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RBE B KA IS 23 K SR 50 AR T 20 10 s B BORIE ey o B ST Re LR . TR IR 3 A A R R R AR A
BN SD KR 25 R,BEMRIFEE T B2 K AEA ., 6 BB, B A %5 5 BMSCs 5347 R HERIER,HE3
R JG HAT B Fo RIS 5, B ANE IS 2k EAS 2 0.5.10,15.20 wmol/L #4743, 4 ié 74 2 JA )5 , il i Al M % AR B (ALP) 3 &,
FEWAeihr O F &I BMSCs B Fo s g 69 9040, 12 B & & Jo B0 ik ok M & A7 456-% & B -F RUNX2 B 45 % (OCN) 3¢ 3%
£ 5% 8 B(C/EBP-R) it A AL B4R 38 S5 ik 7 4K y(PPAR—wy) W R ik, G5 R B iF 5 BMSCs 4ME A H 0946 A F ALP &
Erab R, HANME RE & 69 RE 4 15 wmol/L B fabE B 5% 3% ., RUNX2 OCN % & 9 £k [ AN Bg £ R E 09Tt & M it &, 257
A% 3 EL(P<0.05), 57 Qi mAEHF BMSCs 24N AE H 0946 A Fibsr O & MR BALE HILT 4, AMT R 2k
JE %7 20 pmol/L B, ib4r O % & 18 & ik, C/EBP-B.PPAR-y & W& #) £k ¥ I A ANME IS R 69 FH B AR, £ 7 B A it &
FL(P<0.05), Z5if : AME S F AR T 38 5% BMSCs s 2~ 1L AE A 474 BMSCs s g 54k, T4k 5 8% RUNX2 OCN C/EBP-B #=
PPAR-y B #) kA K £,
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ABSTRACT Objective: To investigate the effect of Psoralen on the Osteogenesis and adipocyte differentiation of Bone Mesenchy-
mal Stem cells (BMSCs) from Rats. Methods: Twenty-five 3-month-old specific pathogen free female Sprague-Dawley rats were selected
and. The model of rat menopause was established by ovariectomization. Six weeks later, the BMSCs from SD rats were isolated and puri-
fied by using attachment method, then BMSCs were used for primary and secondary culture, osteogenic and adipogenic induction were
carried out after the third generation. The BM-MSCs were processed by psoralen to make the poralen concentration of 0, 5, 10, 15, 20
pmol/L. After 2 weeks of cell proliferation, alkaline phosphatase(ALP)staining and the oil Red O staining were used to determine the sit-
uation of Osteogenesis and dipocyte differentiation. After 2 weeks' induction, the expression of the core binding protein 2 (RUNX2), os-
teocalcin (OCN), a peroxisome proliferator activated receptor gamma (PPAR-vy), enhancer binding protein beta(C/EBP-B)were detected
by western blot. Results: After osteogenic induction: the positive expression of ALP of BMSCs in the 5, 10, 15, 20 wmol/L groups were
all increased compared to the blank group, with highest in the 15 pmol/L group. The expression of RUNX2 and OCN protein increased
with the increase of psoralen concentration, the difference was statistically significant (P<0.05). After adipocyte induction: the positive
expression of 0il Red O staining of BMSCs in the 5,10,15,20 wmol/L groups were all decreased compared to the blank group, with lowest
in the 20 pmol/L group. The expression of C/EBP- B and PPAR- y protein were reduced with the increasing of psoralen concentration,
the difference was statistically significant (P<0.05). Conclusion: Psoralen could enhance the osteogenic differentiation and inhibit the adi-
pogenesis of BMSCs, which might be related to mediating the expressions of RUNX2, OCN, C/EBP-B nd PPAR-y.
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ZH BUREEA IR L T R P 1 0 20 8 B 3T B, e 2 48
a4, MR SR B R A B2 Ja B s ba™ BT, I
PR 3BT B BTBAL A2 24 40 B 380 3R 0 XUl B 1 31 £ P
YEFRR , ATRER | i B IR FE  ZLI i A6 0 DF R R R 7
B A RRR R L A B IE R AR AN B IS R A bl T
FARVERT, HLEIVE RIS (HIL ELARAILH R A IR, AR5 R
BB BEE] 765 T 410 (bone mesenchymal stem cells, BMSCs)
AT R B M e A i 5 iR i B R R F B
JEEE A VESS, FERIMAE TSR, T LA B
BMSCs ) sl g a1 Bt , A 55 % R B BMSCs 347
BB FTRUIE 75 5 , SR 5 R AN [R) e B A DB IS R 0T 2 A T
AbER SRR R AN IR 2R B BMSCs il B K 815 S
B2 BT ReAE FIRILE] , DA AT BB RA 25 i dE— 2L
KB BT TS G T R AL AR

L BRI i3

1.1 S5z

3 H% SPF ZfiFRMEYE SD KR 16 H, IR E 230~280 g. 3
PR B2 B sl oL A3, AR UES : SCXK2009-0006-157
12 EWHRFIFNZGH

DMEM §; 5% 3 (3 [ Sigma /A 7] ); 7 - 4 B % % (peni-
cillin-streptomycin , P/S) . 10%if 4~ Ifil /5 (fetal bovine serum,FBS) .
AR G B Gibeo 23], ZUJEE >99%)IMEL O Juifi A 21 5%
W Cm @ RUEY) TREF I ;3- 5 T 2k -1- H g I
(3-isobutyl-1-methylxanthine , IBMX) 44 2 C . B- HilBEEREN |
— FF LT AR (dmethyl sulfoxide, DMSO) . -+ — 4 35 15 4 (sodi-
um dodecyl sulfate, SDS), 4% Bk . DU H % £ — i% (tetram-
ethvlethvlenediamine , TEMED) ., izt i fig 4 . /i B DMEM( 3£ [H
Abeam A 7)) ; BRAR I EE(1:250) | B- HMBEIR N g5 &K | b 5E
KA 5[0 S5 (FE[E] Sigma 23 w]); PUH B PFU] 568 FR L
(tetramethyl rhodamine isothiocyanate , TRITC) . Fric9¢ 6 —Hi 5+
Tifi &% 9¢ % Z (fluorescein isothio. cyanate, FITC) (3% [E Gibco
N)); B-actin —37 (3E[E Sigma /3 F]); C/EBP-B —$T . PPAR-y
—$0. HER (osteocalcin, OCN) —47, LG HAR T 2
(runt-related transcription factor2 , RUNX2)—# (3¢ [# Santa Cruz
A
1.3 LI ER

{UES AW R AR RN L A BR A 7)) CO, 557
#8((THERMO FORMA 3110, 3% [); # 2l 7K A2 (SG 7K b3 K 7
AR DS B BVE IR KA AR (CX-250W 8 75 I TE e AT
AERBET A ); HBVEIRS T4 (IR YT e
J7)s B R B SR L (Corning , 5& ) ; ¢t ik i 88 (Olym-
pus, HA); 38 2% B 604 305 A 22 WM BT (LEICA , f [H);
ity 7 {X (Thermo Labsytems /23 &) , 3% [ ); H ik {X (BIO-RAD 2%
Al ) A SO M BT AR A ); S (EPSON
v}, HA) IR ELOHL(UNIVERSAL 32R HETTICH, {#[H),
1.4 @ KRR RS &

W16 13 JT RS T A T 56 BRI, BRI R FH 1944
FRAMBU G I LG 220, TR 40 mg/kg, M - RIS

FEREUEHSS 1 em, JFHHEEIE 1 2 cm A TE1IF, P10 K 4
Sy 1em, BEEH KRN E VIR HLR S, B FA%S
il 4ksEtR 5% 6 JH .

1.5 BMSCs B4y B FE 55

6 JE I SHENE AR FE R B, # F 75% kS H B e BT
AR AR A B s IRl PBS vy Uk , AR} 55 5Y
FBCE . RPN, 1 mL 525 I DMEM $535300 2 & ik
B, HEEBEE G L. 2200 BIERIE R R TR
WEHERBIEFR, IASA R (100 U/mL §Y 75565 2)A
10%ia4- M3 1 DMEM i3858, BT 5% CO, Bi st N i35
24 h B IRHATHIE , WS IEFRUL , pbs BT , 2 5145 2 d #F
AT— IR, H R A TER IR LK & 80~90%LL iR , 1 71%
oA R AR B 122, & 25 =R PRk TR 22 S50
1.6 BMSCs I &R AEIF S RAMEIEEAIE

W aliAb 3 35 744 2 =100 BMSCs #4784k, 1ML
0.02%EDTA FiI 0.25%Ji 8 FIBHE A, A5 40 2 26 A 4
&R #Y 6 FUBL, #EATHERN . MR AMM AR KOIRAS , I X i Ie A
BMSCs Afiit4t. HFLANRICH 2% 10* sl & Fr Ak &
1B 0% FRI FFAR A 75T o 5 T 7 IR BN D AR AR A 15 R
| BMSCs 554 . G 75 S B 70 - 5 mg/L (2R R & |
L wmol/L F) Hly £ K 4 . 500 wmol/L F S5 T & HY J o 1 4 (IB-
MX) . 100 wmol/L [y W5 He3EF ; BUH 75 FIRBC T 7 : & 10% /R4
MYEFIT / #EE R WPLAY DMEM };37:5E 10 mmol/L Him B
#1.50 mg/L f4AE 2 C ERTR . 100 nmol/L [ i ZEKAR . XF A
B X AR T 0 G LR v B2 R 5.10,20.,40 wmol/L 1) 5 #b
HNE RV, X HEZE I AAH RV TN & b IR R A B A
(DMSO), ##4f: 3 KEHH—IRIEFRM
1.7 W BEEEER(ALP) R B RMLT O £

ALP Zefr: pUEAS 14 RFBORAIMIE R, PBS ik, ik
YTV PSR 58 L B- HM IR ENIF T 2% RN IR L 1%0
ALHE I, ZE K DR T05 A0 e 355 181 J5 76 100% S i B ik
TR . L O Yefr: MliBiAS 9 KIGBUR KA, H
PBS &k, MKIKIEAT 10%4E /K AR 2 . M FITHLL O Yyl
B, 60% IR 2 2 AU IUT  INA TR AR YL, 250K v
TG 1E 100x BT NI TSR, 16 R A5 8E T REALPkE 5 4
PRET , THEC ALP BHM: 20 O EOR 20 i S8, 115 ALP (BRI
1.8 SR Bl 5246 (Western blotting)

PRI S [, 31T SDS-PAGE Hiyk . RFMIIEEAE SDS
AR AN 20 pg B HIKEE UG #4% SDS-PAGE [
B2 HEN ] PVDF B8 I, iIn A—FU5 , TR IR Ll T,
B S — PRI Y 1 OCN(1 : 1000) RNX2(1; 1000); BJig
VS —HUK I 25 11l C/EBP-B(1:1000) . PPAR-1(1:1000)Fl B-
WIBhZE 1 (B-actin, 1:2500), PVDF [ —Hi =@M & 1 h J5{f
FH TBST 3 5 min, —3 3 ¥ SRJ5 I ABAR i AL B bR i
B 40, B IREE 1 h, T57] TBST 7EVE Ve R FIE vk 3 k. #x
JE e 2 2 6 4 et i BRI A, 5 B Al
FALES vhe s 28 B BB A R o TGRS, It %
SCYREESRE, I Image-J W45 255 AHXT K AE (Gray Val-
ue), HEEEHIXT K E(E ARG,
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1.9 GEitZEaH

SKFH SPSS17.0 XA BTS04 . ALP FHME:E
UM LL O PHME RN B vt kl, #8 R % W & (0.5.10,
20pumol/L) ZZ[f] ALP PHYEFRAIMALL O FHERA AR R
K% . OCN RUNX,C/EBP-B PPAR-y % [ 3 ik it ifi it ARG
BEITFR, ARG {8 %58}, Shapiro-Wilk 1636 BEklE: 74
A B 2555 A RIES i 2557, 241 Z I LECR
R R F 200, #E 18 2 (5.10,15.20 wmol/L) 5 X} R 41 (0
wmol/L)Y ] LR FH LSD-t K556, A5 0ERMAR R IER 10, 241
Z I8 Fe R ] Kruskal-Wallis 4658, 7 0 H 8 R ] Mann-Whit-
ney fii. P<<0.05 K24 5ERE L.

2 &R

2.1 REREABIEEXT S BFESH BMSCs ALP PR Z K 5
BE1%5- S BMSCs jH4L O F & PR

I P H AR AN IR 2 ALP S A0 T4
MR, HAME BRZR M N 1S wmol/L i, ALP e ([P 5 g
AU B 2 S B e 3 X (P<0.05) . IS =
YUANTF] R AN IR 2R MAL O e (0 F AR IR T X I, ELA
H GRS  20pmol/L i}, 2L O Y A fH M AR AR, % 4H 5
Xf HREH AR L 22 S B A Ge 2708 L (P<0.05), WLk 1,

x| FEREBIEEIMEFESH BMSCs ALP [HEZRF MASE S
B BMSCs j#4L O et fRIE R A0

Table 1 Effect of different concentrations of psoralen on the ALP positive

rate in the BMSCs induced by osteogenic induction and oil red O staining

positive rate in the BMSCs induced by adipogenic induction

Ol Al

Groups

(ALP positiverate)  (Oil O positive rate)

Control 0.15 0.18
5 wmol/L 0.27 0.13
10 wmol/L 0.43 0.08
15 pmol/L 0.48 0.05
20 wmol/L 0.35 0.02
P 0.000 0.001

iE: 0= BEFSH; Al- HEESH,
Note: OI= osteogenic inducing group; Al= adipogenic inducing group.
22 AEREAMBIEEXT B EHE S/ BMSCs OCN F1 RUNX2
EBRIEHZIM

OCN 7l RUNX2 3 [ 35 5 A0S K BE B S AE 250 A EL7
£5F, HHNEFEMTEEE R4 OCN Al RUNX2 &%
kR R A G L (P<0.05) . LSD-t P LA SR
7R :BMSCs %0, #MEIRERMKIEN 10,15.20 pmol/L
I, RUNX2 4 325 35 T X IRAL s #hBr R R Ak e 4l
OCN RN m TR, DL 22 e BA G408
(P<0.05), 15 wmol/L 5 20 wmol/L #ME IR 4 # 11 RUNX2 FiI
OCN Kk 227 LG5 L (P>0.05), W35 2.
2.3 AR E #hF BE R Xt A RS 5 5 89 BMSCs C/EBP-B #n
PPAR-y EARIEM#NT

C/EBP-B FI PPAR-y £ 1 335 B AH X K (52 IE 25 73 A1

HJ5 2255, BN 205 220 M it i /R 45 41 C/EBP-B il PPAR-y
WA L, 22 5 A GE7 38 X (P<0.05). LSD-t PiF 1L
BEE R G 7R . BMSCs BUIR IS S0 4 IR RN 5.10,15 .20
pmol/L i, C/EBP-B il PPAR-y 7 1175 ik & 45 b K F % 1]
2 ARG E A2 e B Ge it 25 L (P<0.05), L3k 3,

2 FEREABERI BT S BMSCs RUNX2 #1 OCN EHFX
EHIRZAE
Table 2 Effect of different concentrations of psoralen on the RUNX2 and

OCN protein expressions in the BMSCs induced by osteogenic induction

Groups RUNX2(n=5) OCN(n=5)

Control 1.14+ 0.18 1.09+ 0.16

S wmol/L 1.26+ 0.34° 1.87+ 0.05

10 wmol/L 3.07+ 0.13 231+ 0.27

15 wmol/L 393+ 0.117 2,96+ 0.19°

20 pwmol/L 4.04+ 0.19 326+ 0.41°
P 0.000 0.000

i: RUNX2 2 #igih B A EBEF; OCN 855%;0,v, 1 HEFER
o~ P>0.05,
Note: RUNX2=run relate gene 2; OCN= osteocalcin. w, v, T same alphabet

means P>0.05.

R 3 FRKREFIERX G SH) BMSCs C/EBP-B 1 PPAR-y &
BRIEHFM
Table 3 Effect of different concentrations of psoralen on the C/EBP-f and
PPAR-y protein expressions in the BMSCs induced by adipogenic

induction
Groups PPAR-y C/EBP-B
Control 1.23% 0.12 1.08+ 0.12
5 pmol/L 0.75+ 0.16 0.63+ 0.14
10 wmol/L 0.64% 0.13 0.53+ 0.05
15 wmol/L 0.43+ 0.13 0.32+ 0.12
20 wmol/L 0.23+ 0.11 0.15+ 0.13
P 0.000 0.000
i :C/EBP-B 4 CCAAT R FHHER B;PPAR-y i S W EE{E
EIEMIREZE vo

Note: C/EBP-3=CCAAT/enhancer binding protein beta; PPAR-y=

Peroxisome proliferator-activated receptor gamma.

3 e

BRI BN T A LA B R SR B R R
000 96 25 J5 4 P R P ISR e 5 2 B R L
2N AR A P R — G PR 4n it BMSCs 4MbTfio, 4%
5 B2 P B 2 A A, S 2K 7 R B, B 4 g 175
SRR BT SR B BRI, PR, X T4 2 R AA
FEH TR (367 SRS S BMSCs B 40K I Fm i i
TR L 6% A, DA TSRS AR PR R A . MR A Sl 3k £ 05
2 TR TR U RFRITAYT AR, Horh, 4
BIEZ AT IR E RSy R TR LR LAY, B M
WU AR IO, ERT, A IR 2 BMSCs A3 FLIE 4L
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RIS e FIATL A0 R A
R T B AR FO B I T 2 R SO Ak
FIRZIR , ARSI SD R SRR I SEXT G2, DI IR B S AR D 46 22
AL, FEPRSIT R B BMSCs HEAT I A FUSIR 755, IF AR [
WREERAME BE R IEATAL B i ALP e, 4L O LRt
[ VA B bR 20 R 175 S 1) BMSCs ALP PR K J i 175
11 BMSCs yZL O Qe MR A5 . 45 R B8 :5.10.15,
20 wmol/L Fy b i 28 4445 15 K il BMSCs i A 73 AL A
K BMSCs IR MERIMERT, 5 Al = E WA R — 207,
BEWIHN B IR 20 T2 BB R BB O R A — 2 B fe 2t A
L PR HE IR R T RES S BRIl B L I R P 1
Xp T BMSCs f H A1 o A, 22 i % 2
Whnt/p-catenin i@ % U8, ff 5% F& W Wnt 22 #3@ B o] DLUAE i
BMSCs 4+, RUNX2 il OCN J&: Wnt 3 i | i) 5 B2 45 (4]
T, A (4 RS O HE L A0 AT B, Wnt 22 3L
B RS 1] BMSCs JSUIR 7316 1 B 5% ) A 5~ C/EBP-B Al
PPAR-y HYZEIRAAM il 4 %) i 73 AL 3l 29, PPAR-y 33k
By AU UL R A e i Y = Y O AR BT = P
WA O T i — AR AVE IR 2R MR BMSCs il B F IR 73
A rALE], B0 AN E i 2 FE Wt 48 B0 % b % F RUNX2
OCN C/EBP-B Hl PPAR-y R E R AR EN, A0
FLiEdxf BMSCs HEATIASMCE FIAR IS T, [l Ak BEAN ]
JERAME IR R , 25 2R st B IR 2R RE DL 7 S BRI 42 DA
T RUNX2 1 OCN H 1k, i UG OGS s X 7
() C/EBP-B Fl PPAR~y HH )KL, fentbB iR Lt BM-
SCs L 734k, 4l )G 70 4k vl fE 5 8 15 RUNX2 ,OCN
C/EBP-B Fl PPAR-y 7K 1 [ FKEH X
AWFFE L N K PR A 2R, PR SMF Bl BMSCs, #)
ATRVE T AN AR FO0 4 28 5 O BB ) T 5T T A0 M B B
JE 3 ARSI | A e BN E AR FR0 T2 AR B R 1) 52
BLA, X5 TR IR F O L R fe 247 B BMSCs #YMUE 7K,
VAR A3 3 [ ) SC B 2 1 454 TR I s s L5, A
2B I PRAIF ST T AE B Ay, BTG A 46 28 5 B BB FA 9
T E RS
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SR TP A RIB G PR let-Ta Al RES S T
Wi H S T AR E A R R A . il S B, FRATT 70 8 1 2 iy
BFSME M) Thl Th2 A1 Th17 40, FEAM T let-7a i3
KA. SRR, let-Ta 7E7 M 8 4 19 Th2 F1 Th17 4Afiidh %
ISR, ITE Thi QAP A RB A LA, 420K let-Ta J2
Wik f T bk L A A R A ) 2G40 FRATA
TEH ANSMNE L4336 T Naive T bk EL 400, (RSN S04 1k
B W 48 P 9 Th1 Th2 1 Th17 40 i , Real-time PCR 5 il
let-7a [ 1%, 45 R KW let-Ta L5 Wi 8 4 A N Rk — B, ik st
25K NAESE T Let-7a 76 BENG AR C A9 Th2 1 Th17 40
VR , 320 let-7a T RESE AT T R A0ME /- ffe o 1 i hig
AR SRR

T bk U2 20 2 37 3¢ ( Th1/Th2/Th17/Treg ) 2k i K Ho 7 Az # 4
JRLPR - " KU " R A ) R B IL-13 Jph Th2 7k
f1% 22 M 1) i = VR A A1, R U T 2R AR 0 ) DG B
SRR M Th17 4RSI B¢ TL-17 J2-5 08 K A5G B4 240 M
PR I 4 1) R DY 2, TR R R A AR e,
IL-17 "5 UEPERR MR AN IR, 250 & VR &
Az [T R PR R B SRR O , 25 P e B e
RIERNL . AT, FATHE—P 475 T2l let-7a %) Th2
FI Th17 4RSI RE RGN, & 31 let-Ta mimic [#(% T Th2 4
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