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LncRNA DANCR involved osteolysis after total
hip arthroplasty by regulating FOXO1
expression to inhibit osteoblast differentiation
Zhenyu Tang, Zongming Gong* and Xiaoliang Sun

Abstract

Background: Aseptic loosening of artificial hip joint is a major complication affecting the long-term use of
the artificial hip joint, and is the main cause of joint replacement failure. However, the mechanism of aseptic
loosening of THR has not yet cleared. The aim of this study was to investigate the underlying mechanism of
DANCR in osteoblast differentiation (OD).

Methods: We detected the expressions of DANCR and FOXO1 in clinical samples and mesenchymal stem
cells (MSCs) by qRT-PCR and western blotting. The effects of polymethylmethacrylate (PMMA) on OD of MSCs
were examined by alkaline phosphatase (ALP) activity and Alizarin Red S (ARS) staining. The expressions of OD markers
were measured by qRT-PCR and western blotting. The mechanism of DANCR in OD was detected by RNA pull-down,
RNA immunoprecipitation (RIP) assay and ubiquitination assays.

Results: Compared with the surrounding normal tissues, DANCR expression was up-regulated and FOXO1 expression
was down-regulated in periprosthetic tissues. PMMA suppressed ALP activity, increased DANCR expression, and decreased
the expressions of FOXO1, Runx2, Osterix (Ostx) and osteocalcin (OCN). ARS staining showed that PMMA inhibited the OD
of MSCs. Knockdown of DANCR attenuated the inhibitory effect of PMMA on OD. Knockdown of FOXO1 could reverse
the effect of si-DANC. RNA pull-down and RIP assay implicated that DANCR bound to FOXO1. Ubiquitination assay indicated
that si-DANCR could repress Skp2-mediated ubiquitination of FOXO1.

Conclusion: LncRNA DANCR could inhibit OD by regulating FOXO1 expression.
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Background
Total hip replacement (THR) is one of the most common
methods for the treatment of osteoarthritis, rheumatoid
arthritis and femoral neck fracture in the elderly. It can ef-
fectively relieve joint pain, improve joint function and ele-
vate the quality of life of patients [1]. Aseptic loosening of
artificial hip joint is a major complication affecting the
long-term use of the artificial hip joint, and is the main
cause of joint replacement failure. Prosthesis wear parti-
cles stimulate the macrophages around the prosthesis to
produce a variety of cytokines, which can activate osteo-
clasts to enhance bone absorption, affect osteoblast

differentiation (OD), and inhibit bone formation [2]. How-
ever, the mechanism of aseptic loosening of THR is com-
plicated, and it has not yet cleared.
Long non-coding RNA (lncRNA) is a class of RNA

greater than 200 nt in length that does not have the abil-
ity to translate into proteins [3]. Studies have proved
that some lncRNAs can play an important role in regula-
tion of epigenetic level, transcriptional level, transla-
tional level and protein modification [4, 5]. Recently,
lncRNA has been found to be involved in OD. Zhu et al.
[5] reported that lncRNA ANCR could inhibit OD via
regulating Runx2. Huang et al. [6] revealed that lncRNA
H19 promoted OD by miR-675/TGF-β1/Smad3/HDAC
pathway. LncRNA DANCR, a highly expressed lncRNA
in tumor, was first discovered by Kretz et al. [7] in 2012.
It has been reported that DANCR is involved in the
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differentiation of many cells, such as hepatoma cells, os-
teoblasts and cartilage cells [8, 9]. Zhang et al. [10]
found that DANCR promoted chondrogenic differenti-
ation through up-regulating the expression of Smad3
and STAT3. However, the relationship between DANCR
and OD has not been reported.
Fork box transcription factor (FOXO) is a subclass of

the fork box protein family, which plays a major regula-
tory role in many biological processes [11]. Studies have
found that FOXO family is related to OD and bone for-
mation. Moriishi et al. [12] found that Bcl2 could pro-
mote OD via activate FOXO. Iyer et al. [13] reported
that FOXO inhibited bone formation by repressing Wnt
signaling. FOXO1 is one of the important members in
FOXO family, which mainly involves in metabolism, cell
proliferation, oxidative stress (OS) and cell death [14]. It
has been found that FOXO1 plays an important role in
OD, bone formation and bone remodeling [15, 16].
In this study, we investigated the underlying mechan-

ism of DANCR in OD. We found that DANCR could in-
hibit OD by regulating FOXO1 expression, then
participate in osteolysis after THR.

Methods
Clinical samples
From October 2013 to March 2017, we screened 20 pa-
tients (12 males and 8 females, aged from 54 to 80 years
old) who were admitted in our hospital and underwent
revision of THR because of prosthetic aseptic loosening.
Their median age was 66 years. Inclusion criteria: pa-
tients have clinical manifestations such as pain and
movement disorder, the imaging findings include clear
line around the prosthesis and obvious shift of pros-
thesis. Periprosthetic wear particles and surrounding tis-
sues were collected during revision surgery. The
expressions of DANCR and FOXO1 in the clinical sam-
ples were measured by qRT-PCR and western blotting.
All experimental protocols were approved by the Ethical
Committee of Changzhou first people’s hospital.

Quantitative real-time PCR (qRT-PCR)
According to the manufacturer’s instructions, total RNA
was extracted from tissues or cells using Trizol reagent
(Invitrogen, CA, USA). Then, cDNAs were synthesized
and qRT-PCR for the mRNA levels of DANCR, FOXO1,
Runx2, Osterix (Ostx) and osteocalcin (OCN) were con-
ducted using SYBR Green Master Mix (Takara, Japan).
GAPDH was used as the internal reference. The primers
sequence was as follows:
DANCR–F: 5’-GCCACTATGTAGAG GGTTTC-3’.
DANCR–R: 5’-ACCTGCGCTAAGAA-CTGAGG-3’.
FOXO1–F: 5’-GGCTGAGGGTTAGTGAGCAG-3’.
FOXO1–R: 5’-AAAGGGAGTTGGTGAAAGACA-3’.
Runx2–F: 5’-ACTTCCTGTGCTCGGTGCT-3’.

Runx2–R: 5’-GACGGTTATGGTCAAGGTGAA-3’.
Ostx–F: 5’-GGCACAAAGAAGCCGTACTC-3’.
Ostx–R: 5’-GCCTTGTACCAGGAGCCATA-3’.
OCN–F: 5’-GGCAGCGAGGTAGTGAAGAG-3’.
OCN–R: 5’-CTGGAGAGGAGCAGAACTGG-3’.
GAPDH–F: 5’-TCGACAGTCAGCCGCATCTTCTTT-3’.
GAPDH–R: 5’-GCCCAATACGACCAAATCCGTTGA-3’.

Western blotting
Total protein was extracted from tissues or cells using
RIPA Lysis Buffer (Beyotime, Beijing, China). The protein
was then separated by 12% SDS-PAGE and transferred
onto PVDF membranes (Millipore, USA). The membranes
were blocked with 5% skim milk and incubated with pri-
mary antibodies, including anti-FOXO1 antibody (1:400,
Cell Signaling Technology), anti-ALP antibody, anti-Runx2
antibody (1:300, Cell Signaling Technology), anti-Ostx
antibody (1:300, Cell Signaling Technology), anti-OCN
antibody (1:300, Cell Signaling Technology), anti-Skp2
antibody (1:500, Santa Cruz, USA) and anti-GAPDH anti-
body (1:800, Santa Cruz). Then, the membranes were incu-
bated with anti-rabbit horseradish peroxidase-conjugate
secondary antibody (1:2000, Santa Cruz) at room
temperature for 1 h. ECL development solution (Thermo,
USA) was used to visualize the proteins.

Mesenchymal stem cells (MSCs)
MSCs were purchased from Shanghai Jining Biological
Technology Co. Ltd. MSCs were incubated in complete
medium supplemented with 10% fetal bovine serum
(FBS, Gibco) and 100 U/mL penicillin-streptomycin
(Invitrogen) at 37 °C in 5% CO2. Polymethylmethacrylate
(PMMA) was purchased from MITSUBISHI CHEM-
ICAL POLYMER NANTONG CO. Ltd. (Nantong,
China). Grouping methods of MSCs: (1) Control group
and PMMA group. MSCs in PMMA group were treated
with 0.3% v/v PMMA. (2) Control group, PMMA group,
PMMA+siRNA group and PMMA+si-DANCR group.
(3) pcDNA group and pcDNA-DANCR group. pcDNA-
DANCR (Invitrogen) was used to over-express DANCR. (4)
Control group, PMMA group, PMMA+siRNA group,
PMMA+si-DANCR group and PMMA+si-DANCR+si-
FOXO1 group. MSCs in each group were incubated in
complete medium containing 200 ng/mL bone morpho-
genetic protein 2 (BMP2; Peprotech, USA) for 14 d. PMMA
stimulation was performed at 48 h after transfection with
si-DANCR (5’-GGAGCTAGAGCAGTGACAATG-3′) or
si-FOXO1 (5’-GAGGAUUGAACCAGUAUAATTUUAUA
CUGGUUCAAUCCUCTT-3′). The cell transfection was
performed using Lipofectamine 2000 (Invitrogen) according
to the manufacturer’s instruction. After these treatments,
cells were harvested for qRT-PCR or western blot analysis.
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The human embryonic kidney 293 cells (HEK-293 cells)
HEK-293 cells were purchased from Shanghai Jining
Biological Technology Co. Ltd. HEK-293 cells were incu-
bated in DMEM medium (Gibico, USA) containing 10%
FBS and 100 U/mL penicillin-streptomycin (Invitrogen)
at 37 °C in 5% CO2. Grouping methods of HEK-293
cells: (1) S-phase kinase-associated protein 2 (Skp2)
group and Skp2 + si-DANCR group. Skp2 and si-
DANCR plasmids were transiently transfected into cells
using jetPRIME (Polyplus Transfection, France) accord-
ing to the directions of reagent. Twenty-four hours after
transfection, 10 μg/mL cycloheximide (CHX) was added
into DMEM medium. Cells were incubated in this
medium for 0, 3, 6 and 9 h. (2) Ubiquitin (UB) + Skp2 +
pcDNA-FOXO1 +MG13 group and UB + Skp2 +
pcDNA-FOXO1 +MG132 + DANCR group. A ubiquiti-
nation assay was performed in the 2 groups.

Ubiquitination assay
Ub (Ubbiotech, Changchun, China), Skp2 and DANCR
plasmids, and pcDNA-FoxO1 (Addgene, USA) were
transiently transfected into cells using jetPRIME (Poly-
plus Transfection). After 36 h, 10 nm MG132 (Yeasen,
Shanghai) was added into DMEM medium. Cells were
incubated in this medium for 8 h. After these treat-
ments, cells were harvested for western blot analysis.
The cell lysates were immunoprecipitated (IP) with the
labeled antibodies at 4 °C overnight. Western blotting
was used to detect the eluted proteins.

Alkaline phosphatase (ALP) activity
According to manufacturer’s instructions, ALP activity
detection kit (Yeasen) was used to measure the ALP ac-
tivity. Briefly, MSCs were lysed with Triton X-100 lysis
buffer (Yeasen), and centrifuged at 1000×g for 20 min.
ALP activity in the cell supernatant was then measured
according to manufacturer’s instructions.

Alizarin red S (ARS) staining
ARS staining was used to detect mineralization. MSCs
were fixed with 4% paraformaldehyde for 10 min, and
stained with 1% ARS solution (yuanyebio, Shanghai) at
room temperature for 30 min. MSCs were then washed
with PBS. The stained cells and mineral nodules were
observed at 450 nm in a microplate reader (Thermo).

RNA pull-down
RNA pull-down was performed using RNA-Protein Pull-
Down Kit (Thermo) according to the manufacturer’s in-
structions. Briefly, T4 RNA polymerase (Roche) was
used to label DANCR. Biotinylated RNAs were then
mixed with streptavidin magnetic beads (Invitrogen) at
4 °C overnight. The cell lysates were interacted with

biotinylated RNA on ice for 1 h. Finally, The RNA-
protein binding mixtures were identified by western blot
assay.

RNA immunoprecipitation (RIP) assay
According to the manufacturer’s instructions, RIP assay
kit (Millipore, USA) was used for RIP assay. Briefly,
HEK-293 cell suspension was prepared in RIP buffer.
Anti-FOXO1 antibody (Cell Signaling Technology, 5 μg)
was incubated with the cell suspension at 4 °C overnight.
Then, the precipitated RNA was purified and analyzed
by qRT-PCR. Isotype-matched IgG (5 μg) was used as a
negative control.

Statistical analysis
SPSS 20.0 software was used to calculate the statistical
analysis. All data were expressed as means ± standard
deviation (SD). Student t test or one-way analysis of
variance (ANOVA) was used to compare quantitative
variables. Differences between groups were considered
statistically significant if P < 0.05.

Results
The expression of DANCR and FOXO1 in periprosthetic
wear particles and surrounding tissues
To explore the role of DANCR and FOXO1 in osteoly-
sis, we first evaluated their expression levels in peripros-
thetic wear particles and surrounding tissues. Compared
with the surrounding normal tissues, the expression of
DANCR (Fig. 1a) was increased and the mRNA (Fig. 1b)
and protein (Fig. 1c) expression of FOXO1 was de-
creased in periprosthetic tissues.

The effect of PMMA on OD of MSCs
To investigate the effect of PMMA on the OD of MSCs,
MSCs were divided into 2 groups (control and PMMA
group). The degree of OD and the levels of OD markers
were measured at day 0, 1, 3, 7 and 14. Results showed
that ALP activity was lower in PMMA group than in con-
trol group at each time point (Fig. 2a). qRT-PCR assay re-
vealed that the mRNA expressions of Runx2, Ostx and
OCN were down-regulated by PMMA (Fig. 2b). ARS
staining showed that PMMA inhibited the OD of MSCs
(Fig. 2c). Additionally, PMMA could elevate DANCR ex-
pression and reduce FOXO1 expression (Fig. 2d).

Knockdown of DANCR attenuated the inhibitory effect of
PMMA on OD of MSCs
To detect the effect of DANCR on OD, MSCs were di-
vided into 4 groups (control group, PMMA group,
PMMA+siRNA group, PMMA+siRNA DANCR group).
Results showed that PMMA could inhibit ALP activity,
and si-DANCR reversed the inhibitory effect (Fig. 3a).
Moreover, PMMA could up-regulate the expression of
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DANCR, and si-DANCR down-regulated its expression
(Fig. 3b). Western blotting results showed that PMMA
repressed the expressions of ALP, Runx2, Ostx and
OCN, while si-DANCR could reverse the effect of
PMMA (Fig. 3b). ARS staining revealed that si-DANCR
reversed the inhibitory effect of PMMA on the OD of
MSCs (Fig. 3c).

DANCR directly interacted with FOXO1
To investigate the relationship between DANCR and
FOXO1, we performed RNA pull-down assay (Fig. 4a).
Moreover, RIP assay was used to verify the association of
DANCR with FOXO1 in HEK-293 cells (Fig. 4b). Results
implicated that DANCR bound to FOXO1.

Knockdown of DANCR inhibited the Skp2-mediated
ubiquitination of FOXO1
Firstly, we carried out a CHX chase assay to detect the
effect of DANCR on the stability of FOXO1 protein.
Compared with cells transfected with Skp2 alone,
FOXO1 expression was more stable in cells transfected
with both Skp2 and si-DANCR (Fig. 5a). Then, we per-
formed a ubiquitination assay, which showed a signifi-
cant decrease in polyubiquitinated FOXO1 protein in
Skp2-transfected cells, whereas DANCR overexpression
increased FOXO1 ubiquitination (Fig. 5b). The results
indicated that knockdown of DANCR could repress
Skp2-mediated ubiquitination of FOXO1.

Effect of DANCR on FOXO1 in MSCs
To detect the effect of DANCR silencing on FOXO1 ex-
pression, MSCs were divided into control group, PMMA
group, PMMA+siRNA group, and PMMA+si-DANCR
group. FOXO1 expression was measured by qRT-PCR
and western blotting. Results showed that PMMA re-
pressed the expression of FOXO1 and increased
DANCR expression, while si-DANCR could enhance the

mRAN and protein expression of FOXO1, and reduce
DANCR expression (Fig. 6a). Then, MSCs were divided
into pcDNA group and pcDNA-DANCR group.
pcDNA-DANCR was used to over-express DANCR (Fig.
6b). Results showed that over-expression of DANCR
could reduce FOXO1 expression (Fig. 6b).

PMMA influenced the OD of MSCs by regulating
DANCR/FOXO1
To investigate the mechanism of PMMA on the OD of
MSCs, MSCs were divided into control group, PMMA
group, PMMA+siRNA group, PMMA+si-DANCR group
and PMMA+si-DANCR+si-FOXO1 group. Results re-
vealed that PMMA repressed ALP activity, and knock-
down of DANCR could enhance ALP activity. However,
knockdown of FOXO1 could reverse the effect of DANCR
silencing (Fig. 7a). Moreover, PMMA could down-regulate
FOXO1 expression, and si-DANCR up-regulated its ex-
pression, and si-FOXO1 reversed the effect (Fig. 7a).
Western blotting results showed that the expressions of
ALP, Runx2, Ostx and OCN were reduced by PMMA, and
were increased by si-DANCR. Knockdown of FOXO1
could decrease the expressions (Fig. 7b). ARS staining
showed that PMMA inhibited the OD of MSCs, but
knockdown of DANC could reverse the inhibitory effect.
Meanwhile, si-FOXO1 could reverse the effect of si-
DANC (Fig. 7c).

Discussion
Nowadays, THR is the major method for the treatment
of end-stage hip joint diseases [17], which can increase
joint function and improve the quality of life of patients
[18]. However, postoperative complications are the
greatest threat for patients. Aseptic loosening is the lead-
ing cause of postoperative complications, and peripros-
thetic osteolysis is the major cause of it [19]. At present,
no matter what prosthesis used in THR, osteolysis

Fig. 1 The expression of DANCR and FOXO1 in periprosthetic wear particles and surrounding tissues. Periprosthetic wear particles and surrounding
tissues were collected during revision surgery. The expressions of DANCR (a) and FOXO1 (b&c) in the clinical samples were measured by qRT-PCR and
western blotting. *P < 0.05, vs normal

Tang et al. Journal of Biomedical Science  (2018) 25:4 Page 4 of 9



always be probably occurred [20]. Therefore, how to
solve the problem of prosthesis loosening after THR has
been a research hotspot in recent years.
LncRNAs have been reported to be related with OD

and bone formation [21]. Xu et al. [22] found that
lncRNA HIF1α-AS1 promote OD through regulating
HOXD10. Cui et al. [23] revealed that silencing of
lncRNA NONHSAT009968 could attenuate the inhibi-
tory effect of Staphylococcal protein A on OD. Tong
et al. [4] pointed out that DANCR might a biomarker
for osteoporosis. Moreover, DANCR has been reported

to regulate chondrogenic differentiation [8, 10, 24]. The
present study found an increased expression of lncRNA
DANCR in periprosthetic wear particles and surround-
ing tissues, which indicated that DANCR might be re-
lated to OD. Subsequently, we investigated the effect of
DANCR in OD of MSCs. We found that knockdown
DANCR could reverse the inhibitory effect of wear parti-
cles on OD. Next, we further examined the underlying
mechanism of DANCR in OD.
The further research demonstrated that DANCR could

bind to FOXO1, and knockout of DANCR could inhibit

Fig. 2 The effect of PMMA on osteoblast differentiation of MSCs. MSCs were divided into control group and PMMA group. The degree of
osteoblast differentiation and the levels of OD markers were measured at day 0, 1, 3, 7 and 14. a ALP activity. b The expression of Runx2, Osterix
and OCN. c ARS staining. d The expression of DANCR and FOXO1. *P < 0.05, vs control
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Fig. 3 Knockdown of DANCR attenuated the inhibitory effect of PMMA on osteoblast differentiation of MSCs. MSCs were divided into control
group, PMMA group, PMMA+siRNA group and PMMA+siRNA DANCR group. a ALP activity. b The expression of DANCR, ALP, Runx2, Osterix and
OCN. c ARS staining. *P < 0.05, vs control. &P < 0.05, vs PMMA+siRNA

Fig. 4 DANCR directly interacted with FOXO1. To investigate the relationship between DANCR and FOXO1, RNA pull-down assay (a) and RIP assay
(b) were used to verify the association of DANCR with FOXO1 in HEK-293 cells. Results showed that DANCR bound to FOXO1. *P < 0.05, vs input
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Fig. 5 Knockout of DANCR inhibited the Skp2-mediated ubiquitination of FOXO1. a CHX chase assay. Compared with cells transfected with Skp2
alone, FOXO1 expression was more stable in cells transfected with Skp2 and si-DANCR. b Ubiquitination assay. Results showed a markedly decrease in
FOXO1 expression in DANCR transfected cells

Fig. 6 Effect of DANCR on FOXO1 in MSCs. FOXO1 expression was measured by qRT-PCR and western blotting. a The effect of si-DANCR on
FOXO1 expression. b The effect of pcDNA-DANCR on FOXO1 expression. *P < 0.05, vs control or pcDNA. &P < 0.05, vs PMMA+siRNA
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Skp2-mediated ubiquitination of FOXO1. Skp2 can spe-
cifically recognize phosphorylated substrates and medi-
ate their ubiquitination degradation [25]. Skp2 has been
reported to target FOXO1 and promote the its degrad-
ation [26]. Our research had the similar results. FOXO1,
a transcription factor, can regulate cellular proliferation,
gluconeogenesis, energy metabolism and OS through
transcription and conduction of growth factors and cyto-
kine signaling [14]. In recent years, studies have shown
that FOXO1 influences the formation of new bone via
regulating the proliferation, differentiation and apoptosis
of osteoblasts [15]. Rached et al. [27] found a marked re-
duction in osteoblast number and bone formation rate,
and an increase in bone resorption when knockout of
FOXO1 gene in osteoblasts of mice. In addition, MSCs,
a source of osteoblasts, are also involved in the process
of bone formation. Studies have shown that FOXO1
plays an important role in OD of stem cells and osteo-
blast precursor cells [28]. The expression of FOXO1 in-
creases when MSCs is differentiated into osteoblasts.

Similar findings were also found in our study. Moreover,
we found that DANCR could negatively regulate the
mRNA and protein expression of FOXO1. We also man-
ifested that DANCR regulated the role of wear particle
in OD, and knockdown of FOXO1 had a reversal effect
on the regulation.

Conclusion
In summary, the present study demonstrates that
DANCR could inhibit OD by regulating FOXO1 expres-
sion. The findings suggested that DANCR might be a
potential therapeutic target in osteolysis after THR.
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