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Relationship between osteoporosis and
expression of Bcl-2 and CXCL12
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Abstract. The changes of expression of anti-apoptotic
factor B-cell lymphoma 2 (Bcl-2) and chemokine C-X-C motif
ligand 12 (CXCL12) in the pathological process of osteoporosis
(OP) were investigated, to provide new ideas for the diagnosis
and treatment of OP. A total of 60 postmenopausal women
who needed to undergo hip replacement surgery were enrolled
and divided into osteoporosis group (OP, n=32) and control
group (CK, n=28) according to the results of dual-energy X-ray
bone density measure; after operation, cancellousbone from
the femoral head or femoral neck was removed, and osteo-
blasts and osteoclasts were isolated and cultured in vitro. The
proliferation and apoptosis in the two groups of osteoblasts
and osteoclasts were detected by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetry
and Annexin V/PI double staining method, respectively. The
expression levels of Bcl-2 and CXCL12 mRNA and protein
in the two groups of osteoblasts and osteoclasts were deter-
mined by reverse transcription quantitative polymerase chain
reaction (RT-qPCR) and western blot analysis. The analysis
of cell proliferation and apoptosis showed that compared
with the CK group, osteoblast proliferation was significantly
inhibited and apoptosis rate was distinctly increased in the OP
group, compared with the CK group, osteoclast proliferation
was distinctly enhanced and apoptosis rate was remarkably
reduced in the OP group. The results of RT-qPCR and western
blot analysis displayed that Bcl-2 and CXCL12 mRNA and
protein levels in osteoblasts of the OP group were significantly
lower than those of the CK group, while mRNA and protein
levels of Bcl-2 and CXCL12 in osteoclast of the OP group were
distinctly increased compared to those in the CK group. The
incidence of OP is closely associated with the bone balance
maintained by osteoblasts and osteoclasts, and this mecha-
nism may be achieved by inhibiting osteoblast proliferation
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and osteoclast apoptosis via regulating Bel-2 and CXCL12
gene expression changes.

Introduction

Osteoporosis (OP) refers to the reduction of whole body bone
mass and bone density as well as the degeneration of bone
microstructure, leading to lower bone strength and increased
bone fragility, which is accompanied by pathological frac-
tures (1). OP is becoming more common with the increasing
of age; therein, ~45% of people over 50 years old suffer from
OP, which is more common in females than in males, with
the rate as high as 9-38%. The pathogenesis of OP is very
complex, involving bone remodeling dysfunction, suppressive
immune modulation disorders, inhibition of bone differentia-
tion and vitamin D deficiency. In the physiological process of
bone remodeling, the balance between bone absorption and
bone formation is maintained by osteoblast and osteoclast;
osteoclast can absorb and degrade bone matrix at multiple
sites, while osteoblast can differentiate into new bone tissue
in the bone resorption zone. When bone absorption is greater
than bone formation, the bone balance is broken, that is, OP
occurs (2).

The pathological process of OP is affected by multiple
factors, including calcium ion, cytokines, estrogen, sunniness
and diet. Among them, estrogen is extensively investigated,
which is the decisive factor for the occurrence of OP after
menopause. Estrogen secretion is decreased in postmeno-
pausal women, leading to the reduction in combination with
estrogen receptors on the surface of osteoblast and promoting
cytokine release, thereby abnormally activating nuclear
factor-kB (NF-kB), affecting expression of downstream
target genes (such as apoptosis factor family, chemokines and
tumor necrosis factors), inhibiting osteoblast proliferation
and differentiation, thus resulting in inducing OP (3). Studies
have indicated that estrogen inhibits the secretion of cyto-
kines in hematopoietic stem cells and osteoblasts, such as
interleukin-1 (IL-1), tumor necrosis factor (TNF) and granulo-
cyte-macrophage colony-stimulating factor (GM-CSF), which
can promote osteoclast proliferation and differentiation and
inhibit its apoptosis (4). Additionally, the activation of osteo-
clast is regulated by multiple signaling molecules, in which
receptor activator of nuclear factor-xB ligand (RANKL) is
widely explored. It is produced by osteoblast and stimulates
receptor activator of nuclear factor-kB (RANK) to inhibit the
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NF-kB pathway and bone absorption ability of osteoclast (5).
Chemokine C-X-C motif ligand 12 (CXCL12), namely stromal
cell-derived factor-1 (SDF-1), is a downstream-related target
gene of the NF-«kB pathway. It is expressed in the brain, thymus,
bone marrow and other tissues, and has strong chemotaxis to
lymphocytes and mesenchymal stem cells. The study reveals
that CXCL12 is highly expressed in inflammatory bone lesions
and inhibits osteoclasts (6).

This study investigated the occurrence of OP and changes of
expressions of anti-apoptotic factor B-cell lymphoma 2 (Bcl-2)
and CXCLI12 of downstream target genes of the NF-xB
pathway in its pathological process, to provide new theoretical
knowledge for the mechanism of bone balance maintained by
osteoblast and osteoclast and ideas for the diagnosis and treat-
ment of OP.

Materials and methods

Materials

General data. A total of 60 postmenopausal women admitted
to the Department of Trauma and Orthopedics in Shandong
Hospital, who needed to undergo hip replacement surgery
from March 2015 to July 2016, were enrolled. The average
age was 62+7.83 years. Patients were divided into osteoporosis
group (OP, n=32, average age 64+6.78 years) and control group
(CK, n=28, average age 61+8.53 years) according to the results
of dual-energy X-ray bone density measure. Patients with dis-
agreement with the study, secondary OP or medication affect-
ing bone metabolism in recent months were excluded. All pa-
tients and their family members were notified and signed the
informed consent that met the ethical criteria. There was no
significant difference in the age between the groups (P>0.05).
The study was approved by the Ethics Committee of the Sec-
ond Hospital of Shandong Universityand informed consents
were signed by the patients and/or guardians.

Main reagents. Dulbecco's modified Eagle's medium
(DMEM), fetal calf serum (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA); 1,25-(OH)2D3 (Sigma, St. Louis,
MO, USA); 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) Cell Proliferation Assay kit (Trevigen,
New York, NY, USA); Annexin V-FITC/PI Apoptosis
Detection kit (eBioscience, Inc., San Diego, CA, USA); TRIzol
Reagent, Prime Script® RT reagent kit with gDNA Eraser,
SYBR®Premix Ex Taq™ II (Takara Biotechnology Co., Ltd.,
Dalian, China); Cell Lysis Solution, polyvinylidene difluo-
ride (PVDF) membrane (Roche, Basel, Switzerland); rabbit
anti-human monoclonal antibodies of anti-f3-actin, Bcl-2 and
CXCL12 (dilution, 1:1,000; cat. nos. 8457, 4223 and 3530),
horseradish peroxidase (HRP) goat anti-rabbit secondary
polyclonal antibody (dilution, 1:2,000; cat. no. 7074) (CST,
Boston, MA, USA); modified bicinchoninic acid (BCA) Protein
Quantification kit, primers by Sangon Biotech (Shanghai) Co.,
Ltd., China.

Methods

Isolation and culture of osteoblast and osteoclast. Referring to
methods reported by Robey and Termine (7), osteoblasts were
isolated and cultured by modified enzyme digestion, followed
by staining and cell morphology identification using modified
Gomorialkaline phosphatase calcium-cobalt method. Refer-
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Table I. Primers and sequences of RT-qPCR.

Gene Primer sequence (5'-3")

Bcl-2-F TGAACCGGCATCTGCACAC
Bcl-2-R CGTCTTCAGAGACAGCCAGGAG
CXCLI12-F ATTCTCAACACTCCAAACTGTGC
CXCL12-R ACTTTAGCTTCGGGTCAATGC
ACTB-F CAGGGCGTGATGGTGGGCA
ACTB-F CAAACATCATCTGGGTCATCTTC

RT-qPCR, reverse transcription quantitative polymerase chain reac-
tion.

ring to methods reported by MacDonald et al (8), osteoclast
was isolated and cultured; by adopting human bone marrow
as resource, bone marrow mononuclear cells were extracted
and induced to differentiate into osteoclast-like cells in the
presence of 1,25-(OH),Ds, and the morphology of mature os-
teoclasts was observed and identified by tartrate-resistant acid
phosphatase staining method.

Analysis of cell proliferation. The subcultured osteo-
blasts and osteoclasts in each group were treated by survival
cell count and analysis according to the instructions of kit
at intervals of 12 h. The absorbance value of cells in each
group was detected using enzyme analyzer (Tecan Group
Ltd., Ménnedorf, Switzerland) at wavelength of 490 nm. The
data were expressed as an average percentage of living cells
compared with that in the control group (% of control).

Analysis of apoptosis. Apoptosis analysis was performed
48 h after subculture in accordance with the kit instruc-
tions. Annexin V-FITC/PI double staining was used for
osteoblasts and osteoclasts. Apoptosis rate in early and late
stages was analyzed using BD FACS Calibur flow cytometer
(BD Biosciences, New York, NY, USA).

Real-time quantitative polymerase chain reaction
(RT-qPCR) analysis. After subculture for 10 days, the total
RNA in osteoblasts and osteoclasts was extracted and
identified according to the instructions of the kits. cDNA
was synthesized via reverse transcription using 200 ng total
RNA, and real-time fluorescent quantitative PCR system
was prepared. cDNA was detected by CFX-96 Real-Time
PCR Detection system (Bio-Rad, New York, N'Y, USA). The
collected Ct value was processed into a relative expression
form by comparing cycle threshold method with CK group
as the control and f-actin as the internal reference; primer
sequences are shown in Table I.

Western blot analysis. Osteoblast and osteoclast with
10 days subculture were lysed in cell lysate, and centrifuged at
4°C (2,600 x g for 5 min). The supernatant was extracted, and
protein concentration was determined using modified BCA Kit.
A 50 pug protein sample was separated in 10% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE),
followed by electrical transfer printing on PVDF membrane.
Subsequently, the sample was added with sealing fluid and
sealed at room temperature for 2 h, followed by incubation
with rabbit anti-f-actin, Bcl-2 and CXCL12 primary anti-
bodies (1:1,000) at 4°C. The next day, the sample was rinsed
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Figure 1. Osteoblast and osteoclast proliferation. (A) Osteoblast proliferation; (B) Osteoclast proliferation. The result of MTT colorimetry indicates that
compared with the CK group, osteoblast proliferation is significantly inhibited in the OP group, while osteoclast proliferation is distinctly enhanced.

“P<0.01 vs. CK. CK group, control group; OP, osteoporosis.
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Figure 2. Osteoblast and osteoclast apoptosis. (A) Analysis of osteoblast apoptosis; (B) Analysis of osteoclast apoptosis. The result of Annexin V-FITC/PL
double staining method reveals that the apoptosis rate of osteoblasts is significantly higher in the OP group than that in the CK group, while the apoptosis rate
of osteoclasts is distinctly lower in the CK group. "P<0.05 vs. CK. OP, osteoporosis; CK group, control group.

by 0.05% Tris-buffered saline Tween (TBST) three times,
followed by incubation with shock using HRP goat anti-rabbit
secondary antibody (1:2,000) at room temperature for 2 h. The
bands were developed adopting electrogenerated chemilumi-
nescence (ECL) detection system (Thermo Fisher Scientific,
Inc.), and the gray value of band was calculated by Image J
software (National Institutes of Health, Bethesda, MD, USA).
The ratio of gray value of target protein to f-actin was set as
the protein level.

Statistical analysis. SPSS 17.0 software (SPSS, Chicago, IL,
USA) was adopted for statistical analysis. Data were expressed
as mean + standard deviation (mean + SD). Single-factor anal-
ysis of variance and double-tailed t-test were used for intergroup
comparison. P<0.05 suggested that the difference was statisti-
cally significant.

Results

Analysis of osteoblast and osteoclast proliferation. The
proliferation of osteoblasts and osteoclasts in the two groups
was detected by MTT colorimetry, as shown in Fig. 1: Fig. 1A
displays osteoblast proliferation; compared with the CK group,
osteoblast proliferation was significantly inhibited with the
prolongation of culture time in the OP group; Fig. 1B represents
osteoclast proliferation; compared with the CK group, osteo-
clast proliferation was distinctly enhanced in the OP group.

Analysis of osteoblast and osteoclast apoptosis. Apoptosis in
the two groups was determined by Annexin V/PI, as shown
in Fig. 2: 2A represents osteoblast apoptosis; compared with
the CK group, the apoptosis rate in the early and late stage
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Figure 3. mRNA and protein levels of Bcl-2 and CXCL12 in osteoblast and osteoclast. (A) Bcl-2 mRNA level; (B) CXCL12 mRNA level; (C) protein expression
of Bcl-2 and CXCL12; (D) relative levels of Bcl-2 and CXCL12 proteins. The results of RT-qPCR and western blot analysis indicate that mRNA and protein
levels of Bcl-2 and CXCL12 in osteoblast of the OP group were significantly lower than those of the CK group, while the mRNA and protein levels of Bcl-2
and CXCL12 in osteoclast of the OP group were evidently higher than those of the CK group. "P<0.05 vs. CK; “P<0.01 vs. CK; P<0.01 vs. CK-Osteoblast;
“P<0.01 vs. CK-Osteoclast. Bcl-2, B-cell lymphoma 2; CXCL12, chemokine C-X-C motif ligand 12; RT-qPCR analysis, real-time quantitative polymerase

chain reaction analysis; OP, osteoporosis; CK group, control group.

was remarkably increased in the OP group; Fig. 2B indicates
osteoclast apoptosis; compared with the CK group, the apop-
tosis rate in the early and late stages was obviously reduced in
the OP group.

Changes of Bcl-2, CXCLI12 mRNA and protein levels in osteo-
blast and osteoclast. Bcl-2 and CXCL12 mRNA and protein
levels in osteoblasts and osteoclasts were quantitatively
analyzed using RT-qPCR and western blot analysis, as shown
in Fig. 3: Fig. 3A and B respectively represent mRNA levels of
Bcl-2 and CXCLI12 in the two groups, indicating that mRNA
levels of Bcl-2 and CXCL12 in osteoblasts of the OP group
were significantly lower than those of the CK group, while
mRNA levels of Bcl-2 and CXCLI12 in osteoclasts of the OP
group were distinctly increased; Fig. 3C and D reveals expres-
sion levels of Bcl-2 and CXCL12 proteins in the two groups of
cells, suggesting that protein levels of Bcl-2 and CXCLI12 in
osteoblast of the OP group were significantly lower than those
of the CK group, while protein levels of Bcl-2 and CXCLI12 in
osteoclasts of the OP group were distinctly increased.

Discussion

OP is a systemic metabolic bone disease due to the reduction
of bone mass, loss of bone matrix, resulting in decreased
bone density and destruction of bone tissue microstructure.
According to statistics, ~22 million women and 5.5 million men
in the European Union suffer from OP, and whites and Asians
are more likely to be affected (9). Moreover, the incidence of

fractures caused by OP has exceeded myocardial infarction,
stroke and other diseases, greatly endangering people's health.

The pathogenesis of OP is regulated by multiple factors
and genes. Among them, the disorder in bone balance main-
tained by osteoclasts and osteoblasts is the direct factor of OP
pathogenesis. The study indicates that bone matrix remodeling
is constant in normal bone, which is maintained by bone
metabolic units (BMUs) consisting of osteoblasts and osteo-
clasts (10). However, in the model of OP, the rate of bone matrix
degradation by osteoclast is faster than that of bone rebuilt by
osteoblasts, thereby accelerating the loss of bone mass and
reduction of bone density. In the process of bone remodeling,
cytokines secreted by BMUs are significant; therein, osteo-
protegerin/osteoclastogenesis inhibitory factor (OPG/OCIF)
secreted by osteoclasts inhibits the osteoblast transmission
pathway and osteoclast formation (11). Transforming growth
factor-p} (TGF-P) can promote the proliferation of progenitor
cells of bone marrow osteoblast, thus increasing the number
of osteoblasts; insulin-like growth factor-1 (IGF-1) can stimu-
late osteoblast proliferation and differentiation, and increase
osteocalcin production.

Additionally, hormones play an important role in bone
remodeling and bone absorption. The study shows that
estrogen deficiency can increase bone absorption and reduce
new bone deposition (12). The combination of estrogen and
estrogen receptor (ER) exerts a significant effect in bone turn-
over. The study displays that the combination of estrogen and
ER can stimulate osteoblast differentiation and increase bone
matrix deposition (13). ERa is highly expressed in osteoclast



precursors, but not expressed in mature osteoclasts (14). In
addition, estrogen inhibits bone absorption by modulating
the expression of c-Jun and phosphorylation of its N-terminal
kinase (15). Furthermore, parathyroid hormone (PTH) and
calcitonin can play important roles in bone turnover and bone
deposition by regulating bone calcium metabolism (16). In
recent years, it was revealed that genetic polymorphism is also
related to OP, which can determine the genetic predisposition
of OP and affect the treatment of OP with estrogen (17).

The occurrence of OP can regulate the proliferation and
apoptosis of osteoblast and osteoclast through various signaling
pathways and their downstream target genes, resulting in
reduction of bone mass and inducing fracture. Therein,
the NF-«xB signaling pathway is closely associated with the
pathological process of OP. The study indicates that osteoclast
formation is inhibited in p50/p52 knockout mice (18). Multiple
cytokines secreted by osteoblasts can promote the activation of
NF-«B in the cells (19). Additionally, osteoclast differentiation
is inhibited in NF-kB1 and NF-«B2 double knockout mouse
models (20). The downstream target genes of the NF-xB
pathway, such as apoptosis factor family and chemokines are
of great significance in cell proliferation, differentiation, apop-
tosis, tumor formation and disease metabolism.

In this study, it is found that in postmenopausal OP patients,
the proliferation of osteoblast was inhibited, the rate of apop-
tosis was increased significantly, while osteoclast proliferation
was distinctly enhanced, and apoptosis was inhibited, indi-
cating that in the pathological process of OP after menopause,
osteoclast proliferation is greater than osteoblast proliferation
and apoptosis of osteoblast is greater than apoptosis of osteo-
clast, breaking the status of bone balance maintained by these
two factors, making bone degradation more than bone forma-
tion, thus leading to the occurrence and development of OP.
Furthermore, the mRNA and protein expression of Bcl-2 and
CXCLI12 in osteoblasts of postmenopausal OP patients were
decreased significantly, while the mRNA and protein levels
of Bcl-2 and CXCL12 in osteoclasts were distinctly increased,
suggesting that the pathological process of OP is closely related
to the NF-«B signaling pathway in postmenopausal women.
The downstream target genes regulate the proliferation and
apoptosis of osteoblasts and osteoclasts, destroy the balance
of bone, make the process of bone remodeling disorder and
accelerate the pathological process of OP. In summary, the
incidence of OP is closely associated with the bone balance
maintained by osteoblasts and osteoclasts, and this mecha-
nism may be achieved by inhibiting osteoblast proliferation
and osteoclast apoptosis via regulating Bcl-2 and CXCL12
gene expression changes. Moreover, the NF-kB pathway and
its downstream target genes may provide new perspectives and
potential targets for the diagnosis and treatment of OP.
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