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BMP9 Fl ATRA X Hij i 7 200 M BB A i 20 A6 A T 5 1) 920 2% il 4 25 3R Fll Western: blot 46 il
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All-trans retinoic acid regulates BMP9-induced osteogenic and adipogenic

differentiation in 3T3-L1 preadipocytes
Liu Yang, Li Ruidong, Nie Mao, Liang Kailu ( Department of Orthopaedics, The Second Affiliated Hospital of
Chongqing Medical University, Chongqing, 400010, China)

[ Abstract | Objective  To determine the effect of all-trans retinoic acid ( ATRA) on bone
morphogenetic protein 9 ( BMP9 ) -induced osteogenic and adipogenic differentiation in preadipocytes and
explore the underlying molecular mechanism. Methods Expression of retinoic acid receptors( RARs)in 3T3-
L1 preadipocytes was measured by RT-PCR. The 3T3-L1 preadipocytes were infected by recombinant
adenovirus BMP9 and treated with 1pumol/L ATRA. Alkaline phosphatase ( ALP) activities were tested at
different time points (days 5, 7 and 9 after treatment). The protein level of osteopontin (OPN) , osteocalcin
(0C) and adipocyte fatty acid binding protein( aP2) was detected by Western blotting after treatment of BMP9
and/or ATRA for 12 d. The mineralization and lipid accumulation in preadipocytes were tested with Alizarin
red staining and Oil red O staining after the treatment for 14 d. The activation of BMPR-Smad signaling was
studied with BMPR-Smad binding site luciferase reporter assay, and Western blotting was performed to
determine the phosphorylation of Smadl/5/8. Results Except retinoic X receptor vy, the other 5 subtypes of
RARs were expressed in the preadipocytes. BMP9 increased the ALP activity (P <0.01), elevated the
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expression of OPN and OC as well as the deposition of mineral calcium. Addition of ATRA enhanced BMP9-
induced osteogenic differentiation in the preadipocytes compared to the cells treated by BMP9 or ATRA alone

(P<0.01). BMP9 also induced aP2 expression and fat accumulation, but this effect was suppressed by
ATRA. ATRA upregulated the expression of BMP9 at mRNA and protein levels, and promoted BMP9-induced
phosphorylation of Smad-1/5/8. This synergistic action of ATRA and BMP9 was consistently found in BMPR-

Smad luciferase reporter assay. Luciferase activity was significantly increased in ATRA and BMP9 group

compared to BMP9 alone ( P<0.05).

Conclusion

ATRA enhances BMP9-induced osteogenic

differentiation and blocks BMP9-induced adipogenic differentiation in 3T3-L1 preadipocytes, which might be
partly medicated by BMP9-induced BMPR-Smad signaling.

[ Key words ]

bone morphogenic protein 9; all-trans retinoic acid; BMPR-Smad signaling;

preadipocytes; cell differentiation
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0 2 A D R AR, DU RE S8 N I D7, S RE
8 T nse B A e i DR B R R A, A R R
FGYT OP BB

HIE & K& 42 E ( bone morphogenetic proteins,
BMPs) J& THALAE K 7B R0, BLE & 45
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BMPO 41 it 2 ( AdBMPO ) 48,5 R B 24
T 1 (AAGFP) Fil Fi] AdEasy REH " 90 R
i FobE pl2xSBE-Luc 2 JinHF R4 BE A i el a1
P 5/ INBUHT A 7 240 B 3T3-L1 g |5 5% [ it 200 Ty e
1R 3E P0 ( ATCC) 5 4z =0 4k B iR (all-trans retinoic
acid ,ATRA) lJ § Sigma 2\ ], % — LK (DMSO)
VERTEF ; B4 B iR il ( alkaline phosphatase, ALP) ff
ORI & B BD 3 H], 2R Promega St i
T (GloMax20/20) il 5 5 ALP Zt (43857 & 1 [ 2 = K
AN PERLLS AL O YUkl H Sigma 23] 5 256 fir
YA B Santa Cruz 23 7] ; DMEM 5 4 15 5% B A
65 B 4= 135 W © Hyclone /4 #] ; Lipofectamine Ity H
Invitrogen /],
1.2 ¥4

4y R ATRA AbBHEZH  AABMP9 434 K2 ATRA &
Jf AdBMP9 4b 34, DL DMSO ¢ AAGFP 4b ¥ Sy X} Rt
A, ATRA AEPRZRE N 1 wmol /Lo K540 iUl T 24 4
6 FLARISE, 9 45 56 3 N 30% , H 21 JI s 7 UL 3R
20%
1.3 wf3s A ALP JE WM Z A F &

3T3-L1 HiflgHi MR A DMEM bl i ge (&
10% JiG A= 13 .5 % 3= 100 kU/L FifE% R 100 mg/L),
FF AR 5% €O, 1% 37 C. Jil 1 pmol/L [y ATRA
1% DMSO ikt #E41, B 5 H AAGFP = AdBMP9
TR, AEFE S 7.9 d J5, X7 ALP 3G PESEATINE o
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S BERCH] 0. 5% BYIMZL O Jey A fifi A2, 1
FHEPHE LR 32 2/ L) 5 28 W K IR &8 TAR . ¥
3T3-L1 Zufid FH R A [ £ b ¥ 14 d J5, I PBS #hisk,
10% B[ 5 10 min, R f5 58 77K 66 1 Wk, A
250 pL/FLIZE O TAEW S 30 min, LB F /K&
RS, 7 B T A
1.6 Western blot

3T3-L1 4 422 70 F 6 FLAR T, 75 20 o 0% B )5 4
1.2 AbFRAH R, 7EAH VI R] 8 42 EUAH L 2L i, SR S &
SDS PAGE F% i \BSA £ }4] 4 C#—hrad ik 37 CHL
ThU L h SEERE B R RAT
1.7 RAFZBHRELRR RN

W 20 JfL 4 A T T25 K5 57 b, W BE J5 ) Lipo-
fectamine %% BMPR-Smad 25507 s G R B BORL
p12xSBE-Luc 3 pg,4 h J5 8k, 12 h J5 4% 40 A =
BRI 24 LA, W EE S IR RIAR PR K . 24 h 5, 24
il 2 L 42 BRGR G WA T OGRS PRI E
1.8 RT-PCR

BEAEEUA KA 3T3-L1 i fh T T25 B35,
DU BE o IR [ A 35 R 2R A 2 L o R I (1] R
JH 5 50 R -1 - 5005 125 £ UEL RNA 3 i RT-PCR
il %5 <DNA, F|F PCR il H i) B I Rk 1E 5. or
ST,

*1 5|¥F5

HEH Elr(5'-3") (s’ -3

RARa TCTCCCTGGACATTGACCTC GTGTCTTGCTCAGGCGTGTA
RARB AATGCCACCTCTCATTCAGG GAATGTCTGCAACAGCTGGA
RARy AGGCAGCAGACTGACCATTIT TTCTGGTAGGTGTGCAGCAG
RXRa ACCCAGTTAGGGTGGGAATC AACTGGGGGACATGACAGAG
RXRB GGCAACACTTAGCAGGGTTC GCCAAATGAGAAGGAAGCAG
RXRy TGTGGTCAACAGTGTCAGCA AGAAGCCTTTGCAACCTTCA
BMP9 TTCCTTCAGAGCAAACAGCA GTTGTGCTCAAATCCCCATT
GAPDH ACCCAGAAGACTGTGGATGG AGGGGAGATTCAGTGTGGTG

1.9 it F oM
A TR, & =5 3275, ] Excel G814

IR MGE T, P SEge A 3 Ik, Mi4HIa] tE
BORM ¢ K5, >R H SPSS 17. 0 Geit ¥k ik A7 4Lt o
Hro LA P<0.05 WAHGIH#25R.

2 H#R
2.1 4B ZARAE 3T3-L1 AT AS I tm Ao 49 M R 1 &
HAF

M A RT-PCR KU 1 3T3-L1 40 g+ N 54 RARs
A RXRs Fik1E0L. 45 uE 1 FiR 76 3T3-L1 4y
1, RARa ,RARB .RARy Fll RXRB £ 4 & i 4 i1 32
ik Ak RE R 2 3 d, RARB 23k T %, RXRa #£iA1H
s 0 P ARAS 2 RXRy 363K

1 2 3 4 5 6
- s e wme 4]

- e e 72D

1:RARa(196 bp);2:RARB (180 bp);3:RARy (185 bp);

4:RXRa (185 bp) ;5:RXRB(183 bp) ;6: RXRy(185 bp)

1 RT-PCR # 3T3-L1 FiAS Ff 48 B rp o iR 1% 4 F R
1 mRNA RS

2.2 ATRA ¥ 3% BMP9 i %49 3T3-L1 &7 5 B 40 Ji.
ALP %

ALP JH P 2 45 59 8k ATRA F1 BMP9 #R g5 S
3T3-L1 0 e E P45 ALP 36 L Th 78 — B A
T ALP 35 M3 i s A B & (P < 0. 05, & 2A)
ALP YL f5 8] 7 —2 45 1 . ATRA + BMP9 20 L (@,
5] R T ATRA B BMPO Ul 2H (&1 2B) o

2000 000 =xf HEZH;H

= 1500000} %i%%ﬁ“ﬁ?r%\ﬂzn

= E 1000000} 7% /
: - %
£ 500000} y 2 a
¥ - -
e B =

5 7 9

s ] (2/d) @

BMP9 4 ATRA+BMP9§‘E

AEF5749 dJE ALP &b 4 % ;a: P <0.01, 5 2F
FRLZA A ;b P <0.01,5 ATRA ZAk4;c.P <0.01,%
BMP9 Z13b35 ;B 2R R & MR 42 7 d BF ALP &
E R ( x100)

E 2 ATRA {£i BMPY 5 SR1AE A 408 ALP & (41 0
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2.3 ATRA {2 BMPO # % ¢4 3T3-L1 37 A% A 28 JL ik,
B RE AR A OPN Fo OC Kk B 45 3 AR

W 3A 7R AbFE12 d J5, ATRA JRRER 54 30

AR R PR B 2R (osteopontin, OPN ) F1845 2K (osteo-

calcin,0C) [y #3k, i BMP9 1] 7E— & BLRE |41 OPN

1 OC Fik; ATRA F1 BMP9 14 313 )5 , OPN il OC
FIFEIRTE— 0 . PHRLLS et 5 R PR (K 3B),
ATRA &34 T BMPO 5 4™ AR 5455 PE R

I 2 3 4 5
OPN(66x10°)— M 0 s -.

0OC(5.5x10°)— S L .

GAPDH(37X10°)— s qu S G s— ®

GFP 4 ATRA 41 BMP9 2H

ATRA+BMP9 41

A 222 12 d G AT s Wy 4 Je s B B 0 A7 & 4 OPN F= OC 49
FGkik 1.8 2;2.GFP 21,3, ATRA #1;4.BMP9 21,
5:ATRA + BMP9 48;B. 3 %4 S & & K45 R RE N
( x100)

3 ATRA {3 BMP9 35 SR 875 i 4 B e B 5 & 431k

2.4  ATRA #p+#] BMP9 3% 564 3T3-L1 &7 A B 40 ML RS
TR AR R A AT &4 aP2 Rk
AT O Y a2k 51 57K . BMPY GE B 3 A1 ok 1 i iy
YA g B R ;1 ATRA i1 BMP9 L[] 4 # S, 4i i
HIR TS BMPO F i b B2 AR B BH S 0820 (T 4A)
A, BMPO B A2 #F 1 IR bR aP2 (Y5R35 (HIX
YEHI®E ATRA B R4 (&1 4B) .

X HEZH GFP 44 ATRA 4 BMP9 41 ATRA+BMP9 41

1 2 3 4 5
aP2(15><103)—>F e e - e
GAPDH(37x103)—>m-‘®

A O e EIERFTIS N i e s AR 0L( x 100) ;
BT MW7t fL R s - AT &4 aP2 9 /B Rk 1. xR
202 :GFP 4833 :ATRA 484 :BMP9 28,5 :ATRA + BMP9 41
4 ATRA {3 BMPY % SH RIS BH 4B RE AR B 5 1L

2.5 ATRA ¥£7% BMP9 £ 3T3-L1 #mjt 4545 BMPR-
Smad 13 5 &M 555 BMP9 & ik
5XIHE4] (3 208.2 £714.6) fH Lk, BMPY figHH i

K/ BMPR-Smad 5 BURL2¢ ' 28 BG4 (339 543.4 +
21 994.8) (P <0.05) ,ATRA g i BMPR-Smad %
OB 9 )G K B TSk (54 535.4 +10 235.9) (P <
0.05) ; BMP9 5 ATRA 4 15 , BMPR-Smad #} % it b
Y ZFEE (480 886. 0 +39 497.6) %5 BMPY £ HA i3
H(P <0.05) ; Smad-1/5/8 R A4S I 235 S Al 22 )
FE S AL #aF B )5, RT-PCR f1 Western blot 28 518
W7x ATRA figtls LR RTR V240 i BMPO [ 35 5 i 2K
HEIE(ES) .

p-Smad1/5/8(55x10*)—

Smad1/5/8(55x10°)—

GAPDH(37x10%)—

BMP9(597 bp)—

GAPDH(95 bp)—

BMP9(50x10°)—

GAPDH(37x10%) —

A Smadl/5/8 BiBR ALK T #o i) 25 R

1% #848;2; ATRA
48,3, BMP9 #1;4:ATRA + BMP9 #1; B .C:BMP9 # mRNA
Rk E Gk 15842 ~4:ATRA 4

5 ATRA 138 BMP9 7B fE 40 & /) 549 BMPR-Smad

FEEEEEGE

3 W

REHFTEAIR ], B RE N I D 4L 55 W 0 AR S
OP 1A % 1 22 R B UIAR S = 0 g Ul 40 i s 5 4
BPR 5T MSCs, MSCs Jili 5 FUBUAR 734k 52 21 E 41
PR~ FIAR SR n 4%, 19 A0 72 BB % s PR F- Runt A
F e 5 A T 2 (runt-related transcription factor 2,
Runx2) | Osterix A1 3G ¥ Bkt 2% [6] P & 5 ( distal-less
homeobox5 , DLX5) {45 MSCs #E47 B 24k, M
1 SR AL D A 1 B 400 1550 84 7 1R y ( peroxisome prolif-
eralor activaled receptor y, PPARy) il CCAAT/ 14558
254 7% 4 ( CCAAT/enhance binding proteins, C/EBPs)
SERSTEIN T A 6 MSCs g i 44k . =2 e AR
T T B — RS FIP AT RS o TR B O
T, MSCs BUE ARG 7316 T RE H I A A, Je 2 LA
20 Bl S AR A it Z2 R D A . AR OIS Ak A
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b, MSCs 15 56 17 434k A HiT B 7 40 A, I 4 T e LA AiG
I 17 A0 B A S 5 S B oA, AN S R g
B, R B RE R E B E , A EE hy OP 3241 —Ff
YR YT R

H T, CA RS UESE T IR I 240 0 i i oAb v
£, Justesen 25"V IRTE | B T R HE 5 40 M AE A4 P A 24
BHE AL R L A0 s 5 A WS B, B REAE I 40
RERE [0 B 7 ) Ak, AR AR R 2256155 5 R 10 40 i
TR T A A R TS A . SR, R R
J3i P 40 L S 3 A 8 A D 200 PR B T LA 5o 5
Wt HHFSEER, 3T3-F442A R i i 240 il RE 5 3¢
ik BMP 3z {4, 3 H. BMP2 FE3Z 40 i B o3 fb i A vt
HEBMMERTT s, 6 3T3-L1 R BG40 e
13k BMP2 55 19 FUi# 56 ) Runx2, RE S &5t
PR A e o Liu B B B
B /N A ML 3% ( platelets-rich plasma, PRP) B 1% i
3T3-L1 FiHg W7 40 M Bl 43 Ak, 10 32 4 FH 30 43 02 38 i
PRP A4 BMP2 [ 3R 5B o X SEffFTe 4 R
FW] HTAE T 40 ML AE BMP2 {55 (9 8T RE A% 5% 731k
SR AL, B BMPO Jg& BMPs % HH i Tl RE
S5 3R 1 AT 0L PR, AR AT 4 D L R A T R 95 3 i A
20 i 1) o A ML o3 Ak ASBIFFE Y, BMPO i S5
R S 1 0 IR 7 40 B b R B R AR ALP (19 1
I IR R B A BB AR 7R 4 OPN 1 OC FfiE i 45
VTR, SRAT, BMPO [] B 1.9 & B0 7 RE A 2F wif g )y
bR B TR 2k R R AR B . DL 4
$E7R , BMPO X iij Jig M7 40 It s i s i 43 Ak B A XL ]
ESVER, MR T 20— %%/ T a4, e 75
550725,

RA B 4iE 3 A WMATAEY), TE IR & & A4+ &
B H IRE T R A HEVE ], Joh ATRA 2R RA
) BB RA AR YIRLN T RA Z KA 7%
SERE AN MR Z R R R, T 54 RAR A
RXR, A &R & 3R o By 3 RIS, RA fF
SAFTE R, RAR FI RXR JE A 5 = 3R 44 55 98 45 1% 11
DNA JTR45 6 580 T i — R 50K S N, i 3 4
SRR IR T shan R A 1Y L e A 2
FERH RA {55 %) BMP 375 S 1) -1 40 Jd 55 Aij A 177 40 i
{1 I RIS S A F T 20 R A T —
ARV T ATRA X BMPO 175 S 14 il i o 200 At i 8 g
BRAT AL R sZ . 2%, FATRI T RAR I RXR 7£
3T3-L1 4fijfd iy ek, 45 8 R Br RXRy Z 4, Ha
T Z R A B £k, BT ATRA J&ilii 5 RARs
S TG 95 S, B RXRy RIK R IF AN 252 0

> amd o

ATRA J% RA 55, i 45 RO 5 e S 4243t 1l 47
PEEER . T — 2B WF 5T 45 2R Bow, TR i g 107 40
ATRA ALRENS 58 BMPO 1) {175 S 16 1, [ I i 11
il 7 BMP9 53 1 IR 704k, i 45 R 5 Z i 20158
H—3, RE K E RA LI Lt BMP 7551 &
JE AN BMP 75 5 1 IR 52 B, {2 RA X BMP A=
Pt v B2 AT AT A8 IS R, ATRA
REZ 1 BMP {55 3L [m] 41 1 B -6 256 /o 400 e AV 6 I
5 W) 7 5 400 L 43 B 2 A 4 ) L e A
AR EER , RA X BMP {55 B4 T AT RE -5 40 i
FhEAH
e, BATTXE ATRA 3% BMPO 75 S 1if i3 17 240 i
HERI AT RE ST FHLHI #EAT T WP, 5 HE BMPs
¥ 5 7 107 AR, BMPO 7R 5y [ #8470 1T 24 BMPR
T U 22 Z R I3 A TR T B 52 R 2 5, DA E W IR A 1Y)
Ty S ML N Smad {5538 6 H 9 2 ARETE Smads 43
¥ (receptor-activated smads, R-Smads ) Smad1/5/8""
B 1 35 B9 R-Smads ( p-Smad1/5/8 ) 5 3k 45 Smad
( common-mediated Smad, C-Smad) 43 T Smad4 %54 1E
IS A A WS E A2 A% N 5 AN ] ) DNA B
S5 TG T A TR Y % 57, DT 5 5 40 i 23 Ak o
I, SEF AN T ATRA Xt BMP9 78 Hij i 7 4t i o £
(%) Smad {55 520 . Z5 R KL, BMPO GEA A58 Hif
B4 BMPR-Smad {55, ATRA JU GE#E— 2535 5
BMPO i 1 1Z (5 5 BTG P, 11 ATRA & 45324 F 0
Al REIE T EIR ANt BMPO k508, BT BMP9 3%
IR X A 75 200 i R A 1 8L 2 A
JIFLA ATRA 3§58 BMPO i 15175 5 0 4 1 AT RE 5 i i
BMPR-Smad {5 5% 34 %, 1M ATRA # 4 BMP9 i
SARRIE NI AT RE S RA {554 B BB ] OIS AH O
SR TS VER A e i REAR OC . Sebr b, HATE
SRV 45 L E£ ] RA X BMPs 4+ 5 ) Smad {7
SR ERPEEIER P HET RA X Smad {5
SR B TR F. Blan, A PR HGE RA
REWS B 2 4 ) BMP4 3875 9 Smad 55, M7 FH 1E
BMP4 i 5 C3HIOTL/2 40 il A% g 4 16 . Sheng
A A SR RA BERS S5 p-Smadl RIHZ
R E3 R 2 (A AR EAE T, T 2L p-Smadl (1972
F AT 1 B ARRE % , B 240 ) BMPR-Smad {5 53
Fo BT, A AN — S5 Y S R R ELAR B
A4 B (H AT LI BTAf B2 RA X) Smad {5519 BAK
SRS AN ML RR IS 20 B A 5 0 A0 BT A ) 4R P A
WA FVIRFR
TS A0 M S, A9 K B ATRA BB I 45 BMP9
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