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Mechanical stretching promotes the differentiation of BMSC into 
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ABSTRACT

Pelvic floor dysfunction (PFD) is a prevalent and debilitating condition in aging 
women that is associated with weakened pelvic connective tissue. Fibroblasts are the 
main component of pelvic connective tissue and play a vital role in the maintenance 
of the pelvic organ. Mechanical stretching is a known modulator leading to the 
proliferation and differentiation of bone marrow mesenchymal stem cells (BMSCs). 
In this paper, we measured the lysyl oxidase (LOX), elastin and KDM4B expression 
in cultured BMSCs under different cyclic mechanical stretch (CMS) conditions via 
Western blot assays. Our findings indicated that the expression of these proteins 
was significantly higher in the CMS group than in the normal control group, and 10% 
CMS at a 0.5 Hz frequency had the best stimulatory effect. We further evaluated the 
influence of KDM4B on LOX and elastin expression via knockdown and overexpression 
of KDM4B in BMSCs. Chromatin immunoprecipitation (ChIP)-PCR analysis was 
performed to determine how H3K9me3 and KDM4B affect the regulatory regions of 
LOX and elastin in BMSCs subjected to 10% CMS combined with KDM4B knockdown. 
Finally, we verified the expression of KDM4B under CMS in vivo by subcutaneously 
transplanting KDM4B- overexpressing BMSCs into mice via immunofluorescence 
assays. The results showed that activating KDM4B by mechanical stretching 
increased the protein and gene expression levels of LOX and elastin and induced 
more LOX-positive cells in the BMSCs. These data suggest that CMS contributes to the 
differentiation of mesenchymal stem cells (MSCs) into fibroblasts, which indicates its 
potential use as a cell-based therapy for PFD.

INTRODUCTION

Pelvic floor dysfunction (PFD), mainly including 
stress urinary incontinence (SUI), pelvic organ prolapse 
(POP), and fecal incontinence (FI), is common in women 
and more prevalent in the aging population [1–3]. PFD 
is a complex disease that involves many factors, and 
the majority of research suggests that the total collagen 

content is decreased in pelvic connective tissue and that 
the pelvic support tissues (the ligament, muscle and fascia) 
are relaxed because of reduced collagen fibers, which 
eventually leads to PFD [4, 5]. Although PFD is not a life-
threating disease, it causes urinary and fecal incontinence, 
dysuria, obstructed defecation, abdominal straining, and 
sexual dysfunction, which may affect a patient’s physical 
and mental wellbeing as well as their health and quality 
of life.
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Current treatment options include surgery, 
conservative drug therapy and rehabilitation treatment, 
such as pelvic floor muscle training; these treatments have 
been shown to be effective but defective [6]. Damage to 
ligament tissues enables the formation of scar tissue that 
does not undergo regeneration during the repair process. 
Moreover, the occurrence and development of PFD is 
closely related to the structural function of the uterosacral-
cardinal ligament, which provides the main support for the 
pelvic floor. Therefore, methods of restoring the normal 
structure and function to damaged uterine ligaments must 
be developed to resolve the issues associated with PFD.

Bone marrow mesenchymal stem cells (BMSCs) 
are among the best characterized sources of stem cells, 
and they exhibit active self-proliferative and multi-lineage 
differentiation abilities and have the potential to develop 
into adipocytes, osteocytes or chondrocytes and cells of 
other embryonic lineages [7, 8]. Furthermore, BMSCs can 
secrete bioactive factors that improve tissue repair [9]. 
Therefore, BMSCs hold great promise for PFD treatment. 
When tissues or cells are damaged, both endogenous and 
exogenous BMSCs will transfer to the injured area and 
promote repair functions. BMSCs applied via periurethral 
injection have been reported to restore damaged external 
urethral sphincters and significantly improve SUI 
symptoms in animal models of SUI [10]. BMSCs have 
been observed at the site of injury of damaged ligaments 
during the ligament injury repair process, and they 
appeared similar to the surrounding ligament cells [11]. 
Recent studies have focused on MSC “plasticity” in terms 
of differentiation, which is based on the capacity of MSCs 
to differentiate into mature cells that differ from their 
original tissue; this differentiation is achieved through 
cell cultivation in differential media and identified by 
evaluating the extent of differentiation [12].

Elastic fiber is an important component of pelvic 
connective tissue and has excellent flexibility and 
variability. Elastic protein (elastin) is a core protein 
of elastic fiber located in the pelvic floor extracellular 
matrix (ECM) [13]. Reduced synthesis and changes in the 
structure of elastin can promote the occurrence of POP. 
Lysyl oxidase (LOX), a copper-dependent monoamine 
oxidase, is a key enzyme that acts on the ECM, and it is 
involved in collagen and elastin synthesis in local tissues 
[14, 15]. Histone is involved in the epigenetic machinery, 
and it has a significant role in determining the fate of MSCs 
by removing certain factors from lineage-specific genes 
to promote differentiation towards a particular lineage 
[16]. The histone methylation of lysine and arginine is 
controlled by the actions of methylases and demethylases 
[17]. KDM4B (Jmjd2b), a recently recognized member of 
the histone lysine demethylase Jmjd2 family, contains the 
catalytic Jumonji C (JmjC) domain [18, 19] and has the 
potential to facilitate the differentiation of BMSCs towards 
a particular lineage. Therefore, KDM4B likely plays an 
important role in the direction of BMSC differentiation 

and tissue regeneration. KDM4B specifically removes 
histone 3 K9 trimethylation (H3K9me3), an epigenetic 
methylation mark associated with gene repression 
and target gene expression regulation. KDM4B is 
closely involved in many biological processes, such as 
transcriptional regulation, heterochromatin formation and 
homeotic gene silencing [20, 21]. Recently, mounting 
evidence has revealed an epigenetic role of KDM4B in 
stem cell differentiation and inflammation [22].

Cyclic mechanical stretch (CMS) performs an 
important action in maintaining the steady state of 
cells. Under physiological conditions, connective tissue 
components will change if the ligament tissues are under 
a certain tension load for a long period of time [23]. 
At the cellular level, a mechanical signal alters the cell 
morphology and differentiation, skeleton structure and 
gene expression. Furthermore, the synthesis and secretion 
of the ECM is regulated by mechanical stimulation 
through transcription, post-translational modification, 
etc. [24–26]. Zhang et al. found that cyclic mechanical 
stimulation promoted migration but inhibited the invasion 
of rat bone marrow stromal cells [27].

Our previous research suggested that under 
mechanical tension stimulation, the indirect co-culture 
of pelvic floor ligament fibroblast cells and rat BMSCs 
in vitro could induce the differentiation of BMSCs into 
pelvic floor ligament fibroblasts that exhibit increased 
expression of elastin, LOX, and fibulin-5; these fibroblasts 
were able to effectively repair the PFD caused by damaged 
pelvic ligaments, fascia, muscles and other support 
tissue [28]. In this study, we investigated the effect of 
mechanical force on the oriented differentiation of 
BMSCs into fibroblasts in vitro and in vivo and studied the 
mechanism by which mechanical loading epigenetically 
regulates gene expression during differentiation. We found 
that at 10% CMS and 0.5 Hz cyclic stretching, BMSC 
differentiation was increased via an increased release of 
LOX and elastin, which was promoted by the activity 
of KDM4B and H3K9me3. These findings indicate that 
mechanical stretching could represent a possible strategy 
for manipulating BMSCs towards differentiation into 
ligament fibroblasts and suggest that this technique could 
be beneficial as a cell therapy approach for managing 
PFD.

RESULTS

Protein levels of elastin, LOX and KDM4B in the 
BMSCs with different CMS extensions

Western blot assays were used to evaluate the effects 
of 1%, 2%, 4% and 10% CMS with 0.5 Hz mechanical 
stretching on the elastin, Lox and KDM4B protein levels 
in the BMSCs (Figure 1). The expression levels of 
elastin, LOX and KDM4B were increased with increased 
stretching, and the relative levels were significantly higher 
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in the strained groups than in the unstrained control group 
(P<0.05) (Figure 1a). In addition, the relative protein 
levels of elastin, LOX and KDM4B under 10% CMS were 
obviously higher than those in the other groups (P<0.05) 
(Figure 1b), which suggested that 10% CMS was the 
optimal level for promoting BMSC differentiation into 
ligament fibroblasts.

Influence of elastin and LOX on BMSCs after 
KDM4B knockdown or overexpression

Based on the above observations, we hypothesized 
that KDM4B is required for the secretion of elastin 
and LOX by BMSCs. Therefore, to evaluate the role of 
KDM4B in the production of elastin and LOX in MSCs, 
we silenced or overexpressed KDM4B using shRNA 
vector constructs or lentiviral transduction, respectively, 
and we assessed whether the infection was successful in 
the cultured BMSCs. The results showed that the elastin 
and LOX protein levels were decreased after KDM4B 
shRNA transfection, suggesting that silencing KDM4B 
expression led to a loss of elastin and LOX in BMSCs, 
possibly through weakening the bonding at their promotor 
sites. For these results, significant differences were 
observed compared with both the non-targeted siRNA 
and negative control (NC) groups (P<0.05). However, 
overexpression of KDM4B in the BMSCs transiently 
transfected with pLVX-IRES-Puro-KDM4B obviously 
enhanced the rate of elastin and LOX secretion compared 
with that in the control vector and NC groups (P<0.05) 
(Figure 2a and 2b). These results indicated that the 
production of elastin and LOX in the BMSCs was affected 

by the presence of KDM4B, which could promote BMSC 
differentiation by increasing the bonding to the start sites 
of the marker genes of ligament fibroblasts.

Effect of H3K9me3 and KDM4B expression and 
binding to the LOX and elastin promotor at 10% 
CMS

ChIP-PCR was performed to determine the 
histone methylation at regulatory regions for LOX and 
elastin in the BMSCs with 10% CMS. The promoter 
sequences of the defined genes were analyzed by PCR 
amplification with the designed specific primers after 
immunoprecipitation of the chromatin. The results showed 
that 10% CMS promoted the binding of KDM4B to LOX 
and elastin, significantly upregulated the expression of 
LOX, and downregulated the expression of H3K9me3. 
Moreover, depletion of KDM4B in addition to mechanical 
loading clearly decreased the binding ability of 
endogenous KDM4B to LOX and elastin compared with 
that in the NC group; however, the levels of KDM4B were 
significantly higher than that in the 0% CMS control group 
(P<0.01) (Figure 3b and 3d). In addition, the expression 
of H3K9me3 was significantly increased compared with 
that in the corresponding scramble control groups and 
was decreased compared with that in the scramble control 
groups under the NC condition (P<0.01) (Figure 3a and 
3c); these findings indicated that mechanical stretching 
dramatically affected the activities of LOX and elastin by 
regulating the gene levels of KDM4B and H3K9me3 in 
the promotor region.

Figure 1: Elastin, LOX, and KDM4B protein levels in the BMSCs under stimulation with various amounts of stretch. 
(a) Induction of elastin, LOX and KDM4B with 0% (control), 1%, 2%, 4% and 10% CMS evaluated using Western blot assays. The band 
at 70 kDa is elastin, the band at 32 kDa is LOX, the band at 122 kDa is KDM4B, and the band at 37 kDa is GAPDH. (b) Protein levels of 
elastin, LOX, and KDM4B relative to GAPDH. This blot was based on three experiments. * P<0.05 vs. control group. #P<0.05 vs. BMSC 
with 10% CMS.



Oncotarget4www.impactjournals.com/oncotarget

Figure 2: Depletion and overexpression of KDM4B affected the protein levels of elastin and Lox in BMSCs. (1) Negative 
control (NC), (2) non-targeted siRNA (NC-SiRNA), (3) KDM4B knockdown using siRNA (KDM4B-SiRNA), (4) empty vector used as a 
control, and (5) KDM4B overexpression (KDM4B-Flag). (a) Induction of elastin and LOX in the different groups according to the Western 
blot assay. (b) Protein levels of elastin and LOX relative to GAPDH. This blot was based on three experiments. * P<0.05 vs. the NC group. 
#P<0.05 vs. the KDM4B-Flag group.

Figure 3: ChIP-PCR analysis of the effect of H3K9me3 and KDM4B expression on the LOX and elastin promoters in 
MSCs with 10% CMS. The results were expressed relative to a 1/100 dilution of the chromatin inputs. (a) Relative effect of H3K9me3 
expression on elastin, (b) relative effect of KDM4B expression on elastin, (c) relative effect of H3K9me3 expression on LOX, and (d) 
relative effect of KDM4B expression on LOX. All results are representative of at least three independent experiments. **P<0.01. The control 
group received 0% CMS.
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Effect of H3K9me3 and KDM4B expression on 
LOX and elastin with 10% CMS plus KDM4B 
knockdown

We depleted KDM4B using KDM4B-targeted 
siRNA in BMSCs with 10% CMS and determined the 
expression of H3K9me3 and exogenous KDM4B in the 
promoter region of LOX and elastin in the BMSCs. The 
results showed that 10% CMS could induce exogenous 
KDM4B expression (P<0.01), and the KDM4B level in 
the scrambled-siRNA group was significantly higher 
than that of the KDM4B-siRNA group (P<0.01) (Figure 
4b and 4d). However, 10% CMS inhibited H3K9me3 
expression compared with that in the 0% CMS control 
group (P<0.01), although the H3K9me3 level in the 
KDM4B-depleted group was significantly higher than 
that in the scrambled control group (P<0.01) (Figure 4a 
and 4c). These results indicate that 10% CMS upregulated 
KDM4B expression but significantly downregulated 
H3K9me3 expression in the LOX and elastin promoter 
regions. Furthermore, in the CMS combined with KDM4B 
inhibition conditions, the exogenous KDM4B levels were 

significantly decreased and the H3K9me3 expression 
levels were significantly increased compared with those 
of the non-targeted scramble group.

Immunofluoresence staining for the LOX protein 
in the BMSCs in vivo

To further verify the effect of CMS on the regulation 
of the KDM4B and LOX protein expression in the BMSCs, 
we subcutaneously transplanted the BMSCs infected 
with the control (empty) vector, control vector+10% 
CMS and KDM4B-Flag+10% CMS with the amniotic 
membrane as a natural macromolecular material into 
mice and observed the positive expression of LOX via 
immunofluorescence assays. The results indicated an 
increase in the number of LOX-positive BMSCs in the 
KDM4B-Flag+10% CMS group compared with the other 
two groups, with the lowest number of these cells in the 
empty vector group without cyclic force (Figure 5). These 
results demonstrated that the overexpression of exogenous 
KDM4B was beneficial for the production of LOX and 
further promoted the generation of ligament fibroblasts.

Figure 4: ChIP-PCR analysis of the effect of H3K9me3 and KDM4B expression on the regulatory regions of LOX 
and elastin in the MSCs subjected to 10% CMS plus KDM4B depletion. (a) Relative expression of H3K9me3 in the elastin 
promoter regions, (b) the relative expression of KDM4B in the elastin promoter regions, (c) the relative expression of H3K9me3 in the 
LOX promoter regions, and (d) the relative expression of KDM4B in the LOX promoter regions. **P<0.01. The scrambled-siRNA group 
was the control group.
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DISCUSSION

PFD is closely related to the weakening of 
support and connective structures that results from 
ECM remodeling. Ligament fibroblasts are the main 
component of pelvic connective tissue, and they are 
considered a contributing factor in PFD [2–3]. Moreover, 
these fibroblasts are capable of synthesizing and 
secreting ECM proteins (collagen, elastin, and amino 
chitosan), and they are responsive to mechanical force 
and play important roles in wound healing and tissue 
reconstruction [12]. Elastin, a major ECM protein, 
elicits recoil in tissues and organs that undergo repeated 
stretch and breakdown and may initiate a powerful signal 
involving the whole wound repair pathway, including 
inflammation, repair and remodeling. Elastin damage 
may occur under the conditions of the excess mechanical 
and thermal forces that occur in several diseases, such 
as PFD. LOX is involved in the initiation of collagen 
synthesis and elastin cross-linkage, and it ensures that 
tropoelastin molecules remain highly crosslinked to 
one another, thus performing an indispensable role in 
the construction of connective tissue [29]. Yamamoto 
et al. [30] reported that the elastin expression level in 
the uterus was closely associated with POP, and the gene 
and protein levels of elastin were significantly decreased 

in the POP group compared with the control group. 
Liu et al. [31] found an increased incidence of POP in 
LOX gene knockout mice compared with the wild-type 
group during the postpartum period and found that the 
production of collagen and elastic fibers was inhibited 
after LOX gene knockout, resulting in PFD and lower 
urinary tract dysfunction. Jiang et al. [32] reported 
significantly lower expression of elastin and LOX 
family members in urogenital tissues in naturally and 
accelerated ovarian aging mice than in untreated young 
females, and this decrease caused the failure of elastic 
fiber synthesis and assembly and additional pelvic floor 
disorders.

Previous studies showed that CMS could modulate 
several cellular functions, such as cell proliferation, 
migration and paracrine signaling [33, 34]. The dynamic 
balance of connective tissue, such as tendons, ligaments, 
and pelvic connective tissues, requires the continuous 
application of biological force. Excessive tensile stress 
and cell deformation frequencies affect the cell adhesion 
strength and can damage the cells of the cytoskeleton, 
and they also increase the complexity of the cell 
mechanical environment, which reduces the ability to 
control cell conditions experimentally. However, at 
inadequate frequencies, the cell conditions cannot be 
fully simulated [35]. In this study, conditions of 1%, 2%, 

Figure 5: Immunofluoresence staining for the LOX protein in the BMSCs in vivo (400×). BMSCs were infected with 
lentiviruses designed to express KDM4B. DAPI staining was used to indicate the location of the nucleus. Empty vectors (pLVX-IRES-
Puro) were used as a control.
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4% and 10% CMS at a 0.5 Hz frequency were applied 
to the BMSCs to induce changes in LOX and elastin 
expression, and the results showed that the mechanical 
stimulation facilitated the expression of LOX and elastin, 
whose levels were consistently increased in our system 
in response to the continuous application of a mechanical 
load. Moreover, the 10% CMS condition best stimulated 
the BMSC growth. Zhu et al. [36] found that mechanical 
stretching with 10% extension significantly increased 
the angiogenic capacity of MSCs. Our previous study 
also confirmed that 10% mechanical stretching could 
promote BMSC differentiation in an indirect co-culture 
system with pelvic ligament fibroblasts, as indicated by 
the increased expression of elastin and LOX.

We hypothesized that the changes in the LOX and 
elastin expression after mechanical stimulation were 
closely related to histone modifications. In this study, 
we found that KDM4B could directly or indirectly 
bind to the promoter region of LOX and elastin, and 
its expression in the BMSCs was induced in response 
to additional stretching. In addition, 10% CMS and 
a 0.5 Hz frequency were the optimal conditions for 
inducing the secretion of KDM4B in the BMSCs, and 
a similar trend was observed for the LOX and elastin 
expression. Overexpression of KDM4B significantly 
increased the protein levels of elastin and LOX in the 
BMSCs compared with those in the control vector group. 
Similarly, the immunofluorescence assays revealed that 
the overexpression of KDM4B and the application 
of 10% CMS increased the number of LOX-positive 
cells, which were associated with the production of 
ligament fibroblasts in vivo. Conversely, the depletion 
of KDM4B significantly decreased the protein levels 
of elastin and LOX in the BMSCs, suggesting that 
KDM4B was required for the BMSC differentiation into 
ligament fibroblasts. Ye et al. reported that the depletion 
of KDM4B significantly reduced the osteogenic 
differentiation of MSCs in vitro and in vivo [37]. 
Lee et al. also reported that KDM4B overexpression 
significantly enhanced the chondrogenic differentiation 
and that KDM4B depletion using shRNA significantly 
reduced the chondrogenic potential [38].

KDM4B enzymes are histone demethylases with 
specificity for H3K9me3, which is associated with 
transcriptional repression when localized to transcription 
start sites [39]. The ChIP-PCR assay revealed that the 
effect of KDM4B on the LOX and elastin promoter 
regions under 10% CMS was increased compared with 
that of the 0% CMS control group regardless of whether 
KDM4B was silenced in the BMSCs, and the opposite 
results were observed for H3K9me3. This finding 
indicated that CMS could improve the ability of KDM4B 
to combine with LOX and elastin in the BMSCs, which 
is associated with the downregulation of H3K9me3. 
Our results provide the first demonstration that 10% 
CMS could promote the differentiation of BMSCs into 

ligament fibroblasts via LOX and elastin activation 
because of the epigenetic induction of KDM4B 
expression.

MATERIALS AND METHODS

Cell culture

Mouse femurs were rinsed with α-MEM medium, 
and the bone marrow rinse fluid was cultured in α-MEM 
with 10% fetal bovine serum (FBS) and 1% penicillin 
and streptomycin. The culture conditions were 37°C and 
5% CO2. After 3 days of culture, non-adherent cells were 
removed. The adherent cultured BMSCs were subcultured 
until passages 3 to 7 for this experimental study.

Lentiviral transduction overexpression studies

KDM4B cDNA was cloned into a pLVX-IRES-
puro overexpression vector to construct a KDM4B 
overexpression plasmid. The pLVX-IRES-puro and 
pLVX-IRES-puro-KDM4B overexpression plasmids were 
transfected with psPAX2 and pMD2.G into HEK293 cells. 
Forty-eight hours after transfection, the virus supernatant 
was collected to infect BMSCs.

shRNA knockdown studies

The pLKO.1-KDM4B lentiviral shRNA vectors 
that target KDM4B and pLKO.1 control vectors (Scrsh) 
were synthesized by Open Biosystems (Thermo Fisher 
Scientific, Inc.). The pLKO.1-KDM4B lentiviral shRNA 
vectors and pLKO.1 control vectors (Scrsh) were 
transfected with psPAX2 and pMD2.G into HEK293 cells. 
Forty-eight hours after transfection, the virus supernatant 
was collected to infect MSCs.

Western blot analysis

Cells were harvested and lysed on ice using a lysis 
buffer for 30 minutes. The protein lysate was collected 
by centrifugation at 15,000 g for 10 minutes at 4°C. The 
cell lysates were subjected to gel electrophoresis and then 
transferred to PVDF membranes, which were blocked with 
5% BSA for 1 h and incubated overnight with specific 
antibodies at 4°C. This step was followed by incubation 
with horseradish peroxidase-labeled secondary antibody 
for one hour. The following primary antibodies were used 
in this study: anti-KDM4B, anti-Elastin, anti-LOX pAb 
(1:1000, Abcam, Cambridge, UK), and anti-GAPDH mAb 
(1:1000, Cell Signaling Technology, Inc.).

Cyclic mechanical stretch application

Mechanical stimulation was initiated when the cell 
density reached 50-60%. CMS with a 0.5-Hz sinusoidal 
curve at 10% elongation (8 h per day for 1 weeks)
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was applied using an FX-5000 T Flexcell Tension Plus 
unit (Flexcell International Corporation). The culture 
conditions were 37°C and 5% CO2 in a humidified 
atmosphere. Cells were harvested immediately after the 
application of CMS stimulation was completed. The 
control cells were seeded in the same culture plate, and the 
culture conditions were the same. The cells were harvested 
immediately after the end of the mechanical stimulation.

ChIP assay

ChIP assays were performed using an EZ ChIP 
Chromatin Immunoprecipitation Kit (Millipore, Upstate) 
according to the manufacturer’s instructions. Briefly, the 
cells were fixed at room temperature using a 1% formic 
acid solution for 10 minutes. Next, the cells were washed 
twice with PBS, placed in lysis buffer containing protease 
inhibitors, resuspended and then sonicated. DNA fragments 
from the soluble chromatin preparations were 400–800 
bp in length. Immunoprecipitation (IP) was carried out 
overnight with purified anti-H3K9me3 and anti-SMAD5 
antibodies (Millipore, Bedford, MA, USA) or normal 
mouse IgG as a negative control. Protein A/G agarose 
was used to pull down the antigen–antibody compounds, 
and then the sample was washed four times with washing 
buffers. The DNA–protein crosslinks were reversed using 
5 M NaCl at 65°C for 6 h, and DNA from each sample 
was purified. PCR was performed using 2 μl of the DNA 
samples with the following primers. Elastin primer: 
forward, 5’-GATGGCGGGTCTGACAGCGGTAGT-3’; 
reverse, 5’-GATGGAGGAGGTTGAGCA
AGAGGAT-3’; 8 kb primer: forward, 5’- 
AGTCCATTGACCTTATGATCCAAC-3’; reverse, 
5’-AATCGAAAATCGATTCGTCGTAT-3’. LOX primer: 
forward, 5’-ATGGTGCTCCCGGCTCGTCCCTTCT-3’; 
reverse, 5’- AACTGCAAACTGCCACGTCCTCC-3’; 8 
kb primer: forward, 5’- TCTTCCACTCGGTGCGTCT 
-3’; reverse, 5’- ATGTTCCCTGGGTAGGTAACTC -3’.

Immunofluorescence

Nude mouse were randomly divided into three 
groups, each containing 6 mice. BMSCs (Vector, Vector 
+ CMS, Vector + CMS + KDM4B) at passage 3 were 
resuspended in a mixture of medium and Matrigel (BD 
Bioscience) and then transplanted subcutaneously. Two 
weeks after transplantation, 5 μm tissue sections were 
frozen. After two rinses with PBS, the membrane was 
permeabilized using 0.5% Triton X-100 for 5 minutes and 
blocked with 5% BSA for 60 minutes. The sample was 
incubated with primary anti-LOX antibodies (Abcam, 
Cambridge, UK) at 4°C overnight and then incubated with 
PE-conjugated anti-rabbit IgG secondary antibodies. After 
two washes with PBS, the nuclei were counterstained with 
DAPI for 10 minutes. The tissue staining was detected 
using laser confocal microscopy.

Statistical analysis

SPSS analytics software (version 11.5, SPSS Inc., 
Chicago, IL, USA) was used for the statistical analyses. 
The results are presented as the mean ± standard deviation 
(SD) and were analyzed using a one-way analysis of 
variance (ANOVA). The gene expression levels relative 
to the GAPDH expression were calculated according to 
the 2-ΔΔCt method. P<0.05 was considered statistically 
significant.

CONCLUSION

We have provided evidence that 10% CMS at a 0.5 
Hz frequency could enhance the directed differentiation of 
BMSCs to ligament fibroblasts via the positive regulation 
of LOX and elastin because these conditions induce the 
secretion of KDM4B while inhibiting the expression of 
H3K9me3. Our experiments represent a novel approach 
to promoting the production of ligament fibroblasts that 
could be used in stem cell therapies for PFD.
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