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atRA I 2K 52 & B8 (8] 58 o T 4 B A Ag 434

KOEAFZ FEL XA, R F AT (400014 TR, T PR PR RL R 24 B i L 28 B2 B, JL 38 2% 7 o T 58 48 0
SR AR A, LR A T PO AR A, TR LB 7 SR PORISA 5 BT ) [ Prihb 3 1 2k )

[(HWE] H &k 2 IR (all-trans retinoic acid, atRA) 11 i BB 7] 78 52 T 40 M2 (bone marrow
mesenchymal stem cells, BMSCs) [l Jg i 40 AL HLH] . D51k RSN B BE3R M T K B BMSCs 5 76 IR 175 59 o
A0.1,0.5.1.0.5.0 pmol/L atRA , 2% W AMEE T~ WA MITE 245 BAHAT O Y784k s AL O Y 3R BUL S HT A IR BE atRA
XF BMSCs JRIE 43 AL ¥ 5200 s real-time PCR iU i 24 L A0 24 2 52 /& ( RARat \RARy) \CCAAT 38 725 58 1 o ( CEBPa) Jz it
ALY IS S OS2 18 v2 (PPARY2) mRNA K128 fb, 85 ZEMTEAS B4 O e kB, £ 0.1.,0.5.1. 0,
5.0 pmol/L atRA YEAIF K E BMSCs [u] IS/l 4431652 2 ], H 52 o B2 5 Tl 21 O e o $R B0k 2 @ 2 2 45 2R
7 Bl atRA W BETH 7, 220 IR D5 &5 B R AI (P < 0. 01) s real-time PCR G I 75 15 IV 21 (R i atRA) A EE, A
atRA J5 , & B BMSCs f#) CEBPa il PPARY2 323k i 2 R4 IK (P <0.05) ,RARa F2ik To B 35 2% 5[ I35 4 vs 1.0 pmol/L atRA
4: (0.008 4+0.0019) ws (0.009 1 +0.001 3),P>0.05],1/0 RARy 235 B2 [ M54 vs 1.0 wmol/L atRA 41 ;
(0.022 6 £0.001 2) vs (0.053 1 +0.0023) ,P<0.01], £5# 0.1.0.5.1.0.5.0 pmol/L atRA 1]} il BMSCs [ 1S i
Yok, AL FT RE S RARy B9 iR M CEBPo . PPAR~2 T IHA G,

(x]SR BR800 5T 400 AR 731k LB AR 32 14
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AtRA inhibits adipogenic differentiation of bone marrow mesenchymal stem cells in

rats
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[ Abstract | Objective  To investigate the mechanism of all-trans retinoic acid (atRA) to inhibit the
adipogenic differentiation of rat bone marrow mesenchymal stem cells (BMSCs). Methods  Rat BMSCs were
isolated, incubated and induced to differentiate into adipocytes. AtRA at high concentration (0.1 —=5.0 pmol/L)
was added to the medium for adipogenic induction. The morphologic changes of BMSCs during differentiation
were observed under a light microscope. The effect of atRA on the adipogenic differentiation was analyzed by oil
red O staining. The expression of retinoic acid receptors o and y (RAR« and RARy) , CCAAT/enhancer bind-
ing protein a (CEBPa) and peroxisome proliferators-activated receptor y2 ( PPARv2) was analyzed by real-
time PCR. Results At the concentration of 0.1 —=5.0 pwmol/L, atRA inhibited TBMSCs from differentiating
into adipocytes in a dose-dependent manner. The fat content in differentiated cells was decreased along with the
increase of atRA concentration (P <0.05). Compared with the control group ( without adding atRA ), the
mRNA expression levels of CEBPa and PPAR~y2 were decreased significantly in the atRA groups (P <0.05).
Compared with the control group, the mRNA expression of RAR« in the atRA group (1.0 wmol/L) was not
significantly different (0.008 4 £0.001 9 5 0.009 1 £0.001 3, P >0.05), while the mRNA expression of
RARy significantly was increased (0.022 6 +0.001 2 »s0.053 1 £0.002 3, P <0.01). Conclusion  AtRA
(0.1 =5.0 pmol/L) can inhibit the adipogenic differentiation of rBMSCs by up-regulating the expression of
RAR~ and down-regulating the expression of CEBPa and PPAR~2.
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o B 8] 75 5% T 40 M2 ( bone marrow mesenchymal
stem cells, BMSCs) , &5 B30 R 40 h B £Z 1431k
TERERY AL, ZER N A AT 75 50 1 At L A 4
Bl > HATE A IIE M40k B 16 785k
FAua(MSCs) ), HL iR kA S 10 ARk B 77
& MSCs [ g 15 200 B 70 A 48 S e 0T RO B 4%, AL i
— L WF5E BMSCs [ Jig [ 240 Jid 734 1) T FOAIL ] B ol 44
PR %8 T B e E) 35 7 AR 7 RA 2 7

M FE R (retinoic acid, RA) J24i4E R A fEIR N &
FELEDFAE ARG PRI 2, 5 e 40 f 43 b 2E 72 . Berry
SRS R B atRA fi 3T3-L1 40 i 4 157 75 i B 10 1R
A5, Bk AR T A oAk . RO R 2 BiF 9T K B
WP (1 ~10 wmol/L) RA ] 4 Hir {4 i 117 40 1 1 A A
A4k, PPARy 2 ARG 70 Ui B AL 2 4, K
PPARY2 W34 =27 7R T i JU5 L 21, 7598 19 Jg 5 734k
AR EEAEN . 75 RA X} BMSCs [ j§ 7 41 il
oA B Al A AR E AT B Z TR AT . AN SE SR
FHEHEE atRA 150 BMSCs B 78 LB, #5855 atRA
XF KB, BMSCs UG 70 A6 A 1 19 1

1 M5

1.1 2&&XA

ARG FR 3 DMEM/F12 G4 103 (FBS) IR 1A 3K . 4
S BEIR (atRA) (JZL O Wy [ HyClone 23 7], i il 224X 4
(Tryple) g [ Gibeol 24 ], ¥ 55 85 2 1R A W W 1 AL 5t 4 [ 2 %
OS], AR RNA P B IBGR G (B OAE ) I [ R A
Al A &) B TaKaRa /A 7], SsoFast EvaGreen Supermix
4 Bio-Rad 23], 51 B FEIL i HE R 2 v 45 o
1.2 KR BMSCs #9535~

SD KB A 55 = 72188 K2 KB 5 B % SN BHIE 52 97 52 560
S FE T PR R KA B ) L B e 5 56 sh 4 ol SPF 2%
FiF% . JEA BMSCs JCH 4 JE#E SD KR, BAR 485 5557 5 L
FELET R T, YAk B 90% Bl i IR R A AT
AR (3 ~5 d K)o JEZecse g IS 4 A
1.3 KR BMSCs mhgifF &b O &

B 4 AR, A 2 x 10° 1250 T 6 fLAR , 55 95 2 4 gl 7,
BALMA S 10% FBS FIBHL A AR E T W 2 mL, il NS
1 RS KM | ML, BIFTE 15 RESHR, MBFA R
IRHEATIAL O Yot LG5, H] PBS ¥k 3 ¥, 10% HIEELH
FE 60 min, PBS 3 3 ¥k, 4L O TAE 45 10 min,60% 5 N B
320 s, K MR R . BIMETIEIARE,

1.4 atRA #F X & BMSCs &% 51009 % a1

W 20 0 43 S 25 RS B2 CR N5 3 90D, 1LY 20 (AN
atRA),0.1.0.5.1.0.5.0 wmol/L £H (43 3| F B I§ 43 AL TT- 4 st
NJSRE 5 S, E I AAHRIVR BE 1Y atRA 5 3 RARIK , 4EfFatRA

WHEEMEE 15 K) .
1.5 her O FERFUENZ Mo NI 4%

ks 2 15 d 19 6 FLAR, Weidr s 57 56, B PBS Uk 3 k. H
10% I [#5 60 min, PBS sk, fyM4r O TAEW Y 2 h, %
2 TAEW, PBS kiR A0 TAER, A 1 mL 40 5 5 B A8 B
PR 4 A W 2T O, 43 66 THFE B K 510 nm 4b B 130
S AL D(510) ],
1.6 Real-time PCR #-0AL% BRAZ 5 38 34 A= fig 5 48 Jie,

S AR EAR

BRI (56 0 R) M5 a58 1.3.5.15 RE5FR) BMSCs
PREUE RNA, D) TaKaRa 328057 & S 7% 5% cDNA 585 1 6, 44
R B RARa RARy 514" b 4794, RARa L Ji7:5'-
ATTGCCGACCAGATTACC-3', F i : 5'-AAAGCCAGCGTTGTGC-
3, 7= M) K B 4 147 bp; RARy | Ji#: 5'-CTGACCCTGAAC-
CGAACC-3', F i : 5'-CACAGATGAGGCAGATAGCA-3' , 7= 4 K-
Ji 4 142 bp, AR ¥ GenBank /3 i [y K f CEBPa, PPARy2 #lI
GAPDH 2 [H 751, Primer3 % i1 | il 514/, CEBPa L {if:5'-
GGTGGATAAGAACAGCAACGA-3, Fiif#:5'-TCAACTCCAACAC-
CTTCTGCT-3', =K FF 4y 122 bp; PPARy2 [ :5'-CCTCCCT-
GAATAAAGATGG-3', F i :5'-CACAGCAAACTCAAACTTAGGC-
37, MK BE ol 125 bp; GAPDH. |37 :5'-CCTGGAGAAACCTGC-
CAAG-3", Fii#: 5'-CACAGGAGACAACCTGGTCC-3', 7= ¥ K Jif
9110 bp, W& Z AL FE cDNA PCR I T il 5| #) | SsoFast
EvaGreen Supermix , 25 8 T /K, W 5 4:95 C HiZs 44 30 s,
95 °C A5tk 5 s Bk 30 5,65 ~95 CH FF 0.5 CREZE,
FI 27225007, LA GAPDH 1E 5,
1.7 %itFEoHm

KA Prism 5 JEA TR S AT VR B G A & = s FOR, 54
55 1M 35 20 bR ¢ R

2 HR

2.1 mIEHoATH A FIE

JEAR K B BMSCs 2RI , AU MG [, 44 2 ~ 3 N3 b o]
WLCE1A) o KE BMSCs ZM815S 72 h )5, 58 N W4 n] & £
20 AR SR B s BT 5 55 5 d sl DA 5310 40 i 40 i I
A PTEtERR /Mg, 2 B ITEAN R B . B 5 S0 )
HISER BRI B S Z 1 XOEa A (B 1B) . 94 O Jefa )5,
fE L0, A AiRAE G (E 1),
2.2 atRA 3tk & BMSCs g 4-1L 64 % v
2.2.1 ARMREE atRA XFK B BMSCs SR /- sem 7
BB S FE L A 0.1.0.5.1.0.5.0 pmol/L atRA J5, i
fRAr bz 2 B EMEH (B 2) o FEAFIRE aRA FRE/ER T,
5 AA G, BR 0.1 pmol /T 25 5 AN 1 3 41, HoA 45 ViR s 4400
e AL, HL BRI 7 1..0.5. 0 wmol/L I, i i 204k
B BAIHI (P <0.01) . ZMELL O et 4R Bk & 8 E 4
i A 2k R 3] 548 SR AH — BRI (181 3) 6
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A RIS d 69 KA BMSCs; B: & A5 5 5

15 RAFE;C:mMIEHFFH 15 Rivr O £ &

Bl1 KR BMSCs REREFRBESULBNE (#E R M40 x200)

A: EGAFBA;B: hiFm;C~F: 8% 0.1.0.5.1.0.5.0 pmol/L atRA 41
B2 TEKE atRA XTKR BMSCs AR LRIRM (£ E 2445 x 100)

0.7
0.6
0.5

S 04f

-

= 03t
0.2+
0.1}

I a
b
I i_

JIRGEEN 0.1 0.5 1.0 5.0
atRA ¥R (umol/L)

a:P<0.05,b:P<0.01,%5 f k28 bk
B3 FRERE atRA #H rBMSCs ¥ 551t

2.2.2  atRA Xf K B BMSCs 541k 31 # s CEBPo, PPAR~2
4 E Real-time PCR #; il atRA % & B BMSCs J# g
RIS 15 d 5 1% CEBPa ,PPARY2 mRNA #% 5 /K P
W, 5 g 44 L, B atRA ¥ B 1Y F+ 5, CEBPo,

PPARY2 SZZ#M ] @ . (P <0.05) , A BERAIE , B atRA
WL A1 £ (151 4) o
2.2.3  atRA fEHAIEH[E] X} CEBPa,PPARY2 () £ i 3N
AL O Je 4R I atRA X K Rl BMSCs JiUA5155 -5 20 6 1)
MHIBCR A, Y atRA ¥R 1.0 pmol/L i W R AM | 1 BUR
it PIFRATEIRAE 1.0 pmol/L atRA {925 T WLEHAEAR
][] %) CEBPo \PPARY2 [ H #E4E I, & B, JCig f& CEBPa
WS PPARY2, WIT R 5 3 B U S 14 5 K, atRA X EA]
IR R AT, T35 15 R M SRR AR W B3 (P <
0.01,K&5),
2.3  atRA 5} RARa .RARy #5%vh

FER B BMSCs SR Ll # i, 28 1. 0 pmol/L atRA
FREAE M 15 d 5, 5 TS AR L, RAR« S35 TCH B0 (P >
0.05) 1M RARy kB B3 (P <0.01), fiTA 1.0 pmol/L
atRA [ K il BMSCs 1 IS5 30 fbid #2 4P, 55 0.1 3 .5.15 K
JE RAR« R IK 15 M AT EEIGWT 22 5 (P > 0. 05) . RARy 7E
551,15 RIGRWIEIG5E (P <0.01) . WL 6,
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z 0.030}
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= 0.015}
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0.010f
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b b
i E .

. ey
0.5 1.0

5.0

atRA ¥ % (pumol/L)
0.030p

0.025F
0.0201
0.015¢

0.010+

PPARY2/GAPDH

0.005 b

HE .

ILIE2H 0.1 0.5 1.0 5.0
atRA ¥ (umol/L)
A:alRA xf CEBPa #9845 B: atRA xf PPARY2 44 i845;a: P <
0.05, b:P<0.01, 5 do ik ks
B4 AERE atRA 3f CEBPa PPARY2 HyiF#EH

0.045
0.040}
0.035}
0.030
0.025
0.020}
0.015}F
0.010F

S N

7S mtE] (¢/d)

W (L5 4H
0 1.0 pwmol/L atRA 41

T

CEBPa/GAPDH

0.035- .
IR

0.030F O1.0 pmol/L atRA 41
0.025+

0.020

0.015} 2

0.010}
ol
e T s s

175 IR (¢/d)
A3t CEBPq #9%vf1  a:P <0.01,%5 fhiF 20458, 5+ PPARy2 #
¥ a:P<0.01,5 f ikt
E5 1.0 pmol/L atRA £ R E Rt iE3T CEBPa PPARY2 K920

PPARY2/GAPDH

0.025 w35
01.0 wmol/L atRA 21

0.020 -
0.015
0.010
0.005
" . : . @

3 5 15
SR (1/d)

RARo/GAPDH

0.06

W (752 a
O atRA £
005+ 1.0 pwmol/L atE/\ 2H
=
£ 0.041
=<
£ 0.03F a
=
o
0.02f
0.01F
0 .®

0 1 3 5 15
FEEEfE] (/d)
a:P<0.01 ,«Iflﬁl/p] éﬂkté&
E 6 1.0 pmol/L atRA £ Fi A [ K iE] 3¢ RARa . RARYy HJ Z0H

3 g

H T RA XF RO VE F A 9T K £ 5 7 i
I 75 200 M 1) KA I 400 4 A 3 — B B TR Y
Jig FU 40 B 1 S R L 48 i IE 52 2 BMSCs, [A I BF 5%
BMSCs [a] 515 i 1 41 A2, A 10 40 J 1 23 Ak o A LR35 1L
i AR R R8s R 6 AE ek A A S s S ) H
A, HA B A 0 A (E R 5

atRA JEAEAE A TEIRN R HEE TS ETE 2,
XTA LA YE A EEAE A . RIMIFIEIESE RA Xf
BT ALY o3 AT BB A VR AR . ASBIF9E 43R, Tn
A atRA J5(0.1 ~0.5 pmol/L) KX BMSCs i fig 531k
A2 B E] 55 03 2 A B AR A (] B, 240 16 P i
RN K R i A B SO G T O Jefad ok
FE AN 7R - atRA X6 K [ BMSCs B8 434 16 310 1l
VPR S Wk BE MR, X 45 F 07 %1 T atRA Ab BE A
BMSCs [1)25 5 —%(, Teboul Z£'"" ] RA T obl7 i
felign i 22 & B:0. 1 wmol/L RA F4r I, 1.0 ~
10. 0 pmol/L RA 5¢ 4= 1 il JH: 1] i 05 4 a7 Ak, A% T
10. 0 nmol/L IR A & AWFFT A B, 5 1M1 41
(10% FBS & RA %y 42 nmol/L) #i tt, 7£ il A 10,
50 nmol/L atRA I}, K f{, BMSCs i J§ A 5% 3| BH I 31
il s e BEIR 5] 3.0 ~10.0 wmol/L B g 43 ALk ¢ 4=
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P, B AN [ 2 A5 H 52 56 iy P 240 1 28 A (] % 4
JHL B b B B AN [R]85, T Rt — P WS RS

RA & ¥4 H 2 id i H A% 52 /& RARs S LAY,
RARa & RARy fEfI L P FRIAF R o Xue 25
WFFE &3, 76 3T3-L1 Fif g iy 40 At 1 g iy 40 e 4 3
H1:RARa mRNA 7KP A S, RARy mRNA /KT
B (A RA J5 RARy M N EBERH 1L, HA:HH
1 wmol/L ) atRA &b ¥ 3T3-L1 4ii i3 J5 , RARy mRNA
FIRINT 4 ~5 4% RA 3T i RARy JER 1%
B LAZER AL T RIS B A B B L ARt R B
FH 1.0 pmol/L atRA 4bFK i BMSCs i, RARy mRNA
AP 37 % HR 4 d 35 35 m, {H RAR« TG BH i A8 4k
I H RARy MRIBEHFH | RAE 15 KRB ES
T X B2, BT RARy W9AE FAE R W5 43 Aok 78
FREAEAE

Berry 2515 10 3T3-L1 Rij A 5 41 1t A0 75 1A 52 5
IR L RS A RAR 9815 1 R 7 40 e 4k, 53K
AT BRI A R A i 2R MR . R IR D o0 b A A
H, CCAAT Hi5 255 8 X% (1345 CEBPa B 45)
5t A BRI FE O 324 v (PPARy ) J2 5 2R %
T SR CEBPR L3, BETM 5 S CEBPa Al
PPARy, Ja# ANURNG Y i e &R, R 245
SIACIRS T T 1) o DFFE R : RV B RA 38 3 41 i
CEBP« \PPARy 55 BH 11 17 A 7 41 JfL 1) B 10 448 B 53
AER TS ARIFTE A B, U Y atRA 1] BMSCs [i] i
15 4k, LR % CEBPa F1 PPARY2 (1 T, 7
BT LRIHET 5 d atRA F AR F 30 H B B Al /E A
HFFZEME AT 15 d PG A B3 . MR RS
10.0 pmol/L atRA ZbFHA% RS i ] 75 5T 41 g 24 48 72 h
Je IR B 0 A M oAk . H AR R I A 3T3-
L1 41 g 1] B8 105 40 JfL 20 46 JF GG B A 1. 0 pumol/LL
atRA 40 h JE K% PPARy2 Fh FRE . X S5AHF
FEEERA—E, M A BB - 75 BMSCs R 71k
I A PR I AN [ 1 A B B B, B B B Al A LR
SRR PR ek e 0, LSk e PR () A e A EAE T

RA SZARNLF 40 A, R FEVE A A0E i — R 14,
4n RAR:RXR .RXR:PPARy, 7£ RA i 3T3-L1 4l fif]
Z I IR W 240 M 43 AL B F 5 b & B, RA | RARy [f]
BN 98 RXRa, 3% 1T g J2& R R 76 I8 W5 T B #2 b RA
X} RAR: RXR S¢ — R AKTE 5 09 0 il 5% F % RXR:
PPARy 5 ZSRAKIE L 6l o

WEAERFFEIA R RA R TETT R U7 20 Jf 71k S i
F 20T HR 5 s AN REBEL L G I F7 4B M 4346 it
ZESERTREE R AR M4 R 1 oAb i, HBE
A IR T 4R , T BMSCs 2 2 10 406 T- 40 il 5.
TEGS A F 2285 5 F o0 A M SO O FL T2 ke v . A
I, atRA 7E BMSCs [a] fi5 [l 200 Hd 53 £k %) BB A 1) ] B2
PEER I 5 o — 258 . AW IE B atRA £F K B

BMSCs (a1 i 5 40 Mg 70 Al 1 72 rh o ad i RARy 4% H:
AR o
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