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ABSTRACT
NF-κB signaling pathway shows significant influence on wear particle-induced osteolysis, and this
study aims to explore the underlying mechanism and the role of let-7f-5p in this process. A mouse
calvarial osteolysis model was constructed with PMMA particles, and the bone marrow-derived
macrophages (BMMs) were isolated from the osteolysis area. The expression of miRNA and protein
was determined by qRT-PCR and western blot, respectively. The level of cytokines was evaluated
with ELISA. Recombinant plasmids were transfected into cells for the endogenous expression of
related genes. Dual-luciferase reporter assay was performed to determine the interaction between
let-7f-5p and IL-10 in macrophage RAW264.7 cells. M1 macrophage polarization and expression of
let-7f-5p were promoted in BMMs of osteolysis mouse model, compared with that in sham group.
The expression of let-7f-5p was increased in the process of M1 macrophage polarization that
induced by PMMA. Let-7f-5p was involved in M1 polarization in macrophages that treated with
PMMA. IL-10 was negatively regulated by let-7f-5p. NF-κB regulated the expression of IL-10
through let-7f-5p. NF-κB participated in the PMMA-induced M1 macrophage polarization through
let-7f-5p. Let-7f-5p contributed to PMMA-induced osteolysis by promoting M1 polarization of
macrophages. The NF-κB/let-7f-5p/IL-10 pathway induces M1 macrophage polarization, and thus
contributing to wear particle-induced osteolysis.
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Introduction

Periprosthetic osteolysis is a complication caused by
wear particles after hip or knee joint replacement
[1,2].Wear particle-induced osteolysis has been con-
sidered as the leading cause of prosthesis aseptic
loosening, prosthesis failure and joint revision sur-
gery, seriously affecting the functional recovery of
joint [3]. Activation of signaling pathway has been
proven to be implicated in osteolysis induced by
wear particle, among which is the nuclear factor
kappa B (NF-κB) pathway [4,5]. NF-κB is a family
of regulatory proteins, and p65 and p50 are the
members that highly expressed in cells [6]. It is well
known that activation of NF-κB signal channel trig-
gers the activation of osteoclast, which leads to bone
resorption and subsequent osteolysis [7]. It has been
recently reported that anthocyanin suppressed
CoCrMo particle-induced osteolysis by inhibiting
NF-κB signaling in mouse calvarial model [8].
These findings implied that NF-κB pathway played

a critical role in wear particle-induced osteolysis,
while the action mechanism still remains unclear.

Wear particles generated around the prosthesis
can cause inflammatory response, which is domi-
nated by pro-inflammatory macrophage phenotype
(M1) rather than the anti-inflammatory macrophage
phenotype (M2). Polarization from M1 macrophage
into M2 phenotype has been proposed as a strategy
to relieve wear particle-induced periprosthetic osteo-
lysis [9]. It implied that polarization of macrophage
played a pivotal role in osteolysis caused by wear
particle. Furthermore, IL-10 is one of the anti-
inflammatory cytokines and it is produced by M2
macrophages, and the effect of IL-10 in ameliorating
inflammation and osteolysis may be related to
macrophage polarization [10]. In bfief, the IL-10/
macrophage polarization axis may contribute to the
process of wear particle-induce osteolysis, and
decrease of IL-10 was considered as the symbol of
M1 macrophage polarization.
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MicroRNA (miRNA) let-7f is a member of the
let-7 family that involved in cell growth, migra-
tion, invasion and angiogenesis in tumors [11],
and over-expression of let-7f is associated with
induction of immune tolerance [12]. It also has
been demonstrated that let-7f targeted A20, a feed-
back inhibitor of the NF-κB pathway, to modulate
the immune response to mycobacterium tubercu-
losis infection [13], suggesting the tight relation-
ship between let-7f and NF-κB pathway. In
addition, bioinformatics analysis pointed out that
the highly up-regulated miRNAs, including let-7f-
5p miRNA, were correlated with colon cancer
pathways and associated with cytokines expres-
sion, including IL-10 [14].

It’s a breakthrough that the complementary base
pairs between let-7f-5p and IL-10 were predicted
with bioinformatics method, indicating the potential
binding site and interplay between them.
Collectively, we speculated that the cascade of let-
7f-5p/IL-10/macrophage polarization/osteolysis may
exist in the process of wear particle-induced osteo-
lysis, while the role of NF-κB in the pathway needs to
be confirmed. We initiated this study to explore the
impact andmechanism of let-7f-5p on wear particle-
induced osteolysis, which may give some clues to
prevent or alleviate osteolysis after joint replacement.

Materials and methods

Animals and grouping

All the animal related experiments were approved
by the Ethics Committee of the Affiliated Hospital
of Xuzhou Medical University, and were performed
according to the National Institutes of Health
Guidelines for the Care and Use of Laboratory
Animals. Eight weeks old and healthy male BALB/
c mice were obtained from the Experimental
Animal Center of the Affiliated Hospital of
Xuzhou Medical University. Mice were randomly
divided into two groups (n = 7 in each group):
sham group (sham operation) and calvarial osteoly-
sis model group (PMMA particle treatment).

Wear particle preparation

Polymethylmethacrylate (PMMA, Polysciences)
particles used in this study have been identified

with a mean diameter of 0.33 μm
(0.33 ± 0.019 μm) and 90% of them have a dia-
meter less than 1μm. The particles were disinfected
by torrefaction at 180°C for 6h and then washed in
70% ethanol solution twice. For decontamination
from endotoxins, a Limulus Amoebocyte Lysate
assay (Endosafe) was performed on PMMA parti-
cles. PMMA particles were finally suspended in
sterile phosphate-buffered saline (PBS) solutions
and stored at 4°C.

Mouse calvarial osteolysis model

Mice in the sham group and calvarial osteolysis model
group were anesthetized with 10% chloral hydrate
solution by intraperitoneal injection. An incision
with the length of 1cm was made on the head of
mice from the midpoint of two ears to the eyes, and
the periosteum was separated from the sagittal suture
of calvarium to both sides. In the calvarial osteolysis
model group, the mice received 2 mg of PMMA
particles (100μL) on the surfaces of the calvarial
bones and the incision was sutured. Mice in the
sham group were treated with equivalent volume of
PBS solution without particles. After two weeks, mice
were sacrificed and calvariae were taken and used for
bone marrow-derived macrophages isolation.

Isolation of bone marrow-derived macrophages
(BMMs)

The BMMswere isolated frommouse calvariae at the
osteolysis area. Briefly, each calvaria was cleaned in
70% alcohol, and the bone marrow flushed out with
supplemented α-MEM (Gibco), using a 25G needle
and syringe. Bone marrow cells were placed into one
well of 24 wells/plate and cultured with 1ml α-MEM
medium (Gibco) supplemented with 10% FBS
(Gibco), M-CSF (30ng/ml), and 1% penicillin/strep-
tomycin (Invitrogen) at 37°C in a humidified atmo-
sphere with 5% CO2. 5 days later, adherent cells were
then collected for genes expression analysis and
assay of TNF-α and IL-10 secretion.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from BMMs and macro-
phage RAW264.7 cells using Trizol reagent
(Invitrogen) according to its specification. The
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cDNA Reverse Transcription Kit (Applied
Biosystems) was used for reverse transcription to
synthesize cDNA. Subsequently, qRT-PCR was per-
formed with SYBR Select Master Mix (Applied
Biosystems) on an ABI 7300-fast Real Time PCR
system. Primers were designed and synthesized by
Sangon Biotech (Shanghai, China). The relative
expression was calculated with the 2 −ΔΔCt method.

Western blot analysis

The BMMs and RAW264.7 cells were treated
with RIPA lysis buffer (Beyotime) and the super-
natants were collected. The concentration of pro-
teins was measured with a BCA protein assay kit
(Thermo Fisher). Proteins were separated with
10% SDS-PAGE with electrophoresis system
and transferred into the polyvinylidene difluor-
ide (PVDF) membrane (Bio-Rad). The mem-
brane was then blocked with 5% skimmed milk
for 1 hour at RT, and then incubated with pri-
mary antibodies including anti-np65 antibody
(Abcam, 1:3000), anti-IL-10 antibody (1:500),
anti-β-actin antibody (Abcam, 1:2000) and anti-
Lamin B antibody (Abcam, 1:1000) at 4℃ for
overnight. The membrane was incubated with
HRP-bounded antibodies for 2h at room tem-
perature and the target proteins were visualized
by ECL Plus Western Blotting Substrate (Thermo
Fisher). Lamin B and β-actin were served as
control.

Cell culture and transfection

Macrophages RAW264.7 purchased from America
type culture collection (ATCC) were cultured in
the DMEM supplemented with 10% FBS
(Hyclone), 100 U/ml penicillin and 100 µg/ml
streptomycin (Invitrogen), at 37℃ in a humidified
environment with 5% CO2. Then RAW264.7 cells
were seeded in a 6-well plate and transfected with
plasmids including let-7f-5p mimic and let-7f-5p
inhibitor by Lipofectamine 2000 (Invitrogen).

Enzyme-linked immuno sorbent assay (ELISA)

RAW264.7 cells were treated with 100ng/ml LPS
(Lipopolysaccharide) for 12h and the culture
supernatants were used to determine the levels of

cytokines. The concentrations of TNF-α and IL-10
were measured by ELISA system kits (R&D
Systems) according to its instruction.

Dual luciferase reporter assay

Dual luciferase reporter assay was conducted to
examine the interaction relationship between let-
7f-5p and IL-10. The WT IL-10 3’-UTR or MUT
IL-10 3’-UTR were inserted into pmirGLO vector
(Promega). The vectors and pre-NC or let-7f-5p
mimic were co-transfected into RAW264.7 cells by
using Lipofectamine2000 (Invitrogen). The lucifer-
ase activity was detected by the dual luciferase
reporter assay system (Promega) according to the
manufacturer’s instructions.

Statistical analysis

Quantified data were represented as mean ± stan-
dard deviation, and all statistical analyzes in this
study were carried out with SPSS 22.0 software
(SPSS Inc.). Differences between groups were
determined by Student’s t test and a value of
P < 0.05 was considered statistically significant.

Results

M1 macrophage polarization and expression of
let-7f-5p were promoted in BMMs of osteolysis
mouse model

To evaluate the macrophage polarization states and
let-7f-5p level in osteolysis, mouse osteolysis model
(PMMA, n = 7) was constructed and BMMs were
isolated, and the expression of np65, let-7f-5p and
IL-10 was detected. Compared with the sham group
(n = 7), the concentration of TNF-α was clearly
increased in BMMS of mice treated with PMMA
(70.07 ± 16.80 compared with 2193.91 ± 117.93 pg/
ml, p < 0.05), while the concentration of IL-10 was
markedly declined (79.97 ± 5.66 compared with
29.69 ± 3.18 pg/ml, p < 0.05); the expression of
inducible NO synthase (iNOS) was dramatically
raised in BMMS of mice treated with PMMA
(1.00 ± 0.00 compared with 8.40 ± 0.22, p < 0.05),
while expression of Arginase 1 (Arg1) was
obviously decreased (1.00 ± 0.00 compared with
0.33 ± 0.03, p < 0.05) (Figure 1(a)). The expression
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of np65 was up-regulated in PMMA group
(Figure 1(b)), and expression of let-7f-5p was also
up-regulated (1.00 ± 0.00 compared with
16.13 ± 0.48, p < 0.05) (Figure 1(c)), while the
expression of IL-10 mRNA (1.00 ± 0.00 compared
with 0.37 ± 0.02, p < 0.05) and protein was signifi-
cantly down-regulated (Figure 1(d)). These results
revealed that M1 macrophage polarization and
expression of let-7f-5p were promoted in osteolysis
induced by wear particles.

The expression of let-7f-5p was increased in the
process of M1 macrophage polarization that
induced by PMMA

To assess the effect of PMMA on macrophage
polarization, RAW264.7 cells were assigned into
control and PMMA group, and the expression of
np65, let-7f-5p and IL-10 was determined.
Compared with control group, the concentration
of TNF-α was significantly higher in PMMA group
(77.56 ± 8.08 compared with 2190.11 ± 176.81 pg/
ml, p < 0.05), while the concentration of IL-10 was
far lower in PMMA group (72.66 ± 4.01 compared

with 26.75 ± 6.00 pg/ml, p < 0.05); the expression
of iNOS was largely promoted in PMMA group
(1.00 ± 0.00 compared with 8.96 ± 0.67, p < 0.05),
while expression of Arg1 was notably suppressed
(1.00 ± 0.00 compared with 0.33 ± 0.05, p < 0.05)
(Figure 2(a)). The expression of np65 was boosted
in PMMA group (Figure 2(b)), and expression of
let-7f-5p was also elevated (1.00 ± 0.00 compared
with 17.84 ± 1.32, p < 0.05) (Figure 2(c)), while the
expression of IL-10 was reduced (1.00 ± 0.00 com-
pared with 0.40 ± 0.02, p < 0.05) (Figure 2(d)). We
demonstrated here that PMMA induced M1
macrophage polarization, meanwhile, the expres-
sion of let-7f-5p was promoted in this process.

Let-7f-5p is involved in M1 polarization of
macrophage induced by PMMA

Next, the impact of let-7f-5p on macrophage
polarization was investigated. RAW264.7 cells
were divided into four groups: control, PMMA,
PMMA+NC (negative control of let-7f-5p inhi-
bitor) and PMMA+let-7f-5p inhibitor. The
PMMA treatment was performed after cell

Figure 1. M1 macrophage polarization and expression of let-7f-5p were promoted in BMMs of osteolysis mouse model. Mouse
osteolysis model (PMMA, n = 7) was constructed and BMMs were isolated, with the sham group (n = 7) served as control. (a) The
concentration of TNF-α and IL-10 in BMMs was detected by ELISA, and the expression of iNOS and Arg1 in BMMs was quantified by
qRT-PCR. *P < 0.05 vs. sham. (b) The expression of np65 and Lamin B protein in BMMs was analyzed by western blot. (c) The
expression of let-7f-5p in BMMs was determined by qRT-PCR. *P < 0.05 vs. sham. (d) The expression of IL-10 mRNA and protein in
BMMs was determined by qRT-PCR and western blot, respectively. *P < 0.05 vs. sham.
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transfection for 48h. The concentration of TNF-
α was extremely elevated by PMMA
(58.55 ± 6.21 compared with
1853.85 ± 100.86 pg/ml, p < 0.05) but reversed
by let-7f-5p inhibitor (1911.97 ± 21.21 compared
with 471.66 ± 58.28 pg/ml, p < 0.05), while the
concentration of IL-10 was greatly reduced with
PMMA treatment (83.75 ± 7.47 compared with
35.88 ± 5.93 pg/ml, p < 0.05) but reversed by
let-7f-5p inhibitor (38.58 ± 5.85 compared with
66.24 ± 6.34 pg/ml, p < 0.05) (Figure 3(a)). The
expression of iNOS was obviously facilitated by
PMMA (1.00 ± 0.00 compared with 9.75 ± 0.56,
p < 0.05), while it was reversed by let-7f-5p
inhibitor (9.43 ± 0.32 compared with
2.98 ± 0.44, p < 0.05); the expression of Arg1
was significantly attenuated with PMMA treat-
ment (1.00 ± 0.00 compared with 0.26 ± 0.04,
p < 0.05), which was reversed by let-7f-5p inhi-
bitor (0.31 ± 0.04 compared with 0.83 ± 0.06,
p < 0.05) (Figure 3(b)). It was illustrated that let-
7f-5p further enhanced PMMA-induced M1
macrophage polarization.

IL-10 was negatively regulated by let-7f-5p

Binding site between let-7f-5p and WT IL-10 3’
UTR predicted by TargetScan and microrna.org
was displayed in Figure 4(a). Dual luciferase repor-
ter assay was performed to validate the interaction
between them. Compared with pre-NC (negative
control of let-7f-5p mimic), over-expressed let-7f-
5p inhibited the 3’UTR activity of WT IL-10
(1.01 ± 0.08 compared with 0.43 ± 0.04,
p < 0.05), but not for the Mut IL-10 (0.98 ± 0.05
compared with 0.96 ± 0.06, p > 0.05); and over-
expressed let-7f-5p inhibited the expression of IL-
10 mRNA (1.00 ± 0.00 compared with 0.33 ± 0.02,
p < 0.05) and protein (Figure 4(b)). Compared
with NC (negative control of let-7f-5p inhibitor),
low-expressed let-7f-5p up-regulated the 3’UTR
activity of IL-10 (1.04 ± 0.03 compared with
2.13 ± 0.08, p < 0.05), but not for the Mut IL-10
(0.99 ± 0.10 compared with 1.05 ± 0.04, p > 0.05);
and low-expressed let-7f-5p promoted the expres-
sion of IL-10 mRNA (1.00 ± 0.00 compared with
2.00 ± 0.09, p < 0.05) and protein (Figure 4(c)).

Figure 2. The expression of let-7f-5p was increased in the process of M1 macrophage polarization that induced by PMMA. RAW264.7
cells were assigned into control and PMMA group. (a) The concentration of TNF-α and IL-10 in RAW264.7 cells was detected by
ELISA, and the expression of iNOS and Arg1 in RAW264.7 cells was quantified by qRT-PCR. *P < 0.05 vs. control. (b) The expression of
np65 and Lamin B protein in RAW264.7 cells was analyzed by western blot. (c) The expression of let-7f-5p in RAW264.7 cells was
determined by qRT-PCR. *P < 0.05 vs. control. (d) The expression of IL-10 mRNA and protein in RAW264.7 cells was determined by
qRT-PCR and western blot, respectively. *P < 0.05 vs. control.
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Figure 3. Let-7f-5p is involved in M1 polarization of macrophage induced by PMMA. RAW264.7 cells were divided into four groups:
control, PMMA, PMMA+ NC (negative control of let-7f-5p inhibitor) and PMMA+ let-7f-5p inhibitor. (a) The concentration of TNF-α
and IL-10 in RAW264.7 cells was detected by ELISA. *P < 0.05 vs. control. &P < 0.05 vs. PMMA+ NC. (b) The expression of iNOS and
Arg1 in RAW264.7 cells was quantified by qRT-PCR. *P < 0.05 vs. control. &P < 0.05 vs. PMMA+ NC.
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The result indicated that let-7f-5p negatively regu-
lated IL-10 by targeting its 3’ UTR.

PMMA regulated the expression of IL-10 through
the NF-κB/let-7f-5p pathway to affect the
macrophage polarization

To elucidate the underlying mechanism of let-7f-5p
influencing macrophage polarization induced by

PMMA, RAW264.7 cells were assigned into five
groups according to different treatment: control,
PMMA, PMMA+BAY (10mM, the inhibitor of
NF-κB), PMMA+BAY+pre-NC and PMMA+BAY
+let-7f-5p mimic. Cells were incubated with
PMMA after transfection for 48h. It was shown
that the expression of IL-10 mRNA was notably
down-regulated by PMMA (1.00 ± 0.00 compared
with 0.41 ± 0.05, p < 0.05) but reversed by BAY

Figure 4. IL-10 was negatively regulated by let-7f-5p. (a) The binding site between let-7f-5p and WT IL-10 3’ UTR was predicted by
TargetScan and microrna.org. (b) The luciferase activity was detected to show the interaction between let-7f-5p and IL-10. *P < 0.05
vs. pre-NC. The expression levels of IL-10 mRNA and protein in RAW264.7 cells were analyzed by qRT-PCR and western blot,
respectively. *P < 0.05 vs. pre-NC. (c) The luciferase activity was detected to show the interaction between let-7f-5p and IL-10.
*P < 0.05 vs. NC. The expression levels of IL-10 mRNA and protein in RAW264.7 cells were analyzed by qRT-PCR and western blot,
respectively. *P < 0.05 vs. NC.
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(0.41 ± 0.05 compared with 0.87 ± 0.04, p < 0.05),
which was further reversed by let-7f-5p mimic
(0.90 ± 0.04 compared with 0.63 ± 0.05, p < 0.05)
(Figure 5(a)); the expression of IL-10 protein was
notably down-regulated by PMMA but reversed by
BAY, which was further reversed by let-7f-5p
mimic (Figure 5(b)). The concentration of TNF-α
was significantly higher in PMMA group
(81.51 ± 5.02 compared with 1835.63 ± 87.11 pg/
ml, p < 0.05), but it was inverted by BAY treatment
(1835.63 ± 87.11 compared with 720.66 ± 72.46 pg/
ml, p < 0.05), which was further reversed by let-7f-
5p mimic (750.84 ± 51.99 compared
with 1547.94 ± 96.31 pg/ml, p < 0.05); while the-
concentration of IL-10 was just the opposite

(66.99 ± 3.47 compared with 24.95 ± 4.96,
24.95 ± 4.96 compared with 57.44 ± 3.59,
and 60.72 ± 2.81 compared with 41.33 ± 4.22 pg/
ml, p < 0.05) (Figure 5(c)). In addition, the expres-
sion of iNOS was significantly promoted with
PMMA treatment (1.00 ± 0.00 compared with
8.72 ± 0.30, p < 0.05), but it was reversed by BAY
treatment (8.72 ± 0.30 compared with 3.99 ± 0.33,
p < 0.05), which was finally reversed by let-7f-5p
mimic (3.98 ± 0.16 compared with 7.72 ± 0.35,
p < 0.05); while the expression of Arg1 was just
the opposite (1.00 ± 0.00 compared with
0.33 ± 0.05, 0.33 ± 0.05 compared with 0.82 ± 0.04,
and 0.79 ± 0.03 compared with 0.58 ± 0.06, p < 0.05)
(Figure 5(d)).

Figure 5. (Continued).
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Let-7f-5p contributed to osteolysis by inducing
M1 macrophage polarization

With the mouse calvarial osteolysis model estab-
lished, the BMMs were isolated and divided into
five groups: control+NC、PMMA+NC、PMMA+let-
7f-5p inhibitor、control+let-7f-5p inhibitor. Cells
were incubated with PMMA after transfection for
48h. Figure 6(a) showed that the expression of IL-10
mRNA was greatly suppressed by PMMA
(1.00 ± 0.00 compared with 0.35 ± 0.06, p < 0.05)
but reversed by let-7f-5p inhibitor (0.66 ± 0.05 com-
pared with 1.03 ± 0.06, p < 0.05). The variation trend
of IL-10 concentration (78.33 ± 10.50, 30.33 ± 9.50,
60.00 ± 6.00, and 76.23 ± 8.22 pg/ml) was same with
the IL-10 mRNA, while the concentration of TNF-α
(90.03 ± 14.53, 1825.67 ± 147.36, 540.87 ± 84.71, and
111.70 ± 15.60 pg/ml) was just the opposite (Figure 6
(b)). Besides, the expression of iNOS was signifi-
cantly promoted with PMMA treatment
(1.00 ± 0.00 compared with 7.50 ± 0.50, p < 0.05),
but it was reversed by let-7f-5p inhibitor (2.00 ± 0.60
compared with 1.13 ± 0.35, p < 0.05); while the
expression of Arg1 was just on the contrary
(1.00 ± 0.00 compared with 0.34 ± 0.07, and
0.76 ± 0.03 compared with 0.94 ± 0.06, p < 0.05)
(Figure 6(c)).

Discussion

Based on the study that anthocyanin suppressed
CoCrMo particle-induced osteolysis by inhibit-
ing NF-κB signaling in mouse calvarial model
[8], we revealed the interplay between let-7f-5p
and NF-κB pathway in influencing macrophage
polarization and wear particle-induced osteoly-
sis. In this study, the impact and mechanism of
NF-κB, let-7f-5p, and IL-10 on affecting M1
macrophage polarization in wear particle-
induced osteolysis were clarified, and it can be
concluded that let-7f-5p induces macrophage M1
polarization via targeting IL-10, and thus con-
tributing to wear particle-induced osteolysis. Th
present study provided novel therapeutic targets
for preventing and improving wear particle-
induced osteolysis and prosthesis aseptic loosen-
ing in clinical.

With increasing joint replacement used in clin-
ical for patients with knees or hips problems, wear
particle-induced osteolysis and subsequent aseptic
loosening is becoming the leading cause for pros-
thesis failure that demands prompt solution [15,16].
It has been reported that particulates from poly-
meric implants (such as PMMA) evoked an
immune response mediated by macrophage/

Figure 5. PMMA regulated the expression of IL-10 through the NF-κB/let-7f-5p pathway to affect the macrophage polarization.
RAW264.7 cells were allocated into five groups according to different treatment: control, PMMA, PMMA+BAY (10mM, the inhibitor of
NF-κB), PMMA+BAY+pre-NC and PMMA+BAY+let-7f-5p mimic. (a) The expression of IL-10 mRNA in RAW264.7 cells was determined
by qRT-PCR. *P < 0.05 vs. control. &P < 0.05 vs. PMMA. #P < 0.05 vs. PMMA+BAY+pre-NC. (b) The expression of IL-10 protein in
RAW264.7 cells was determined by western blot. (c) The concentration of TNF-α and IL-10 in RAW264.7 cells was detected by ELISA.
*P < 0.05 vs. control. &P < 0.05 vs. PMMA. #P < 0.05 vs. PMMA+BAY+pre-NC. (d) The expression of iNOS and Arg1 in RAW264.7 cells
was quantified by qRT-PCR. *P < 0.05 vs. control. &P < 0.05 vs. PMMA. #P < 0.05 vs. PMMA+BAY+pre-NC.
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monocyte activation [17], while metallic implants
both innate and adaptive (T lymphocyte-mediated)
immune response [18]; both of them play a signifi-
cant role in the pathogenesis of debris-associated
peri-prosthetic osteolysis. In our previous study,
titanium wear particles were also used to stimulate
macrophages, and the pro-inflammatory reaction
was also noted and was similar with that of
PMMA treatment (data not shown). Moreover, it
has been claimed that PMMA particle-induced
inhibition of osteoprogenitor differentiation and
proliferation was not due to secreted inhibitory
factors [19]. In the current study, not only the
underlying mechanism of PMMA particles indu-
cing osteolysis was illuminated, but also the effect
of NF-κB/let-7f-5p/IL-10 signaling pathway on M1
macrophage polarization was underlined in osteo-
lysis after joint replacement.

In addition, our study confirmed that NF-κB
pathway played a crucial role in pathological
process of wear particle-induced osteolysis. NF-
κB is a transcription factor family that is com-
posed of NF-κB1 (p50), NF-κB2 (p52), RelA
(p65), RelB, and c-Rel, and each of them has
individual role in bone resorption and inflam-
matory osteolysis [20]. In our study, the abnor-
mal activation of NF-κB p65 contributed in the
occurrence of wear particle-induced osteolysis.
Activation of NF-κB occurs in most cells upon
stimulation with kinds of stimuli including cyto-
kines, immune modulators and other stresses
[21,22]. It can be inferred that activation of
NF-κB in wear particle-induced osteolysis may
attribute to the cytokines generated from inflam-
matory response around the prosthesis.

It’s a new discovery that the expression of let-7f-
5p was markedly up-regulated in BMMs of

Figure 6. Let-7f-5p contributed to osteolysis by inducing M1 polarization of macrophage. With the mouse calvarial osteolysis model
established, the BMMs were isolated and divided into four groups: control+NC、PMMA+NC、PMMA+let-7f-5p inhibitor、control+let-
7f-5p inhibitor. (a) The expression of IL-10 mRNA in RAW264.7 cells was determined by qRT-PCR. *P < 0.05 vs. control+NC. &P < 0.05
vs. PMMA+control. (b) The concentration of TNF-α and IL-10 in RAW264.7 cells was detected by ELISA. *P < 0.05 vs. control+NC.
&P < 0.05 vs. PMMA+ ontrol. (c) The expression of iNOS and Arg1 in RAW264.7 cells was quantified by qRT-PCR. *P < 0.05 vs. control
+NC. &P < 0.05 vs. PMMA+control.

CELL CYCLE 2143



osteolysis mouse model and macrophages treated
with PMMA, and the role of let-7f-5p in wear
particle-induced osteolysis was first clarified.
Identification of the NF-κB/let-7f-5p/IL-10 cas-
cade illuminated the targeting relationship of NF-
κB to let-7f-5p, which was contrary to the previous
study that let-7f targeted A20, the feed-back inhi-
bitor of the NF-κB pathway, in immune response
to mycobacterium tuberculosis infection [13]. The
conflict results may be caused by different internal
environment or other factors related to the both,
which needs further research. Besides, IL-10 was
identified as a novel target of let-7f-5p in the
study, which mediated polarization of macro-
phage, highlighting the role of let-7f-5p and IL-
10 in wear particle-induced osteolysis. IL-10 is one
of the anti-inflammatory cytokines that produced
by M2 macrophages, which plays a critical role in
deactivating M1 macrophages and modulating
macrophage phenotype [23].

Wear particle-induced osteolysis is largely influ-
enced by the state of macrophage polarization
[24]. With different stimulus, macrophages usually
polarize into the pro-inflammatory M1 phenotype
and anti-inflammatory M2 phenotype, and they
are differed from cytokine productions [25].
Induced by LPS, M1 macrophage produces cyto-
kines including TNF-α, IL-1, IL-6 and so on,
together with high expression of iNOS [17]. M2
macrophage is characterized with release of IL-4,
IL-10 and IL-3, along with expression of Arg1
[26]. Wear particles around the prosthesis can
active macrophages to produce pro-inflammatory
factors and cytokines, which contributes to inflam-
matory response and subsequent osteolysis [17].
With these indicators evaluated, our study sug-
gested that M1 macrophage polarization was pro-
moted in osteolysis induced by wear particle,
confirming that wear particle-induced osteolysis
is dominated by pro-inflammatory M1 macro-
phage phenotype.

Taken together, we conclude that the NF-κB/let-
7f-5p/IL-10 pathway induces M1 macrophage
polarization, and thus contributing to wear parti-
cle-induced osteolysis. This study explained the
mechanism of wear particle-induced osteolysis
mediated by let-7f-5p, and highlighted its pivotal
role in regulating macrophage polarization, imply-
ing great potential of NF-κB/let-7f pathway as a

therapeutic target for the treatment of peripros-
thetic osteolysis.
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