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Gene expression during induced differentiation of bone marrow mesenchymal stem cells into

osteoblasts
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Abstract

BACKGROUND: At present, the gene expression mode of bone marrow mesenchymal stem cells (BMSCs) differentiation into
osteoblasts remains unclear.

OBJECTIVE: To observe gene expression of alkaline phosphatase, osteopontin, type [ collagen, basic fibroblast growth factor
and osteocalcin during BMSCs differentiation into osteoblasts, and to verify whether differentiation of BMSCs into osteoblasts is
mature.

METHODS: The BMSCs were aspirated from the femoral bone of 2-month old New Zealand rabbits and cultured by all bone
marrow adherence method, and induced to differentiate into osteoblasts in the medium supplemented with DMEM/F 12,
dexamethason 1x10® mmol/L, B-glycerophosphate sodium 0.01 mol/L and vitamin C 0.05 g/L. The gene expression of alkaline
phosphatase, osteopontin, type [ collagen, basic fibroblast growth factor and osteocalcin in the first and second passages of
BMSCs were examined by reverse transcription-polymerase chain reaction. BMSCs surface antigen CD44 was identified.
RESULTS AND CONCLUSION: Following induced culture in mineralized media, the first and second passages of BMSCs
expressed alkaline phosphatase, osteopontin, type 1 collagen, basic fibroblast growth factor and osteocalcin gene in some
phases. Positive rate of CD44 in the first passage of BMSCs was 44.4%. These indicate that rabbit BMSCs gradually
differentiated into osteoblasts following in vitro mineralization. The first and second passages of BMSCs expressed alkaline
phosphatase, osteopontin, type [ collagen, basic fibroblast growth factor and osteocalcin in some phases. These cells have had
the characteristics of osteoblasts and provided experimental evidences for revealing the mechanisms of gene expression of
BMSCs differentiation into osteoblasts.
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TRIzol® Reagent

Taq DNA Polymerase

Gbico A, FE[H
Sigma 2], FEH
invitrogen A7, JE[EH
Fermentas A+,

recombinant 7B 5
RevertAid™ First Strand cDNA  Fermentas A 7,
Synthesis Kit DAL
10 mmol/L dNTP Mix Roche, [

Anti-Rabbit CD44 FITC - Mouse Antigenix 22 @], 3&[H
IgG1

Steri-cycle CO fHiG 774

IX71 1818 ¢ BAusE
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Thermo A+, &
OLYMPUS, H#A&
AR AT A i
HWRAF, PHE
Gene A7), EH
BIO-RAD 7, FE[H
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ABI Veriti i & 545 Wit S B AX
IR A4
Benchmark plus microplate
spectrophotometer iR 1%
i At A BECKMAN COULTER
AN

ik
BMSCsHI# B 5 RA SR 2 ] Foh =
KA, ZNEH(50 mg/kg) 5 HL7E (50 mglkg)

AR, HEREEE, AREEmwmidtE, HE
9 (P 2 JFF 26200 U/mL)filECE #66 mL. i@
H W, L0 mLEE IR (N & AR5 B0k 5% 1)
FBS. DMEM/F12, #4i4=%C 0.05g/L. HH %
FIEERF 2525100 UIL)VR AT, WRAT 4 B 8 i
PR T2 R RN, CORIAR h i BT 57
Ki#E48 h, 96 hl-i iR, ULARRAR
WWEE ) I A0, 7 o5 s A . LS RE3 d
Pl 1 R AR 40 P K 4280%~90% I A i, ALALE;
I

BMSCsHiE S 155k 25218 HIBMSCs(# A4l
J 9 FE R 1% 108 L) e LA 10 15 5 85 7% 3L A7
B PR FR (B> $5%MFBS. DMEM/F12. M
JE K ¥4 1x10® mmol/ll . B- B & H i 4h
0.01 mol/L. #4E4=%C 0.05 g/L. T8 £ 4%
%100 U/L), £33 d¥1k. £540 Mgy
80%~90%J &I, fEALHFR.
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(1125 24RBMSCs, il iS4 ik, LA1x108 L
P T2400, BER & ISFLIHATHEL, BEALTE
BB, VA, ESET do LARG IR R B
B, anMRECH R, R BRI AN
KSR H2CBMSCs,  AbBH 51k [F] 92564

O R BB E M AL b A (MTTE) N BMSCs 1
FEIEN: SEI A UK R AF I S A A 248
BMSCs, il sk 40 o B, LA1x108 LT
964LH, THFPE1, 2, 3, 4, 5, 6 d%HI6
AFLIN20 uL MTTH R, 4 hJa /N0 B FL R
&, #FLIIA150 yL DMSO¥%ik, %% 10 min
Jii, BEFRACT-490 nmi K TSI A4 LI FEA
fH; RN AR T S 21CBMSCs,  Ab¥ 7
A SRR 2

RER-BEBERNEERBAMSSUE
&

Sl 2 BCEE A T vk A
Genebank 1 f#] 7> 41l , NCBI % # 7 + 19
Primer-BLAST Tool & it 5|#)( Lilg A= T A vl &
)

T ER R R 1IE 17 514): 57 -ACG TGG
CTAAGAATGTCATC-3" , Jx[i5]#: 5" -CTG
GTA GGC GAT GTC CTT A -3’ B ki &
59 C, ¥HIHMIFBNATS bp.

HESFEIED: E 5 4: 57 CAT GAG AGC
CCTCACAZ3’, xIn5|4:5 -AGA GCG ACA
CCC TAGAC- 37, B/kilifE59 C, ¥k
Bt 4310 bp.

[ BB LR IE ) 51#): 5 -CCC AAC
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CAAGGATGCACTAT-3’, KIi51#: 5 -TGTTCT
GAG AGG CGT GAT TG-3, B kil H52 C, ¥
Jr B 41259 bp.

BME RN [ER514): 5 -CCGACC AAG GAA
CAAT-3’, xi5l¥: 5 -CTC TGAAGC ACC AGG
ATA-37, BJRJES3 C, ¥4 ) B581 bp.

TRl 4T 4 40 A A IR TR R B R 5 [ 40: 57 -GCG
ACC CAC ACATCAAAT TA-3’, K5|#¥: 5 -TTT
CAG TGC CAC ATACCA GC-3’, iBkifiE52 C, 4~
14 F- B:218 bp.

B-actinZ&[X: 1E[A514): 5° -GTG GGG CGC CCC
AGG CAC CA-3’, JxIm5l#): 5’ -CTT CCT TAATGT
CAC GCACGATTT C-3’, ¥4 H B540 bp.

B RNARI 3. J 3 - A B RE R VAR R T
TRIzoEHR ISR & 175 3 5 25 155 24CBMSCs 2\RNA,
RO NG HE VAT ML A B, 35 vk B s RNAGE 3
PEo WPV O - TR AA B R N HEAT o A, AR
cDNAG T ) %A, 5 2 Fermentas A w47 (1)
#K16213A A B Ui B 1

25 pL I 2R A Wi Bk I Bk R LG : 10xTaq buffer
2.5 uL, 25 mmol/L MgCl> 3.0 uL, (10mmol/L) dNTP
2.0 yL, Taq DNA Polymerase(1 U/uL) 1.0 uL, ddH2O
18.5 pL, #HcDNA 1.0 pL, 1E [ 514 F1 7 514
(20 umol/L)#1.0 uL, PCRAX ¥ & 495 “C FilAZ:3 min,
MR, 30MIEHR, 1B k45 s(GRKIRSEIES L), 72°C
SEH1 min; 72 °C, 7 min A GEM . 7EAH R R R A i R
MR T, BANIER 4353 ¥ B-actin | 4 ) NAE K
Z, BURHIK%E G, EPCRYIRE & il T T
DNAJFHII 5 o

R MM ALNBMSCsREARECDA4: 1 FHiFER
H2fR[MBMSCs, 2.5 g/LIREEN AL 250, VRGN ik
PR (1.0~2.0)x10° LY, 2 HULEB44E, IAFITChx:
CARPT R 29, BEEFRIC15~20 min, b3 240 M SO,
A LA 3 55 72 10 25 2K BMS Cs 1 A X 41 .

FEMEIEFR: OMTTILEK N BMSCsHE 5 1% 77 -
@) J Bt i~ TR A e S I 268 5 S0 40 e e P 2 TR . )
R4 M A K MBMSCs £ i b5 & CD44.

Wit LhE. A B 9. VPRI AC
1E#, WAL IEMERIN, FRRHE LY.

FiHF 0 Gt F AR 52, N HISPSS 15.0
ARBTG5 00 b, SR LhxesRoR, 41 EhAs
KH R R T 2 ekt K156, P <0.054 27 W

2 HR

21 RBMSCsA KAWL EIEK HI'E B TWe,
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JFARBMSCs BN, M5 i WATRIAE Y o, 4l 2
BRI =M. 20K, ARKEMBEAHRE.
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Figure 1 Primary culture of bone marrow mesenchymal stem
cells (x20)
1 JF4RH59% BMSCs [1E45(x20)

WL S 1 77 JEBMSCs B R AR 4l R R BUR, =48
TE M AT AR ML 22, A7 R 0 3 PR TS, 40 A%
Il FE2 B 1 7, TSR P AT FR AR 1% AXS (KIBMSCs
LB, W2,

Figure 2 Inducted bone marrow mesenchymal stem cells
(x40)
2 %55 J5 BMSCs [fE25(x40)

22 BMSCsA k¥ H2RFEIFEHRME2M/
BMSCs4i fl £ & /b T 25 1 R BRI 0 50, 2B2~4 RN
BPATE IR, SESRIL B g, H6~8RIMHmNE; S5k
M EE2/CBMSCs b, FB1~8 R AK G JIA
A%, L3,
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357
- 30 F
S 25}
X
T 20}
8
e 15F
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£ 10}
8 o5}
0 L= . . . . . . .
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Time (d)
Figure 3 Growth curves of bone marrow mesenchymal stem
cells
¥ 3 BMSCs A=K £k
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e, FER G A~3 RS GETE IR, 5 4~6 RIYGH
ARG SARBEFHE 2 /X BMSCs th#g, HIhg
N AE, WK 4.
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Figure 4 MTT assay of bone marrow mesenchymal stem cells
Kl 4 BMSCs HIHI5HIE J)(MTT 1)

2.4 MEmieARE AR EmMRNAK T4 %X BMSCs
1) R 0 Ao R, R s I TR UG 2 s i A
R CFGE R IR A 55 5 BRPE S AT 4 AN i A
KPR T BRI o 55— AR IS AR 40 AN 2 T i I
BRME AN 1 M5, i3 45 1/ BMSCs A 1 Hf 15 F Al
B IE A R T s 2 24 4N i 4k 80 3 TR 15 M B 1 MR P 1R
Mg, EFIE SR BT AN AR K A T A
Ji2 it

MR 13 R R A B SN =) | Be K £49581 bp,
BRI v vk 2o H I R BEK /5 Marker — S i
M i 1% ilg L [N B 9475 bp, S Marker— 2. 1545 %
KR A BEZ41310 bp, S Marker—%0. Bl M 5 41 4 41 i
A KR RE R Be #1218 bp, SiMarker— 3. T Ui
JR IR BE 29259 bp, 5 Marker—%. Wl 45 31 &
N R A LA 8L SR AR, B AT 4 41
A KB TR RAT 3R SE AR, HI BB, |
TR 3 U3 DR 1) 40 L A TS o FRL K PR 45 SR A
K5~12.

B-actin  OPN

Marker

600 bp
500 bp

400 bp
300 bp

200 bp

100 bp

Figure 5 Electrophoresis of osteopontin (OPN)
K5 EfEEHEIKE
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Figure 6 Sequencing picture of osteopontin

K6 e

Marker ALP B-actin

2000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

Figure 7 Electrophoresis of alkaline phosphatase (ALP)
7 BRMLBERAE R K

Marker OC B-actin

600 bp
500 bp
400 bp

300 bp
200 bp

100 bp

Figure 8 Electrophoresis of osteocalcin (OC)
8 HES KA

B-actin  bFGF Marker

600 bp
500 bp
400 bp

300 bp

200 bp

100 bp

Figure 9 Electrophoresis of basic fibroblast growth factor
(bFGF)
KO B e A 0 A A Lk B

25 BMSCs# @4+ £CD44 LA FERILFHEM
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BMSCs CD44 [l {: % 1 44.4%, A RKiFES W
BMSCs CD44fH % 40.7%, K13, 14.

A

Figure 10 Sequencing spectrum of basic fibroblast growth
factor

10 T AT A A KR I

100 10! 102 103
CDA44-FITC Log

Figure 14 Experimental group
K14 seedl

B-actin  Collagen- I Marker

600 bp

500 bp
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300 bp
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100 bp

Figure 11  Electrophoresis of collagen- |
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Figure 12 Sequencing spectrum of collagen- |

Bl 12 T BBl e P i
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Figure 13 Negative control group
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AR B oy B K5 97 T v U4, R SRAS R 4l
BMSCs, {HH T BRI SIS, SR IFER A,
TEBMSCsit K, T H il A& K IBMSCsHy 7P 1)
Fibras, DRMAR A FH U i S v A G e R kv o 2
HEATHERA I 2038, JLRY FH A2 31— g BR 05T

IR, LRBEH 05 VA AT MR L AN R RS B0y 6),
I 3 ST Percoll 2 5 A FE R4 BE L BE VA T LR,
S R A NG REV AR E R 2, 4> B R4, BMSCs
TE AR R IR/DH 4 B iG55 . Vaqueros58IZE 5
56 P IE I W R 1% L R tH IMS Cs gtk i, 1 HL i
HH R 3 40 PR A 2 W A K DR P R G B I, R ek
MSCslfikEAEK . Rk, ASZE R 4 BE 0, B 5 771k
MAEBE 5 515 95BMSCs,  #isBMSCsTE L 15 77 5
HHUBE A K PR R, T Ik 20K 2 fE 3 RN IR A e 8
FIBRANIBE ()3 M R AN, RN AR AR 1, ik
Flalith. yEBMSCsI H I ikEIER 5, JERFE
IRAN A, 1] 30 G 2 A 80y P AN [) 35 B8 1) 0 B 90S
BMSCs4li R (152, 43 25 2 1 40 i o0 4b ¥ RE i, 2
ECELAR 7y 25 2L BMSCs 1) /772

ARSI L 22 BMSCsA: Kol 4:, MTTiEA il
BMSCsHi4ii5 71, Lhi i 175 5 5 24K MBMSCs 5 & 15
SBMSCsBtfig HAAEKRE ) . SRih g R, 5
KFEFHBMSCsbE:, i %3 IBMSCsHi bt it
HHTIRAK, (HHLAE KB RE 58k 5k, 4 d 2247 B
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BE5E AE ) AN K% S BMSCs .

T A A 41202 B e 40 e 20 i 56008,
IS AT o e E A0 34 5 b 3k R e o R S
J, FAERKFERT o) Ay A0 BB 5 1(0~4 d), 557t
H1(3~14 d), W LWI(13~15d); /ML FEAuds 2 he
0 R 170 20 TSR A SRR R i
R A0, ARSEE TR ORI, BMSCsE 15 S 5 IR
TR 3~5 R A NI, S5~14 K AL s, 2B
14~20 K M1 1015 S 1~3 RN Mo bt fie o dci, R
BHTIRTT o S8 AN o) S AE AN B B I T A
WAL Be LIRS IA R TE IR I B 45 2 B R 1.
T 78050 Ji A5 A B A 5 T B 1, W 50 6 s 2 S TR
MRNAZK [ R IE v LAAE— 2 R 1 T i BMSCs ] i
AN A SR B H RTRE AR ] T B R b
R Bl PR A Ji 7 1) A RV i, S 2R
SRS 0TI F, B AR 2R B
bR, R MR, IXLEREPR &Rk
r‘r%'/i\i %‘[20-22] R

TEASZI R, S5 AR BMSCs A 3 3 B 1 1k 1 i
AT RRIR, 40 SR R R R IA IR, E%
IERCE AR S L R AR . T AR B ER
TPE R AT A A KR 7o 15 R R S5 14/ BMSCs#
IR E MR R R I, R W] IEAL T i), 252
RBMSCs4k 4L IA B M 8 (A R E IR, Ik A4S
RPN M AR A T AR

DL BOWF T B, R 0 A mT DA B R 43 W
PR A 4 g AR R, LiuZse 231 T % 41 4 R 40
FSC B A0 3 U P i T 4 AT M AR A TR o AR S B A
H A BMSCs A 2 ik B M f 21 4 40 B 2 K D 7
mRNA, BMSCs£: i 515 95 5 &1k, 5 LiusFRIHT oL
gER—H.

HAREERE, 1 AR JRABMSCsh ik, 7
SEFFEARIEARIL, 20N FHRERIA, BT
TR T B SR 2 AE s oAb R i, ARSEge b &
T A S5 P 7EBMS C it i i th 2 ik

G AN AR R B AR, HRIk
Al BMSCs A B i 41 B 7 1) 434k (i 381, .40 e
IR, AR ARl 40 A iR A S TR

EBMSCsJ&H 75 1% 4754, Wik, &
MR e T BRI . B B 2T 4 40 o A= K R 7 R0 45 3%
SR BE Rk, 1 I BMSCs 1F &b -3 5t i 0 1
PRI B B, AT — B FRJE b T f#BMSCs ) B i
0 0 53 A YR Fp ) S PRI A A, ARSI WL
B R IBMSCs L. b 1) e 40 i 234k, Hoas — 2 IRk

9136

HH6E.

H A BMSCs A7 2 Rl J5i b 26 J A s — P (1)
Kl HHAT AR R IR busids R4, BMSCs 5
T 1040 St R T, (HBMSCsAS A i il
TR PR, Wi i+ 40 fe ks SR CD34. (141
brEPUECD45%, 11j#iACD29, CD44, CD90, CD105
HICD166%5 e i 7> 1 KN P2 53 A EFK
i, A CD444N  ZEBMSCs I B bR G iR . A
SEHE R A A AR TR BMS Cs ki S M Pt JCD44, 51
B B2 N 44.4%, IVEXT IRAL M PH T2 4 0.7%. %
TR0 &5 JEAIE W B 1 6] FEZEL A 5 3 1 400 i v 488 TR) 78
TSR D, MR AR E N, i
I ZR 240 P S5 VR A A R R v e, S 2 i 5 T R R
{140 E B 1) 70 040 M S T 4 5, SLCDA4RH 1 %45 fT
1, %S BRI T4 B IR M BMS Csali 4 i
iffiet A\ 8 1) 78 5T 40 MR g5 3 A T R

AR SEBG v R T A0 PR P R R R T T IR 1
WA T AR JE . Blh  F 4 40 f 2E K TR 7 i A
B BT Rk, 15 SR IR IBMSCs UL 56 R B 41 il
Ji a4k, S 45 R R WIBMSCs I 5 H 4 43 Wb Ji i
MMM R I Re ), R&— Mg thnes 75 8s
3% J5 BMSCsH 51t 47 J5i CDA4 R BH I 247 Fir i m, 6 1]
BMSCs H & T4l i [MFFE ;s 1ZBMSCsEE A7 i i ] 78
JTCT- 40 MO 34 5 A ) B AR A, A — 2 MR g
77, AR R LR TR B B AR 40
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