— 546 — BERERKFZER 2015 ££55 40 £ 4 #7 ( Journal of Chongging Medical University 2015.Vol.40 No.4 )

1L 595 DOI: 10.13406/j.cnki.cyxb.000510

M2 GAPDH fil B —actin {£ BMP9 5 S 4 56 ] 58 i
TR 1 53 AL i R v iRy 3 3 R L

wmidy, ke, e #H,FRF B K
(FEPREERIR AR IR PR 2 Bt i PRAGLER 12 W 7 B A S0 %8, FK 400016)

[ E)BRY ECHE NS R I -3- B i 28 (glceraldehyde—3—phosphate dehydrogenase, GAPDH) 1 B lIlah & H (B-
actin) 7EBHTE AL 9(bone morphogenetic proteins 9, BMP9 )17 4 - 8] 78 51 T 41 il (mesenchymal stem cells, MSCs )
SRR AR FGR TG, A E AR ST I B 3E N J7 3k R B R 5 (alkaline phosphatase , ALP) i BMP9 753 (1) MSCs
(f4G C3H10,C2C12 F1 MEF) [m] 53 434k ; LA real-time PCR 435K 0.1.3.5.7 d GAPDH 1 B-actin ) mRNA Fik /K DL
Western blot #{ll GAPDH Fl B-actin [, Z58 . (1)B-actin £ BMP9 {75511 MSCs i H i #EH mRNA F ik K&
0 d 5 5 dB-actin B mRNA FABAFLES 225 (C3H10,C2C12 I MEF B P {149 0.000, GAPDH [ mRNA 357K -4 UL B
MU (P>0.05) 5 B-actin 5 [ 334 B BB ML B4 AN, 117 GAPDH & 17635 K VLB 281k . 4516 . 78 BMP9 75 519 MSCs i,
Byt FE b GAPDH [ B-actin B iGN 2

[RBIA | S EE 5 B8] 7054 ; A \4{3 HIALAEH 9

[ E %S ]R322.71;R329.21 [ ZEfAREAG A [ ¥ H 8 ]12014-06-30

Expression of GAPDH and B-actin during osteogenic differentiation of
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[ Abstract ]Objective : To observe the changes of glceraldehyde—3—phosphate dehydrogenase (GAPDH) and B-actin gene expression
during bone marrow mesenchymal stem cells(MSCs) differentiation to the osteogenic lineage induced by bone morphogenetic proteins
9 in order to select more suitable reference genes. Methods ; Alkaline phosphatase (ALP) was used as a marker to identify BMP9—in—

duced MSCs’ osteogenic differentiation ;and mRNA and protein of GAPDH and B-actin were detected by real-time PCR and West—
ern blot respectively on 0,1,3,5,7 d during MSCs’ osteogenic differentiation. Results. (1)mRNA expression of B—actin was signifi—
cantly increased during osteogenic differentiation ;there were significant differences in mRNA expression of B-actin between dO and
d5;no apparent change was observed in GAPDH. Results showed that the protein level of B—actin was increased gradually espe—
cially on d5 and d7,while no apparent change was observed in GAPDH. Conclusion ; During BMP9 induced MSCs’ osteogenic dif—

ferentiation, GAPDH is more suitable than 3—actin as internal reference gene.
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1.1 e R B E 2R A

AdBMPO (1R K2 5 2 rpocfof 3 ) 1| 2045 S04 51 ph AR
S ARAE ), /B MSCs—C3H10, C2C12, MEF (5 PR EE R K
SE TR EAT) , DMEM 51753 (Hyclone A ), IG2F
I3 (GIBCO AR, # /4555 2 (Hyclone A H] ) ,PBS 3 (At 3T
R AZ N F] ), Trizol 3 F (Tnvitrogen 23 F] ) , 33 % 5% 3 57 &
(Promega 23] ) ,SYBR I (TaKaRa /A 7)), 8 M A2 X (BIO-
RAD A5]), % 6E # PCR 1 (BIO-RAD A ] ) , Bk i i il
(alkaline phosphatase , ALP )& (BD 2~ ] ),
12 Fik
1.2.1  MSCs W35 FR MHFE S0 B ordiil, 75 10%H5 4
M3, 1975 25 2 AR DMEM SliEF5h 75 37 °C, 5%
CO, Z5 1 N EATHR SR ZEUIMEAR, B MSCs HeRh T 24 LR
o RE AN AL S & 30%~40% I IR L8 2 7 B 9 AdBMP9
(30%2c47 ) , 5 I I WL 434
122 JREHEHR-ALP J4 6, MSCs 7E AABMP9 Zb3H 01,3,
5.7 d )5, WA SR PBS T 2 I, A 0.1 mg/ml naph-
thol AS—-MX i1 i iR A TR AT 0.6 mg/ml Fast Blue RR salt
TRATE 200 pl HEFTH4 0,30 min oSG 25 R
1.2.3  GAPDH il B-actin R Z A K- AORGEIN B AS TR 119
MSCs #:80T 6 FLAk , AE AU Al 6 %8 40%~60% = , JER YL it
M AT ADBMPY, %55 MSCs [ 8B4k, 435176 0,.1.3,
5.7 d BPSCEEANE, F Trizol 17 AN MLE RNA il i B
BEHLVKIRUE mRNA A BT R HEAT 2 i B 1 ng RNA 3% 5
1 ¢cDNA, FHSERT RE #: PCR A4S 20 4N 256 mRNA (1)
FIRNHOL, SEE B PCR I RNARZR R 10 wl, SO 55444
95 °C 2 min;95 °C 10,57 °C 30 s,72 C 20 s,40 MEH, N

TR AT REN D SE YA By B S R 2 AT SEAE 96 L L [R I
XF 2 AN S AR HEATSE 5E 1 PCR T 5 193 h i )
RHEWIEARA AT G, W TIPS 1,

F1 5I9FI RN FIHRNBE
Tab.1 Primer sequences,product size and temperature
P B
FE(bp) BE(C)
B —actin 5’ -TGTTACCAACTGGGACGACA-3" 165 58
5’-GGGGTGTTGAAGGTCTCAAA-3’

ElEZEait 2]l

GAPDH 5’-GGCTGCCCAGAACATCAT-3’ 122 57
5’-CGGACACATTGGGGGTAG-3

ALP 5’-CCCCATGTGATGGCGTAT-3" 123 585
5’-CGGTAGGGAGAGCACAGC-3

1.2.4 GAPDH Fl B-actin % [ kK FHEM R H
Western EJEJ5 1460 2 Flviy UL 2 2 K 26 FU/K RO Rk
SR MSCs 3580 T 6 FLtRk 3%, fE A0l & % 409%~60%
J&i A AdBMP9 HEF 175 T (JERYL i 30% A5 47 ), (i L i) Jl i
AR, 3 IR S 0.1.3.5.7 d IR AN 451 . K
PBS PRV 3 K, I BRI, 6 FLAREEFLAN 0.2 ml
A ZAHR, BT UKL 5 ming FIAR B EIE R 4000, B A B0
4,4 9C 13 000 g B0 20 min, IR FIEEH 4 EP & Jf:
JIA 50 wl B9 5 x I _EFELE op i, 55 WK T 5~10 min, 3
eI -20 CIRAFATH o BUHIH AR AN /3B, 100 V fE L
T SDS-PAGE #EBZHL K , 200 mA 1H B AL I R im—4it
A PUE P, (s BRI T B
13 %t

K H SPSS 17.0 #EATHeTH40 4T, 54l LA I Fldrfi: 22
(v +5) R, Z AN LR SRR 28 22400, 4100 5 15 L
ER ] 1SD—t 5, K 46 /K 7 «=0.05
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Wi FEEE 7 RmH R (B 1), &0 MSCs B 5
2.2 BMP9 %5 A B otk A2 & 2 #F A AL B mRNA K -F
o T AL

WK 2 fif7R , B-actin f mRNA /KE7E 3 Ff MSCs 55
I R IR AR JU HAE 5 A A RARN, 5155 0 d
R AH L3 25 SF A Bei T2 2 L (P<0.01) ., {H GAPDH 7Ei% 543
A id e R UL A5 f
2.3 BMP9 % F A F o fbidd2d 2 fh R AR G K F8 &
HH L

Western blot 5% /87 3 i MSCs 55tk id #2H , B-
actin FRIEAFE AEFF S 5 RICHW 1 GAPDH
BIFEIRA WL AR, 5 mRNA BFR IR ERAIYIA .
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Fig.2 Protein expression of GAPDH and p-actin during MSCs
osteogenic differentiation
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VER I FIIHE R ALP, AR e T ALP FE R HEIE
PEHIIZ 2 F A 25K GAPDH  B-actin A TRLIE , APPAG I
£ BMP9 55 MSCs J8UH 7L B VR NS R A (8L
W 3 s, £E C3H10,C2C12 MEF 3 Fft MSCs "', HHGAPDH
NN ZE 55 5 K ALP mRNA 7K 51 - w5 5005 51
23.384 33.891,33.045; 1] Lk B-actin F NS, HTF i 55005
SR 3.326.5.596 .1.655, FH GAPDH 1EA NS 3k RIVER IEAS
Y ALP Rikid 5E 1 FroR T iaT—3, SUHXT ki GAPDH
Bl EVEN MSCs iU i FE g A SR A
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Tab.2 mRNA expression of GAPDH and p-actin during MSCs osteogenic differentiation

GAPDH mRNA /K3 (n=3) B —actin mRNA /K (n=3)

picil
C3H10 €2C12 MEF C3H10 €2C12 MEF

0d 1.000 = 0.000 1.000 £ 0.000 1.000 + 0.000 1.000 = 0.000 1.092 £ 0.043 1.000 £ 0.000

1d 1.071 £0.252 1.314£0.269 1.183 £ 0.368 4.247 £ 0.692 1.000 = 0.000 2.352+0.839

3d 1.115 £ 0.189 1.667 +0.423 1.118 £0.364 4.986 +0.273 2.106 + 0.643 6.115 +2.432

5d 1.255 +0.208 2.295 +0.688 1.254 £0.208 8.403 + 0.490 7.240 + 1.405 12.803 + 1.985

7d 12390218 1.887 £0.558 1.339£0.277 54220412 7.044 £ 1.182 4.558 £ 1.156
FAH 0.943 3.325 1.313 109.334 39.938 25.543
Pla 0.478 0.056 0.330 0.000 0.000 0.000
PiA 0.664 0.480 0.348 0.000 0.900 0.318
P 0.485 0.149 0.066 0.000 0.184 0.003
P5 A 0.141 0.070 0.202 0.000 0.000 0.000
P{E 0.164 0.095 0.099 0.000 0.000 0.200

E:PL,1d 5 0d HELP<0.053P3,3d 5 0d HekE, P<0.05;P5,5d 55 0d Feke, P<0.05;P7,7d 5 0d HekE, P<0.05
®3 2MASERKERBRHIER ALP FEX RiLE
Tab.3 Relative expression of the two commonly reference genes
o ALP mRNA JK*-/GAPDH (n=3) ALP mRNA 7KF-/B-actin (n=3 )
C3H10 c2C12 MEF C3H10 C2C12 MEF

0d 1.000 + 0.000 1.000  0.000 1.000 = 0.000 1.000 + 0.000 1.092 £ 0.043 1.000 = 0.000

5d 23.384 + 1.231 29.558 + 4.681 26.712 +4.531 3.326 +0.857 5.596 + 0.683 1.655 = 0.444
¢ -31.475 -10.566 -9.828 -4.699 -11.646 -2.550
PAH 0.001 0.009 0.010 0.042 0.007 0.126
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RT-PCR FI real—time PCR 246 I 3 PRl 2 35 114
WA, U E#H ST PCR g2 i,
BAPORAER  REER RSP SER S MR —
T A7 3 ARSI I PR Rk i (9 7 vk, T B AR A b rh
H—Rsi 2R G 1E N S, DI B RS ) 3
TR EA AR I DA T 4 1R 9% v 1) R AR R AR
FRAE A FH 1 3 — b 14 56 PR A i F 5% 1 45 P 56
IR A T e Rk, (B, RERIBFRE R &
AT Ai] — Fofr PN 2 35 PR 7 T B3040 25 1 T B
FIRIEATTRERY , TEAS RIS T A 40 B 76 20 i 2B
IAEIRY B, NS LR 0 =R 88 A vl seAR 1k, PRI,
FE AT HE PR 3 38 43 BT AR IV % R AT PN 2 i TR 1)
TIE, ¥ 58 ek B M FRE 1 N S 3L KA X B 13
FEREMRIE, DIHSAT L B S nT FE S50,

MSCs Jil 4 M 2 A i ik A% rh 55 PR R ik 43 i
W NS AN 18 S rRNA (GAPDH F1 B-actin
WA R T LT 3 — 4k 5K 1% (BestKeeper
B0, 4 3 NMEKILIN GAPDH, 72 1L C(U-
biquitin C)F1 RNA &7 II (RNA Polymerase II )
FEIRIKTAE Ry S P 9 238 7K (s 1) 2
XSRS A 2 TR IESE , BTk e i i 2
FLPR AT Wit A B DR 2R & A AR A DT B £ A ik
o e el (ST = P RO ) T G o M o ol 1
FARPEZE  HE A R S5 e R 2 —81

BT FREWL A T AEXT7E BMPO 5 5 Ay
MSCs B H 536 d5e 5 B I PR S X 5L ) GAPDH
H1 B-actin FIRFENEHTT T 504, 45 R B /RGAPDH
£ C3H10.C2C12 MEF 3 f MSCs &£ ik e
E , H mRNA FIZE RIS BMPO 15200 ;11 B-
actin WM KT8l , %45 R 5 Goossens K 55 A
PE B-actin FIBIHAFE , NG A TS IEH
(A8 S AH AL T 5 Quivoz ") 6 T 20 Jfd 1) BB 434k
5T 42 H 1Y B-actin 55 GAPDH 4§ Hucha e P B
1R AN — 350 LT R Y T DR S B 1 AN A A BRI
EXPN

ASCLEF I AE BMP9 5 51 MSCs B 4
b FE N2 2L K GAPDH AR R i ik

PR RARE T B—actin TEUH 4 AL i A ity 2 1
KL T BB AT RE S B-actin SRR
SRR, 7F BMPY i S A9 kit B b 540
BAA X, BAETWRMUE, FATIILSE R
£ BMPO 7 S5 MSCs B4 bt B, 6 PEGAPDH
YER NS EENEL B-actin BB FFE
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