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[HE] HM SRR FEAEE /N BE R U A 18] 58 i+ 40 g (bone derived mesenchymal stem
cells, BMSCs) 3 ZAH 6 AR Y255 M B B 785 & 4225 11 2 (bone morphogenetic protein 2, BMP2) i S %
HoLREII MU . Jiik B 8 2 CSTBL/6) /NS A H AR (4 JAWE KT 2R 10~15 g, n=4)
AR (12 U IR BT208 20 g~25 g,n=4)  BRAMERE R o 430 2 21 /)N BRI 2 i v B2 BB ) 7 o
T4l Jifl ( mesenchymal stem cells, MSCs) , il i i AN M A S 7€ 2 24H BMSCs R bR EY) 8 B-FFLbE
TR (O LA 2 4 BMSCs BB FEIE , i) MTT Al EAU 2 ASEH LA 2 41 BMSCs HY3E5E 12 B 3 B8
871, it Western blot 434 2 41 BMSCs /1 fE 25 [ CyclinD1 P21 [ FRIATEM ., KA ALP e figg
LS Jefd e RT-qPCR 34 2 41 BMSCs BRSNS R 7L RE T, (8 H] RNA-seq 7347 HL#K 2 4 BMSCs £
BMP2 75 S J5 1) 26 5 B R 33k P i U A e P 4 2R . &5 TRt AR 73 i 45 2R R, 4 s 4
FrIY/NE, BMSCs £ 5 [8] 78 0 T A0 A E dr it e -2 FUME I B (o 45 2R R, AR 4] BMSCs 195228 K
VR E S T HAEH(P<0.05) 1 MTT Al EdU $8 A SEH 45 R 3R B, 4 2H BMSCs (IS ) A3 5 g
TBEMRTHHFH(P<0.05) . Western blot Z5 R B, 5 41 LA, & 4F2H BMSCs (1) 48 i & 191 25 1
CyclinD1 FRACF-HAR, 17240 J SARH A A -7~ P21 25 Rk /K1 B 2 19 m (P<0. 05) o ALP Je o fIvh
21 S Gt RT-qPCR K25 2R o, BMP2 355 J5 75 4R 41 BMSCs BB R /- RE ) (B 35 i T2 AR AL (P<
0.05), RNA-seq 25 78, BMP2 iS5, 5K oV B4 [ (cluster of differentiation 51,CD51) 7£ 7
SFEHFEFEH TR RB M MR EAR B4 R B, A4 CDSU4NMITE CD4S™ 4 fii v 5
FEWI i T2 4FZH (P<0.01) o 451 441 BMSCs tf CD517 i 7E CD45™ i i 5 L R B 5 CD51”
AN AR BMP2 F il 175 0 ML [ U0AH OC
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Comparison on senescence-related properties and osteogenic differentiation capacity

of bone-derived mesenchymal stem cells from mice in different ages
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400014, China

[ Abstract | Objective To explore the age-related biological properties of bone-derived mesenchymal
stem cells (BMSCs) from mice of different age groups and their osteogenic differentiation induced by bone
morphogenetic protein 2 ( BMP2). Methods Eight C57BL/6J mice were divided into a young group
(4 weeks old, weighing 10~15 g, n=4) and an old group (12 months old, weighing 20~25 g, n=4) , with
half male and half female. MSCs were extracted from the whole bones of the 2 groups of mice. After the
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obtained cells were identified with flow cytometry for the surface markers, B-galactosidase staining was
employed to compare the senescence level of BMSCs, MTT and EdU incorporation assays were conducted to
compare the proliferation and self-renewal abilities of between the 2 groups. Western blotting was employed to
analyze the expression of CyclinD1 and P21 in BMSCs. Then ALP staining, Alizarin Red staining and RT-
qPCR were used to evaluate the osteogenic differentiation ability of the cells. RNA sequencing was performed
to compare the differential gene expression in BMP2-induced BMSCs. Lastly ,the sequencing results were re-
confirmed by using flow cytometry. Results Flow cytometry showed that the sorted and cultured mouse
BMSCs met the criteria for MSCs. The results of 3-galactosidase staining indicated that the senescence level of
BMSCs in the old group was significantly higher than that in the young group (P<0.05). MTT and EdU
doping experiments revealed that the cell viability and proliferation ability of BMSCs were significantly lower in
the old group than the young group (P<0.05). Western blotting displayed that the expression level of cell
cycle protein CyclinD1 was lower, whereas that of cell cycle inhibitory factor P21 was significantly higher in
the BMSCs from the old group than the cells from the young group (P<0.05). ALP/Alizarin Red staining and
RT-qPCR demonstrated that the BMSCs from the young group had stronger osteogenic differentiation capacity
after BMP2 treatment when compared the cells of the old group (P<0.05). RNA sequencing results displayed
that the changing profile of CD51 expression was in opposite trends in the young and old BMSCs after BMP2
treatment. Finally, flow cytometry revealed that the percentage of CD51" cells within the CD45™ cells was
significantly higher in the young group than the old group. Conclusion

The decrease in the percentage of

CD517 cells among CD45™ cells in aged BMSCs is closely associated with their decreased responsiveness to
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BMP2-induced osteogenic differentiation.
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32.0%, HIHA B Ik it KB o B4R R
BEAATT G B0 BE T CEHER AT ) Mt & 4
SEREAR , I AR N B O AR I — PR AT A2

[7) 7555 T 2l il ( mesenchymal stem cells, MSCs) J&—
SR T IR 2R BUA T 400, A T B RERITA
SRR VR R LE A R R, HLAERy B FREE TR 2 (0]
S ALBIBE ST AR T I 3h A5 B R LY
Forr, B 6 (8] 78 T 48 Mg ( bone marrow mesenchymal
stem cells, BM-MSCs) 0/ 5% i & 7 WA S AY . SR 1M,
AR, A BRI & B, 5 BM-MSCs H#%, b T2 1
CROUEFA B B S ) Y MSCs 1B 858 il 2
FERUEE rhis s oy B A, 5 BM-MSCs H
BB S VR ) 8] 78 5 T 28 9 (bone derived mesenchymal
stem cells, BMSCs ) % 2 B S hiiilad H P 556 0E ,
i Z RPN R ZR A JR R A0 5 et e At o AR K B
A RN ER AR N, T

HEVR T MG Z WU T iR R BT & AR T
B H LA SR A A AR S L Y B LA,
T HET Y0 (skeletal stem cells,SSCs) M H5E 7] 4346
72 S SRR 5 B AN M

FIA K HEH 2(bone morphogenetic protein 2,
BMP2) i i fie # MSCs 5 Ra LRI 2 1m1 50 4k, 375
SRR R AR TR R BRI R
HlR CHE R o I R AT Sh 4 SL B B 5 2 B, 4
BMP2 LI 418 5 755 MSCs 4 fi 2 A ) Jy =X
BIT AT, R D I I B A Ak BB i T AN - 3
AT AR o T B AR B R M H R IE X
HELFDR IR MSCs Xt BMP2 5538 it (9 Wiy o 1k, 7 5
B b B 1 MSCs XJ Ah i BMP2 1 BB 75 5 19 S
R ETAEE R

S BMSCs TEHH3IE B 4R M B iy
SRR T IZ AT (H G T 33K 6 0 i G ] i 4 1 1
FM & A U IR A BRARATI AR A B PR, TRACBIE
5% BMSCs 548 IR Z (A1 & , X T B B ik 2 1k
FIBLAR L BT A ROI6R YT R B L L, A WF
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FELL BMP2 0 B 75 5 R 1, d i Xk BEAS [R) AR i 241
BMSCs 7EZEZAN R AW Rtk b RO SR 8 7 4F e
X BMSCs ZRERIRANE , B AH 5B 1 T A6 7
SR T LA M L R

1 HESA®

1.1 ¥z

AHFFEFT I 4 JE (R 10~15 g, n=4) |
12 H#8 (IR k20~ 25 g,n=4) SPF 2% C57BL/6] /)\
I A R R K2 L5 sy ol ERER . AR
W Rl VeI 0 F R R R R 24 Mt 8 LB B Befe
PR 512 HE7E ( CHCMU-IACUC20200424012)
1.2 53K

DMEM/F12 40 i d% 55 5L  Tryple™ Express fiff L }
54 35 (FBS) #4114 B 3£ Gibeo 24 F] ; D-Hanks 22
% .RNAiso Plus RNA $#2HB0GA7] . RT-qPCR Fl i 4% 5532,
FEW H H A TaKaRa 23w 5 3t 2820 Mo A A I i 19t
{30 H 3% [E BioLegend /4 &) 3 & AH I B-2F 2L
PG a3 50 & MTT 37 G 6 R 20 S e il h &
EdU-488 21 Jifd 34 5 A6 ) 4 7] &5 L 25 11 24/ W) RIPA
BCA 2 Ik EE I A0 & -5 R R e g~
KGR Al 5 el g 10 B g RHRE A YR A BR A
A) s ALP Mg 603050 & L B-HHm B IR B L BRI iR 1
H 3£ [E Sigma 24 w] 5 CyelinD1 Hiik A b 42L LY A
FRAF] P21 Hikily B SR 2 e A A B A F
1.3 F&%
13,1 SEggiit el AWKy CS7BL/6)
INEIT R 2 A HAREAL (4 RS MR (12 Hig) ,
FpeH 4 H, A MERES . 20X 2 /R
BMSCs 43 JllJd&% Ad-BMP2 Fl Ad-GFP (R Xt i#) , 15
F| 4 NSCERH . FFAE+BMP2 4] FFAE+GFP 4] 24+
BMP2 4| Z4E+GFP 4, it IRANSE5: , b 45 2 44
SR B BE 7, LA R 7E BMP2 i 5 F 4F 8 R 2 %
BMSCs {&5 Ml B BE I 520 .
1.3.2 BMSCs ()4 BB 57 ¥ Ak = B kA
HEJE /N BRIR M AE T5% 0K 2 min, 43 25 H 52441
liig= NS A= i W4 T L R =R N
Lt S 4140 1B B AE 545 12. 5% FBS f) DMEM/F12
SEREFRIET  WE 1 TR, {8 G Y T 8 T B S
AR v, FH 1 mL VRS SRR OE e 5 R 3L, I vh vk A i
i 22 U K PR B B SR BT 1~ 2 mm® AR E T
I mL 545 0. 1% I 78 i J5 il 1 56 4 15 R 3L h &
5%C0, .37 C W7 30 min J5, A K6 1 56 42 35 5%
H JFER RS FR LR 1S 57, B IR TE 4 h J5 3517,
12 h J5 PR T4 . LA D-Hank” s 22 phifi [ &2
PR RE 3 UK, BT LSS 2 15 5% B TR I A A, F

6~10 d J5 , B 5 FELE B3 0 i 4 i 4 7%, FH Tryple™
Express BHH Ao F S BB R, B 2~4 Rt /5 4
IEH R FRAER

PRI B

AR

1 E/Z28ANRUEEEHEPENEHNURER

1.3.3 N4 MU AR K I CD45™ BMSCs 2 1H FF 5 PR A
HEY I 2 21 BMSCs %5 3 Q40 Mg i 47 Tryple™
Express B 16 o R, K R4 1 A8 000 A £ 1) FITC
I CDA5 HifARdyy R EHOEIFF 30 min, SR )5
D-Hank’ s 28 Mg i BE4H M ,400xg 2.0 5 min, 3 FH 7
A EAO A4 T 43328 , B 5 4 CD45™ 1) BMSCs B
T AN I8 5x10° A/ FLEEF T 6 fLAR P, IR 42 1E
WAL

o33 J5 55 95 1) CD45™ 1) BMSCs 55 3 R 41 i,
Tryple™ Express 16 - A5, K 1 450 20 200 it = v
539 5 iE & FITC {3 A9 anti-Sca-1, CD29, CD44
CD31 .CD11b HiiA7e 2= il #E G4 T E 30 min, i
VeI, 400xg B0 5 min, J5 _E LS 2 B, £8
Flow j #5445 Hrgsdls
1.3.4  B-PIUH A kil BMSCs 3 & i
I 2 241 BMSCs 53 3 R4 LL 5x10° A~/ FLEEFF 6 L
M, 240k 2] 60% @il i), B- FLBE T RIS
PG 52 i v, e BRI 546 22 19 b 9] e 1) 4 £
WHAT YA,
1.3.5 BMSCs 451 Je B 3 5B fe A
1.3.5.1 MTT 4% 2 41 BMSCs [94nffig 77 B
2 2] BMSCs 4 3 fR4HILA 5x10° 4~/ L3R T 96 fLAk
o R BCE R 6 AN AL, R I BE IS, 2 5 1 1.2,
3.4.5.6.7d 3500 A 20 pL MTT(5 mg/mL) ,37 °C i
A 4 h 52k LN SR, AL 150 pL
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DMSO, FF 7 /04R$E 10 min, H] 22 J) RE FFHK G 75 46 A
W EALA R ML D(490) ], el A K h 2k
1.3.5.2 EdU B AELLE 2 20 BMSCs 11345 fi

U 2 41 BMSCs 56 3 {R4NARLL 1x10° A4~/ FLIY %% B 32
T 24 fLAkrh B R 3 AN AL, ARG BE JS s
EdU(10 pmol/L) , 4k £z 45 5% 24 h, AR 4fg i W] 45 e il
Click Additive Y306 4f 1T 44 €8, Ff- 78 9% B e
AL 10 NPT, U8R 2 41 BMSCs (1) EdU A%
(BAF=EdU [N D65 T S A1 %< 100%) .
1.3.5.3 & 2 41 BMSCs @& IE ik B2 4
BMSCs 25 3 fR4IA L 1x10° A4~/ FL % BE 3R T 6 fL
M, BREH R 3 AN AL, B 2 RIEBRESFRI 1 IR, By
7% 14 d J5  XRPAMOIE T T 45 SR L R T W ER, DL
REL H >50 WIS IC R 1A ek, RS SC g 4 e
FEIE LA o
1.3.5.4 Western blot &1l 2 24 BMSCs H* CyeclinD1
P21 fERIBIKF- B2 41 BMSCs 575 3 A4, L
5x10° A~/ LAY BERERP T 6 FLAR P, A E 3 A E
FL, AP A K 2 90% B, AR fR M R B B 11, BCA
P E B R B, HCAE A AL 2R T SDS-PAGE Hi Jk 43
G B PVDF JE % CyclinD1 F1 P21 i 4K 4 4%
1:1 000 X} 4545 #4700 &, LA B-actin /EH N2, H
Image Lab 317 2571 K BEAR 24T o
1.3.6  BMSCs B{H 730 RE 7Kl

1.3.6. 1  BlIE@FRREE (ALP) e (o [L 4 BMP2 5% )5
BMSCs i #1358 b I 2 2H BMSCs 25 3 A4 i

P 20% ~30% (1) % FE 4 51 A 28 24 LAk, 2 4
17 Ad-BMP2 Fil Ad-GFP [y &Y 555 3.5.7 K,
F HRALP 3 PR3 632300 S Ul I B BC I IR &) ALP 1%
PEY O TR, & TR WA, A LR
Pk, Z REDEIFF 30~60 min, SGHE TS, HBLAE @A
RPZE 1k B4R

1.3.6.2 L0 S Y b BMP2 i 55 BMSCs #-
1645755 19 B i W2 2 BMSCs 2% 3 X 41 iy LA
20% ~30% K % B R T 24 fLAR P, 2 HI AT
Ad-BMP2 F1 Ad-GFP [y, [a] B 855 57 5 v i A 249k
J8 50 g/mL HLIR LR A1 10 mmol/L /Y B-M 2 H
MR 3 KRR 1 RONE S, SRR 21 RIEH
4% 22 B F [ [E] 2 30 min, f pH {E 8 4. 5 1§ D-Hank’ s
SRR UE 3 W, AT 2% PE R AL S Jefa, 1 h 5
ddH,0 JEPEIFTESR TSI IR,

1.3.6.3 RT-qPCR #;ill] BMP2 55 )5 BMSCs | {7 %
HAH T RE L A 1y Rk B 2 44 BMSCs 2% 3 {48
JL, LA 5x10° A/ FLAYH EEREFD T 6 FLAR , B 75
2 4T Ad-BMP2 11 Ad-GFP /s ,3 d J54FLn

A 500 wL A9 RNAiso Plus 32BN AY 2L RNA, J5 S 4%
K4 cDNA, H] RT-qPCR A6 I Ji B AH ¢ & [ ALP
RunX2 Osx 76 2 HAM A R R X2E R, BHF /DK
GAPDH JEHNNZ 51754 1 B, H IR
(T 2R AR 272 2¢ S,

x1 REBEXEERNSIYFT

HH FIMIFFSI(5'—3") I B/ bp
Capdh 1E1] : GAAGGTCGGTGTGAACGGAT 20
JZ 1] : ACTGTGCCGTTGAATTTGCC 20
Run2 1E 1] : CCGGTCTCCTTCCAGGAT 18
J I : GGGAACTGCTGTGGCTTC 18
O 1E17] : GGGAGCAGAGTGCCAAGA 18
J [ : GGGAGCAGAGTGCCAAGA 18
Al 1E 7] : GACTACCACTCGGGTGAA 18
S 1] : GCTGATATGCGATGTCCTTG 20

1.3.7 RNA-seq £l 2 2 BMSCs 25 3L £ ik
FH RNAiso $2HL 2 20 20 O A i 52 RNA, 3 59l 64T S e
A cDNA . i Agilent 2100 Bioanalyzer % ¥4 @ 47 A%
SCIEFEAT B, W Tllamina 0 5 ~F- 15 B X s 00 54
FOHEAT g o f D0 7, R A0 0 e i, o7 P e L T 4
b fn 4 4 & BB IE & ( Database for Annotation,
Visualization and Integrated Discovery, DAVID) , %f 3k
PR T B SE N EAT I RE = AR AL M B 5 B R g R ik K
SR ZE ST o G BRI R A > 2. 0 1Y
FED 3 03 AT 2 41 BMSCs 48 BMP2 i T 5 5
GFP X HRZH [] 1) 22 S Rk B A
1.3.8  JizCiffiAR o3 H7 2 41 mSSCs FRic ¥t 3Rk

Nt PR UE SR A5 3R U A AR A 2 20
A mSSCs HHCHRICH) CDS1 [ FRIBAF I, 45565 3 1K
BMSCs (/) 204 Jifg 5 % 5 i & FITC-anti CD45 , PE-anti
CDS1 HiASE g S MR, IS R ER ik 1. 3.3,
1.4 %itF oM

B4 Bl i ] GraphPad Prism 5. 0 k474811

IHTMAL B, FHEVOR A L) xxs BB RGN . X
T2AFEARTIE R HeAL, >R FH B R 5 22 0 A kAT 03
Bro X 2 4 0E 2 0 A B9 E & 5ORHA] B AR H
Student” s ¢ 34 ., P<0.05 Fm2EFAGITE L.

2 R

2.1 BMSCs % A UL

WU TF 48 b, /b A T B il 4 MBS e R T
Bk, 72 h JGIE R T/ A S Ts . & F 4 F
P, REEFR 6~7 d 5, Ll & 15 3 70% ~ 80% ., i &
AR BIMERI B G R TR 22 10~ 11 do JUAh, B
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JEI FEITC s 1 B EF AR AN L A TE 25 2 B AT 5 25
I , IR BRI S 2 SR A+ o
2.2 AKX e ARAm CD45 BMSCs £ 8 CD 4-F £i%
b R APk, 52k Y CD45” BMSCs 21 i ff 44
23t 3 d ISR e XS M 0o B SRR S — 1
FRIE HIC A4y 9%, ULIE] 24
AR M R B R, CD45” BMSCs R i T
YHIFR &) Sca-1 FllE] FE bR ICY) CD44  CD29 Y5
FHPE , i I R bRiC 4 CD11b 1N Bz 4 fudric 4 CD31
YR BAM: A5 A 18] 70 I T4 A F BURRAE , WLIE] 2B,
2.3 248 BMSCs & #K-F iz
A K A3 05, 7R pH E Dl 6. 0 I 23 35 & i
TEVER B-2BRUBHEEE, UL X-Gal RJEY , b i 6
DUTEY) 38 555 UL 22 200 i 1 e e 2 F 4 W 4 L o 2
Ko RN, HAEMANA D42 AR R,
1M & 4F- 41 BMSCs 41 J I )32 H LR 1 5 e (P <
0.05,1 3A) . B4 BMSCs [ E/K RS TH

AEZH (P<0.05)

2.4 2 %1 BMSCs 8 £ # 44k 1 b4z

2.4.1 2% BMSCs 4= K ik WS I 2 4H
M7 d R EEEIF SRR IR 2R R 53 K
i, 2 ZHANAS e A T BRI MRS 5 K
SRIRENTF- 510, A A RAsH AR K 2R
BARTHAEA . UL 244 BMSCs 1 241 J 16 1 575
HEZHAR(P<0. 05,5 3B)

2.4.2 241 BMSCs EdU B AEML 2 41 BMSCs [#]
REASENEIN k2SN g e e I B NS S )
PAF T M AF A h a9 E(F 5855 (P<0. 01, &
3C) . FFAE4L EdU 48 AR K (87. 67+6.8) % , ZAF4]
EdU $ A% K (47.33+7.5) %,

2.4.3 241 BMSCs sufEIE MG LS4
BeRbJa A KAE N, 14 d J5, 2 A3 A] W 5w B T8 A oA
{H2A4F 2 BMSCs J& B 1Y ve B 50 B g b T 4R 4
(P<0.01, 3D) .

A

250 3 350 4
: 300 3003 Pl
200 — 250 4 E
3 | 250 4 99.7%
< 150 3 200 4 E
2 3 = 1504 el o
#1003 A 150
E 1003 100 3
503 50 503
] O:IIIII%IIIIH"[ TTTT 0.| mm LA
-253 0 100 10*  10° -654 0 100 10°  10° —-654 0 10> 10  10* 10°
FITC-A CD44 FITC-A CD29 FITC-A
1501 3
] 100 4 Pl 12:3 Pl
] P1 3 10.0
. 100 - 754 0.6% S 3.3%
3 ] 3 = 7
E = 50 =
50 ] 5.0
] 251 2.5
0': 0_- L "I T llllllll T ||Illl1 T 0 [
-643 0 10° 0t 10 -647 0 10° 100 10° =52 0 10 10° 10* 10°
Sca-1 FITC-A CD31 FITC-A CD11b FITC-A B

A B TUERARX >R E F/ZFm0 & BMSCs % & ;B X 4wl KA CD45™ 49 BMSCs & & CD 4 -F 49 & ik

& 2

INR BMSCs (I BIZHREE
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4 . 109 o iy .
s 7 5 0.8 - %ﬁzgﬁ a
EAEU fﬁ( =
H n [=3
R’ = 0.4
=Y 5 W
o
= l"
0.2
0- 0 —— ————r—
ARGl AR A b2 5 & 9 6 7 B
Hiffal/d
BHFEH
100 9 60 -
80
&
o iEs) & 407
& 3
= =20 b
= s
C D
1.5 2. 0=
a
Cyt:linDl(34><lO3)4> % 1.5 4
5 107 £
@ 2
= F 1.0 -
= &
P21(21x10°)— S 0.5+ g S
. < 054
B_aClin(4ZXIO3)H o o
TAEYL Bl TR 44 E

a:P<0.05,b:P <0.01,5 &5 m ki
A:2 20 BMSCs B-¥ LB 5B & B &M Z 3047382 48 BMSCs MTT A% w4 ;C.2 48 BMSCs EdU # & & EdU
BANFEZF;D:2 28 BMSCs %14 R %1 B F 3 47 ; E: Western blot 4-# 2 28 BMSCs ¥ CyclinD1 P21 #§ % i%

3 SHEHAMEEHE BMSCs (IR EHE KT
2.4.4 AR CyclinDl P21 762 41 BMSCs WA ALP {35 Pk T, B T 00SE 2 4147 I s e

IR DL Western blot Kl 45 R o, HAF4L 400, (H4F4L7E BMP2 i55)5 3.5.7 d 19 ALP {& 1%
BMSCs # CyclinD1 By R A B EFA m, MEFHFT  ROUE&S T GFP XA, M-g4FE4 e BMP2 i %

P21 (3R N4 5 4540 = (P<0. 05, 4 3E) Ja,5 GFP X} HR4H b %%, ALP 3G PE YL 6 22 5 A I I
2.5 28 BMSCs pB fe  tbds 25 7 (El4A) .

2.5.1 RUACEIEAR ALP Jets ALP JQe@pgiRik 2.5.2 BRHISEVE RS e PERLLS Qe



1518 [ 4222 B2 f 224, 2024 ,46(13) http ://aammt. tmmu. edu. cn

VRIRFREE AT DU B 2515 i (L R B, i IR A B 175
RS 21 d J5, H AR BMSCs 45 T Al UL K i B 21
e fegs e (& 48) , H BMP2 i 3 )5 4R 4
BMSCs [ 4L fa 5 GFP 2B B 35 ( P<0. 05) , 1fif BMP2
WG £ 4] BMSCs e a4 GFP 4] 22 55 AR
(E4C),

2.5.3 BMP2if5'3 )5 2 4 BMSCs 19 W& #H I FE K 5=
KK it 2 4 BMSCs (RAMNSCEfE ST,
K FH RT-qPCR A6 BB R 5 M R 45 Rl F Runa2 (ALP
Osx BFE35, 45 R BoRn, 16 3.5.7 d,2 44112 BMP2
AbPRIS , Runa2 | Osx ALP W3R /K 44 EiE  H 4R
AR IRIE B 5 R R (P<0. 05,181 4D)

EARU

=
[
Ay
=N
m e
=
&
#r
=
[=W
=
3
=
&
3
57 I 4+ BMP2 24 2.0 mm#4E+BMP2 4 20 @4+ BMP2 4
iz I 54FE+GFP 41 . I 5 4E+GFP 41 [ H4E+GFP 41
AR [ 4F +BMP2 24 2 [0 S 4F +BMP2 2 Eﬂlﬁ* £ 4F4BMP2 211
# 2 4F+GFP 41 & 19T aEcrr gl Hé 151 mgscre 4l
=2 £ X
2 = Z
= = 1.0 =
: 2 : z
z ; 05 ] :
[ 7 0.5+ Ay
i BN NN

Hsf i)/

5
i IAl/d D

5
Hifa/d

a:P<0.05,b:P<0.01, 5 & 441 BMP2 201k %%
A F 5205 % 520 BMSCs 2% # BMP2 % GFP 56§ ALP 4 & 358 ;B F 4405 &% %21 BMSCs & # BMP2 & GFP j&
BELS LEME,C.HELS LG ERESHM;D.FHF5 %4548 BMSCs & BMP2 % GFP 5 T B AR

kT

4 BMP2iESEE/ZFHBMSCs HIR B2 LBEN LR
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2.6 RNA-seq 447 BMP2 i %5 2 41 BMSCs £ F K& bR B AP M IhRE (] DAVID Hicdit e %t 2%
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