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Osteogenic differentiation and related gene expression mediated by mechanical
strain
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Abstract

BACKGROUND: The regulatory role of extracellular signal regulated kinase 1/2 (ERK1/2) and nuclear factor
kappa B (NF-kB) signal pathways in the osteogenic differentiation of MC3T3-E1 cells subjected to mechanical
strain remains unclear.

OBJECTIVE: To investigate the effects of ERK1/2 and NF-kB signal pathway on alkaline phosphatase, type I
collagen, osteocalcin and interleukin-6 expression in osteoblasts in response to mechanical strain, and to explore
the regulatory effects of ERK1/2 and NF-kB signal pathway on osteoblast differentiation.

METHODS: MC3T3-E1 cells cultured in vitro were separately treated with ERK1/2 pathway specific inhibitor
PD098059 and NF-kB pathway inhibitor PDTC for 30 minutes, and subjected to12% elongation for 24 hours.
Normal cells and cells along loading 12% mechanical strain for 24 hours were considered as controls. Enzyme
linked immunosorbent assay and real-time PCR were utilized to detect alkaline phosphatase activities, type [
collagen, osteocalcin and interleukin-6 mRNA expression before and after cell loading.

RESULTS AND CONCLUSION: Under 12% mechanical strain, alkaline phosphatase, type | collagen, and
interleukin-6 expression was regulated by ERK1/2 signal pathway in MC3T3-E1 cells, but osteocalcin gene
expression was not affected by ERK1/2 pathway. NF-kB signal pathway inhibitor PDTC significantly suppressed
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alkaline phosphatase activities in MC3T3-E1 cells under mechanical strain, and inhibited interleukin-6 gene expression.
However, type | collagen and osteocalcin gene expression was not affected by NF-kB signal pathway. Results suggested
that mechanical strain affected osteogenic differentiation and relevant gene expression in MC3T3-E1 cells by ERK1/2

and NF-kB signal pathway.

Subject headings: stress, mechanical; osteoblasts; NF-kB; alkaline phosphatase; type 1 collagen; interleukin-6
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Table 1 Primer sequences used for real-time quantitative PCR

in osteogenic differentiation and related gene
expression mediated by mechanical strain in cells

4 F S (5 -3) e
BE(C)
B-actin Forward:CCT CTATGC CAA CAC AGT GC 55-60
Reverse: ATACTC CTG CTT GCT GAT CC
T Bf st Forward:ACG TCC TGG TGAAGT TG 58-60
Reverse: CAG GGAAGC CTC TTT CTC CT
HEHEA Forward:AAG CAG GAG GGC AAT AAG GT 55-60

Reverse:AGC TGC TGT GAC CAT CCC ATAC
141} /r% 6 Forward: ATG AAG TTC CTC TCT GCA AGA 55-60
GACTT
Reverse: ATC ACG GTT TGC CGA GTA GAC
TCT

Real-time PCRA £ 1 2SR, B{5ERLRBMEMEN
%6 mRNARIFRIA: SCIOAN 2.5 g/Li i M AL )
800 r/minE5.0»6 min, PBSTEVEHF X E 05, WAL,
HR#ETRIzol Reagent;™ i 1t FHHE U RNA . A 1) 41 Jd
A1 mL TRIzoliA 7], ZEAEMHS minj5 i A& i
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12 000 r/minZ.315 min, WK, WM 28T
B . KA AR A LLUTE P IIRNA,
1 ML TRIZOLA AT AL S 0.5 mLir) 5 A 1
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10 min, A $75% L vEd 54 C T LL
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K, —70 CHEAE&H.
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Figure 1 Effects of mechanical strain on ERK1/2
phosphorylation in MC3T3-E1 cells
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FREAIR 5 0 A AR T 22 5 B W 35 1k SL(P < 0.05),
60, 120 min4EREAERARKF:, (HE30 minff A7 Lk 2
TC W MR (P > 0.05). 1Mi#% A 1KB(p65) 4k 14 ik 7E
30 minitf &k, 60 mink Nk B (P < 0.01),
120 minf EARYERFAE 7K, {H 5 60min i A 22 5 06
BE MR X (P> 0.05).

25.18+7.61°
44.58+7.09"

N3 N#+PD098059 T4
N1 n#+PDTC il

22 EREAEEFBEFTEBN YA SR 2.3 ERK1/2ZA4E F«kBill 47 4| Fl st £R AR T
2, MC3T3-E1%m ookt A iR B & M e 3oy WER2.
12% {12 2 PEIFIST AR M MC3T3-E1 4 o fig M i B 5 1
Magnitude ”
) 5% 1)
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Table 2 Effects of inhibitors on alkaline phosphatase activity in
p-IKK — MC3T3-E1 cells under mechanical strain
(xts, n=18, King unit/L)
2151 T Tt PR I
IEH T AL 32.7616.62

Acin
O p-IKK
B IKK
@ IKB-a
14 r O #[HF kB
12 +
1.0 +
X 08 |
L
= 04
02

XA 30 min 60 min 120 min

W 24 MC3T3-E1 4132 3 12%40 BT A% 2 (1 Ja W bk 2k v
JIVERS, ¥ kB {5 Sl 7E 30 min F4#0E, 60 min
I A58 R A 7K P38 T s g A Sk« 72 07 £ 30 miin B, IkB- a4
B35 B FEG, 60, 120 min ZERFERAGK . TEF T
KB(p65) £ 4414 /E 30 min &L, 60 min 84Nk 4 2
#(P<0.01).

2 AEFKRN A MC3T3-E1 4l Uik K1 kB 15 5@ i) 5¢
i

Figure 2 Effects of mechanical strain on nuclear factor-kB
signal pathway in MC3T3-E1 cells

HIFH S AL, *P<0.05, "P<0.01, 5NNz,
°P < 0.05.

Vo LU ERK1/2 (350 05 VA BRI 1) 25 AR 53
TR T KB 5 I M0 PDTC Ji, BB RN b ]

B3

K20 WL, MC3T3-E141 52 $112% 41 AR R
(1 PR ARk N ) VR HTI, AR 7 kBAE 5 18 % 730 min
IS, p-IKKBF AL L KT, I H.60 minkf
AR AL KT 184 0 4 A W Bk, 120 miniisf p-IKK B Ak 17548
P AE F K, (H 560 minisf M EE 22 500 B 2 T X
(P> 0.05). KM S/EH30 minkf, IkB-aif &Ik B
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HE. AN FE 6 B KL 15w
Table 3 Effects of inhibitors on expression of type I collagen,

osteocalcin and interleukin-6 gene expression in
MC3T3-E1 cells under mechanical strain  (xts, n=18)

215 T A i B SEN P )
ooyl 0.336+0.074  0.593+0.082  0.377+0.086
ISP %] 1.446+0.097°  0.298+0.075°  2.428+0.132°
A3 0+ 0.129+0.089*°  0.302+0.093%  0.874+0.096>

PD098059 +-Fiii4l
N Jy N+ PDTC 1.417+0.093°  0.314+0.096° 0.195+0.078%
g

LHERARALLE, P <0.05, "P<0.01, 5NNl i,
°P<0.01.

W AE 12%ZA5K N ER R, MC3T3-E1 4 T ZUKRIR . E40
A ER 6 JERAIE WINPT AR (EAEH
PD098059 Ja, | BRISIENFIAW RFFAT, N AMH T A0
& 6 FEHRIEZ ERK1/2 R T kB {7 5l % A IE Rl 0

3 i1 Discussion
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N IR BRI A, B RSB AT i 4 ) ) 2
AW EE R NEAT T R IEST, BFEEEEE . ik, Th
RERAS S 0 BB AH AN R P I Rk, BB NS 5 5%
FIBEAE, AERCE 0 MR BRI RN (F T
SR RSN LRI TR E R, R BT
o WSRO, JyaE ek Ko, PR TR S
AR TR DA G, AT AR TR R ) A R
AN EY AT N E B )2 N —

DA gl R SN TN V=R N 2 R
ML — RIVEDNAAAE S, WG 5 Sl s Bk
AL, SESEREIEENL. HESSAMPARNIES
SRR R, It HSAE S R A H S,
e & 3L R 58 AL BN g %o A O 38 DR 3R 08 1 U 4
ERK1/2155 53 BRI PR 1 KBA 5 38 4 A2 B0 B 4 Bl Py 1
MG S S R PIAEE NG S S, HEusS
75 R 1 — e g1 g DR %o T i 40 A R A S
S LD R Th RETE AR B, AWK, 4

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

MC3T3-E 14 i 52 2112 % 41 J T A2 2 1) J5 Bk Ak .
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ERKA/238 1 A iy 41 i J) 2745 5 e 5 1 4 i
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i, ERK1/2VdE 77 i A% 8, Flus sk K+, Tk —
Pzt A A e B PSR SO S N T S K21
1. AgipA%6. Fa s, mvkpimig. B,
JoE B =R AR 1. IR RRIMOE2, A AEKTB.
HREA. 1 HKRE%T, PDI8059EERKI2(E 54
SFEBAIHI, EnT LSS ERKI2FHEIL TS, FHIE
Raftf ERKI2 [ RRALIEG . LI 4E R EIR, £12%7%
T AR, MC3T3-E140 i ms i ie i . 1 70 fie i
140 A 226110 K IA 2 ERKA /2135 Sl Bk (i3, 1145
R ISE R R IE AR AN 52 ERKA /238 1% (1) 521

¥ R 1B I LA R IR 5 1 4l i ) 2445 5 %
SEUIFR M T, — Ak, 4iefeSEsEeR
AF, #IK FkB(p50/p65)-15 4l 2 11 IkB (T H &4 A
IKB-0) 4 £ Ll Al Sty R T sUAEAE T, 2441 i
52BN )2 » T8 R kB (IKK) & A4,
T BB AT I 5 S P R AL I B, DT R TS A%
[A ¥ kB(p50/p65) Jf # ¥ & M #% , K 4 e 5% R 5 1E
FI19, SanchezZ ! M2 5 A F IKBISE (IKK )40 561 1)
PDTH, LIALSHUBNY ot e 40 i (14 226 141 i3
E2UL F i PR 22 S5 A M IRl 1Rk R 5, S8 25 S R I
B (1K) 751 FT LA B S22 40561 1 40 A 26 i 471 i
FE2HLH MR IR, MATFIRRE2. 141/ %6
VE A B 40 1 g SR I TR 76 1 2 2R g oSl ok i o
RAFHG VLR E S, RN R, R
PEIOHIAZ N 7 kBAF 5 18 % ] DL R Sk pi 4 i 4 Ak
FIECE B LIS RS LRI as AL, 7E
12%7 5K N J/ER R R R kBA 5 18 i 4 I IPDTH
A S Lk N 5K ) 4E R MC3T3-E 1 41 ikt
P T T 1k R BRAEG,  [RD A 31 1 40 B A 2R 6 35 R (1 3R
i T AR 18 B (1 R R IE AR AN 2 % TR kB
5 1 % R B

gi LTiA, ERK1/25 5l i FAZ K 1 kB A5 5 1 i
JERCH AN N )5 S e S R B A B S S
%, MC3T3-E141 52 2112%41 fi JE AR 211 J B 1
225K N ERIN, ERK1/215 5 i 4% K FxB15 5 1l
P R B B0 o AR Y ) T I R ERKA /245 518 i K %
DR kB 5 18 B T 1 F 1 A0 T 93 B AT I PRI g Rk

TEZ it B, &%, BARAPEAT Rk, %8
FAEA NG e, B, AR, AR REIREA K, 5
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=, BARAT. BB AN LM, Tk, KL, BEE. X
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