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The Response to High Magneto-Gravitational Environment of Different

Differentiating-Stage Osteoblasts

Hu Lifang, Qian Airong, Li Dijie, Li Jingbao, Shang Peng*
(Key Laboratory for Space Bioscience and Biotechnology, Institute of Special Environmental Biophysics,
School of Life Sciences, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract To investigate the effects and possible mechanism of high magneto-gravitational environment
(HMGE) on the differentiation of different differentiating stage MC3T3-E1 osteoblasts, the 4 d or 7 d osteogenic
differentiating MC3T3-E1 osteoblasts were cultured under p g [9 Tesla(T)], 1 g (16 T), 2 g (12 T) and control (1 g,
geomagnetic field) conditions for 12 h respectively. The alkaline phosphatase (ALP) activity was analyzed by
p-nitrophenyl phosphate colorimetric assay. Alizarin red s staining was used to detect mineralized nodule formation.

Real time RT-PCR was applied to detect the mRNA expression of osteogenic genes including ALP, runt-related
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transcription factor 2 (Runx2), type I collagen al (Col lal), osteocalcin (OC) and dentin matrix protein 1 (DMP]I).
The results showed that 12 h treatment of p g and 1 g condition significantly increased the ALP activity of 7 d
differentiating MC3T3-E1 cells (P<0.001, P<0.01) compared with control condition, while HMGE did not affect
the ALP activity of 4 d differentiating MC3T3-E1 cells. Alizarin red S staining showed that the mineralized nodule
formation of 7 d differentiating MC3T3-E1 cells increased under p g and 1 g condition. Real time RT-PCR results
showed that the expressions of osteogenic genes (ALP, Runx2, OC, Col lal and DMP1I) were significantly up-regulated
by 12 h treatment of p g and 1 g condition while down-regulated under 2 g condition (P<0.05, P<0.01, P<0.001) in
both 4 d and 7 d osteogenic differentiating cells. These results demonstrate that 4 d and 7 d different differentiating
stage MC3T3-E1 cells show different sensitivity to 12 h treatment of HMGE while 7 d mineralizing stage cells are

more sensitive to HMGE and suggest the promotion effect of magnetic field on osteoblast differentiation.
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mineralized nodule
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P2 8 K2 ANZ A CHIFZ T Ja ML 045 2

.12 %% Alpha-MEM(a-MEM)&: 72350 [ Life
Technologies 2y w); fif 2+ I ¥ (Fetal Bovine Serum,
FBS)I H FIgAKRFZE AWl i A B2 w5 Prap i g
(ascorbic acid). B-1 i % IR 44 (B-glycerophosphate
disodium salt hydrate). Alkaline Phosphatase Yellow
(pNPP) Liquid Substrate System for ELISA I 25 £
S(alizarin red s)?J)lt 5 Sigma-Aldrich w]; BCA Protein
Assay Reagentlls) [ Pierce s 7] ; TRIpure Reagentlly H 1t
I S R AT B/ 7] PrimeScript® RT reagent
kitFlISYBR® Premix Ex Taq™ Ity H K& % AW TR
HRR 2wl 51 A TAEY) TRECER) B A A B 2
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1.2.6 Real-time RT-PCRA& i 5%, B 41k A8 & 2 B 49
Rk HY 40, PBSTS DR 5, [l 3 L g N
1 mL TRIpure Reagent, & 1/j. 7 N 4IRNA, Jf
53 9 R FH 1% B¢ MR A vk I8 PR VK A 58 A0 40 D16 6 &2
THRIIRNAR SE3EME . 4l 59K EE . B pg A RNA,
K HPrimeScript® RT reagent kit, ¥ H 2 % 5% A)cDNA.,
cDNAJ1] J*Real-time PCRAS I i 7 14 AH 5 3 A
I, WA 95 °C, 30s; 95 °C, 10's, 58 °Cl 60 °C,
30 s, JLAOMIFIR; W fi 12265 °C~95 °CHE FT10.4 °C
KEEVR R . 51757 WK1, LLGAPDHYE )
W2 BP0 H AR EE BRI A EAT I — AR B, SR
2L HAR AT S AT

12.7 %t 44 KM GraphPad Prism S 4%}
SR IEAT G 2 o A, WAL AR ) A B AT
I3, BB LB b 22 R OR . P<0.054 72 5+
HAREN.

2 HR
2.1 HMGEXMC3T3-E14ABIALPE B 5200

PNPPYE K I 4 i Y ALPY ¥ 45 5 = 0, i
o344 d(r A6 DI 40 i 48 5 12 hiWHMGE AL 3
Ja, pgdls 1 g2 g4l 5% M 4L(C)M L, 41
ALPYEYE T W3 22 (1A i 047 di b
U4 B 41 i 2212 hify HMGEAL 2 5, 5 6 B 41(C)
AHEE, w gZH A1 g0 40 M ALPYE 1 23 51l 8 hns6% A
21%(P<0.001, P<0.01), 2 g1 ALP#EE F %, (HTE
FHZES MR T g4, 2 gZH AN UALPYGVE B3 T %
T39%([E1B).
2.2 HMGEXMC3T3-E14HRR BH L& TR
R

1 TMC3T3-E140 Jflif5 T Bl 70407 A R as 0
1k, I, HMGEX 530407 A4 i ib 2212 his, K
FP6 2 ST AOU 520 A 45 1 T B A8 4. i 2
JIi7~, HMGEXS7 dir fb ki 4f B 1) 40 i A #1112 b5, 5
X HCZL(COAH L, w g2 40 B B ™ 4 &5 71 T R 8 n
111%(P<0.01), 1 gZH0™ 4515 T8 et 38, AH G Wl =%
ZE e, M2 gL AT T B AHXS T g4, 2 g4I
Bl G TR 25 9 (042155 vs p g, P<0.05)(K12).
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Table 1 Primers sequences for quantitative real time RT-PCR

SN A TR (HE R 345)
Gene name(Genbank No.)

1A —3")

Primer sequences(5'—3")

B KILEE(C°C)

Annealing temperature(°C)

F: 5-GTT GCC AAG CTG GGA AGA ACA C-3'
R: 5-CCC ACC CCG CTATTC CAAAC-3’

ALP(NM_007431.1)

58

F: 5-TGC ACC TAC CAG CCT CAC CAT AC-3'
R: 5-GAC AGC GAC TTC ATT CGA CTT CC-3'

Runx2(NM_001145920.1)

F: 5-GAA GGC AAC AGT CGATTC ACC-3’
R: 5-GAC TGT CTT GCC CCA AGT TCC-3'

Col Ial(NM_007742.3)

58

F: 5-GAA CAG ACT CCG GCG CTA-3'
R: 5-AGG GAG GAT CAA GTC CCG-3'

OC(NM_007541.2)

58

F: 5-AGT GAG GAG GAC AGC CTG AA-3'
R: 5-GAG GCT CTC GTT GGA CTC AC-3'

DMPI(NM_016779.2)

60

F: 5-TGC ACC ACC AAC TGC TTA G-3'
R: 5'-GGA TGC AGG GAT GAT GTT C-3'

GAPDH(NM_008084.2)

58

ALP: TP EIRIE; Runx2: Runtii K56 R 72, Col Tod: VR JRal; OC: H45%%; DMPI: F A Ji3E i & 111 1; GAPDH: 3-%

P ok e M S

ALP: alkaline phosphatase; Runx2: runt-related transcription factor 2; Col lol: type I collagen al; OC: osteocalcin; DMPI:

dentin matrix protein 1; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.
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A: 12 h HMGEAL#6) B 43> k4 d MC3T3-E14I AL PE (152 0; B: 12 h HMGEANFEN it 43467 d MC3T3-EL4N A LPHEYE H 52 00; C: I3
XA g ng@ D4l 1g: 1g16 ;2 g: 2 g(12 T2 . **P <0.01, ***P<0.001,

A: effect of 12 h treatment of HMGE on the ALP activity of 4 d differentiating MC3T3-E1 cells; B: effect of 12 h treatment of HMGE on the ALP
activity of 7 d differentiating MC3T3-E1 cells; C: normal control group; p g: u g(9 T) group; 1 g: 1 g(16 T) group; 2 g: 2 g(12 T) group. **P<0.01,

**%P<0.001.

El1 HMGEALHE 12 h3d R [E 43 L By EEMC3T3-E 140 Bfal 14 15 BR B 5 1 A 22
Fig.1 Effect of 12 h treatment of HMGE on ALP activity of different differentiating stage MC3T3-E1 cells
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ALP. runt-related transcription factor 2(Runx2), 17} iz
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4, 2 g BRI W25 T F#(P<0.01, P<0.001),

%S R E k4 dIUMC3T3-E141 fill, £12 h
HMGE& 2 )5, 555 I AL(COAM b, B 70 fhs &
77 TALPIYJmRNAZ ik fEp g41(3.541%vs C)MI1 g
2H(2.45%vs O)¥ 1 2 Lif(P<0.001), 112 gZH W] &
R (0.641%vs C, P<0.01); U7 i 40 4 1) G B A
st Pl T Runx27Ep g41(2.844% vs C)MIT g41(3.834%
vs O)ff1 1534 Fif(P<0.001, P<0.01), 12 g2l i
(P>0.05); A, 1y 4 i A58 5 2 1 53 Col Tad 1)
RikAEp g2 1115vs C)FIT gZ(2.671vs C)th 3%
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i, 2 gZH W] (P<0.05); [FAFE, OCHDMPI
FIMRNARIE AN g4l 51 g4l b4 A3, iMm2 g4l
I EE(EI3).

FGRCE07 dIMC3T3-E141 1, £HMGE
AbHE12 ), 5 IR AL B, B 4 A bk i 4
TALPImRNA K 15 fEp g41(5.95f%vs C)FI1 g4

(A)

(B)

(L.5ff%vs C)¥y 2% B, 2 g4 W] 2 T 0. 114%
vs C); [FIFE, ¥ § Runx24rp g21(6.91%vs C)HI
1 g41(3.791%vs C)If &1L ¥ Fi(P<0.001), 12 g
£1(0.3ffvs C) NI (P<0.001); 4 iy 405 it & 11 2>
T-Col lal 1R IE{En gl B3 LG 1f5vs C), 2 g
Y H IR BE(0.37 % vs C); BUE B Ak bR & S OC

*% *
o 5 I
8 I
g ﬁ"
s 1.0 e
8 e T
£ G
8 e
S s
i
- i
ne lg 2g

A GG R SYO LSS5 B: Image JEKAEOT 5 2141 BT el P g5 T TR ) 204 Cr IEH AT IRAL ng ng(O 4l 1 g 1 g(16 TH4L; 2 g0 2 g(12

T)4l. *P<0.05, **P<0.01,

A: mineralized nodules stained with alizarin red S; B: quantitative analysis of the area of mineralization for each group using Image J software; C:
normal control group; n g: 1 g(9 T) group; 1 g: 1 g(16 T) group; 2 g: 2 g(12 T) group. *P<0.05, **P<0.01.
[El2 HMGE&LE12 hxd BB 93 L7 dBIMCIT3-E14AaH L 45 T5 7 AL R #2010
Fig.2 Effect of 12 h treatment of HMGE on mineralized nodules formation of 7 d osteogenic differentiating MC3T3-E1 cells
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C: IER A4 ng ngO DA 1 g1 g(16 T)4H; 2 g: 2 g(12 T)4H . *P<0.05, **P<0.01, ***P<0.001,
C: normal control group; pu g: n g(9 T) group; 1 g: 1 g(16 T) group; 2 g: 2 g(12 T) group. *P<0.05, **P<0.01, ***P<0.001.
[El3 HMGEALIE12 hxt B & 5 14 dBIMCIT3-E1ZBRE R B 5 1L A8 R E E ALP, Runx2, Col Ial, OCFIDMPIZRL I/

T

Fig.3 Effect of 12 h treatment of HMGE on the expression of osteogenic genes ALP, Runx2, Col lal, OC and DMPI in 4 d
osteogenic differentiating MC3T3-E1 cells
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C: normal control group; p g: 1 g(9 T) group; 1 g: 1 g(16 T) group; 2 g: 2 g(12 T) group. *P<0.05, **P<0.01, ***P<0.001.
El4 HMGE&L3212 h3$ BB 9L 7 dBEIMCIT3-E1ZBH R B 5 (L AH KB EALP. Runx2. Col Ial. OCFIDMPIZRIEHIFN
Fig.4 Effect of 12 h treatment of HMGE on the expression of osteogenic genes ALP, Runx2, Col Ial, OC and DMPI in 7 d
osteogenic differentiating MC3T3-E1 cells
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