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Abstract. Periprosthetic osteolysis is the predominant cause of 
artificial joint loosening. Previous studies have demonstrated 
that p38 mitogen‑activated protein kinase (p38 MAPK) may 
be involved in periprosthetic osteolysis. Tumor necrosis factor 
(TNF)‑like weak inducer of apoptosis (TWEAK) is a member 
of the TNF family and is a multifunctional cytokine, which 
regulates cellular proliferation, angiogenesis, inflammation 
and apoptosis via the p38 MAPK signaling pathway. The 
present study investigated the expression levels of TWEAK 
and p38 MAPK in periprosthetic interface membranes and in 
RAW264.7 monocyte/macrophage cells, which were treated 
with titanium (Ti) particle stimulation, with or without a 
p38 inhibitor (SB203580). This was performed to determine 
whether TWEAK was involved in the particle‑induced inflam-
matory osteolysis via the p38 MAPK signaling pathway. The 
expression levels of TWEAK, p38 MAPK and phosphory-
lated (p‑)p38 MAPK were evaluated in the periprosthetic 
interface membrane tissues and the RAW cells by reverse 
transcription-quantitative polymerase chain reaction and 
western blotting. The contents of interleukin‑6 and monocyte 
chemoattractant protein‑1 in the supernatant were measured 
by ELISA. The results demonstrated that the expression levels 
of TWEAK and p‑p38 MAPK increased in the periprosthetic 
interface membrane tissues and the RAW cells stimulated 
with Ti particles, suggesting that TWEAK was involved in 

particle‑induced inflammatory osteolysis via the p38 MAPK 
signaling pathway.

Introduction

Periprosthetic osteolysis is the predominant reason causing of 
loosening of artificial hip joints (1,2). Wear particles induce 
monocytes‑macrophages, fibroblasts and synovial cells in the 
tissue surrounding the joints to release inflammatory cyto-
kines, including tumor necrosis factor (TNF)‑α, interleukin 
(IL)‑6 and monocyte chemoattractant protein (MCP)‑1 (3,4). 
These inflammatory cytokines activate osteoclasts by osteo-
protegerin/receptor activator of nuclear factor (NF)‑κB ligand 
and the NF‑κB signaling pathway, resulting in loss of bone 
surrounding the prosthesis (5‑7).

TNF‑like weak inducer of apoptosis (TWEAK) is a novel 
member of the TNF superfamily of ligands (8). TWEAK 
is involved in a variety of biological processes by binding 
to its receptor, releasing pro‑inf lammatory cytokines, 
regulating the immune response and stimulating apoptosis, 
and is involved in tissue repair and regeneration (9). The 
pro‑inflammatory effect of TWEAK has been observed in 
various cell types, including synovial cells, macrophages, 
monocytes and osteoclasts (10). p38 mitogen activated 
protein kinase (p38 MAPK) is one member of the MAPK 
family and is involved in regulating cellular responses to 
external stimuli by intracellular signal transmission (11). The 
activation of the p38 MAPK pathway activates NF‑κB, which 
is involved in inflammation, by regulating the secretion of 
pro‑inflammatory factors (12,13).

However, few investigations have been performed on the 
effects of the p38 MAPK signaling pathway in particle‑induced 
osteolysis, the specific function and mechanism of TWEAK in 
the pathogenesis of prosthetic aseptic loosening or its correla-
tion with p38 MAPK. Previous studies have demonstrated that 
TWEAK exhibits pathogenic importance by activating the 
p38 MAPK signaling pathway in lupus nephritis and myositis 
diseases (14,15). 

The present study investigated the expression levels 
of TWEAK and p38 MAPK in periprosthetic interface 
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membranes and in RAW264.7 monocyte/macrophage cells 
treated with titanium (Ti) particles to examine the effect of the 
TWEAK‑p38 MAPK signaling pathway in particle‑induced 
inflammatory osteolysis.

Materials and methods

Patients and samples. All experimental procedures were 
approved by the ethics committee of Southern Medical 
University and Jinling Hospital (Nanjing, China). Informed 
consent was obtained from all patients.

The synovium was obtained from patients who underwent 
surgical procedures for plica syndrome or discoid meniscus 
(2 males, 1 female; 12‑41 years old), whereas osteoarthritic 
synovium was obtained from patients who underwent joint 
replacement for osteoarthritis (2 males, 1 female; 71‑82 years 
old). Periprosthetic interface membranes were obtained from 
patients undergoing surgical procedures for aseptic loos-
ening (2 females, 1 male; 60‑74 years old). The samples were 
obtained between May and June 2013 at Jinling Hospital.

Particle preparation. TiAl6V4 particles were obtained from 
the College of Materials Science and Engineering of Nanjing 
University of Technology (Nanjing, China). The TiAl6V4 
particles had a mean diameter of 51.7 nm. Stock solutions 
of TiPS were prepared at a concentration of 20 mg/ml in 
phosphate‑buffered saline (PBS; Gibco Life Technologies, 
Carlsbad, CA, USA), and the particles were dispersed well 
by sonication for 10 min using Shumei KQ218 Ultrasonic 
Cleaning equipment (Kunshan Ultrasonic Instruments Co., 
Ltd., Jiangsu, China). The particles were autoclaved for 15 min 
at 121˚C and 15 psi using a high‑pressure steam sterilizer 
(AMSCO® Evolution® Steam Sterilizer HC900; STERIS 
Corporation, Mentor, OH, USA).

Cell culture. The RAW264.7 mouse macrophage‑like cell 
line, was obtained from China Center for Type Culture 
Collection (Shanghai, China) and cultured in RPMI‑1640 
medium (Gibco Life Technologies) supplemented with 
10% fetal bovine serum (Sigma‑Aldrich, St. Louis, MO, 
USA). The cell density was adjusted to a concentration of 
2x106 cells/ml, and 1 ml cell suspension was added into each 
well of 24‑well culture plates (BD Biosciences, Franklin 
Lakes, NJ, USA) for culture in a 5% CO2 incubator at 37˚C. 
The cells were divided into four groups: Group A, macrophage 
cells; Group B, macrophage cells + p38 MAPK inhibitor 
(10 µmol/l SB203580; AdooQ Bioscience, Irvine, CA, USA); 
Group C, macrophage cells + Ti particles (0.1 mg/ml TiPs); 
Group D, macrophage cells + Ti particles + p38 MAPK 
inhibitor. The cells were centrifuged at 300 x g for 10 min at 
4˚C, and the cells and supernatant were harvested following 
48 h culture in a 5% CO2 incubator at 37˚C, then centrifuged 
at 300 x g for 10 min at 4˚C.

Histological evaluation. The harvested tissues were prepared 
for histological examination in order to evaluate the inflam-
matory response. The specimens were fixed in buffered 
10% formalin (Sigma‑Aldrich) in PBS for 4‑6 h at room 
temperature, embedded in paraffin (Sigma‑Aldrich) and 
then cut into 5 µm tissue sections. The tissue sections were 

then stained with hematoxylin and eosin (Sigma‑Aldrich). 
The expression levels of TWEAK and phosphorylated 
(p)‑p38 MAPK were detected using a mouse anti‑human 
TWEAK (cat. no. CABT‑47857MH; Creative Biomart, 
Shirley, NY, USA), or rabbit polyclonal p‑p38 MAPK mono-
clonal antibody (cat. no. sc‑101758; 1:150 in PBS; Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA) and a horseradish 
peroxidase‑conjugated anti‑mouse secondary antibody (1:300 
in PBS; Santa Cruz Biotechnology, Inc.) at room temperature 
for 4 h, followed by color development using diaminobenzidine 
tetrahydrochloride (Santa Cruz Biotechnology, Inc.) (16). The 
cells were observed under a MX61A microscope (Olympus 
Corporation, Tokyo, Japan).

Gene expression of TWEAK and p38 MAPK. The total 
RNA was extracted from each specimen using TRIzol® 
reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) 
and cDNA was obtained by reverse transcription (RT) 
using SuperScript First‑Strand Synthesis system for PCR 
(Invitrogen Life Technologies), as described previously (17). 
RT‑quantitative polymerase chain reaction (qPCR) was 
performed to evaluate the expression levels of TWEAK 
and p38 MAPK. The primers used are listed in Table I; 
the primer sequences were retrieved from PrimerBank 
(http://pga.mgh.harvard.edu/primerbank/) and the primers 
were prepared by MGH DNA Core facility (https://dnacore.
mgh.harvard.edu/synthesis/index.shtml). The expression of 
GAPDH was quantified as an internal control. The PCR was 
conducted using SYBR Green PCR master mix (Applied 
Biosystems, Foster City, CA, USA), and an ABI Prism 7000 
Sequence Detection system with ABI Prism 7000 software 
(Applied Biosystems). The PCR cycle conditions were: 95˚C 
for 15 min, 35 cycles of 94˚C for 1 min; 59˚C for 1 min, 
72˚C for 1 min; and 72˚C for 10 min. The specificity of the 
amplification of the expected DNA fragments was confirmed 
using 2% agarose gel electrophoresis and by analysis of the 
melting curves. An amplification reaction control with no RT 
enzyme was performed in order to assess the interference of 
potential genomic DNA in the RNA solution. The relative 
gene expression was calculated using the following equation: 
2ΔCT; (ΔCT = CTGAPDH - CTtarget).

Western blotting. Western blot analysis was used to 
determine the protein expression levels of TWEAK, 
p38 MAPK and p‑p38 MAPK, as described previously (18). 
Periprosthetic interface membranes, osteoarthritic synovial 
tissues, normal synovial tissues and RAW264.7 cells were 
used for western blot analysis. The total cellular proteins 
were extracted using radioimmunoprecipitation lysis buffer 
(Sigma‑Aldrich), containing 1 mM phenylmethylsulfonyl 
fluoride (Beyotime Institute of Biotechnology, Lianyungang, 
China). The protein samples were separated by 8% 
SDS-PAGE and were transferred to polyvinylidene fluoride 
membranes (Shanghai Biyuntian Bio‑Technology Co., 
Ltd., Shanghai, China). After blocking with 5% blocking 
buffer [3% bovine serum albumin in Tris-buffered saline 
with Tween‑20 (Sigma‑Aldrich, St. Louis, MO, USA)] the 
membranes were incubated with the following antibodies 
at 4˚C overnight: Mouse monoclonal anti‑p38 MAPK 
(cat. no. sc‑271120; Santa Cruz Biotechnology, Inc.), mouse 
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monoclonal anti‑p‑p38 MAPK (cat. no. sc‑7973; Santa 
Cruz Biotechnology, Inc.), goat polyclonal anti‑TWEAK 
(cat. no. sc‑12405; Santa Cruz Biotechnology, Inc.) and 
mouse monoclonal anti-β-actin (cat. no. sc‑47778; Santa 
Cruz Biotechnology, Inc.), as described previously (19). 
The membranes were then incubated with alkaline 
phosphatase‑conjugated secondary antibodies (cat. no. 
sc‑2033; donkey anti‑goat IgG; Santa Cruz Biotechnology, 
Inc.) at 37˚C for 1 h.. Visualization of the bound antibody 
was achieved using film (Kodak, Rochester, NY, USA) and 
5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium 
(Beyotime Institute of Biotechnology) at various time points 
(2 min, 10 min and 2 h). The relative density of each protein 

band was determined using an Odyssey infrared imaging 
system (Li‑Cor Biosciences, Lincoln, NE, USA).

Cytokine detection in the supernatant. The expression levels 
of IL‑6 and MCP‑1 in each group were quantified using ELISA 
kits (BD Biosciences Pharmingen, San Diego, CA, USA), 
according to the manufacturer's instructions. The experiments 
were performed in triplicate.

Statistical analysis. The data are expressed as the mean ± stan-
dard deviation. The data from each group were analyzed by 
one‑way analysis of variance, and statistical analyses were 
conducted using SPSS version 16.0 (SPSS Inc., Chicago, IL, 

Table I. Gene primer sequences.

Gene Forward primer (5'‑3') Reverse primer (5'‑3') Product (bp)

TWEAK CCTCGCAGAAGTGCACCTAA ACACCATCCACCAGCAAGTC 287
p38MAPK GCATAATGGCCGAGCTGTTG TCATGGCTTGGCATCCTGTT 130
GAPDH GCTGGTCATCAACGGGAAA ACGCCAGTAGACTCCACGACA 105

TWEAK, tumor necrosis factor‑like weak inducer of apoptosis; MAPK, mitogen‑activated protein kinase.

Figure 1. Histological evaluation of (A) normal synovial tissue, (B) osteoarthritic synovial tissue and (C) interface membrane. The osteoarthritic synovial tissue 
contained a large number of fibrocytes and synovial cells compared with the normal synovial tissue. The osteoarthritic synovial tissue exhibited little inflam-
matory cell infiltration, while a marked inflammatory cell infiltration and hyperplasia was detected in synovial cells in interface membrane. These findings 
were further supported by the immunohistochemical analysis. TWEAK immunohistochemical staining in (D) normal synovial tissue, (E) osteoarthritic tissue 
and (F) interface membrane. P‑p‑38 MAPK immunohistochemical staining in (G) normal synovial tissue, (H) osteoarthritic synovial tissue and (I) interface 
membrane. A large quantity of inflammatory cells with positive staining of TWEAK and p‑p38 MAPK were observed in the interface membrane, whereas 
fewer inflammatory cells were observed in the osteoarthritic synovial tissue. No positive staining of TWEAK and p‑p38 MAPK was detected, indicating 
that no inflammatory response had occurred in the normal synovial tissue. HE, hematoxylin and eosin; TWEAK, tumor necrosis factor‑like weak inducer of 
apoptosis; MAPK, mitogen‑activated protein kinase; p‑, phosphorylated. 
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USA). P<0.05 was considered to indicate a statistical signifi-
cant difference.

Results

Histological evaluation. The osteoarthritic synovial tissue 
contained more fibrocytes and synovial cells compared with the 
normal synovial tissue (Fig. 1) and little inflammatory cell infil-
tration. Marked inflammatory cell infiltration and hyperplasia 
of synovial cells were observed in the interface membrane.

These findings were further supported by the results of the 
immunohistochemical analyses. Increased levels of inflamma-
tory cells with positive staining of TWEAK and p‑p38 MAPK 
were observed in the interface membrane, whereas fewer 
inflammatory cells were observed in the osteoarthritic syno-
vial tissue. In addition, no positive staining of TWEAK or 
p‑p38 MAPK was detected, indicating that no inflammatory 
response had occurred in the normal synovial tissue.

Gene expression of TWEAK and p38 MAPK. The mRNA 
expression of TWEAK in the interface membrane was 

markedly higher in the normal tissue compared with the 
osteoarthritic synovial tissue, whereas the mRNA expression 
of TWEAK in the osteoarthritic synovial tissue was mark-
edly increased compared with the normal synovial tissue. No 
significant difference in the mRNA expression of p38 MAPK 
was observed between the three groups (Fig. 2).

Protein expression levels of TWEAK, p‑p38 MAPK and 
p38 MAPK in the tissue sections. The expression levels of 
TWEAK and p‑p38 MAPK were increased in the interface 
membrane compared with the osteoarthritic synovial tissue, 
whereas the mRNA expression levels of TWEAK and 
p38 MAPK in the osteoarthritic synovial tissue were higher 
compared with the normal synovial tissue. No significant 
difference in the protein expression of p38 MAPK was 
observed between the three groups (Fig. 3)

Effect of the SB203580 p38 MAPK inhibitor on the protein 
expression levels of TWEAK, p38 MAPK and p‑p38 MAPK 
in RAW246.7 cells. As shown in Fig. 4, the protein expression 
of TWEAK in group C was higher compared with the other 

Figure 2. Gene expression of TWEAK and p38 MAPK. (A and B) mRNA expression levels of TWEAK in the interface membrane, osteoarthritic synovial 
tissue and normal synovial tissue were significantly different (P<0.05). No significant difference in the mRNA expression of p38 MAPK was observed between 
the three groups (P>0.05). *P<0.05, vs. normal synovium; #P<0.05, vs. OA synovium. MAPK, mitogen‑activated protein kinase; TWEAK, tumor necrosis 
factor‑like inducer of apoptosis; OA, osteoarthritic synovial tissue.

  B  A   B

  A   B

Figure 3. Western blot analysis to determine the expression levels of TWEAK, p‑p38 MAPK and p38 MAPK in the different tissues. (A) Representative 
western blot analysis and (B) quantification of band densities demonstrated that there was a significant difference in the protein expression levels of TWEAK 
and p‑p38 MAPK between the interface membrane, osteoarthritic synovial tissue and normal synovial tissue. The protein expression levels of p38 MAPK in 
the three groups demonstrated no significant difference. *P<0.05, vs. normal synovium; #P<0.05, vs. OA synovium. MAPK, mitogen‑activated protein kinase; 
TWEAK, tumor necrosis factor‑like inducer of apoptosis; OA, osteoarthritic synovial tissue; p‑, phosphorylated.
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groups (P<0.05) and the protein expression of TWEAK in 
group D was higher compared with those in groups A and B 
(P<0.05), which indicated that the Ti particles stimulated the 
upregulation of the expression of TWEAK. No significant 
difference was observed between groups A and B (P>0.05).

The protein expression of p‑p38 MAPK in group C was 
higher compared with the other groups (P<0.05) and the protein 
expression of p‑p38 MAPK in group A was higher compared 
with groups B and D (P<0.05). No significant difference in 
the protein expression of p‑p38 MAPK was observed between 
groups B and D (P>0.05). No differences were observed in the 
protein expression of p38 MAPK in the four groups (P>0.05).

Levels of IL‑6 and MCP‑1 in the supernatant of cultured 
RAW246.7 cells. The levels of IL‑6 and MCP‑1 in group C 
were significantly higher compared with the other groups 
(P<0.05; Fig. 5). No significant difference was observed 
between groups A and B (P>0.05).

Discussion

Aseptic loosening caused by periprosthetic osteolysis is the 
most serious complication following total hip arthroplasty (20). 
It is reported that debris particle‑induced inflammation is the 
main cause of osteolysis, therefore, limiting the inflamma-
tory response of the membrane, induced by debris particles, 
has become an area of interest (21). Several studies have 
demonstrated that macrophages and foreign body giant 
cells surrounding the prosthetic wear debris are the central 
effector cells and regulatory cells of inflammation, which 
secret various cytokines, including TNF‑α, IL‑1, IL‑6 and 
MCP‑1 (22,23). Ingham and Fisher reported that the level of 
osteolysis is significantly decreased following the neutraliza-
tion of TNF‑α, which indicates that TNF‑α is involved in the 
osteolytic process, either directly or indirectly (22).

The MAPK cascade is an important intracellular signal 
transduction system. p38 MAPK is a classical pathway of 

the MAPK family, which is involved in the inflammatory 
process (24). The p38 MAPK pathway is activated by a variety 
of physical and chemical factors, inflammatory factors, stress 
stimuli and Gram‑positive bacterial cell wall components, 
which causes effector cells to secrete a variety of inflammatory 
cytokines involved in the inflammatory response following 
injury (14). It has been reported the p38 MAPK pathway is 
important in periprosthetic osteolysis, which may be regulated 
by TWEAK (14,25).

TWEAK is a novel member of the TNF ligand family and 
is a type II membrane protein, which is expressed in a variety 
of human tissues, including cartilage, skeletal muscle, macro-
phages and peripheral blood lymphocytes (26). TWEAK is 
important in immune system‑mediated tissue damage, and the 
physiology and pathology of the disease, which includes the 
secretion of growth factors, cell proliferation and apoptosis (27).

Figure 4. Protein expression levels of TWEAK, p38 MAPK and p‑p38 MAPK in untreated RAW246.7 cells (Group A) and those treated with p38 MAPK inhib-
itor (Group B); Ti particles (Group C); or Ti particles + p38 MAPK inhibitor (Group D). (A) Representative western blot analysis and (B) quantification of band 
densities demonstrated that the protein expression of TWEAK in group C was higher compared with the other groups (P<0.05) and that the protein expression 
of TWEAK in group D was higher compared with groups A and B (P<0.05). No significant difference between groups A and B were observed (P>0.05). The 
protein expression of p‑p38 MAPK in group C was higher compared with the other groups (P<0.05) and the protein expression of p‑p38 MAPK in group A 
was higher compared with groups B and D (P<0.05). No significant difference in the protein expression of p‑p38 MAPK was observed between groups B and 
D (P>0.05), and no significant difference was observed in the protein expression levels of p38 MAPK in any of the groups (P>0.05). *P<0.05, vs. group A, 
group B and group D. MAPK, mitogen‑activated protein kinase; TWEAK, tumor necrosis factor‑like inducer of apoptosis; Ti, titanium; p‑, phosphorylated.

  A   B

Figure 5. Levels of IL‑6 and MCP‑1 in the supernatants of cultured in untreated 
RAW246.7 cells (Group A) and those treated with p38 MAPK inhibitor 
(Group  B); Ti particles (Group C); or Ti particles + p38 MAPK inhibitor 
(Group  D). The levels of IL‑6 and MCP‑1 in group C were higher compared 
with the other groups (P<0.05). No significant difference was observed 
between groups A and B (P>0.05). *P<0.05, vs. group A, group B and group D. 
IL, interleukin; MCP, monocyte chemoattractant protein; Ti. titanium.
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In the present study, the interface membrane tissue, 
normal synovial tissue and osteoarthritic synovial tissue were 
compared. The results of histological staining demonstrated 
that cell proliferation was significantly increased and accom-
panied by focal inflammatory cell infiltration in the interface 
membrane group compared with the other two groups. The 
existence of inflammatory cells in the surrounding tissue of 
the prosthetic loosening demonstrated that inflammation was 
important in particle‑induced osteolysis.

Several studies using an animal model of particle‑induced 
osteolysis have suggested that p38 MAPK is important in 
inflammatory osteolysis (10,28). The present study performed 
quantitative detection of the p-p38 MAPK protein in the three 
tissue groups and demonstrated that the protein expression of 
p‑p38 MAPK in the interface membrane tissue was higher 
compared with the normal synovial tissue and osteoarthritic 
synovial tissue, which confirmed that p38 MAPK was 
important in prosthetic loosening. Additionally, the findings 
demonstrated that the protein expression of p‑p38 MAPK was 
higher in the osteoarthritic synovial tissue compared with the 
normal synovial tissue, which indicated that p‑p38 MAPK 
exerted pro‑inflammatory effects in acute and chronic inflam-
mation.

In the present study, the detection of TWEAK by 
RT‑qPCR and western blotting revealed similar results. The 
gene expression levels of TWEAK in the three tissue groups 
were consistent with the protein expression levels in the three 
groups, which suggested that the gene and protein expression 
levels in the interface membrane tissue were higher compared 
with the normal synovial tissue and osteoarthritic synovial 
tissue. The expression of TWEAK in the arthritis synovial 
group was higher compared with the normal synovial group, 
which was consistent with the results of van Kuijk et al (29), 
which confirmed the inflammatory effect of TWEAK. In 
addition, the data also suggested that there was a positive 
correlation between the expression of TWEAK and the expres-
sion of p‑p38 MAPK in the three groups. According to the 
above results, it was hypothesized that TWEAK was involved 
in the pathological process of particle‑induced inflammatory 
osteolysis in the loosening of prostheses.

It has been suggested that there is a clear positive corre-
lation between TWEAK and p38 MAPK, and that TWEAK 
is involved in the secretion of proinflammatory cytokines 
and chemokines, cell proliferation and other biological 
effects (14,30). Therefore, the present study hypothesized 
that the increased expression of TWEAK may promote 
inflammatory osteolysis and aimed to examine the molecular 
mechanisms of TWEAK in inflammatory osteolysis and 
determine whether this protein is important for the prevention 
of aseptic loosening of artificial joints

Previous studies have demonstrated that macrophages and 
foreign body giant cells are stimulated by prosthetic wear 
particles, and that these cells are the central effector cells and 
regulatory cells in inflammation (21,22,31). Therefore, macro-
phages (RAW246.7) in the interface membrane were selected 
as study models, and Ti particles were used to stimulate the 
cells, which were simultaneously treated with the SB203580 
p38 MAPK inhibitor to detect the secretion of IL‑6 and 
MCP‑1. The results demonstrated that the protein levels of 
TWEAK and p‑p38 MAPK and the IL‑6 and MCP‑1 content 

of the supernatant in group C was higher compared with 
groups A and B (P<0.05), which indicated that macrophages 
under particle stimulation produced a significant inflamma-
tory response. The expression levels of p‑p38 MAPK, IL‑6 
and MCP‑1 in group D were lower compared with group C 
(P<0.05), which indicated that the macrophage inflammatory 
response was suppressed by the inhibition of p‑p38 MAPK.

No significant differences in the expression of TWEAK 
or in the concentrations of IL‑6 and MCP‑1 in the superna-
tant were observed between groups A and B, however, the 
expression of p‑p38 MAPK was suppressed significantly. 
The expression of TWEAK in group D was higher compared 
with groups A and B, whereas no significant difference were 
observed in the secretion of IL‑6 or MCP‑1 in the superna-
tant between groups A, B and D. These findings indicated 
that Ti particles stimulated macrophages and promoted the 
expression levels of TWEAK and p‑p38 MAPK. TWEAK 
exerted its inflammatory effects dependently and indepen-
dently of the p38 MAPK signaling pathway, and was only 
stimulated by the Ti particles. The expression levels of IL‑6 
and MCP‑1 were significantly dependent on the p38 MAPK 
signaling pathway.

In conclusion, the present study hypothesized that wear 
particles surrounding the prosthesis stimulate macrophages to 
secrete TWEAK and simultaneously activate the p38 MAPK 
pathway. TWEAK activated the p38 MAPK pathway by 
binding its receptor and induced the secretion of inflamma-
tory cytokines, including IL‑6 and MCP‑1, which caused 
periprosthetic inflammatory osteolysis. In addition, MCP‑1 
promoted the aggregation of the monocyte‑macrophage cells, 
further exacerbating the periprosthetic inflammatory osteo-
lytic response. This indicated that TWEAK/p38 MAPK, 
IL‑6 and MCP‑1 signaling are important in particle‑induced 
inflammatory osteolysis. Therefore, further investigation into 
the mechanism underlying p38 MAPK signaling pathways 
in periprosthetic inflammatory osteolysis may provide a 
novel mechanism to inhibit osteolysis and is important for 
the prevention and treatment of aseptic loosening of artifi-
cial joints.
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