
A FIEMRNA FAMme A, 25 H B S m A1
HITE B, m*ALS &8 AT LARE S MR B me A, AR
AU BTG R B T m® A F L Rl 3 (methyltransferase-
like 3, METTL3) /5 B m° A& i XF BMSCs 43k i 4
0 WE Ime ARG T 2, BT Z m°AZS &
A BMSCs L IR

meALE G AAFEYTH N L IR RN AL &4 H
1.2, 3(YTHDF1, YTHDF2, YTHDF3), YTH& {8 2 1
(YTH domain-containing protein) 1. 2(YTHDCI1. YTHDC2) .
Hoh, YTHDC2REY THR W o & AR H . YTHDC2
JZ 50 T HAZAE Y MU, T Y THF 8 R 55 MR
BIFHELE G mA, IWITHEEmRNA R BRI mRNA 1 Fa
SEPEN, BFSE B, YTHD C2 0 2 437 550 o0 22 K% A B 4
MR A 2 OB RS 5 2R R R E R R, B
i A PARE . BRI . 45 i . TR | I g A Sk S0
WER AN 20, T Y THD C2 e 544 BMSCs 4 i iz te
FEMANERE . AR H BRI Y THDC2% A - [A]
FEJ T 40 s (hBMSCs ) BB LR 4346 14 52 1) K LA
Bl

1 #RFITTE

1.1 ZHpaEEsE

hBMSCs/Fft 4 fifl %2 (ATCC® PCS-500-012) 1 H
American Type Culture Collection, hBMSCsEA £ 1] 43
fRiRE . AP hBMSCsAI MR PR R R FR LA, R
FHa-MEM(Gibeo) J R BEHEATHE 57 . Hi AR PR n10%

A4 I3 (Gibceo ), 100 U/mL7 % % (Gibeo) 52100 pg/mL

HE R (Gibeo) o FEFRFATH37 C KT E5%CO,,
2 AL KEE IR, 6 diE AT LIRAEAR . AR AL IR F IR
fity TR AN, F2 1 10*/ cm (1) 25 3 ST B FE 5 7R ML
hBMSCsTEALAR 553 4/ Un 8 1% PR o, AHRRIE SR
YFRAIR, A 5T R FH AR 4/ ChBMSCsitE A 75 L2505
1.2 siRNAR RIS

ffi Hsi-YTHDC2(Santa Cruz Biotechnology, sc-
91804 ) K biifEXf #isi-CTRL(Sangon Biotech ) X¥fhBMSCsift
A%k, #5445 2450 nmol/L Lipofectamine™ RNAIMAX
(Invitrogen) & T JC LI Opti-MEM"T Medium (Invitrogen) .
hBMSCs7E L4 E R EF R BN E5 5724 hJm, A & si-
YTHDC25(si-CTRLIY#E il 5], 7E37 C. KP4
5%CO, FIFE 12 hifeill . 55 44f548 h, ffi HYTHDC2 i

5|%¥)(Santa Cruz Biotechnology, sc-91804-PR)if it % Yt xE
HPCR(RT-qPCR) K5l YTHDC2363k (BAA T 74 W1.5), IF
T si- YTHDC2, JhBMSCs Y AR

1.3 hBMSCsH B FES KK

25 siIRNAF; YL ThBMSCsTE 8 U5 S P R R 24T
HESSME . BEHESE - MEMEFFRIE HEF, &
100 nmol/LHIFEKFA (Sigma) . 50 ug/mIPLIFIMLAR (Sigma) |
5 mmol/L B-HMBEIR (Sigma) . 10%/i54- 113 . 100 U/mL
AR AI00 pg/mLEEEE R . BRVEBERREG (ALP) 16 P B
IR B AR A 24 LR B S 7 A
TALPYL o PBSUEIRALAR3UK, 25 W BE[H] 5E 20 min, #
FHALPY4# (Beyotime Biotechnology ) i Y% 5 20 minfifi
B0, ZERGBUGE PBSUEF ALY, KK . hBMSCs
BUE TSR3 7 AR AT ALPE i A0S R 1L 5
P B, B0 S B YA, SR I BC AR AN X7 &
(Beyotime Biotechnology) it 12562 nmZh W 5 B {0 2+
AREAWE . HALPKNIAT] £ (Beyotime Biotechnology)
OB R, MEREA520 nmAbOERE M . ALP=(FE S,
W' BEAE -5 LI BE(E ) / (B fL IO FE -5 1 AL
W E AR ) < Tl A o i R B/ RE AR R MR . B,
ALPHL{; jU/g protein, BihrifE i ¥ B 240.02 mg/mL,
FEAZR VR 547 A g protein/mL.

PER LY ORI R S A AN A DTS R IR s
S5 RE ™. hBMSCsTE24 LA h 15514 df5 #E1T
PERLLYL (A PBSTEYR3IX, 22 3 HIBE [ 1€ 20 min, FHH ]
PEZE LI YL (Solarbio Technology ) it Y & 30 minffi H: i
@ A5 0% L7 b IELE 15 min, 7562 nm
AN 5 WG BT R IR AR HE I 2R AT S A

hBMSCs7ERE 1553, 5. 7 dJF #-AT U ALK 1
RT-qPCRH M, fU 45 distal-less homeobox 5(DLX5) .
RUNX family transcription factor 2(RUNX2) . Sp7
transcription factor(SP7). collagen type | alpha 1
(COL1A1) . bone gamma-carboxyglutamate protein
(BGLAP) Filsecreted phosphoprotein 1(SPP1), HAK ik
DR 3C15,

1.4 hBMSCsmfE S L% S5

FhBMSCsH% U J5 7E LR 55 W Hh e T IR 15
ko S S A DMEM R F7 3 ¥ 7], 71 mmol/L
HBFEKH . 4 mg/mLIPE ) 3 (Sigma) . 50 mmol/L3-5 T 2-
1- IR IEERS (IBMX) | 10%JJ32F 1135 . 100 U/mL¥ % %
F1100 pg/mLEERE R . JE P 2L YLt A 96 LA H il
75528 dJi, PBSUEAALAR3IR, 225 HT B[] 2 20 min, PR
FIRE 207564k Genmed ) 3G H 10 min7 & 4, PBS
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hBMSCs7ERURIE T3, 5. 7 dJF #EAT AR EE K 1y
RT-qPCREEM, f1F5CCAAT enhancer binding protein
alpha( CEBPa«a) . perilipin 1 (PLIN1) ﬂ]lipoprotein
lipase(LPL) . BEAKT 74015,
1.5 RT-qPCRIGMBE FAE S LR EERIL

i FHTRIZolIX F (Invitrogen ) JZHL A RN A, i ]
PrimeScript RT3\ 7 £ (TaKaRa) figDNA eraserid il &
(TaKaRa) | #&cDNA., RT-qPCR7ESYBR Premix Ex
Taq Il (TaKaRa) 2 Wi & & & Bio-Rad CFX96 real-time
PCRIVHHEAT . ¥ I B4 95 “CF 30 s, LRAAER;
95 C FAEMES s, 60 °CFIR K31 s, 40 MFFR . JEHH 3L
5190781 W2 1, 18 FH GAPDHAE N 25 JRUIEAR L R
JPHI 222, ffi H36BAfE NS, #iHLightCycler 964K 4
(Roche)GEitCtfH, A2 KRB A Rk i

# 1 hBMSCsH BN LEXERSIMF

Table 1 Primer sequences of hBMSCs osteogenic differentiation related

genes
Gene Primer sequence (5'-3")
DLX5 F: TTCCAAGCTCCGTTCCAGAC
R: GAATCGGTAGCTGAAGACTCG
RUNX2 F: TGGTTACTGTCATGGCGGGTA
R: TCTCAGATCGTTGAACCTTGCTA
Sp7 F: CCTCTGCGGGACTCAACAAC
R: AGCCCATTAGTGCTTGTAAAGG
COL1A1 F: GTGCGATGACGTGATCTGTGA
R: CGGTGGTTTCTTGGTCGGT
BGLAP F: CACTCCTCGCCCTATTGGC
R: CCCTCCTGCTTGGACACAAAG
SPP1 F: GCCGCTGTAACCTCTTCGG
R: GTCTTCGGCCAATCTGGCTTT
GAPDH F: ACTGAGGACCAGGTTGTC

R: TGCTGTAGCCGTATTCATTG

DLX5: Distal-less homeobox 5; RUNX2: RUNX family transcription
factor 2; SP7: Sp7 transcription factor; COL1A1: Collagen type | alpha 1;
BGLAP: Bone gamma-carboxyglutamate protein; SPP1: Secreted
phosphoprotein 1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

1.6 RNAJF ( RNA-seq ) #0386 YTHDC2R} P e R 4H
KFEEZL

h T i — R SE Y THD C25 IithBMS Cs i 43 Ak Y
BL, FeAT 1R YTHD C2 B i 4 B 34T 1T RN A-seq, LA
3 Y THDC2 R AE R AUK P B2 AL . siRNAFEZ48 h
Ji, 1 TRIzoli | # BUE RNA, si-CTRLsi- YTHDC24%
3N EYeFE A . i Tlumina TrueSeq mRNA sample

%2 hBMSCsEBE S LIAXER S| #1575

Table 2 Primer sequences of hBMSCs adipogenic differentiation related

genes
Gene Primer sequence (5'-3")
CEBP« F: TTCACATTGCACAAGGCACT

R: GAGGGACCGGAGTTATGACA
PLIN1 F: TGTGCAATGCCTATGAGAAGG

R: AGGGCGGGGATCTTTTCCT
LPL F: CCCTCTCTTACAAGCCCATCA

R: GAGCCAGTCTGGTAGTACATCA
36B4 F: TGAGATTCGGGATATGCTGTTGG

R: CGGGTCCTAGACCAGTGTTCT

CEBPa: CCAAT enhancer binding protein alpha; PLINT: Perilipin 1; LPL:
Lipoprotein lipase; 36B4: Ribosomal protein lateral stalk subunit PO.
preparation kitfil & A£ 4, J-#Ellumina HiSeq 3000 machine
AT .l FHSTAR_2.6.0aKf H b 5 3] A 3L P 41
(UCSChg19) J{-ffi FIDESeq2 K (1.16.1) AT WA~ e 21
A 2K 25 PR IR 50T, adjusted P value(padj)/NT
0.0571log,fold changeZft X {E R T-0.5 LA S 22 S L 1A
g N 22 e R IR A 45 R BT CR LA (Metascape
M fEL T H) . GO4r#ridiid clusterProfiler(3.4.4) 3/
HEAT, M GO%tHs 12 52 I 22 S A 38 Bk [X] 1) Ty R e 42 70
o KEGG/r#{#i F clusterProfiler(3.4.4) ¥ A4-3:47, F
KEGGHUR 4 552 B 22 5 0 PR ) e e s 4 23 H o
L7 FHirFEFRE

A R VL %+ 53R o J 3k AR O XU e 4 it
TGV ALRER B, P<0.05 25 A Gei 4 Lo

2 #R

2.1 YTHDC2RE§FE G B 5L BE F11E5R
ZRT-qPCRIIIE, si-YTHDC2%% YehBMSCs ) M54
R 62%, RGBS ER . ALPY A S R R, il
TR, YTHDC2 i F % ithBMSCs1) ALPIE 4 i 2 7+
1o, R TR SR (1 1A) . PER YR T
R, B S 14 dJS, YTHDC2 [ S 2 hBMSCsIE I A5 45
TRYRE IR (K1B) o B PEFE3. 5. 7K, RT-qPCR
2R WK si-YTHDC24 W) DLX5., RUNX2, SP7.
COL1A1, BGLAP, SPP1Rik¥FE (K12) . IEW]YTHDC2
i FE T hBMSCs 7 AL RE 71 B 5 1G5
2.2 YTHDC2ESFE ISR BE 5> 155 S6E 1R 55
BRI 28 dJ, Je B ALY A8 R, FE IR — 20 M 2%
T, si-YTHDC2ZH Y 1 1) i £l A AR FRER 5/ (1513) o
RT-qPCREFH o, MR F433. 5. 7K, YTHDC2ii b
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Fig 1 hBMSCs alkaline phosphatase staining and alizarin red staining results after siRNA transfection

A: Alkaline phosphatase staining; B: Alizarin red staining. n=3. ***P<0.001, vs. si-CTRL group at the same time point.
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Fig 2 After siRNA transfection, the expression of osteogenic differentiation related genes at day 3, 5 and 7 of osteogenesis induction

n=3. *P<0.05, **P<0.01,***P<0.001, vs. si-CTRL group at the same time piont.
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Fig 3 Nile red staining results of hBMSCs after siRNA transfection (scale
bar 25 pm)
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Fig 4 After siRNA transfection, the expression of hBMSCs adipogenic differentiation-related genes at day 3, 5 and 7 of adipogenesis induction

n=3. *P<0.05, **P<0.01, ***P<0.001, vs. si-CTRL group at the same time piont.
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