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Abstract: Objective: This study aims to explore the function of Integrin-β/FAK in the mechanical signal transduction
and the connection with downstream ERK signal pathways. Methods: Human osteosarcoma MG63 cell lines were
used in this study. The effects of mechanical strain on the Integrin-β1 expression, FAK and ERK signal pathway in Human osteosarcoma MG63 cells were detected using RT-PCR and Western-blotting methods. The localization of FAK
in Human osteosarcoma MG63 cells were determined using immunofluorescent method. The interaction between
Integrin-β1 and FAK were detected by using co-immunoprecipitation method. Results: The expression of Integrin-β1
shows a notable bimodel distribution, mechanical strain stimulation can promote Integrin-β1 expression and the
phosphorylation of FAK and ERK, mechanical strain activated FAK and ERK mediated by Integrin-β1. Conclusion:
Integrin-β1 may play an important role in osteoblast proliferation differentiation process, it might feel external strain
stimulation through ECM composition and makes FAK phosphated through the interaction with FAK, thus causing
a series of activation of signal molecules. Finally it reduces MAPK (ERK) activation and cellular responses to finish
mechanical signal transduction.
Keywords: Integrin-β, human osteosarcoma MG63 cells, mechanical stimulation, focal adhesion kinase (FAK),
ERK signal pathway

Introduction
Interactions between extracellular matrix and
cells affect basic life activities of cells. Integrin,
a kind of important cell-surface molecules
which are the main receptor of extracellular
matrix and prevalent in the surface of various
cells, play an important role in mechanical signal transduction [1-3]. Many in vitro and in vivo
studies have discovered that human osteoblasts can expressed many kinds of integrin
molecules such as α1, α2, α3, α5, αV, β1, β3,
β5 and so on, among them β1 is in rich [4-6].
Many studies showed that integrin-β1 mediated
cells combining synthesis of ECM including
type I collagen, fibronectin and so on. It shows
that integrin-β1 might play an important role in
osteoblast signal transduction [7-10]. It also
involves in the formation of tissues and organs.
Focal adhesion kinase (FAK), the non-receptor
tyrosine kinase in cytoplasm, is activated with

the aggregation of macula adherens. FAK is the
key point of integrin signal transduction.
Previous study showed that Integrin Signaling
Pathway plays an important role in the mechanical signal transduction. In this study, we
explored the function of Integrin-β/FAK in the
mechanical signal transduction and the connection with downstream ERK signal pathways.
Materials and methods
Cell culture
Human osteosarcoma MG63 cell lines were
produced by American type culture collection
(ATCC number: CRL1427). They were maintained in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% FBS, 50 μg/
ml ascorbic acid, 100 U/ml penicillin and 100
μg/ml gentamicin. The culture medium was
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changed once every three days throughout the
experiment. The cells were digested by a 25%
trypsin-EDTA treatment, and then vaccinated to
cell plate tension in a 104/cm2 density.
RNA extraction and RT-PCR
Total RNA was extracted using Trizol RNA
extraction kit. cDNA was synthesized by reverse
transcription: extract total RNA 0.2 µg, synthesize cDNA by using reverse transcription kits in
operate specification. Experimental conditions
were as follows: total RNA 0.2 µg mixed with
olig(dT) 18 primer (0.5 μg/μl) 1 μl and DEPC to
12 μl, centrifuged for 35 s, then chilled on ice.
Adds 4 μl of 5 × buffer, RNAI (20 U/μl) 1 μl and
10 mM dNTP mix 21 μl to the mixture, then centrifuged for 35 s and incubated for 5 min at
37°C. Finally, adds MMuLV reverse transcription (200 U/μl) to terminal volume 20 μl.
Incubates the mixture for 60 min at 42°C, 10
min at 70°C, and then chills on ice. Using Roche
Molecular LightCycler, the amplification reaction system was: 25 µl of PCR reaction mixture
containing 10 μl SYBR Green PCR Master Mix,
upstream primer (25 μmol/L) 1 μl, downstream
primer (25 μmol/L) 1 μl, dNTPs (10 mmol/L) 1
μl, cDNA 2 μl, adding ddH2O to 25 μl. The reaction conditions were as follows: force-denatured the temple cDNA for 4 min at 94°C, then
denatured at 94°C for 15 s, primer annealing at
60°C for 10 s, extension at 72°C for 10 s, 40
cycles in total, finally extend at 72°C for 7 min.
First we double diluted and amplified the cDNA
to improve that there was a linear relationship
between cDNA temple amount and Ct value.
And we also try to improve the amplification
efficiency of target gene is the same with the
house-keeping gene. The real-time monitoring
method is used on fluorescence collection
every cycle at annealing temperature. Using
resolution melting analysis 95°C 0 s 20°C/s,
65°C 15 s 20°C/s, 95°C/s, 0.1°C/s. The premier sequences of Integrin-β1 are as follows:
Forward: 5’-GGGAAACTTGGTGGCATTG-3’; Reverse: 5’-GCTCCTTGTAAACAGGCTGAAA-3’. After reaction finished, we calculated it according
to the Ct value of target gene and β-actin amplification curve.
Protein extraction and Western blotting
Total proteins were extracted and analyzed with
SDS-PAGE electrophoresis. Then it was electrotransferred to the PVDF membrane. The mem7452

brane containing the proteins was used for
immunoblotting with required antibodies. The
first antibodies were anti-Integrin-β1, anti-FAK,
anti-p-FAK, anti-ERK, anti-p-ERK and anti-βactin antibodies. The second antibodies were
anti-rabbit and anti-mouse antibody with
Horseradish Peroxidase. The protein bands
were scanned and quantified as a ratio to
β-actin.
Cellular immunofluorescence
Human osteosarcoma MG63 cells were divided
into 6 orifice plate with aseptic glasses. When
the cell fusion reached 50%~60%, they were
washed with PBS for three times, disposed of
4% paraformal-dehyde for 30~40 minutes,
washed by PBS for 3 times, then air dried. They
were treated with 0.25% Triton X-100 at 37°C
for 20 min, cleaned of film, washed by PBS for
3 times, air dried. Then added blocking serum,
kept moisture and closed for 30 min at 37°C.
Added rabbit anti-FAK (1:200 diluting) after
serum deprivation, kept moisture at 4°C overnight. Kept for 30 min at 37°C, washed by PBS
for 3times (10 min every time), added second
antibody with FITC (1:200 diluting) for 90 min at
37°C. Washed by PBS for 3 times (10 min every
time). Added DAPI (1:800 diluting) and marked
nucleus for 8 min at 37°C, then washed by PBS
for 3 times (10 min every time). The expression
of FAK and DAPI nuclear localization were
examined under fluorescence microscope.
Co-immunoprecipitation
1. Lysis of each intervention group, taken 500
μg protein from each group into 1.5 ml EP tube,
added cell lysis buffer to 0.5 ml. 2. Added antiFAK 10 μl into each tube, away for 2 h at 4°C. 3.
Added Protein A/G PLUS-Agaross 30 μl into
each tube sway at 4°C overnight. 4. The cells
were centrifuged at the speed of 5000 r/min
for 5 min at 4°C, then supernatant were abandoned. 5. Added 1 ml cell lysis buffer into
immune precipitate, then washed and shook
for 20 min at 4°C (Horizontal shaking bed). 6.
Centrifuged at the speed of 5000 r/min for 5
min at 4°C, the supernatant were abandoned,
then added cell lysis buffer to wash, repeated
for 3 times. 7. Collected the immuno-precipitate, added 40 μl 1 × SDS buffer in each tube
to resuspend the immune complex, then boiled
it for 3~5 min at 100°C and centrifuged at the
speed of 5000 r/min for 5 min. The supernaInt J Clin Exp Med 2014;7(11):7451-7459
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Table 1. _The Ct values of Integrin-β and
β-actin ( X ± S)
Day

Integrin-β1

β-actin

1
3
6
12
18
24

20.92 ± 0.42
19.28 ± 0.12
14.97 ± 0.08
17.64 ± 0.07
16.74 ± 0.39
18.23 ± 0.41

14.38 ± 0.08
13.92 ± 0.19
12.19 ± 0.08
13.75 ± 0.12
13.67 ± 0.15
15.59 ± 0.18

tant was collected to another tube. 10. Taken
20 μl for Western blotting.
Cell intervention experiment
The change of Integrin-β1 expression during the
proliferation and differentiation of human
osteosarcoma MG63 cells: vaccinated the
human osteosarcoma MG63 cells in the cell
culture bottle with DMEM (supplemented with
10% FBS, 50 μg/ml ascorbic acid, 100 U/ml
penicillin, 100 μg/ml gentamicin). Started to
add 10 mM β-sodium glycerophosphate in the
culture medium the third day after vaccination,
the culture medium was changed every 3days.
The total cellular protein and total cellular RNA
were extracted for 1, 3, 6, 12, 18 and 24 days
after vaccination. The content of total cellular
protein was examined by BCA Protein Assay Kit
(see the first part). The reverse transcription
and fluorescence quantitative PCR reaction
were used to evaluate the extracted total cellular RNA.
Effect of mechanical strain on Integrin-β1
expression in Human osteosarcoma MG63
cells: vaccinated the Human osteosarcoma
MG63 cells on the plate with DMEM (supplemented with 10% FBS, 50 μg/ml ascorbic acid,
100 U/ml penicillin, 100 μg/ml gentamicin).
The cells were intervened by mechanical stimulation the third day after vaccination. The cells
were cultured under serum free DMEM with 1%
BSA to starvation for 24 h before intervention,
then under mechanical stimulation (2000
μstain, 0.2 Hz) for 1-12 h.
Effect of mechanical strain on FAK and ERK signal pathway in Human osteosarcoma MG63
cells: vaccinated the Human osteosarcoma
MG63 cells on the plate with DMEM (supplemented with 10% FBS, 50 μg/ml ascorbic acid,
100 U/ml penicillin, 100 μg/ml gentamicin).
The cells were intervened by mechanical stimulation the third day after vaccination. The cells
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were cultured under serum free DMEM with 1%
BSA to starvation for 24 h before intervention,
then under mechanical stimulation (2000 μ
stain, 0.2 Hz) for 0, 10, 20, 30, 60, 120min.
The phosphorylation protein was extracted
after intervention.
Effect of mechanical strain on FAK and ERK signal pathway after blocking Integrin-β1 by blocking antibody: vaccinated the Human osteosarcoma MG63 cells on the plate with DMEM
(supplemented with 10% FBS, 50 μg/ml ascorbic acid, 100 U/ml penicillin, 100 μg/ml gentamicin). The cells were intervened by mechanical
stimulation the third day after vaccination. The
cells were cultured under serum free DMEM
with 1% BSA to starvation for 24 h and added
the blocking antibody of Integrin-β1 1 h before
intervention. Then under mechanical stimulation for 1 h and extracted the phosphorylation
protein.
Statistical analysis
Each experiment repeated independently over
3 times and shows good reproducibility. The
chosen diagram was one
_ of result of duplicate
test. The data results ( X ± S) were analyzed by
SPSS11.0 software and variance analysis was
conducted for comparison between groups.
Results
Change of Integrin-β1 expression in the proliferation and differentiation of Human osteosarcoma MG63 cells
We detected the change of Integrin-β1 expression in the proliferation and differentiation of
Human osteosarcoma MG63 cells by fluorescence quantitative PCR. We calculated the multiple of the change of Integrin-β1 expression in
every time point in contrast with basal level by
using ΔΔCT. The Ct values of Integrin-β and
β-actin in Table 1. In the proliferation and differentiation of Human osteosarcoma MG63
cells, we found out that the expression of
Integrin-β1 shows a notable bimodel distribution and expressed the highest at the sixth day
and the twenty-forth day.
Effect of mechanical strain on integrin-β1 expression in human osteosarcoma MG63 cells
By comparing with the control group, we found
out that mechanical strain stimulation can proInt J Clin Exp Med 2014;7(11):7451-7459
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Effect of mechanical strain on
FAK and ERK signal pathway
after blocking Integrin-β1 by
blocking antibody
By using Integrin-β1 blocking
antibody to block the interaction between ECM and it, we
found that the activation of
FAK and ERK, which was
caused by mechanical strain,
was inhibited obviously (Figure
5). It shows that mechanical
strain activated FAK and ERK
mediated by Integrin-β1.
Interaction between
Integrin-β1 and FAK
We observed the interaction
between Integrin-β1 and FAK
by using co-immunoprecipitation. We found out that there
have been interaction betFigure 1. Effect of mechanical strain on Integrin-β1 expression in Human
ween Integrin-β1 and FAK in
osteosarcoma MG63 cells. Compared with the control group *P < 0.05, **P
basic state and mechanical
< 0.01.
strain can promote the combination between them (Figure
mote Integrin-β1 expression and the expression
6). It shows that mechanical strain can promote
the combination between Integrin-β1 and FAK
levels were the highest in 6-12 h (Figure 1).
and the activation of FAK.
Immunofluorescent localization of FAK in HuDiscussion
man osteosarcoma MG63 cells
The expression of FAK in Human osteosarcoma
MG63 cells was located using immunofluorescence method. The results showed that FAK
was mainly located in the cytoplasm with abundant expression (Figure 2).
Effect of mechanical strain on FAK and ERK
signal pathway in human osteosarcoma MG63
cells
The effects of mechanical strain on FAK and
ERK signal pathway in human osteosarcoma
MG63 cells were shown in Figures 3 and 4. The
results showed that, compared with the control
group, the mechanical strain stimulation significantly promoted the phosphorylation of FAK
and ERK in osteoblast like cells MG-63. The
phosphorylation of FAK was most obvious in
the 60-120 minutes after mechanical strain
stimulation, the phosphorylation of ERK was
most obvious at 60 minutes after mechanical
strain stimulation.
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Mechanical signal transduction is the process
of cell signal transduction pathway to mechanical stimulation. From inner ear cells sound feeling to shear stress on vascular endothelial
cells, the mechanical stimulation widely regulated all kinds of body physiological function.
The mechanical stimulation regulated all kinds
of cell’s function, such as growth, differentiation, migration, gene expression, protein synthesis and apoptosis. The skeletal system, from
growth and development to bone remodeling
after maturation, is also under regulation of
mechanical stimulation. The skeletal system
makes itself to the best state by the function of
calcium regulating hormoneand the adaptive
response of mechanical load in the environment. So the correct understanding of how the
bone cells and osteoblast feeling mechanical
stimulation and how to response it, is the key to
reveal the transduction mechanism of mechanical signal and understand the development of
bone metabolic disease, like osteoporosis.
Int J Clin Exp Med 2014;7(11):7451-7459
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Figure 2. Localization of FAK in Human osteosarcoma MG63 cells. A: FITC; B: DAPI; C: Merge.

Figure 3. Effect of mechanical strain on FAK signal pathway in Human osteosarcoma MG63 cells. Compared with the control group *P < 0.05, **P
< 0.01.

Nowadays the researches have showed that
the extracellular matrix-integrin-cytoskeleton
system was playing an important role in signal
transduction process. Integrin, a glycoprotein
trans-membrane receptor in cell membrane, is
a heterodimer which is combined with α
(120~185KD) subunit and β (90~110KD) subunit through noncovalent binding. It mainly
mediates the intercellular adhesion and the
adhesion between cell and extracellular matrix,
it also plays an important role in cell migration,
differentiation and mechanical signal transduction process [11-15]. Nowadays, the vertebrate
receptor family has been found out at least 17
α subunit and 9 β subunit, which composed 25
7455

different kind of integrin [16].
Some studies have proved
that the α-subunit might relate to substrate specific
adhesion and the β subunit
might relate to cell signal
transduction function. Most
of integrin ligand is ECM, the
recognition site is RGD sequence of ligand (arginine-glycine-aspartate). They can mediate intercellular reaction by
signal transduction after combination. Integrin is transmembrane glycoprotein, which includes extracellular fragment,
transmembrane fragment, intracellular fragment. Extracellular fragment is integrin
ligand binding portion, and
intracellular fragment is the
portion which connects with
cytoskeleton and transduction signal.

Focal adhesion kinase (FAK)
is a kind of non-receptor tyrosine kinase which plays an important role in
cell cycle regulation, cytoskeleton assembly
adhesion migration action, growth regulation
survival and angiogenesis through multiple signaling pathway. FAK is located on human chromosome 8q24, full length of cDNA is 4285bp
encoding 1052 amino acid. The FAK gene is
very special without SH2 and SH3 domain, it
consists of three functional areas: central
kinase area, N-terminal FERM (protein 4.1,
ezrin, radixin and moesin homology) and
C-terminal, each area obtains about 400 amino
acid [17]. FAK is known as having 6 phosphorylated tyrosines: Tyr 397, Tyr 407, Tyr 576, Tyr
577, Tyr 861, Tyr 925 [18]. The Tyr 397 and Tyr
Int J Clin Exp Med 2014;7(11):7451-7459
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Figure 4. Effect of mechanical strain on ERK signal pathway in Human osteosarcoma MG63 cells. Compared with the control group *P < 0.05, **P
< 0.01.

Figure 5. Effect of mechanical strain on FAK and ERK signal pathway after
blocking Integrin-β1 by blocking antibody.

407 are in amino terminal, Tyr 576 and Tyr 577
are in activating cyclic of kinase domain, Tyr
861 and Tyr 925 are located in amino terminal.
These areas are the key points of FAK performing signal transduction function. Tyr 397 is the
main self-phosphorylated part which combines
with various protein molecules including SH2
domain, such as Scr family, phospholipase Cγ,
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cell signal inhibitors, growth
factor connecting protein 7,
She adaptor protein, p120RasGAP, P13K p85 subunit [19].
Tyr 576 and Tyr 577 are the
main part of Src family tyrosine phosphorylation, the second are Tyr 861 and Tyr 925.
The phosphorylation Tyr925
may combines with a kind of
adaptor protein, namely growth receptor bound protein 2
(Grb2), the Tyr407 and Tyr861
might be the binding sites of
other SH2 protein. And the
two areas locating on carboxyl
terminal with Pro are the protein combing sites obtaining
SH3, like Crk associated substrate (Cas) [20]. After combing integrin and ligand, the formation of FAP would be promoted, which need integrin-β
subunit intracellular region
involving, so β subuint might
related to the cell signal transduction function. FAP includes
many cytoskeletal proteins
such as actin, vinculin [21]
and some important signal
transduction protein like FAK.
After FAP was formed, the conformation of FAK has changed
and the kinase domain is in
the active state. The above
phosphorylation sites have phosphorylated, then they combines with downstream signal
molecules so that the signal
transduction could happen.
FAK was considered to a basic
molecule for integrin-dependent signal transduction pathway, exerts key roles in integrin signal transduction process [22].

Integrin plays an important role in recognition,
growth and differentiation of cells. Because of
its extracellular and intracellular domain
respectively connected to the ECM and the
cytoskeleton, it is responsible for tansducing
signals from the extracellular matrix into cells
through the complex pathways, playing an
important role in regulating the shape, move-
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Figure 6. The interaction between Integrin-β1 and
FAK. IP: Co-immunoprecipitation; WB: Western blotting.

ment, survival and proliferation of cells. Our
study had found that integrin-β1 in proliferation
differentiation of MG-63 osteoblast-like cells
showed a notable bimodel distribution. It highly
expressed in mineralization period and the end
of proliferation period, which suggested that it
may play an important role in osteoblast proliferation differentiation process. Moreover we
found that stress stimulation significantly promoted integrin-β1 expression. Carvalho RS had
found that mechanical stimulation effected
integrin-β1 distribution of human osteosarcoma
cell TE-85 and promoted its expression. That
means stress stimulation may regulate osteoblast function through effecting integrin-β1
expression and signal transduction [4].
The above have stated FAK was the hinge in
integrin signal transduction process. Our study
have found that the phosphorylation of FAK
Tyr397 sites in Mg-63 osteoblast-like cells were
caused by stress stimulation, which significantly activated in 30 min and continued to 60~120
min. Boutahar N had discovered that cyclic
biaxial mechanical stimulation can significantly
phosphorylated the Tyr397 and Tyr925 sites of
FAK and they thought the phosphorylation of
FAK Tyr397 sites was related to the phosphorylation of ERK Tyr925 sites [23]. After blocking
the phosphorylation of FAK Tyr397 sites, the
phosphorylation of ERK Tyr925 sites was significantly inhibited, which meant the phosphorylation of FAK Tyr397 sites can induced the
transduction of Ras/Raf/MEK signal pathway.
That may be due to the activation of some
downstream signal molecules like Src and Grb2
caused by FAK phosphorylation, and the activation of MAPK (including ERK) signal pathway
through Ras after activation [24]. This consistent with our study, that was because we found
out stress stimulation not only activated FAK
but also activated ERK, and the time curves of
them were almost the same. That means the
phosphorylation of FAK Tyr397 sites might
relates to ERK activation. In addition, because
7457

of the importance of FAK in integrin signal
transduction, we guessed the activation of FAK
and ERK which were caused by stress stimulation were regulated by integrin-β1. That meant
mechanical stimulation may be passed through
integrin-β1/FAK/ERK signal pathway. Our study
discovered that the activating function of stress
stimulation of FAK and ERK was significantly
inhibited to basal level while we used integrin-β1
blocking antibody to block the combination of
MG-63 oesteoblast-like cells and the components of ECM. This confirms of speculation that
integrin-β1 indeed regulates the activation of
FAK and ERK caused by stress stimulation. In
fact, integrin-β1/FAK/ERK (MAPK) signal pathway is widely existed in stromal cells [25, 26].
Some studies had discovered that the stimulation of integrin activated the ERK signal pathway in fibroblasts [26, 27]. We found that
stretch-induced connective tissue growth factor (CTGF) expression is mediated through the
PI3K-JNK-dependent pathway, not by p38 MAP
kinase and ERK pathways [28].
In addition, we tested the interactions between
integrin-β1 and FAK, and the affect of stress
stimulation on their interactions by using coimmunoprecipitation. We discovered that there
really existed interactions between integrin-β1
and FAK, and stress stimulation promoted combination of integrin-β1 with FAK. Many studies
had found that there existed interactions
between integrin-β1 and FAK [29-31]. But the
stress stimulation on the interaction between
osteoblast integrin-β1 and FAK, and the aspect
of signal transduction process was little
reported.
In a word, our study had found that integrin-β1
in proliferation differentiation of MG-63 osteoblast-like cells showed a notable bimodel distribution. It highly expressed in mineralization
period and the end of proliferation period,
which suggested that it may play an important
role in osteoblast proliferation differentiation
process. Stress stimulation significantly promoted integrin-β1 expression. The results of coimmunoprecipitation showed that stress stimulation promoted the combination of integrin-β1
with FAK. In addition, the phosphorylation of
FAK Tyr397 sites and ERK were caused by
strain stimulation. The phosphorylation of FAK
Tyr397 sites and ERK were all significantly
inhibited after we used integrin-β1 blocking
antibody to block its function. The results of our
Int J Clin Exp Med 2014;7(11):7451-7459
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study show that integrin-β1 might feel external
strain stimulation through ECM composition
and makes FAK phosphated through the interaction with FAK, thus causing a series of activation of signal molecules. Finally it reduces
MAPK (ERK) activation and cellular responses
to finish mechanical signal transduction.
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