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Abstract

BACKGROUND: FoxML1 is thought to be involved in the regulation of stem cell differentiation fate, but its effect on osteogenic differentiation of
mesenchymal stem cells has not been reported. The research on foxM1 gene is mainly focused on the tumor field.
OBJECTIVE: To investigate the effect of shRNA-mediated knockdown of foxM1 on the osteogenic differentiation ability of bone marrow

mesenchymal stem cells.

METHODS: Bone marrow mesenchymal stem cells from Sprague-Dawley rats were isolated and cultured by the whole bone marrow
adherence method. Recombinant lentivirus carrying foxM1-specific shRNA and puromycin-resistance gene was constructed and transfected
into the rat bone marrow mesenchymal stem cells, and foxM1-knockdown bone marrow mesenchymal stem cells were acquired after
puromycin screening. Alizarin red staining was performed to investigate the osteogenic differentiation ability of bone marrow mesenchymal
stem cells cultured in osteogenic differentiation medium. Expression levels of several osteogenesis-related genes were examined using
quantitative PCR. The nuclear expression of B-catenin was detected using western blot.

RESULTS AND CONCLUSION: Knockdown of foxM1 in bone marrow mesenchymal stem cells enhanced the capability to form mineralized
nodules and significantly increased the mRNA expressions of collal and runx2, while no significant difference was found in the nuclear
protein expressions of B-catenin. These results suggest that knockdown of foxM1 can promote the osteogenic differentiation of bone marrow

mesenchymal stem cells.

Subject headings: Forkhead Transcription Factors; RNA Interference; Bone Marrow; Mesenchymal Stem Cells; Cell Differentiation;

Osteoblasts; Tissue Engineering
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1 #EIFNAE  Materials and methods

1.1 &3t RSN AE L .

1.2 B AL ST ET20174E3 H £20184FE8 1L
F L KA R S 65— S e 3 S AR s = DL R HR KA
SRR 2R S = S K

1.3 ##

1.3.1 SEEAYEY A ati. BiETES . AL
FeH (Thermo Fisher A ]); i # & 0o HL(Eppendorf 2
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#]); EPICS XL-MCLi =041 ffid{X (Beckman Coulter 2 #]);
Axio Observer ALf8| & %¢ ) B Ei (Zeiss A wl); BEARAX
(SunriseA #]); HIKk1X(Bio-Rad/AF]); ImageQuant LAS
4000%1 71§14 # %5 (General Electric/A 7]); StepOnePlus™
SN 5E B PCRAY (Thermo Fisher/A ).

1.32 s 5K A KB DMEM B 7 % (Cat
No0.11885084, Thermo Fisher 24 &) ; Jit 4 Il ¥ (Cat
N0.A3160801, Thermo Fisher/A@); 0.25%]3:#l-0.02%
EDTA¥% i (Cat N0.25200056, Thermo Fisher A #]); %%
# -7 % (Cat N0.15070063, Thermo Fisher/A@]); PBS
(Cat No.C0221A, Beyotime/~]); PE Mouse Anti-Rat
CD90(Cat No0.551401 , BD Pharmingen 2 # ) ;
Anti-Mouse/Rat CD29 PE(Cat No. 12-0291, eBioscience
/AT]); PE-CD117(Cat No.561075, BD Pharmingen’s 7))
LV-Foxm1-shRNA-PURO(i#% =1x10° TU/mL); LV-PURO
(% =1x10° TU/mL); MEn4 %5 2% (Cat No.ST55 1-10 mg,
Beyotime A r]); RIPAZLfi#K (Cat No.PO013B, Beyotime
AW MR E S 9 R IR B e R 5 K R & (Cat
No.P0027 , Beyotime 2 ¥ ) PMSF(Cat No.ST506 ,
Beyotime 24 7 ) ; SDS-PAGE #& 11 I ¥t 2% i ¥ (Cat
No.P0015L, Beyotime/\wl); BCAR A I & ik &
(Cat No.P0010, Beyotime/A7]); SDS-PAGE Hiikii(H
fi); Western#% I (H ll); PVDF/E(0.45 um, Merck
millipore A &]); Westerndsf []#i(Cat No.P0252, Beyotime
A ]); Anti-FOXM1#if%&(Cat No.ab175798, Abcam’A #l);
Anti-B-catenin $T & (Cat No.#8480 , Cell Signaling
Technology A #]); Anti-GAPDH#{/4(Cat No.#5174, Cell
Signaling Technology 2 @ ) ; Anti-PCNA #i 14 (Cat
No.#13110, Cell Signaling Technology /s #); TBSTZ: i
W(ET): FrEBECLIL R IGRF(Cat No.POO18A,
Beyotime /A 7 ); TRIzol Reagent(Invitrogen 2 &) ;
PrimeScript RT Master Mix(Cat No.#RR036Q, TaKaRa
2y #]); SYBR Premix Ex Taq Il (Cat No.#RR820A,
TaKaRaA ).

K B BMSCs & & i T 2 0 5 3% & (Cat
No.RASMX-90021, Cyagen/Awl, B4 hFLmlRsI73
175 mL. L% 20 mL. 7% #5574 522 mL. B2 B %2 mL.,
PURIMLERA00 pL. B-H B RE2 mL. HhZEKFRA20 uL);
K B BMSCs i i 5 & 7r 0 K 7% M (Cat
No.RASMX-90031, Cyagenl, LEAH: OifiSFh;
FRHE: JEREREFRIELTS mL. 3520 mL. 5% %45 %
2mbL. B BEZ2 mL. B 3400 pL. 3—¢ T H-1-F 4
THIENS200 ub P FIREI200 pL. HhFEKFA200 pL; @4k
FER RS FERRRTRILLT5 mL. 3520 mL. 78 #-5E%
2mL. BEBE2 mL. JiE 52400 pL).

S HTIAN YI HUI YUANZ A &%, & 5195
(5'—3)M4: alpl: F, CCACTATGT CTG GAA CCG CAC;
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R, GCC TTT GGG ATT CTT TGT CAG: runx2: F, CGG
ACG AGG CAAGAG TTT CAC; R, TGTCTG TGC CTT
CTT GGT TCC; sppl: F, TGAACAGTATCC CGATGC
CAC; R, GTCTTC CCG TTG CTG TCC TGA; collal:
F, AGA CGC AGA AGT CAT AGG AGT: R, AAG CAA
AGT TTC CTC CAA GAC; gapdh: F, CAG TGC CAG
CCT CGT CTC AT: R, AGG GGC CAT CCA CAG TCT
TC.
1.3.3 LK HEESDRR 2K, 8FWs, SPFL, h
ol K2 SR Eh W o R AL, S S A VR AT S
SCXK(#)2016-0029. SK i ik 72 bt sh kb & 75 & shWite
HLEEIR
14 Z¥F*
141 KWBMSCsHIsr&#55%  RHE Z A a1
B BRI B 1 7R SD K RBMSCS, 1R FH S50 M
FIEALSESD K BRUG SRR 3 BUh 75% QR85 min, T
B AR G A G ARSI B A3 2R WUIE &
BYTF B i, A1 mLyd 4 24 EX0.5 mL{LBEDMEME:
FEEE(F R $ 9 10% R 4 3 . 100 UImLiE & # &
0.1 g/LEEE R EHERE AW, ESFEEIW, bk
FTHRAGH 56N B TR DMEMES 2 36 Fh 15 9%, i3 dBFR
BIFH, 4l & ik 80% N F LA L AL4L, £43
ARG M T ) S5 5
1.4.2 KWBMSCsi%x  HEE3fXBMSCs{#H0.25%
[ AF-0.02%EDTAR R 1L , LTVA PBSYLIR 21K G H AN
21 MR P 5% 210° L 40 I, 0 N2 mg/L PEARIC I
PUKCD29. CD90. CDI17Hgkediik, Bk g s
30 min, FHZAPBSYLA2IK 5 T-300%g .25 minJfH& T
500 pLTii#APBS, izt i i, A Flowd vV10.0.7
BEATHHE 2 HT

U 31BMSCs, Fr il s slg i % 5 4r t %
FEAR) RS UL P BRI T R S . OB
S EEL T K BMSCs i #2x10% em?ff1 41
i P Pl oAE A% 0. 1% W e (6 FLAR 5 FILAR1F T 1
FER AN MR ik $)60%-70%, T 3k il 7% Sk o 4
Bk, W3 dil1ik, 'S4G, WorRigRkE, PBS
B2k, REFLIIAN2 mLARFR 53 550 4% H i HH 9 ] o
30 min, WA S, PBSERVE2IK, BEFLINAL mL
P PRG35 min, WFHFIEFET R, PBSIELE3IX,
TR SRR G R @R S 0
. F4BMSCs iz R 2x 10 em? (1 41 i 25 B B2 Fih 75 6 FL AR
o LA IR R R R A A M Al A 3 100% 5 1 /il
N R SR IR IR I3 d, BEJE S ON AR R R IR
Fe1d, WASHEBIK G, YRR bk e i IR H 24
J, IR R, PBSIEPL29K, BALINA2 mLAFR %k
A% P PP VA [ 72 30 min, W FE P R VAV, PBS
2, FFLIIANL mLIHZL 044kl TAE M 44 (4,30 min, W
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FEMLTOYLH, PBSIEVEIK, T W Alss T W %% g iy 4 (4
1.4.3  FHME W R Y BMSCs  SEH 4 A 34

foxM1 T4 (% JLV-foxM1-shRNA-PURO). [ 11 %} 97
FEAL(FE JLV-PURO) K 25 A X AL (e Ui ) . BUER 3R
BMSCsiHfk Bk 5 LA1x10%/ LI f 26 4L+, 37 C. 14
U 5% COL4 1 R 5724 h)i LAMOI=501 A AH Y ()
AR, GhEEgR, TIRYYE B3R I AES 3 3%
5 mg/L(Z AXTFEAL 40 5 mg/L hy Z8 3  a] 4 2 (3 5 1R
S0 0 5 A U T (P NI 2 IR ) 4k 8 93 d, R
B S R R I B IR, AN A i 60% T IR AR,
FAR2 U W B4 i o R 4 7 35 I I 1) 4 B T i
1.4.4 Western blothillfoxM1 T3 % i FIRIPATRZ
R (F 1 mmol/L PMSF)#fi# iA341BMSCs, 4 C.

15 000xg#.L»10 min, H_LiE M a8 . SRABCAL
WE EAWE, N FRRZ 5 347 I SDS-PAGE i
TR, FAWesternd ICE 4130 min, —$i4 CIFE
B, TBSTZEMBERS minx3ik, —His=imiEE1 h,

TBSTZEMYEESD minx3¥K, i IMECLA IR 5% Jo fif
FEC T % RG0St

145 H4IBMSCsHifEfie ) WAKIRE RIFH Eik3
Z1BMSCs, LA1x10" L™ 41 Mk fZ R0 22 24LH (1 mL/4L),
37 C. A BUNS5%CO M MR F2 56 T IE S5 77T d,

24 X FLI AL 5 A FH i 4t B v E i -4, 2 8 i 2%
1.4.6 BMSCsif bl M EiR341BMSCsi L &
5 15 2x10% om? (1 40 i %5 5 3R T A 0. 1% W e 116
LB, F37 C. AR 5% COMF N R, 44
JRLII A5 B 1k 60%—70% I it FH f i 5 3 7 b 56 A s IR ik 4k
SRR, 3 ALK, ESHE T IRA R R A g
MG TR 255 .

147 E ERT-PCRAT M AH G R KA K B34l
BMSCs#% i S BRIT e 7 T 0 a5, TrizohR 742
HUMRNA, ZPrimeScript RT Master Mixi 7l £ [ i 5% A
cDNA, 1§ /HSYBR Premix Ex Taq 11\ £utb g /e i st 4k
AT E EPCRIN . Llgapdh i N 21, 4> #ralpl. runx2.
spplAiicollal P (At L, &5 L2 AR,

1.4.8 Western blotf il i #% & 11 7 B-catenin & 117K
IN34IBMSCsi% ik 0 BT Bty 75 3 0 4 Fil s , A6 41
A% & 15 40 i R b3 R SR BMSCs, UK %
EH, Wig1.4.45 83T Western blot, Kyl ok 8 =
B-cateninfg [1/KF.

1.5 FZUE4EH OBMSCsH LR MR EYEIE KL
oA EE J) s @ T 4118 0 55 B MR B Yt )5 %% 41 BMSCs
FoxM1# IR IAK - @F4IBMSCsHAfE J); @4
BMSCs 5 T i B 7K ;. ® % 41 BMSCs i i AH ¢ 5 [
MRNAZEZL K ©% 4 BMSCsH P B-cateninik (/K-
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1.6 %itFEat  HdRHxesER, fHSPSS 24.04
TR TR A B, 341 a) LR PR IR 36 22 0 W o A
FlImaged {10} ot 22 21 Yt LA Sk Western blotZkaiy EAT i
Ak, BT A SR 31k (n=3). a=0.05.

2 %R Results

2.1 BMSCstxk@irEMERER S Gokit ) K
A A W RV IR A R 3R 4 M3 D W BE ARG, DB R
B R GBI EI ] R R N RN BT E BN
Ak, WELA. SR KSR IR IR IS S A HE )
AT AF . (1) Tk G ] L 505 S MR Wi, B i 455 57 4
HARE MR e i ge, WLEL1BAIELC, Wi
SN M ARAR e 45 R oS, TR IR0 i v R IA R AR B )
CD295 CDO(FH 1 % 41 100%), HJLF- A %Kik i T
I W 2 T AR S PICD1L7 (B PE % #21E0%), WE1D. E1E
FELF. RS RARIR PR 77 41 A & BMSCs I A 9%
Rt

2.2 EHIERFRIRIE LS ELLBMSCs T FoxM1& & &
K SRR EEA T IBMSCs B K Y A= 1 BMSCs
FLL, g4 foxM1 shRNATE Ji 5 %k 14 J5 BMSCs [
FoxM1E I RIB KW TR, ZR¥YAEEERX
(P¥J< 0.05), 1HR-4IBMSCsIIE g f) 2 57300 B F &
X, WE2.

2.3 ABMSCsifFAEKF MmlREa O, 5
YL 2R B AR BMSCs LA K BF 2E HIBMSCsH UL, e 4
foxM1 shRNATZ 5 & 8 44 [fIBMSCs 7 Jil i 175 5 i T i
SENREEY B L, LA,

2.4 ZABMSCsAF -3 /6 AE 48 X A& B mRNA£ X K
P ELN R E S, KlfoxML TR B I
20 DA B 45 6 1 21 BMSCs 22 A B AH 6 55 F T mRNA
Ko GEREIR, foxM1T 4 collalFirunx2 i mRNAZK
TR AN B E T, E R REEE L (PY< 0.05),
{Halpl 5 sppl T MRNAZK - %21 1] 2 5wt F s L (P >
0.05), WLE4.

2.5 AABMSCsA B 5/ 4# M B-catenink G /Kk-F  7E
S EE TR, SRR A B-cateningg /K2 57+ 6
BEEEX(P >0.05), WES5.

3 it+i® Discussion

% 50 M g A48 481k 0 2 BMSCs 1)
FoxM14z FHRIEK, FAERR T foxM1EE A X BMSCs il
O LRE T I, WD T4 B R foxMLIE PR (i e ik
AP a4 BMSCs il b i e, foxM L ik [f1BMSCs
LINE 1 SO SRR G 1 55 R T R 45 TR CE )
W%, [RIW R B A 52 Rl collal Flrunx 23R 18 7K T~ 1)
B ETF, (A R BMSCs il i B-catenin £ [ 7K T A W
223 I B A
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K%, HAvE P A AR ILOG T FoxML 5 i) 78 i T4
JHL RSB AL AR S RIF Y ARG o BR A5 IR 1 40 8 PR AR AT
FUPT, AR AE T 0 U FoXML I 9% ) B rh i
M40 FERG T4 L A T4 7 i, fiiHou !
R T FOXMLAR A X6 4 4365 1 40 it i JEL B | R B g
I IENE; Kwok 2B 5 T FoxMAZE IR i 140 i v i 7E
FH - AR X R VR 6 40 6 P 8 50 DA R HR B A I 384
V34 A B2 1K; Besharat5BH N LB — A PR R IESE T
FoxMLi ik 2 5 miRNATE 23 19 4 4 R b £ 1 40 i 1 M 1
YER . Y W JCFoXML5 [ 7 o+ 41 M (9 A CAIF 5T, {3 |
R T FoxML ] G [RFRFE X ) 78 5+ 40 i 1)+ 1k 4
FECL R Ty i AT W E . MMEB TR RE, T
PrfoxMLIE K (1) LI KF ] i BMSCSTE i 25 15, Bl
FcollalFlrunx 23 K s K P i, #7nFoxM1n] fEH
A HIEBMSCs T AL BE IR, THRILER LK) T
R GBI . WA MER, %055 Arid
FOXMLZE FL A =l fryeg S5 )+ 4 a7 4 RS A —3%, B
FoxMLXS T4 ks PR 4 R 2R, PRIk
Y ] e R G i 273 2 R 1117 N o 11 UK S 8

TERME, R KfoxML A fig 7 Bl it #EBMSCs
(R A, AR R AT I R N FH LA o —/MEAR T
TR R ) 8. — 5T, foxMLKE PRI A Ay ] A7 4 i
BT T AT AR R, N A% RE D AR B T R )
thfe ), RS E R ILNIERE )2 H B T4
TR, ISR 412U A 8T L Hh (1 410 A Ak i 1 i
HLg sz kK, AR & X - 41BMSCs 5 /K -3k
AT TR, PR RIS 78 5, AR P KT A 5 AT A
Uh, MK RSB SBIRAE. S)—J5THT, Sungt
RINFOXMLRENS 5 45 AR R B T4 &, HHEAE R
SEACE BRI A KR R, R TR, R
HHLBE G M5B R T2, THifoxMLig A T
BoREJE MU TR R ? 1K S AR AL — AN T Ry A 2 1 ) AL
[ FE 7 Bk S TR

N HE— SR EFoXMLXTBMSCs i /AL I R 5 L,
2 % Wnt/B-cateniniill B (1) 2 4 4> T B-catenin ZE AT T £
. Wnt/B-cateninil 4% 7 BMSCs Jli B /0 AL ik e b i i 548
JH EAT % SCRRRAE T 3239, (R RIRIF ST (R 45 )R A — 4K,
S R HE R B E ECE TVER,  $&7RWnt/B-cateninid
Bt T BMSCs B E M (K # 7T i B 2 1 pERS M, 56 T
FoxM15B-cateninffAH L #A/E M, Im4Fskets AT —LLmt
FUIRAE, W Zhang 5P x4 28 i 588 (R T ol et e 758
FeyivE B R W &2 B FoxM1 g (A ] 5 B-catenin 2% 4 H B2 45
£ T % Wnt/B-catenin il % ;  Chen % B 57 & /s wnt/
B-cateninii % S ik ok nf i Mk FoxM1 2K 111 2532 24k Al
AEFFRaE, TN T B-catenin/ TCFA) J 2030 2 L B
K1, $nFoxM1 5 B-cateninfly i f /L Z A0 B AR . 4R
MM, MAEE T4 BE, FoxMLER 1R IE KA 1%
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