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Overexpression of integrin a2 promotes osteogenic
differentiation of hBMSCs from senile osteoporosis
through the ERK pathway
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Abstract: Osteoporosis is a major health problem affecting the aging population, especially in patients 65 years of
age and older. The imbalance between bone formation and bone resorption is generally accepted as the essential
mechanism leading to osteoporosis. In addition to the abnormal activation of osteoclast-mediated bone resorption,
the dysfunction of bone marrow stromal cells (BMSCs) in mediating bone formation has been accepted as a major
contributor to the progression of senile osteoporosis. Results: In our study, senile osteoporotic hBMSCs displayed a
decreasing capacity for proliferation and osteoblast differentiation, which was associated with the downregulation
of integrin a2. Forced ectopic integrin a2 expression using a lentivirus vector reversed the dysfunction of senile os-
teoporotic h(BMSCs. Additionally, the overexpression of integrin a2 upregulated the levels of Runx2 and Osterix. Me-
chanically, Western blot analyses revealed that integrin a2 phosphorylated ERK1/2 and the inactivation of ERK by
PD98059 suppressed the osteoblastic differentiation of hBMSCs, suggesting that integrin a2 promotes osteoblast
proliferation through the activation of ERK1/2 MAPK. Conclusion: Taken together, our results show that hBMSCs ob-
tained from senile osteoporotic patients gradually lose their capability to differentiate along the osteogenic lineage
and proliferate, which might be associated with the abnormal regulation of the integrin a2/ERK/Runx2 signaling

pathway undergoing senile osteoporosis.
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Introduction

Osteoporosis is defined by low bone mass and
deteriorating bone structure, which lead to
increased bone fragility and susceptibility to
fracture [1-4]. This disease is classified as pri-
mary type 1 (postmenopausal osteoporosis),
type 2 (senile osteoporosis), or secondary (ste-
roid- or glucocorticoid-induced osteoporosis,
among others). An imbalance between osteo-
blast-mediated bone formation and osteoclast-
mediated bone resorption in the marrow micro-
environment results in the pathogenesis of
osteoporosis [5, 6]. Multiple endogenous and
exogenous factors have been shown to be
involved in regulating bone remodeling [7-10].
Although osteoporosis risks may be prevented
by lifestyle changes [11], catastrophic effects
on disability and mortality, accompanied by
osteoporotic fractures, still severely impact the

life quality of the aging population, especially in
patients 65 years of age and older. Several
studies have been conducted to determine the
mechanisms of postmenopausal osteoporosis
and glucocorticoid-induced osteoporosis [12-
14]. These studies have shown that estrogenic
hormones and glucocorticoids play important
roles in postmenopausal and glucocorticoid-
induced osteoporosis, respectively. However,
the key regulating factor(s) and the underlying
mechanism of male senile osteoporosis are not
clearly defined or fully understood. Therefore,
we have focused on the molecular mechanism
underlying male senile osteoporosis to seek
more effective therapeutic targets, irrespective
of estrogen and glucocorticoid influences.

A previous study showed that defective bone
formation during the process of bone remodel-
ing seemed to be the principal pathophysiologi-
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Table 1. Characteristics of hBMSC donors from
iliac crest

Subject Age Sex T-SCORE
P1 67 M 2.7
P2 72 M -3

P3 69 M -3.2
P4 70 M -3.2
Cc1 66 M -0.9
c2 69 M -0.5
Cc3 73 M -0.3
C4 69 M -0.5

(hBMSC: human bone marrow stromal cell, M: male, F:
female).

cal mechanism responsible for age-related
bone loss [15]. Bone marrow mesenchymal
cells (BMSCs) in the marrow pool are the major
source of osteogenitor cells that contribute to
bone remodeling in adults. Therefore, under-
standing the factors that regulate the osteo-
genic differentiation of BMSCs and strengthen-
ing the osteogenic differentiation potential of
BMSCs are essential for improving strategies
for osteoporosis therapy.

The adhesion and differentiation capacity of
cells are initiated and mediated by the activa-
tion of & and B transmembrane integrins, which
are the principle mediators of the molecular
dialogue between cells and their extracellular
matrix (ECM) environment [16-18]. Previous
studies have revealed that aV, a531, avB3, and
B3/B5 integrins are involved in the interaction
between osteoblasts and the ECM and affect
osteoblast function and bone remodeling [19-
21]. Osteoblast mineralization was reduced sig-
nificantly during osteogenesis following pertur-
bation with a5 or 1 integrin subunit antibodies
by approximately 20% and 45%, respectively,
with aVB3 integrin by nearly 65%, and with
a2B1 integrin by nearly 95% [22]. Moreover,
integrin a2p1, a5B1, and aVB3 were found to
activate intracellular signaling cascades and,
subsequently, to up-regulate the expression of
alkaline phosphatase (ALP) and osteocalcin
(OCN) during osteogenic differentiation in hBM-
SCs [23-25]. However, whether there are any
defects of integrins in the pathophysiology of
senile osteoporosis and the regulatory role of
individual integrins in hBMSCs remain unclear.
Thus, our study focused on integrin a2, which
was down-regulated in senile osteoporotic
hBMSCs. We found that integrin a2 promotes
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the osteogenic differentiation of hBMSCs
through the ERK path way.

Methods

Bone marrow processing, cultivation, and
osteogenic differentiation of hBMSCs

Bone marrow aspirates were obtained from the
posterior iliac crest of 4 normal donors (ND)
(69.25+2.87 yr) and 4 osteoporosis patients
(OP) (69.5+2.08 yr) following written consent
from the participants (ethical approval for this
procedure was obtained from the ethics com-
mittee of the Fourth Military Medical University,
20110405-5). Detailed information regarding
the hBMSC donorsis provided in Supplementary
Table 1. The patient-derived cells were first
separated with Ficoll-Paque PLUS (GE
Healthcare, Uppsala, Sweden) and subse-
quently cultured in DMEM (low glucose) supple-
mented with 10% FBS at 37°C in 95% humidi-
fied air and 5% CO,. Two days after seeding, the
nonadherent cells were removed by changing
the medium; thereafter, the medium was
changed every 3-4 days. At confluence, the
cells were detached using 0.25% trypsin in 1
mM tetrasodium EDTA, centrifuged, resuspend-
ed in complete medium for re-seeding, and
grown in new culture flasks. hBMSCs at popula-
tion passage 3 were used in the following
experiments.

To induce osteoblast differentiation, the cells
were cultured in osteogenic differentiation
medium (10% fetal bovine serum (FBS,
Hyclone), 100 nM dexamethasone, 45 mM
L-ascorbic acid, and 10 mM B-glycerophosphate
(Sigma)). The medium was changed every 2-3
days for 3 weeks.

Cell counting assay

To analyze cell proliferation, the cells (1x10%/
well) were cultured in 6-well plates for 8 days.
The cells were enzymatically dissociated and
counted using a hemocytometer on days 2, 4,
6, and 8.

MTT assay
For the MTT assay, the cells (1x10%/well) were
seeded into 96-well culture plates. Following

the manufacturer’'s recommended incubation
time, cell viability was assessed using 3-(4,
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Table 2. Primer sets for qRT-PCR

Gene Accession numbers Primer squence (forward/reverse, 5’-3’)
intergrin B1 NM_002211.3 CAG ATC CAA CCA CAG CAG
CCA AAT CGT CTT TCA TTG AG
intergrin B3 NM_000212.2 TAG GGT TGT GGA CTT AGC AT
GGA GCAAAG TTCAGG TCAC
intergrin a2 NM_002203.3 CTCCCAGAGCCTCTCCTTT
TAC GAC GCCATC TGCTCT C
intergrin a5 NM_002205.2 CAG CAG GAC AGG GTTACT G
GCT CCT GAG TGG CAG ACA G
intergrin av NM_002210.3 GAT TAT GCC AAG GAT GAT C
CGC TCC TGT TTC ATC TCA
Runx2 NM_001024630.3 AAG AAG GAC AGA CAG AAG C
AGG TGG CAG TGT CAT CATC
osterix NM_152860.1 TAG TGG TTT GGG GTT TGT TTT ACC GC
AAC CAA CTC ACT CTT ATT CCC TAA GT
GAPDH NM_002046.4 GGA CAC AAT GGA TTG CAA GG

TAA CCA CTG CTC CAC TCT GG

5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazoli-
um bromide (MTT, Sigma) dye according to the
standard protocol. The amount of MTT forma-
zan product was analyzed spectrophotometri-
cally at a wavelength of 490 nm (Bio-Rad). Each
individual experiment was repeated at least 3
times.

Colony formation assay

Colony formation assays were performed in
6-well culture platesat a cell seeding density of
1,000. After 14 days, the cells were washed
with PBS and fixed with methanol at room tem-
perature for 20 min. The colonies were stained
with 0.1% crystal violet (Sigma) and counted.
The cultures were fed twice weekly, and colo-
nies of more than 30 cells were scored. All
experiments were performed in triplicate.

Alkaline phosphate (ALP) staining and activity
assay

ALP staining was performed according to the
manufacturer’s instructions using an ALP stain-
ing kit (Sigma). The stained cells were photo-
graphed using an Olympus digital camera. For
the ALP activity assay, cell layers were washed
twice with ice-cold PBS, harvested in 1 mL 50
mM Tris-HCI (pH 7.6), sonicated twice on ice,
and then centrifuged at 1,000 g for 15 min at
4°C. The supernatant was used to determine
the total intracellular protein concentration and
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ALP activity using p-nitrophenylphosphate as
the substrate. The absorbance was read at 405
nm using a microplate reader. ALP activity was
expressed as the production of nanomoles of
p-nitrophenylphosphate per ug of cell protein
per min. Each experiment was repeated 3
times.

Alizarin red staining

To detect mineral deposition, alizarin red stain-
ing was performed on hBMSCs. Briefly, the cells
were fixed in 4% formaldehyde for 45 min at
4°C. The cells were washed with distilled water,
exposed to alizarin red (2% aqueous solution,
Sigma) for 10 min at room temperature, and
then washed again with distilled water. Finally,
the cells were observed and photographed
under phase-contrast microscopy.

Quantitative real-time RT-PCR (qRT-PCR)

Total RNA was extracted with TRIzol (Invitrogen,
Carlsbad, CA, USA), and cDNAs were synthe-
sized with Superscript Il Reverse Transcriptase
(Invitrogen) according to the manufacturer’s
recommendations. Quantitative RT-PCR (qRT-
PCR) was performed using SYBR Premix Ex
TaqTM Il kit (TaKaRa, Japan). Relative transcript
levels were analyzed in a 20 uL reaction volume
on 96-well plates using a BIORAD CFX96 real-
time PCR system. GAPDH was used as an inter-
nal control. Using the relative quantitative

Int J Clin Exp Pathol 2013;6(5):841-852
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method (222¢T), the expression levels of the PCR
products of interest relative to those in the con-
trol group were calculated. The primers are
listed in Supplementary Table 2. All reactions
were conducted in duplicate, and all experi-
ments were repeated at least 3 times.

Lentivirus production

The human cDNAs of wild-type integrin a2 were
subcloned into the pReceiver-Lv154R lentivirus
vector (GeneCopoeia). The recombinant viral
vector encoding o2 (Lv-a2) and the packaging
plasmids (Lv-ctr) were both extracted using a
plasmid extraction kit and were co-transfected
into HEK293T cells according the manufactur-
er’'sinstructions (Invitrogen). Viral supernatants
were collected after 48 h, centrifuged at 1500
x g for 5 min, filtered through a 0.45 um filter,
aliquoted, and stored at -80°C. The viral titer
was determined by serial dilution and infection
of hBMSCs. hBMSCs isolated from senile
osteoporotic patients were infected with Lv-a2
or empty control vector Lv-ctr for 6 h, respec-
tively. Forty-eight hours after infection, the cells
were selected with G418 for 10 days, and the
resistant clones were pooled and confirmed as
integrin  a2-positive BMSCs by Western
blotting.

Western blot analysis

Cell lysates containing 60 ug of protein were
separated by SDS-PAGE electrophoresis and
transferred to activate PVDF membranes
(Millipore Corp, Bedford, MA). The membranes
were blocked for 1 h in defatted milk (5% in
Tris-buffered saline with TWEEN-20 (TBST) buf-
fer) and incubated with the following antibod-
ies: anti-integrins a2 (R&D  Systems,
Minneapolis, MN), anti-Runx2 (Santa Cruz
Biotechnology, Santa Cruz, CA), anti-osterix
(Santa Cruz), anti-ERK1/2, anti-phospho-
ERK1/2, anti-JNK, anti-phospho-JNK, anti-p38,
anti-phospho-p38, anti-Akt, and anti-phospho-
Akt (Cell Signaling, Danvers, MA, USA). Anti-B-
actin (Santa Cruz) was used as a loading con-
trol. Next, the blots were incubated in
horseradish peroxidase-conjugated secondary
antibodies (Santa Cruz). After washing, the
blots were developed by using a chemilumines-
cence detection system (Millipore). The protein
bands were analyzed with an image analysis
system (Bio-Rad).
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Statistical analysis

Statistical analyses were performed with SPSS
16.0 software (SPSS, Chicago, IL). All data are
presented as the meanzSD. Univariate analy-
ses were conducted using Student’s t test and
the Mann-Whitney U test. Differences between
the means of the treatment groups were deter-
mined with ANOVA. A value of p<0.05 was con-
sidered statistically significant.

Results

Proliferation and osteogenic differentiation of
hBMSCs from senile osteoporotic donors is
impaired

hBMSCs were isolated from NDs and OPs with
an average age of 69.375 years. As shown in
Figure 1, hBMSCs from NDs and OPs shared a
similar fibroblast-like spindle shape. We also
observed that osteoporotic hBMSCs were less
confluent than control cells. FACS analyses
showed that osteoporotic hBMSCs were posi-
tive for CD44 and CD105 and negative for
CD34 and CD45, similar to control donor cells.

Furthermore, we evaluated and compared the
proliferative and osteogenic differentiation
capabilities of hBMSCs isolated from NDs and
OPs. Based on MTT analysis and cell counts,
the cell growth rate of osteoporotic BMSCs was
significantly slower than that of hBMSCs from
normal donors, and this prominent difference
persisted for 8 days of cell culture (Figure 2A
and 2B, p<0.001). The colony formation assay
showed similar results (Figure 2C, p<0.01).

In the osteogenic induction medium, the hBM-
SCs could undergo osteogenic differentiation
and, ultimately, mineralize. We evaluated and
compared the osteogenic differentiation ability
of hBMSCs from OP and ND groups by ALP
activity detection and alizarin red S staining. As
shown in Figure 2D and 2E, after 7 and 14 days
of subculture, ALP staining and activity assay
showed that hBMSCs from NDs displayed a sig-
nificantly higher ALP level compared to those
from OPs. In contrast to the increased ALP
activity in normal hBMSCs at day 14, the ALP
activity of osteoporotic hBMSCs was somewhat
decreased (p<0.01). Similarly, alizarin red S
staining showed a defect in the mineralization
ability of osteoporotic hBMSCs (Figure 2E and
2G). Taken together, these findings indicate
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Figure 1. Characterization of BMSCs. A: hBMSCs isolated from normal donors and osteoporotic patients have simi-
lar typical fibroblast-like morphology after cultured 3 days in vitro. Left, scar bar, 10 ym, magnification 10x. Right,
the enlargement of left frame. B: Surface markers examined by flow cytometry. The BMSCs isolated from two groups
showed the similar expression pattern, which are positive for CD44, CD105, and negative for CD34 and CD45.

that, under similar culture conditions, the prolif-
eration capacity of hBMSCs isolated from OPs
is retarded and that these cells gradually lose
the ability to differentiate into the osteogenic
lineage during osteoporosis.

Integrin a2 is down-regulated in hBMSCs from
senile osteoporotic donors undergoing osteo-
genic differentiation

To explore the possible contribution of integrins
to the inhibited osteogenesis of osteoporotic
hBMSCs, we performed gPCR to detect the
expression levels of a2, a5, av, B4, and B3 inte-
grin subunits (Figure 3A). On day 3 of osteo-
genic differentiation, there was weak or absent
expression of the &2 and B1 chains in senile
osteoporotic hBMSCs.

Furthermore, we examined the expression level
of integrin a2 and B1 and osteogenic markers
such as Runt-related transcription factor 2
(Runx2) and Osterix (Osx) in hBMSCs derived

845

from 2 groups cultured in osteogenic differen-
tiation medium. As shown in Figure 3B, along
with the differentiation time course, integrin 1
expression increased but varied between these
groups. Conversely, the expression level of inte-
grin a2 was significantly reduced in osteopo-
rotic hBMSCs compared with the normal group
during osteogenic differentiation, which was
consistent with the change in the trend of the
osteogenesis-related genes (Runx2 and 0sx),
suggesting that the down-regulation of integrin
a2 might be involved in the functional paralysis
of osteoporotic hBMSCs. Thus, integrin o2
might play an important role in the retardative
osteogenesis of osteoporotic hBMSCs though
mediating the regulation of Runx2 and Osx.

Forced integrin a2 expression promotes cell
growth and osteogenic differentiation of
hBMSC from senile osteoporotic donors

We used lentiviral vectors to restore integrin o2
expression in osteoporotic hBMSCs. Stable

Int J Clin Exp Pathol 2013;6(5):841-852
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Figure 2. Proliferation and multipotency analyses of hBMSC. A: MTT assay and (B) Cell Counting assay was per-
formed for cell proliferation after 2, 4, 6 and 8 days culture with passages 3-5 cells of respective hBMSC. The results
show the cell growth rate of osteoporotic BMSCs was significantly slower than normal donors. C: CFU-f numbers in
BMSCs isolated from two groups. After14 days, colonies were stained with crystal violet and counted. D, F: ALP activ-
ity assay identified osteoblastic differentiation of hBMSCs. After 7 and 14 days, cells were stained and collected to
determine ALP activity. E: Alizarin-Red S staining after osteogenic differentiation for 14 and 21 days in osteogenic
medium. G: Quantification of E was performed by optic density (0.D.) measurement at 0.D. 450 nm (n=3). Each
experiment was performed in triplicate, and results represent the mean+SD of three independent experiments. The
asterisks indicate a significant difference (**, p<0.01; ***, p<0.001) between normal donors and osteoporotic
patients.

over-expressing integrin a2 clones (LV-a2) were
identified by Western blotting (Figure 4A). We
also found that the high level of integrin &2 in
Lv-a2 hBMSCs was accompanied by increases
in Runx2 and Osx expression. Furthermore, we
examined the effect of integrin a2 overexpres-
sion on cell proliferation. The MTT assay
showed that forced integrin a2 expression pro-
motes cell growth (Figure 4B, p<0.01). We also

846

investigated the effect of integrin a2 on the
osteogenic  differentiation of  hBMSCs.
Compared to Lv-ctr cells, the ALP activity of
Lv-a2-infected cells was shown to be increased
by an average of 43.6% (at 3 days), 58.03% (at
7 days), and 60.42% (at 14 days) during osteo-
genic differentiation (Figure 4C and 4D,
p<0.01). Moreover, the evaluation of calcium
nodules demonstrated that infection of Lv-a2

Int J Clin Exp Pathol 2013;6(5):841-852
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Figure 3. Integrin a2 was down-regulated in osteogenesis of osteoporotic hLBMSCs. A: Quantitative RT-PCR for mRNA
levels of various integrin subunits. The expression of 2 and 1 was remarkably decreased in osteoporotic hBMSCs.
B: The expression pattern of integrin a2, 1 and osteogenic master genes, Runx2 and Osterix is detected in hBM-
SCs isolated with differentiation from 3 days to 14 days. Results are shown as the relative expression to GAPDH
(meanxSD), and significance is determined by Student’s t-test. (*, p<0.05; **, p<0.01 and ***, p<0.001).

enhanced the mineralization of OP-hBMSCs
(Figure 4E). Quantitative analysis of alizarin red
S staining showed that forced integrin a2
expression significantly promoted osteogene-
sis by 40.83% (at 14 days) and 54.79% (at 21
days) compared to the control (Figure 4F,
p<0.001). These results indicate that integrin
a2 promotes the proliferation and osteogenic
differentiation of osteoporotic hBMSCs.
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The ERK pathway is required for integrin a2-
mediated osteoblastic differentiation of senile
osteoporotic hBMSCs

To gain further insight into the potential mecha-
nism underlying the osteogenic differentiation
mediated by integrin a2, we examined the
phosphorylation status of downstream integrin
targets, including ERK, JNK, P38, and Akt, by

Int J Clin Exp Pathol 2013;6(5):841-852
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Figure 4. Influence of integrin a2 on cell proliferation and osteoblastic differentiation in osteoporotic hBMSCs. A:
Enforced integrin a2 upregulated the expression of Runx2 and osterix. B: MTT assay showed that over-expressing
integrin a2 promoted cell growth. C: ALP staining and (D) ALP activity assays in Lv-integrin a2 and control cells after
culturing for 7, 14 and 21 days. E: Integrin a2-overexpressing and control cells were induced for mineralization on
days 14 and days 21 by Alizarin red staining. F: Quantitative analysis of (E). Each assay was performed in three in-
dependent experiments. Data are expressed as meanzSD from all experiments, as indicated **, p<0.01 and ***,

p<0.001.

Western blotting. Upon the stimulation of
osteogenic differentiation, compared with the
Lv-ctr, the phosphorylation of ERK1/2 of Lv-a2-
infected hBMSCs was rapidly activated within
30 min and then decreased to almost unde-
tectable levels after 1 h. In contrast, the phos-
phorylation levels of JNK, P38, and AKT were
not changed. These results suggest that integ-
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rin a2 activated ERK1/2 MAPK, thus promoting
cell proliferation and survival (Figure 5A). We
used PD98059, a MEK inhibitor, to block the
activity of phosphorylated ERK1/2 in Lv-a2-
infected hBMSCs (Figure 5B). We found that
the elevated RUNX2 in Lv-a2-infected hBMSCs
was obviously reduced by PD98059 (Figure
5B). Furthermore, ALP activity and alizarinred S

Int J Clin Exp Pathol 2013;6(5):841-852
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Figure 5. ERK pathway is required for integrin a2 -mediated cell growth and osteoblastic differentiation of osteopo-
rotic hBMSCs. A: Cells were cultured in osteogenic induction medium for the indicated times. Whole cell extracts
were prepared, and 60 pg total protein of lysate was subjected to Western blotting using antibody against phos-
phorylated ERK (p-ERK), p-Akt, p-JNK, p-P38. Cells were incubated with MEK inhibitor PD98059 at the indicated
doses, and infected with LV-integrin a2. B: ERK regulated the expression of Runx2.0 steoblastic differentiation was
determined using an ALP activity assay (C) and mineralization was indicated by Alizarin red staining (D). Each assay
was performed in at least three independent experiments. Data are expressed as mean+SD from all experiments,

as indicated **, p<0.01 and ***, p<0.001.

staining showed that integrin a2-mediated
osteogenic differentiation and mineralization
were significantly inhibited by PD98059 during
osteogenesis (Figure 5C and 5D).

Discussion

Various integrins play important roles in osteo-
blastic differentiation during osteogenesis,
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including avB3, a2B1, and aob5B1 [26, 27].
Previous studies have revealed that a2 and a11
integrins were upregulated during aging. A sig-
nificant down-regulation of integrin a2 was
detected in hBMSCs derived from osteoporotic
patients, and a notable number of cells exhib-
ited mitochondrial leakage, which typically initi-
ates cell death [28]. These studies led us to
explore the potential role of integrins on the
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osteogenic differentiation of hBMSCs from
senile osteoporotic subjects. In our current
work, we examined the expression of a2, «b,
av, B1, and B3 integrin subunits by real time-
PCR. Our results showed that the expression of
a2/B1 is significantly decreased in osteoporot-
ic hBMSCs, which supports the findings of pre-
vious studies [22]. As osteoporotic hBMSCs
exhibited a significant decline in cell prolifera-
tion and osteogenic differentiation, the down-
regulation of integrin «2/B1 may be associated
with alterations of osteoporotic hBMSCs.
Moreover, we examined the expression of inte-
grins a2 and B1 and osteogenic markers in
hBMSCs derived from normal donors (NDs) and
osteoporotic patients (OPs) within osteogenic
differentiation medium; the expression of integ-
rin a2 was significantly reduced in osteoporotic
hBMSCs compared with the normal group at
days 3, 7, and 14 during osteogenesis. This
result is consistent with the change in the
trends of the osteogenic-related markers
(Runx2 and osterix). Our findings suggest that
the down-regulation of integrin a2 is involved in
the paralysis of osteogenic-related marker
expression in osteoporosis.

Therefore, we presumed that integrin a2 might
play an important role in the retardative osteo-
genesis of osteoporotic hBMSCs through the
regulation of Runx2 and osterix. To determine
the value of integrin a2 upon the regulation of
osteogenic differentiation, we used lentiviral
vectors to restore integrin 2 expression in
osteoporotic hBMSCs and found that the over-
expression of integrin a2 reversed the blocked
proliferation, osteogenesis-related marker
(Runx2 and Osterix) expression, and osteogen-
ic differentiation in osteoporotic hBMSCs
(Figure 4). These results confirmed the above-
described hypothesis and showed that integrin
a2-mediated signaling played an important role
in the regulation of osteoblast differentiation
and physiopathology of osteoporosis. Moreover,
integrin activation leads to the activation of
downstream signal transduction events, includ-
ing the MAPK (extracellular signal-regulated
kinase (ERK), c-Jun N-terminal kinase (JNK),
and p38), and Akt signaling pathways. These
signaling pathways have been shown to favor
osteoblastic cell proliferation and differentia-
tion [29-31].

To gain further insight into the potential mecha-
nism underlying integrin a2, we investigated
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the phosphorylation status of these genes,
including ERK, JNK, P38, and Akt. Western
blotting assays showed that only p-ERK expres-
sion level exhibited a significant change in
Lv-a2 hBMSCs, whereas other genes were not
affected. Therefore, we studied the cascade
effect of integrin a2 cross-talk with the activa-
tion of signaling events that responded to the
osteogenic differential stimulation after the
indicated time. Following exposure to osteogen-
ic differentiation stimulation, we detected that
the phosphorylation level of ERK1/2 in Lv-a2
hBMSCs was rapidly activated by integrin o2
within 30 min. The phosphorylation level of
ERK1/2 was decreased to an almost undetect-
able level after 1 h, whereas other genes were
not affected, suggesting that integrin
a2-activated ERK1/2 MAPK is time dependent
(Figure 5A). We further examined whether the
ERK pathway was involved in integrin
a2-mediated osteogenic differentiation of
osteoporotic hBMSCs by down-regulating the
activity of ERK using PD98059. RUNX2 expres-
sion, ALP activity, and alizarin red S staining
assays showed that integrin «a2-mediated
osteogenesis was inhibited by treatment with
PD98059 (MEK inhibitor) (Figure 5B-D). Taken
together, these data suggest that integrin a2
regulates Runx2 expression and the osteogen-
ic differentiation of hBMSCs through the
ERK1/2 pathway. Therefore, our findings pro-
vide evidence that the integrin «2/ERK/Runx2
pathways are involved in cell proliferation and
osteogenic differentiation in hBMSCs isolated
from senile osteoporotic patients.

In summary, our study demonstrates that hBM-
SCs derived from senile osteoporosis have a
weakened capacity for cell proliferation and
osteogenic differentiation due to the down-reg-
ulation of integrin a2. Moreover, the overex-
pression of integrin &2 can reverse the reduced
proliferation and osteoblast differentiation
capacity of hBMSCs. Furthermore, a mechanis-
tic analysis suggests that integrin &2 activates
ERK pathways by phosphorylation, thus pro-
moting the expression of related downstream
targets of Runx2 and causing osteoblast prolif-
eration and differentiation. Taken together, our
findings suggest that integrin a2/ERK/Runx2
pathways play an important role in senile osteo-
porosis and may provide a novel molecular tar-
get for the prevention and treatment of this
disease.
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