Int J Clin Exp Med 2019;12(6):7365-7373
www.ijcem.com /ISSN:1940-5901/1JCEM0087059

Original Article

Cell signaling negative regulatory factor 3 regulates
differentiation of bone marrow mesenchymal

stem cells in osteoporotic rats

Hai Xu?, Lan Zheng?, Huijie Wang?, Ying Li%, Shan Hu?, Shuping He?, Haixia Chen?, Qing Zou*, Yetong Tan3,
Xiangdong Tian®

Huangjiahu Hospital of Hubei University of Chinese Medicine, Wuhan 430070, Hubei, China; 2The First Clinic
College of Hubei University of Chinese Medicine, Wuhan 430065, Hubei, China; *Beijing University of Chinese
Medicine Third Affiliated Hospital, Beijing 100029, China; *Huangshi Puren Hospital, Huangshi 435002, Hubei,
China

Received October 20, 2018; Accepted May 7, 2019; Epub June 15, 2019; Published June 30, 2019

Abstract: The present study aimed to investigate the effects of cell signaling negative regulatory factor 3 (SOCS3)
on differentiation of bone marrow mesenchymal stem cells (BMSCs) in osteoporotic rats, examining its application
in osteoporosis. A rat model of osteoporosis was established. BMSCs were isolated, cultured, and transfected with
SOCS3 small hair RNA (shRNA) using a lentivirus. Immunohistochemical staining was performed, detecting pro-
tein expression levels of SOCS3, signal transducer and activator of transcription 3 (STAT3), B-catenin, peroxisome
proliferator-activated receptor-y (PPAR-y), and adiponectin. Expression levels of genes coding these proteins were
detected using reverse transcription-polymerase chain reaction and Western blot analysis. Protein expression levels
of osteoprotegerin (OPG) and receptor activators of nuclear factor kappa-B ligand (RANKL) were analyzed using
enzyme-linked immunosorbent assays. When infected with SOCS3 shRNA lentivirus, expression of SOCS3 mRNA
was inhibited (P<0.05), expression of STAT3 was increased (P<0.05), expression of PPAR-y, RANKL, and adiponec-
tin was reduced (P<0.05), expression of OPG was increased (P<0.05), and the RANKL/OPG ratio was reduced (all
differences were P<0.05). Results suggest that SOCS3 may inhibit bone resorption and reduce bone loss. This pro-
vides a novel theoretical basis for the pathogenesis of osteoporosis, suggesting SOCS3 as a potential novel target
for treatment of osteoporosis.
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Introduction seed cells for tissue engineering and cell the-

rapy, widely used in a variety of studies. In a

Stem cells are progenitor cells in many tissues,
playing a crucial role in maintaining normal
metabolism and the steady state of tissues.
Many studies have demonstrated that stem
cell dysfunction is closely associated with oc-
currence of numerous diseases [1]. Bone mar-
row mesenchymal stem cells (BMSCs), a type
of adult stem cells like hematopoietic stem
cells, can differentiate into many cells, includ-
ing osteoblasts, adipocytes, skeletal muscle,
and hematopoiesis-supporting stromal cells.
BMSCs have good plasticity. Thus, unique im-
munological properties do not pose any ethical
controversy. They have become the primary

normal physiological state, BMSCs differentiate
into osteoblasts and adipocytes, maintaining a
dynamic balance maintained between the two.
However, when BMSC differentiation into adipo-
cytes exceeds differentiation into osteoblasts,
an imbalance between bone resorption and
bone formation occurs. This results in diseas-
es, such as osteoporosis [2].

Cell signaling negative regulatory factor 3 (SO-
CS3; a suppressor of cytokine signaling) affects
Janus kinase (JAK) signal transducers and acti-
vators of the JAK/signal transducer and activa-
tor of transcription (STAT) transcription signal-
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ing pathways. JAK/STAT signaling pathways
are primarily involved in cell proliferation, differ-
entiation, apoptosis, and immune regulation.
Subtle changes in this signaling pathway may
lead to changes in cytokine expression and
pathology [3]. As a result, SOCS3 can affect cell
growth, proliferation, apoptosis, and other ba-
sic biological behaviors. In addition, SOCS3 is
closely associated with abnormal activation of
signaling pathways involved in cell proliferation
and movement. SOCS3 is regulated by the cyto-
kine interleukin-6 (IL-6), negatively regulating
JAK/STAT signaling pathways by inhibiting sig-
nal transduction via a feedback regulating me-
chanism. It activates transcription factors, such
as STAT. Cao et al. [4] observed that the func-
tion of STAT-3 is more marked in cells lacking
SOCS-3. In addition, llamathi et al. [5] observed
that JAK-STAT signaling pathways and osteopo-
rosis are closely related.

Many studies have demonstrated that bone
metabolism and osteoporosis are closely asso-
ciated with Wnt/B-catenin pathways, peroxi-
some proliferator-activated receptor-y (PPAR-y),
adiponectin, osteoprotegerin (OPG; an activat-
ing factor), and the nuclear factor kB recep-
tor activator of nuclear factor kappa-B ligand
(RANKL) system. However, association levels
between SOCS3 and incidence levels of osteo-
porosis have not yet been reported. Previously,
it was demonstrated that osteopenia, caused
by osteoporosis, is often accompanied by an
increase in adipose tissue differentiated from
BMSCs [6]. Investigating the mechanisms un-
derlying this phenomenon, the present study
established a rat model of osteoporosis. BM-
SCs were isolated and cultured in vitro, aiming
to explore the regulation of BMSC differentia-
tion by SOCS3, laying an experimental founda-
tion for treatment of osteoporosis on a molecu-
lar level.

Materials and methods
Animals

A total of 40 female Sprague-Dawley rats of
clean specific pathogen-free grades (age, 6
months; weight, 220+6.32 g) were provided by
the Center for Animal Experiment of Wuhan
University (Wuhan, China). Treatment of the ani-
mals in the experiment complied with anim-
al ethical requirements. Current research was
conducted in accordance with the Declaration
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of Helsinki and in accordance with Guidelines
for Care and Use of Laboratory Animals, as
adopted by the United States National Institut-
es of Health. All experimental protocols were
approved by the Review Committee for the
Use of Human or Animal Subjects of the Fourth
Military Medical University (Xi’an, China).

Reagents

Dulbecco’s Modified Eagle’s Medium (DMEM)
was purchased from PAN-Biotech GmbH Aiden-
bach, Germany). Bovine serum albumin (BSA)
and phosphate-buffered saline (PBS) were pur-
chased from Cyagen Biosciences (Santa Clara,
CA, USA). Fetal bovine serum, indole Mischa
Star, and isobutylmethylxanthine were pur-
chased from Sigma-Aldrich (St. Louis, MO,
USA). Muse anti-rat CD34, CD44, CD90, and
CD105 antibodies were purchased from Cal-
tag Medsystems (Buckingham, UK). SOCS3
mouse monoclonal antibody was purchased
from EMD Millipore (Billerica, MA, USA). B-ca-
tenin antibody was purchased from Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA). Rabbit
anti-human STAT3 antibody was purchased
from Beyotime Institute of Biotechnology (Hai-
men, China). PPAR-y was purchased from Sh-
anghai SAB (Shanghai, China). Moreover, sh-
RNA sequences and polymerase chain reacti-
on (PCR) primers were synthesized by Takara
Biotechnology Co., Inc. (Dailan, China), which
also supplied the PCR reverse transcription kit.
Total RNA was extracted using TRIzol Reagent,
purchased from Invitrogen (Thermo Fisher Sci-
entific, Inc., Waltham, MA, USA). OPG and RA-
NKL enzyme-linked immunosorbent assay (ELI-
SA) kits were purchased from the Biomedica
Group (Windham, NH, USA).

Establishment of the osteoporosis rat model

The rats were fed and acclimatized for 1 week
prior to the operation. They were anesthetized
with intraperitoneal (i.p.) injections of ketamine
hydrochloride (100 mg/kg). A bilateral oopho-
rectomy was performed under sterile condi-
tions. The rats were placed in the supine posi-
tion. An incision was made inferior to the abdo-
men and along the ventral acetabular line to
cut open the abdominal cavity. Double ovaries
were identified and then resected. Surrounding
blood vessels and fallopian tubes were ligated.
The wounds were stitched and disinfected with
75% ethanol. The rats were injected with peni-
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cillin (i.p.) to prevent infections. They had
access to food and water ad libitum for 3
months at room temperature in a ventilated
environment. After this period, they were sa-
crificed following anesthetization. Tibias and
the lumbar were removed, performing a histo-
morphometry and detecting biomechanical in-
dicators [7]. Finally, 20 rats with osteoporosis
were selected for subsequent experimenta-
tion.

BMSC isolation and in vitro culturing

Under sterile conditions, the femur was re-
moved and soaked in 75% ethanol for 30 sec-
onds. The epiphyseal ends were also cut. A
total of 4 mL of PBS was injected into the bone
marrow cavity from one end, flushing the bone
marrow from the other end. The liquid was
repeatedly blown with a dropper, then centri-
fuged to discard the supernatant. The cells
were resuspended in 5 mL of DMEM containing
10% FBS to collect the bone marrow cell sus-
pension. The cells were adjusted to a concen-
tration of 1.0x108 cells/I, inoculated in culture
bottles, and placed in an incubator at 37°C.
The culture solution was discarded after 10-
14 days. The cells were washed with PBS and
digested with 2.5 g/I trypsin. Digestion was ter-
minated using a fresh culture solution contain-
ing blood serum when the cells became round.
Next, the cell suspension was collected and
centrifuged. Finally, the cells were adjusted to a
concentration of 2x108 cells/I following inocu-
lation.

Cell membrane flow cytometry

Third-generation rat BMSCs were digested with
0.25% trypsin at 4°C. This was followed by cen-
trifugation at 1,000 r/min for 5 minutes with a
4.9-cm centrifugal radius. The cells were wa-
shed three times with PBS/1% BSA and count-
ed. Monoclonal antibodies CD34, CD44, CD9O,
and CD105 were added into to the cells. A neg-
ative control sample was set for each tube.
After incubation on ice for 30 minutes in the
dark, the cells were washed with PBS 3 times.
The solution was repeatedly blown to create a
single-cell suspension. The samples were then
analyzed using flow cytometry.

Establishment of the SOCS3 small hair RNA
(SshRNA) lentivirus

A lentivirus can efficiently infect dividing and
non-dividing cells. It can be integrated into a
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host cell genome for long-term expression.
SOCS3 shRNA can effectively inhibit expres-
sion of SOCS3. Agel and EcoRI were digested
and gelled to recover the SOCS3 plasmid. When
the fragments of the annealed shRNA sequ-
ences were connected, reverse transcription-
PCR (RT-PCR) was performed. The empty vector
PCR fragments were 185 base pairs (bp) in size
and the PCR product fragment inserted into
the shRNA sequence was 243 bp. The PCR
product was purified using 2% agarose gel el-
ectrophoresis. Clones were identified by PCR
and the sequence was detected, building a
lentivirus.

The following primers were used: SOCS3 for-
ward, 5-TCACCCACAGCAAGTTTCC-3’ and rev-
erse, 5-GGATGCGTAGGTTCTTGGTC-3’ (218 bp);
STAT3 forward, 5-CCTCTGAGAAGAGGGGACAA-
3’ and reverse, 5'-ACCGCTTCCAGCAAAAGAGT-
3’ (317 bp); B-catenin forward, 5’-AAGCTCATC-
ATACTGGCTAGT-3’ and reverse, 5'-CTTGCATTC-
CACCAGCTTCT-3’ (160 bp); PPARYy forward, 5'-
TTGATTTCTCCAGCATTTC-3’ and reverse, 5-TT-
CAATCGGATGGTTCTT-3’ (231 bp); adiponectin
forward, 5-ATCTGATTACACCAAAAGT-3" and re-
verse, 5-TCAGTTGGTATCATGGTAG-3’ (757 bp);
B-actin forward, 5-TCTACAATTGAGCTGCGTGT-
G-3’ and reverse, 5'-GGTCAGGATCTTCAT GAG-
GT-3’ (314 bp); shRNA forward, 5’-CCGGCCT-
GCGTTTGGATGATTTCTCGAGAAATCATCCACCAA-
ACGCAGGTTTTTG-3’ and reverse, 5'-AATTCAA-
AAACCTGCGTTTGGTGGATGATTTCTCGAGAAAT-
CATCCACCAAACG CAGG-3.

BMSC infection with SOCS3 shRNA lentivirus

BMSC suspension was added into the SOCS3
shRNA lentivirus, cultured for 24 hours at 37°C
with 5% C02, and replaced with fresh culture
medium.

Morphological changes of BMSCs prior to and
following lentivirus infection

Penicillin (100 U/mL), streptomycin (100 ug/
mL), insulin (5 pyg/mL), 10% fetal calf serum,
dexamethasone (10° mol/I), indole MischaSt-
ar (6x107 mol/l), and isobutylmethylxanthine
(10 mol/1) were added to the cell suspension.
It was then cultured in a 5% CO, incubator
at 37°C. On day 7 of the culturing period, an
inverted phase-contrast microscope was used
to observe morphological changes in cells prior
to and following infection with the lentivirus.
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Table 1. Quantitative reverse transcription-
polymerase chain reaction results of genes in
bone marrow mesenchymal stem cells prior
to and following lentivirus infection (n=20)

Gene Before infection  After infection
SOCS3 5.32+0.021 1.37+0.0132
STAT3 5.60+£0.022 10.05+0.013"
B-Catenin 2.09+0.012 4.57+0.0242
PPARy 6.25+0.022 2.36+0.02°
Adiponectin 1.37+0.013 0.72+0.022°

aP<0.05, °P<0.01 vs. before infection. SOCS3, signaling
negative regulatory factor 3; STAT3, signal transducer
and activator of transcription 3; PPARy, peroxisome
proliferator-activated receptor-y.

SOCS3, STAT3, B-catenin, PPARy, and adipo-
nectin mRNA detection

Total RNA was extracted using TRIzol Reagent
24 hours after BMSC shRNA lentiviral infecti-
on. Detection of expression of SOCS3, STAT3,
B-Catenin, PPARy, and adiponectin mRNAs
was performed using quantitative RT-PCR (qRT-
PCR), prior to and following infection. The BMSC
single-cell suspension was centrifuged. The
cells were then fixed with cold ethanol and in-
cubated overnight at -20°C. They were centri-
fuged to remove ethanol and washed with PBS.
Next, 40 ug/mL propidium iodide and 100 ug/
mL RNA enzymes were added. The cells were
incubated at 4°C in the dark for 30 minutes.
PCR products were detected using 2% agarose
gel electrophoresis. Scion Image version 4.03
was used to analyze PCR product gray values.
Immunohistochemistry was then performed,
detecting protein expression levels of each
gene.

OPG and RANKL protein detection

Freshly-diluted OPG and RANKL protease-la-
beled antibodies were added to the BMSC sus-
pension, prior to and following infection. OD val-
ues were measured at 450 nm using an ELISA
detector and concentrations were calculated
using a standard curve.

Statistical analysis

Statistical analysis was performed using SPSS
version 15.0 software (SPSS, Inc., Chicago, IL,
USA). Data are expressed as mean * standard
error. Differences between the groups were
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compared using one-way analysis of variance.
P<0.05 indicates statistically significant diffe-
rences.

Results

Establishment and identification of the osteo-
porosis rat model

The distal end of the femur was removed from
rats in the model group, performing histological
examinations. Resorption was clear in the can-
cellous bone at the distal end of the femur. The
number of bone trabecula in the model group
was lower, compared with the normal rats.
However, the growth plate at the epiphyseal
end of the tibia was thinner than the normal
standard.

BMSC growth characteristics

At 24 hours of BMSCs incubation in flasks,
slender spindle cells were detected, with a cell
refractive index. Cells significantly increased in
size after 9 days. They became round and inter-
mixed with surrounding blood cells. Cell fusion
reached 80%-90% and the cells grew into shoal
whorls, attached to few small round or refrac-
tive cells with large cell bodies. The third gen-
eration of BMSCs was fusiform and closely
arranged.

Expression of BMSC surface antigens

Flow cytometry showed that adherent cultured
cells exhibited characteristics of a BMSC and
that the third-generation rat BMSCs expressed
CD44, CD90, CD105, and other MSCs. Stem
cell surfaces positively expressed antigens.
Positive expression rates of CD44, CD90, and
CD105 were 96.20, 97.23, and 97.91%, respec-
tively. Expression of CD34 on the stem cell sur-
face was negatively expressed, with a positive
rate of 3.83%. Primer sequences for each gene
are presented in Table 1.

BMSC morphological changes prior to and fol-
lowing infection

On day 7 of lentiviral infection, cell morphology
was observed under an inverted phase-con-
trast microscope. Results showed that BMSC
morphology markedly changed from the former
oval shape into a fibrous long spindle shape
(Figure 1).
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Figure 1. Observation of bone marrow mesenchymal stem cell morphology. (A)
Prior to and (B) following infection (maghnification x100).

MicroRNA protein expression in BMSCs prior
to and following infection

When BMSCs were infected with the lentivirus,
mRNA expression levels of SOCS3 (P<0.05),
PPARYy, and adiponectin (P<0.01) were signifi-
cantly decreased, while expression levels of
STAT3 and B-catenin were significantly incre-
ased (P<0.05; Figure 2).

RT-gPCR analysis of BMSC genes prior to and
following infection

Compared with results prior to infection, ex-
pression of SOCS3 (P<0.05), PPARY, and adipo-

7369

nectin (P<0.01) was signifi-
cantly decreased, while ex-
pression of STAT3 (P<0.01)
and B-catenin was signifi-
cantly increased (P<0.05;
Table 1).

BMSC immunohistochem-
istry

SOCS3, STAT3, and adipo-
nectin were primarily ex-
pressed in the cytoplasm
of BMSCs, while B-catenin
and PPARy were primarily
expressed in the nucleus.
A large quantity of SOCS3
and adiponectin positively-
stained cells were detected
in the cytoplasm of BMSCs
prior to infection. SOCS3,
adiponectin, and PPARy pr-
otein expression levels we-
re significantly reduced fol-
lowing infection, compared
with protein expression lev-
els prior to infection. In ad-
dition, cytoplasmic STAT3
and B-Catenin protein ex-
pression levels significantly
increased following infecti-
on, compared to those prior
to infection (Figure 3).

BMSC OPG and RANKL
content and RANKL/OPG
ratios, prior to and follow-
ing infection

Following infection with the
lentivirus, OPG content in
BMSCs significantly incre-
ased, while RANKL content
significantly decreased (P<0.05). The RANKL/
OPG ratio was significantly reduced following
infection, compared with that prior to infection
(P<0.01; Table 2).

Discussion

The present study demonstrates that dysfunc-
tion of BMSCs is crucially involved in incidence
of osteoporosis [8]. BMSCs are the only sour-
ce of osteoblast precursors. Thus, the study of
BMSC differentiation may provide novel targets
for treatment of certain diseases, including bo-
ne aging and osteoporosis.
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Relative expression
(=

[ Before infection

B After infection

et al. [16] determined that
leptin acts on the neurons
of hypothalamic arcuate nu-
cleus, reduces the trascrip-
tion of neuropeptide Y mR-
NA, and inhibits osteoblast
differentiation via the neu-
ropeptide Y receptor on os-
teogenic cells, affecting bo-

SOCS3 STAT3 f-catenin

Figure 2. MicroRNA expression of SOCS3, STAT3, B-catenin, PPARYy, and adipo-
nectin in bone marrow mesenchymal stem cell mRNAs before and after
infection; “P<0.05 and ""P<0.01 vs. before infection. SOCS3, signaling negative
regulatory factor 3; STAT3, signal transducer and activator of transcription 3;

PPARYy, peroxisome proliferator-activated receptor-y.

Numerous in vitro experiments have confirmed
that promoting expression levels of fat-cell gen-
eration factors can inhibit osteoblast produc-
tion. Osteogenic factors may inhibit adipogene-
sis [2]. PPAR-y, a member of the nuclear hor-
mone receptor superfamily, is a primary regula-
tory factor of adipogenesis. It is involved in the
final step of regulating adipogenesis and asso-
ciated signaling pathways [9]. When activated,
PPAR-y regulates expression of lipid metabo-
lism genes, such as lipoprotein lipase and fatty
acids synthase (FAS), leading to the mature
phenotype of fat cells. In addition, PPAR-y inhib-
its differentiation of BMSCs into osteoblasts,
promoting differentiation into adipocytes [10].

Previous evidence has indicated that Wnt/[-
Catenin signaling pathways may play a crucial
role in the self-renewal and directional regula-
tion of BMSCs. This signaling pathway can pro-
mote BMSCs to differentiate into osteoblasts,
inhibiting their differentiation into adipocytes
[11]. Interruption of this signaling pathway will
result in several skeletal or non-skeletal diseas-
es [12]. Simultaneous activation of Wnt signal-
ing pathways can prevent expression of PPARy
and inhibit fat cell production, while PPARYy in-
duction may inhibit the signaling pathway [13].

Numerous studies have identified that inci-
dence of osteoporosis in obese subjects is sig-
nificantly reduced, compared with non-obese
subjects, and that the leptin levels of obese
subjects increase significantly. This suggests
that leptin and bone metabolism are closely
related [14]. Studies concerning bone metabo-
lism have indicated that leptin may influence
bone resorption and bone formation [15]. Ratra
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PPARy

ne density. Inagaki et al.
[17] and Pedroso et al. [18]
confirmed that SOCS3 is a
negative feedback inhibitor
of leptin signal transducti-
on and that it is closely
associated with fat metab-
olism. SOCS3 targets leptin
by inhibiting signal transduction pathways of
leptin receptors by inhibiting the phosphoryla-
tion of JAK2 [19]. Therefore, it may be inferred
that SOCS3 is closely associated with osteo-
genic and adipogenic differentiation of BMSCs.
SOCS3 is a negative regulatory factor of STAT.
Thus, it can be said that lowering expression
levels of SOCS3 enhances expression of ST-
AT3. This activates the conduction of Wnt/[3-
catenin pathways and promotes differentiation
of BMSCs into osteoblasts.

Adiponectin

The lentivirus can efficiently infect dividing and
non-dividing cells. It can be integrated into a
host cell genome for long-term expression [20-
22]. In the present study, a pre-fabricated lenti-
viral expression vector was used to inhibit
expression of SOCS3 in BMSCs. Analyses sug-
gested that expression of SOCS3 mRNA and
protein was significantly inhibited following in-
fection with lentivirus. Present results indicate
that the lentivirus may effectively interfere with
BMSC SOCS3 (P<0.05). In addition, experimen-
tal results in the current study indicate that
MRNA and protein expression levels of STAT3
and B-catenin are significantly increased (P<
0.05) following lentivirus infection, confirming
that a reduction in expression of SOCS3 en-
hances expression of STAT3. STAT3 is an impor-
tant factor downstream of Wnt/B-catenin sig-
naling pathways. Thus, enhanced expression
activates the pathway and increases expres-
sion of B-catenin. The present study demon-
strated that Wnt/B-catenin signaling pathways
prevent expression of PPARy and that the
mRNA and protein expression levels of PPARy
are significantly decreased following lentiviral
infections (P<0.05).
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Before infection

Figure 3. Immunohistochemical detection of (A) Signaling negative regulatory
factor 3, (B) Signal transducer and activator of transcription 3, (C) B-catenin, (D)
Peroxisome proliferator-activated receptor-y and (E) Adiponectin in bone mar-
row mesenchymal stem cells before and after infection (magnification, x400).

PPARYy regulates gene expression of key enzy-
mes involved in the process of lipid metabolism
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After infection

and secretion of the fat-cell
proteins, such as leptin,
TNF-a, pancreatic resistin
(resistance and increased
resistin secretion), and adi-
ponectin [23]. Adiponectin
is an adipocytokine, a type
of internally-derived bioac-
tive peptide or protein that
can be specifically highly-
expressed by fat cells. It
has been suggested that
adiponectin is a regulatory
factor of bone metabolism
or a mediator of adipose
tissue and bone metabo-
lism, negatively correlated
with bone mineral density
[24]. In the current study, it
was demonstrated that
expression levels of adipo-
nectin mMRNA and protein
significantly decreased fol-
lowing infection (P<0.05).
Therefore, results suggest
that the observed reduc-
tion in PPARy expression
after infection decreased
the secretion of adiponec-
tin, resulting in a decline of
adiponectin expression lev-
els. The negative correla-
tion between adiponectin
and bone mineral density
suggests that by downregu-
lating expression of PPARYy,
expression of adiponectin
can be reduced, bone den-
sity can be increased, and
osteoporosis can be suc-
cessfully treated.

Using the gene-deficient
mouse model, researchers
have found that SOCS3 can
resist the inhibition of mac-
rophage differentiation into
osteoclasts from IL-6 and
promote the formation of
osteoclasts by blocking the
conduction of IFN-y, IL-6,
and other cytokines. This
accelerates the destruction
of inflammatory bone [25].

Cunningham et al. [26] demonstrated that en-
dogenous particulates may contribute to bone
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Table 2. OPG and RANKL contents in bone
marrow mesenchymal stem cells and the
RANKL/OPG ratio prior to and following infec-
tion (n=20)

Parameter Before infection  After infection
OPG (ug/ml) 0.35+0.013 0.47+0.013?
RANKL (ug/ml) 9.53+0.018 2.05+0.0142
RANKL/OPG 27.22 4.36°

aP<0.05,°P<0.01 vs. after infection. OPG, osteoproteger-
in; RANKL, receptor activator of nuclear factor kappa-B
ligand.

erosion via inhibition of anti-osteoclastogenic
cytokine signaling, potential targets in over-
coming these effects. In addition, studies have
demonstrated that OPG and RANKL participate
in the maintenance of the dynamic balance
between osteoblasts and osteoclasts and that
the OPG/RANKL ratio plays an important regu-
latory role in the formation and function of
osteoclasts, bone formation, and bone resorp-
tion [27]. When RANK is activated, osteoclast
differentiation is promoted and the number of
osteoclasts is increased [28]. During the pro-
cess of BMSC differentiation into osteoblasts,
the RANKL/OPG ratio continually changes. It
gradually decreases as osteoblasts differenti-
ate and mature, thus losing its function of pro-
moting osteoclast differentiation and activa-
tion. This results in the balance between bone
resorption and bone formation [29, 30].

Miller [31] reported that subcutaneous injec-
tions of exogenous OPG drugs significantly
reduce the levels of bone turnover markers in
postmenopausal women and increase bone
density. Results from the present study de-
monstrate that, when BMSCs are infected with
a lentivirus, the OPG content significantly in-
creases, RANKL content and RANKL/OPG ra-
tios significantly decrease, and bone resorption
is suppressed. This results in a decrease in
bone loss. Present results suggest that SO-
CS3 may regulate bone metabolism by affect-
ing dynamic changes between the OPG/RANKL
system, osteoblasts, osteoclasts, bone forma-
tion, and resorption.

In conclusion, results of the current study sug-
gest that SOCS3 regulates the differentiation of
BMSCs via Wnt/B-catenin signaling pathways.
Results also suggest that SOCS3 can decrease
expression levels of adiponectin and increase
bone density. In addition, SOCS3 inhibits bone
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resorption by regulating the OPG/RANKL sys-
tem, thereby reducing bone loss. This offers a
theoretical basis for the pathogenesis of osteo-
porosis. The current study aimed to provide a
novel target for treatment of this disease.
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