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[# ZE)B®.FR SRR (all-trans retinoic acid, at—RA) XJ K 5B 886 8] 785 140 )l (rat bone marrow mesenchymal stem
cells, rBMSCs ) B 5 4L AR B ML, 77 3% B S B R 36A S BMSCs, AR MR (0.1,1.0.5.0 wmol/L)at-RA , /554
7 KL 2l 2 G o 3 ARG 0] B ARG 45 2H M R R B (alkaline phosphatase , ALP) 7%, 26 21 KA PE R 4 e 0 )5 8] B i
BRI 2 PR UL G AR A5 ER TR, TIE 350 7.14 .21 KR real-time PCR #1545 % (osteocalcin, OCN) "B HF &K (osteo—
pontin, OPN) , TE LR B a] 5 0 JE A FEHEINEE 1.3 K 2 B A] S A Runx? | Osterix DA A 91 85 R 37 44 RARs(a,B)mRNA *=
ik, R . BMSCs fERMLE B TR EA T F LI MPE KA Y O EUE I RE LN B E A0AE, A at-RA 51598 7 d, ALP {14
X FRZA I (F=107.177 ,P=0.000) , 5 %) B4 LL#% , at—-RA 2 1.0.5.0 pmol/L 2 £ B i FHE (P<0.05) . SR £8P KLY () 58
ALP JhE5 40 HAG R URR 5% MR 2H [ A8t B iy /b (F=57.554,P=0.000) , 1% at—-RA #¢F 5.0 wmol/L 18 real—time PCR &l ,Lﬁxﬂﬁ
ZHAH AR 3R 3 M) A5 OCN(F=211.145, P=0.000) ,OPN(F=30.835, P=0.005) Z35 HIFE K , Runx2 (F=106.536, P=0.000) . Osterix
(F=452.546,P=0.000) \RARa (F=253.159,P=0.000) i IR 1ESE 21 KI F &, B Osterix FEFN 4T RSN, Hofts 2 ASFE Rt 7E
ZAIA] A G222 5% T RARB Rk 2R . T+ (F=2 294.377,P=0.000) , £5i%:at-RA #1 rBMSCs U543k, HALH]
ARES RAR« (9 F A RARB 1Y L3, JEIMTEZM Runx2  Osterix (33545 5%,
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All trans retinoic acid inhibits osteogenic differentiation of rat bone marrow

mesenchymal stem cells
Shu Xiulan ,Liv Zwyin,Bi Yang,Chen Jie ,Liuv Youxue
(Ministry of Education Key Laboraiory of Child Development and Disorders of Minisiry ,Key Laboratory of
Pediatrics in Chongqing; Chongging International Science and Technology Cooperation Center for Child
Development and Disorder ,the Children’s Hospital ,Chongqing Medical University)
[ Abstract ]Objective . To explore the effects of all trans retinoic acid(at—RA) on rat bone marrow mesenchymal stem cells (rBMSCs)
osteogenic differentiation and mechanisms. Methods : The rBMSCs were isolated and induced to differentiate into osteoblast. At—RA at
concentrations of 0.1,1.0,5.0 pwmol/LL was added to the osteoblast induced medium. Morphology of the cultured cells was observed us—
ing inverted microscope respectively. On the 7th d,histochemical staining and alkaline phosphatase detection kit were used to test the
alkaline phosphatase (ALP) activity. On the 21st d,alizarin red staining was employed to detect calcium salt deposition. During osteo—
genetic induction,mRNA expressions of both osteocalcin(OCN) and osteopontin(OPN) ,biomarkers of osteoblast and related differen—
tiation regulatory genes,i.e. Runx2,osterix of the osteogenesis regulation pathways and retinoic acid receptors (RARs,«,B) of the
retinoic acid signaling pathways were measured using real-time PCR. Results : On the 7th d of differentiation, the activity of ALP of os—
teogenic induced rBMSCs with at—RA cells increased markedly compared with that without at—RA cells(F=107.177,P=0.000). How—
ever,on the 21st d,the calcium salt deposition of at—RA treated tBMSCs significantly reduced compared with that of non-treated
rBMSCs (F=57.554,P=0.000). During osteogenic induction process, OCN,OPN,Runx2,Osterix and RAR« expressions of at—-RA treated
(5.0 pmol/L)) rBMSCs decreased compared with those of non—treated rBMSCs(211.145,0.000;30.835,0.005;106.536,0.000;452.546,
0.000;253.159,0.000, respectively for F and P values) on the 21st d. Meanwhile, significantly increased RARB expression was observed
(F=2294.377,P=0.000) during the whole differentiation process. Conclusion ; at—RA can inhibit osteogenic differentiation of rBMSCs.
The mechanism may be through up-regulating the expression of RARB,down-regulating the expression of RARa,and inhibiting the

{EE N AR 47 7 2, Email :592306594@qq.com, expressions of Runx2 and Osterix.
BRI ey JLERAE, [Key words ]bone mesenchymal stem cells;osteogenesis;all-trans
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FIEES YA R AD SER T BB AME  [EAh
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B R 275 48 A B I AT RE 2 G0 B BT A E
XU, G — TN 18 AR SETXT 72 337 44
Y ALY R A BB 5 AR AT A XU 1
WFFE R, HA L AL LR A 3 000 pg/d i,
KB BER AT e WU (HE I -2 b R 4%
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B A 2 H R A0 N A O CRE T 55 T R 40 i
WIS RE TR, HETF R B2 R4 R A S
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B BE 8] 78 )5 1 4i L (bone marrow mesenchymal
stem cells, BMSCs ) /&4 T B BEHEE T ) —Fh 278
RE M T AL, ZEAR S AN RS S 30858 AT LA Ak
Vo) = = W [ R = e )
C BT, BMSCs 2 0B 40 M R I 2 — , PR, B
HEEZR A X BMSCs JH 73 YR M AR S 1
B XS 5 AN BE Sl R IE A A FE4E A4 3R A HAT WS
TERYE L,

A EE R (retinoic acid, RA)Z4EAE A WA %
PEA VT SR B 3 R A Y~ 00
Sl I 54 52 MR (retinoic acid receptors, RARs)45 4,
5 H AR A 3h 5 DX 4 5P RAR &0 T
(retinoic acid response elements, RAREs) %% &, MM
P H LR A FIRP, Lind SO GTAFoE &Z 8,
RA 1l MC3T3-E1 1), RA I MC3T3-E1
AR AYE ML (5 FATH EZ RA X BMSCs i
ISR TR ABIETE . AWT5E H BMSCs 7 5T
X R RSMEI e A 2R A TSR at-
RA X} rBMSCs it 734 152 i I F 2R HmT RE i 73
AL

1 #MR5FE

L1 E&XA

A5 FREE DMEM/F12 1 F Hyclone 23 F] ,at-RA I A
Sigma 24 H, I 4 L7 FBS I A Gibeol 241, BUH 4335 57
Bl 5 TN B F R RSO0 B AL 5t S E B A
] PR S AL 1 25 RS D BB B R i (alkaline
phosphatase , ALP) Kl i &0 1 R 5 A= MIFE BT , et
PR A UL (33 [ Sigma—Aldrich A7), p§ 4L S(Alizrin
Red S)I4 [ & MBS Wy RHE A R TTT A A, B4l S RNA

PR BN & (RO W B E 2R SE D SR sk iR
£ real-time PCR {7 &) F TaKaRa A ],
1.2 BMSCs #9435~

SD K BRI B 58 = ZE P R KPP BEBE gl s  7E d RIS
B2 E JLE E B sh ) bt SPF 94435, (BMSCs 43 85 55
TS BT AR SE 07k 4 M A 5] 90% /il i I R
ALTEARAGAR, B 4 R AnEdEA T s 75 30 ik
1.3 %sa

X HEZH OB 75549 ,0.1,1.0,5.0 pmol/L at-RA ZbFf
HOEE WM T at-RA) . A0 RN ) 6 55 5 N
30%,
1.4 at-RA #F rBMSCs & B 2L 49 % v
141 ALP Bt g ROnG R B2 7 KikifffT ALP
ENEYL (D /0 Fast Blue BB salt #3 KA ddH0 A7 i
BCRIR L RIAT 5 ) LRI 1725 FR AS-MX ekt
Jic B LT, R 2 24 FLAR P B8 3R 3L AL 250 pl bk
W ,37 CHEEIFE 60 min; WA FWER A, ALP FE &
K W 6 FLAR P35 3R, PBS Bk 2 3, 3% ALP 3l &4
FEHATIE | FHEEARASGI HH 25FLI OB (absorbance, A ) fH , [F]
B BCA 3R LR TR, eIl G vt B 5 A U
HASLE 7 I AT ALP AYiE , B4 : Ulgprot,
142 PEROY O RARIUE I E AL TORE 2R 4
RANMAEF 24 FLA, 24 b JEEBNBCEE S, DR 3 d
el YO, 75 550 21 KRB U PBS Yk 3 ¥R, 109% i
E 30 min, LA 0.4%96 R LY, LT W) BB 35 %
P, ddH,0 281k g . Pt )5 FATHRIRGE 2 A A5 4
DU A 400 pl K ZFR/AL , TEFE IR W% 30 min, 400 wl
TR KBRS 2 85 “C/KIA 10 min, VK - 5 min, 14 000 vmin,
B0 15 min, B 400 pl A 150 pl 10%NH,0H, % pH 144
4.1~4.5 W 150 pl ) 96 FLERHT, ZE4MNI A s o
1.43 Real-time PCR ¥l RA {5538 B R H 40 M 2Tk b
BRI CEE 4 IR T 6 FLA, BUA TS 1.3.7.14,
21 KEEFEM BMSCs $IUE RNA | L) TaKaRa i 71 &5 f 54 5%
cDNA %5 1 55, FIFAE S primer3.0 it , L5t K IEP 24 )
A, Runx2 Ei%:5°-CCGGTCTCCTTCCAGGAT=3", Fii#5" -
GGGAGCTGCTGTGGCTTC-3" ; Osterix [ :5'~GGGAAAA—
GGAGGCACAAAGAA-3’, Fi#:5’ ~AGGAAATGAGTGGGG~
AAAGGG-3" ;0PN [-§}7:5’~CTTTCACTCCAATCGTCCCTAC-
3’ Fi#:5 -CTGCCCTTTCCGTTGTTGTC-3" ;OCN L i#.5° -
GGACCATCTTTCTGCTCACTCTG-3", T il :5’ ~ACCTTATTG—
CCCTCCTGCTT-3 ;RARB L:¥##:5° ~ATTGCCGACCAGATTA~
CC-3", Fil#:5’~AAAGCCAGCGTTGTGC-3" ;RARB 7.5 -
AAAGCCCACCAGGAAACC-3", Fiif:5’ ~CTTGGCGAACTC-
CACGAT-3";GAPDH |i#%:5’-CCTGGAGAAACCTGCCAAG—
3’ Fif:5’~CACAGGAGACAACCTGGTCC-3 ,Real-time PCR
B SN AR B A4 B SR cDNA Bibis% , 514, SYBR Premix
Ex Taq™ T, 258 F/K , VA0 95 CHAEHE 30 5,95 €A%
P 5 s 22K 30 5,65 °C~95 CHf T} 0.5 CRET, 39 FHIE,
SRR 222 AT,
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1.5 %itFoM

K SPSS Statistics 17.0 A1 786 /00T . B8 LAY
B+ BRUEZE (o = 5) SR ALP 61k FE R Y 3R UL A L
BRI ZE 5 22007 , I HLA5FH Dunnett—s K556 (K30 7K v «
@=0.05) ;real—time PCR 455 5 & I i J7 2253 H7 , 450 [A] 15,

2.2 at-RA 3741 tBMSCs B85 F 1 45 36 &%,

T 21 K, PE R YO A FIREE at-RA ZLEX)
HEZAABERTUR A Sk, R R RO, U HAE 5.0 umol/L
at-RA ZHIMH I (K] 2) 2D PRI R LT e (A 45
VTR SRR D 22000 A (EA G525 5 (F=57.554,

W 24 ] [ 55 A6 36 7K #E . OCN ,OPN 2P (0=0.016 7), Runx2 ,
Osterix . RARa . RARB HE[H («=0.008 33),

e 01 it iy =0.742) , HA 2 LUK T IRLL A Geit2 25 5% (P

2.1 rBMSCs s/E oL ¥ ALP #) E AL

BMSCs 7EE S5 7 K, at-RA 45T HAZL ALP 15
PERR BT (B 1), SR 207 22 00 il ALP 76
45 B Gt 25 5 (F=107.200, P=0.000) ; E— 254 2 2H ] Lt
BRI, 0.1 pmol/L at=RA ZHAM (P 1 w o1 it as=0-602)

AL XFHRA

B.0.1 pmol/L ati-RA

C. 1.0 pmol/LL ati-RA D.5.0 pmol/L at—-RA

2 FHELHEEMER(100x )

B. 0.1 pmol/L. at-RA Fig.2 Observation of the Alizarin red staining of ALP (100 x )

2.3 rBMSCs s H # 5 P at-RA 47 %] B 45 % (osteocalcin,
OCN) "B #r % (osteopontin, OPN) 2k I #9 & iA

YT at-RA VREEH 5.0 wmol/L Aof B 43 AL ) 5 1 5 1)
2, PIEREPEH] 5.0 pmol/L. at—RA WLEEA R A] 57, (7 14,
21 d) % OCN OPN R F A M50, 255 K& . OCN ,OPN
mRNA AR A A3 P25 225 (F (0 P )
H:73.673.0.001,39.994 ,0.000) , i [i] 5 41 [ £7-4 5 714

C. 1.0 pmol/L at-RA

D.5.0 pmol/L at—-RA

B 1 ALP #EMZE(100x )
Fig.1 Observation of the staining of ALP( 100 x )

#1 at-RA X} rBMSCs BB ML H ALP F$5 &L ARBI# N
Tab.1 Effects of at-RA on ALP activity and calcium salt deposition in rBMSCs

al—-RAYE (umol/L)

E =221 popistitl FA& P

0.1 1.0 5.0
ALP( Ulgprot ) 5.26270+1.99778  7.720 50 + 0.628 49 13.391 00 + 1.44799  33.768 10 + 7.893 02 107.177 0.000
FEERVTAL(AMH ) 2.59750+025631 245830028446  1.75970+0.130 11  0.65930=0.00462  57.554 0.000

#2 at-RAERAEREX OCN.OPN EE RiZHIFNT
Tab.2 Effects of different at—RA action time points on gene expression of OCN and OPN during osteogenic differentiation of rBMSCs

iG] OCN OPN
(d) X HEZH at—-RAZ] RN PE X HE2H at-RAZ i P

7 0.0031+0.0006  0.000 7 = 0.000 06 7.172 0.002 0.0049+00011  0.0015+0.0000 5464  0.032

14 0.0042+0.0005  0.0004+0.00000 14507 0.000 0.0018+0.0003  0.0006+0.0001 5865  0.004

21 0.0336+0.0055 0.001 1+0.00002  10.266 0.009 0.0025+0.0003 0001600005 3.165  0.034

T at-RA #EEH 5.0 pmol/L; 2 20 a) HL A B K E «=0.016 7
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(5514 £ 73.698 .0.001,19.654 .0.001) , A[FZH 2 [AIFFAESEH
PG (FAEM PAESM I 211,145 ,0.000,30.835 ,0.005) ; [
EMFA] G at-RA ZHEXHIRZ] OCN ,OPN FE[H (1 323557 51
ANTRIRRBE A (A GE T o TR S 14 KA OPN JE[H 3R 5k
ZEAM ], OCN JE PR IR MIAE 3 A0 [i) 5 ¥ 52 21 B .90 41
(P<0.016 7)(F£ 2),
2.4  at—-RA #74) Runx2 Osterix % F # & ik

1£ 5.0 pmol/L at-RA YEFT , T BH 15 5 AN W] B[] 155
(1.,3.7.14.21 d) Kl gm0 A i 4 38 4% AH G R (Runx2 |
Osterix) ({17235 . 455 & 1 . Runx2 , Osterix ZEE B FIATEA [
I [E] Z R AESE T2 5 (F (A PAB S35 £ 103.720,0.000,
331.048,0.000) , 5[] 5 25 8] £7-4F 28 BAE T (F (EAT PAE S350
49:22.387.0.002,411.163 ,0.000) , AN [RH Z (A AFFE G ]2
PE 5 (FAEF PAESY 9K £ 106.536.0.000,452.546.0.000) , [l
SEBTE] 2SR  at—-RA ZHAE%F B2 Runx2 |, Osterix 3 [H (1) £ i4
BTSRRI ARG AT (eSS 7 .21 RAT Runx2
FE DAY 2352 BT B (P<0.008 33) ; Osterix H:[H 192654
BREF 14 KA1, A 45 B 0] #0852 51 BH &5 10 (P<0.008 33)
(#%3),
2.5 at-RA #f rBMSCs B 21L& RARs £k 09 %vm

BMSCs Wi 175 S4B 7E 5.0 wmol/L at—-RA FF2E/EH T
Bi3 1.3.7.14 21 d J5 K01 RARa RARB J:PH k1500, 45
LI RAR RARB & mRNA 7K F-AEA R ) 22 A FEAE S
ThaE 25 FAEH P4 5)°8 :68.836,0.000,34.419 ,0.004)
i i) 5 4 PR A 7 S ELAEFH (F (R PAH43-51 4 :20.265,0.000,

33.814,0.004) , RIRILHZ AIFFAEGTT 722 5 (F (R P (RS H
:253.159.0.000,2294.377 .0.000) ; [l i 1] 61 22 /75 45 1]
£ at-RA 41 RAR FS IR T RLL (LALAESS 21 KA A7
G225 5 (P<0.008 33); ] 4 at-RA 4IRARB HE[H % ik
P55 T B4 (P<0.008 33) (£ 4).,

3 #

R A E S — R 0L A P S R TR
()4 B PR BN . PRGNSR T, SR e T
et A S5EACHE R AT E £ A9 & IE RA
A DU SF R B 240 M A, 3 B IR, TG RA
BCEAE R RS — EA L, —2EBF5T AR at-RA
Ik /IN BRIV 28 8] 7T 5 40 B A% i oA, o) —Se it
FEMINA at-RA FIAEHERTIE I A 3T3-F442A K&
] 78 5% T4l C3H10T1/2 B A ee-10, K By
21 ity S PR B WIE 52 & BMSCs, [ L HF ST at—-RA X}
BMSCs BLH i v 15 AL AT P AE B AN

AMFFEE LRI OCN  OPN F [K i e 15 M A5 £
DURLAEAH B AR 2B - at-RA RIIH] tBMSCs
AL, HHLH S at-RA FRAR S E A A5 50
A7 Runx2 Osterix 5% 55 WGP 5% Runx2 1 Osterix
2 IR A G E B Y 2 A EE B T P, Runx2 {2

#£ 3 at-RA {EAARREIXT Runx2. osterix B Z0H
Tab.3 Effects of different at—RA action time points on gene expression of Runx2 and osterix during

osteogenic differentiation of rBMSCs

5 i) Runx2 Osterix
(d) XJHRZH at-RAZ 16 P1E Xf HEZH at-RAZ] 18 P1E
1 0.007 8 +0.000 7 0.007 2 +£0.002 5 0.422 0.694 0.001 1 +0.000 1 0.000 7 +0.000 0 13.413 0.000
3 0.007 7 +£0.001 3 0.007 9 +£0.000 3 -0.165 0.887 0.003 5 +0.000 4 0.001 8 +0.000 1 7.193 0.002
7 0.016 4 +£0.002 7 0.005 7 +0.001 1 6.367 0.003 0.002 3 +0.000 2 0.000 1 £0.0000  20.865 0.002
14 0.020 4 +£0.003 5 0.016 5+0.001 3 1.778 0.150 0.005 6 +0.001 0 0.000 1 £ 0.000 0 9.712 0.010
21 0.049 9 +0.005 2 0.022 9 +£0.004 4 6.827 0.002 0.014 3 £ 0.000 7 0.000 1 £0.0000  34.015 0.000

i rat-RA N 5.0 pmol/L; 2 ZHIA] HLAEAS K E 0=0.008 33
*4 at-RAEAAREREX RARa (RARB BIZSMN
Tab.4 Effects of different at—RA action time points on gene expression of RARa and RARB during
osteogenic differentiation of rBMSCs

75 S RARa RARB
(d) X REL at-RAZL t1H P{H XJRERZH at—-RA4] t1H P
1 0.028 3 +£0.003 2 0.017 0 +£0.003 8 3916 0.017 0.000 1 +0.000 0 0.0135+0.0023 -10.109  0.001
3 0.0257 +£0.005 5 0.018 4 £ 0.007 8 1.323 0.256 0.000 2 +0.000 1 0.0276 £0.0043 -11.172  0.008
7 0.017 2 +£0.003 7 0.006 8 = 0.000 8 4.800 0.034 0.000 2 + 0.000 1 0.008 3 +£0.0009 -16.167  0.000
14 0.038 1 £0.0050 0.025 9 = 0.006 9 2.490 0.067 0.000 5 = 0.000 1 0.0553+0.0065 -14.559  0.005
21 0.086 1 +0.065 0 0.0323 +£0.001 6 13.833 0.003 0.000 3 +0.000 1 0.0690+0.0137  -8.689 0.001

T rat-RA HE 9 5.0 wmol/L; 2 4 10] FLASKE 36 K #E «=0.008 33
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[F9) 75 J0 T 448 L ) 7 4 ol 400 B 53 A , Osteris /2 FIT 4
S AT 534 A R 4 ) 2 R OCN
OPN J& 1B 20 B 53 At 53 W ) — Fh AR IR A 1, AT
DIAERE B TR0 2 B0 A M 0 R Sk =
BB LR VTR AR TN 5 BB A & I . AR S
B R N EES 7 d VUG, at-RA 2H 5 %R
ZHAH EE , Runx2  Osterix ,OCN F1 OPN JE A Y &3k 15
AU AR, BLAESE 21 KA, 553 TR & I
DB RS R R at-RA A S 00 AR A
AHFFE N Runx2 | Osterix 3238, U5 1T 52 1 B & 93
fEAREY OCN [ OPN [ 335 | S M 853 TE B .
Lind 250 400 nmol/L. RA /I BV i B H5- 41 it
MC3T3-E1 4ififl, & ¥ RA 20 151 A% 20 it A %) HE 44
A EE , Runx2 Osterix ,OCN Fl1 OPN & [H () i) 2 1534
A B S A, B AR UORR B S /b | L SR 5 AR
FEER—E H Skillington ROV pmol/L. RA nJ
DIME BB S KA 2 55 3T3-F442A 187
b, BEIIOSE R I —E W at-RA A ISR B TE
BRAEENA 9BFH C3HI0T1/2 T4k, IR
WA (]2 5 F I FH 1 240 L 288 R 1 44 i e A2k o B
AR RCE 52 B AR S350, 5 i — 2
HESE

at-RA TEAR PR AR GE A SZ /K RARs (o By)
KRIEVEF . Jacobson 25 B RARo i 2h 5 ] [
IS A MG-63 40 il i B 1 R 1 £k
Zhang ZEME B KL Fik RARa MIEEE A4 E
F1 9 (14 [) 70 B A 20 MRS A A T B B 1 /N BV, ] i
B3I = 9 & = it iopiAs Wl = NI S R ORI LN
25 BMSCs JUH 40 i A W AT iR 38 A SRR &
FL,INA at—-RA Ji5 rBMSCs i H 01k i Ho% 2 1k
RARPB & M KB B TH & RAR« JEH 35 4 FT ke
I, #5875 at-RA 8755 154046 T BE3dE 1 I RAR«c,
9 RARPB 2EF1.,

ALP SR8 AR TR L —Fiobl A 1, 2 KK
PN EPREN Z — AR LI, at-RA EH TR
ALP 351k, ALP AERAER: R Bl AR b, 7E L
R 43RS B R o Ao AT e e K B ek B
2 1 ALP L8 1 /R K15 T 4046 i 1BMSCs L 52 5
PR (S5 R ARG ), I A ST T ALP (32K IR 75 i
— GRS UESE

ARSLGHESE R m R B 1Y) at—-RA W] rBM-
SCs Bk, F—45 80 T 3B A e et
PHIE R4 at-RA B, IF38 (A P9 5250 B N

FE A IR, 6 AR S R IE R 4E AR A
b T B PR

2 % x M
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