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Increased Expression of Toll-like Receptors in Aseptic
Loose Periprosthetic Tissues and Septic Synovial
Membranes Around Total Hip Implants
YASUNOBU TAMAKI, YUYA TAKAKUBO, KAORU GOTO, TOMOYUKI HIRAYAMA, KAN SASAKI,
YRJÖ T. KONTTINEN, STUART B. GOODMAN, and MICHIAKI TAKAGI

ABSTRACT. Objective. Toll-like receptors (TLR) are transmembrane proteins found in various cells. They recog-
nize infectious and endogenous threats, so-called danger signals, that evoke inflammation and assist
adaptive immune reactions. It has been suggested that TLR play a role in periprosthetic tissues and
arthritic synovium. Our objective was to elucidate tissue localization and functional roles of TLR in
periprosthetic tissues in 2 different pathologic conditions, aseptic and septic implant loosening.
Methods. For immunohistochemistry studies, aseptic synovial-like membranes of periprosthetic
connective tissues (n = 15) and septic synovial capsular tissues (n = 5) were obtained at revision sur-
gery and from salvage of infected totally replaced hips, respectively. Osteoarthritic synovial tissues
were used for comparison (n = 5). Samples were processed for immunohistopathologic analyses for
tissue colocalization of TLR with CD68 and/or CD15 using theAlexa fluorescent system. Total RNA
was isolated from frozen tissues and converted into cDNA, TLR 2, 4, 5 and 9 sequences were ampli-
fied, and the products were quantified using real-time polymerase chain reaction.
Results. Immunofluorescent staining showed colocalization of TLR 2, 4, 5, and 9 with CD68 in the
focal monocyte/macrophage aggregates in aseptic synovial-like membranes from loose total hip
replacements. TLR 2, 4, 5, and 9 were also found colocalized with CD15+ polymorphonuclear
leukocytes and CD68+ mononuclear cells of the synovial membranes from septic total hip replace-
ments. In osteoarthritic synovial tissues, expression of TLR was found only in vascular cells and
mononuclear cells, and the reactivity was weak. mRNA levels of TLR 2, 4, 5, and 9 were increased
in both aseptic and septic periprosthetic tissues. TLR 2 and 5 were significantly higher than TLR 4
and 9 in aseptic and septic samples.
Conclusion. Peri-implant tissues were well equipped with TLR in both aseptic and septic conditions.
TLR 2- and TLR 5-mediated responses seemed to dominate. In aseptic loosening, monocytes/
macrophages were the main TLR-equipped cells apparently responsible for alarmin-induced
responses. This could lead to production of inflammatory cytokines and extracellular matrix-degrad-
ing proteinases after phagocytosis of wear debris derived from an implant, but in septic cases they
eventually respond to microbial components. Thus, inflammatory cells in both aseptic and septic tis-
sues were equipped with TLR, providing them with responsiveness to both endogenous and exoge-
nous TLR ligands. (J Rheumatol First Release Feb 1 2009: doi:10.3899/jrheum.080390)
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Total hip replacement (THR) is a procedure that reliably
provides pain relief and improves daily activity for patients
with destructive endstage hip joint disease. The main
longterm complication of THR surgery is prosthetic loosen-
ing, often combined with osteolysis1,2. The causes of loos-
ening are roughly divided into 2 categories. One is so-called
aseptic loosening and the other the septic loosening caused
by implant infection. Aseptic loosening is caused in part by
foreign-body inflammation in response to wear debris,
formed as a result of adhesive and abrasive wear3-6 and by
delayed-type hypersensitivity reaction against self modified
by metal ions formed as a result of corrosion2,6. Mono-
cytes/macrophages observed in synovial-like membranes
play an important role in the aseptic periprosthetic loosen-
ing/osteolysis, although the receptors involved have not
been characterized in detail7. It is well known that enhanced
production of osteolytic inflammatory cytokines and extra-
cellular matrix-degrading proteinases are produced as a
result of phagocytosis of wear particles, but other ligand
receptor-mediated events might also play a role. In contrast
to aseptic loosening, polymorphonuclear cells are relatively
prominent in septic loosening5,8-13. In a pilot study we
demonstrated toll-like receptor (TLR) 4 and 9 expression as
part of the innate immune response that also provides the
second signal to the adaptive immune responses in mono-
cyte/macrophage-rich interfacial synovial-like membranes
of aseptic loose THR implants14. However, their expression
in septic loosening and eventual differences between aseptic
and septic loosening are unclear15.

Monocytes/macrophages, polymorphonuclear cells, and
dendritic cells play a central role in the innate system.
Monocyte/macrophages and polymorphonuclear cells can
phagocytose foreign bodies, and protect the host from
microbial attacks. Their prompt reaction forms the first-line
defense, but is relatively nonspecific, as the repertoire of
TLR is quite limited compared to those mediated by T cell
receptors and immunoglobulins16-18.

Toll receptor was originally identified in Drosophila19,20.
Later, a mammalian Toll homolog, TLR 4, was reported21.
Since then it has become clear that TLR are essential agents
in the recognition of microbial [i.e., pathogen associated
molecular patterns (PAMP), dead or alive] and endogenous
(alarmins) signals that together form the so-called “danger
signals.” Endogenous alarmins and exogenous PAMP can be
considered subgroups of a larger set, the damage associated
molecular patterns (DAMP)22. DAMP stimulate inflamma-
tory responses via TLR, but also provide the danger signal
to adaptive immune responses. TLR2, 4, and 5 are expressed
on the cell surface. Bacterial lipoproteins are recognized by
TLR 2, lipopolysaccharide by TLR 4, flagellin (bacterial
flagella) by TLR 5, and fungal zymosan by TLR2 as exoge-
nous ligands. In contrast, TLR 9 is expressed in endosomal
components that can recognize unmethylated CpG deoxyri-
bonucleic acid (bacterial DNA), as exogenous lig-

ands16,23,24. TLR can recognize not only exogenous ligands
of microbial origins, but also endogenous ligands derived
from self-components. For example, TLR2 recognizes heat
shock protein (HSP) 60, 70, and gp96. TLR4 recognizes
HSP 60, 70, gp96, fibronectin 7EDA domain, and oligosac-
charides of hyaluronan. TLR9 recognizes chromatin-IgG
complexes25. After recognition of DAMP, TLR trigger intra-
cellular signaling pathways that result in the induction of
inflammatory cytokines, type I interferon, and chemokines.
Moreover, signaling from TLR induces the upregulation of
costimulatory molecules such as myeloid differentiation pri-
mary response protein 88 (MyD88), MyD88-adapter like
(Mal) or Toll/interleukin 1 receptor (TIR) domain-contain-
ing adapter protein (TIRAP), TIR domain-containing
adapter inducing interferon-ß (TRIF) or TIR-containing
adaptor molecule-1 (TICAM-1), TRIF-related adapter mol-
ecule (TRAM) or TIR-containing adaptor molecule-2
(TICAM-2), and sterile alpha and HEAT-Armadillo motifs
(SARM)26. The signaling is essential for the induction of
pathogen-specific adaptive immune responses, thus indicat-
ing that TLR link innate and adaptive immunity (Figure
1)27,28. Our previous report of the presence of TLR in asep-
tic periprosthetic tissues suggested enhanced responsiveness
of the synovial-like interface membrane to TLR ligands14.

We investigated 4 important TLR to elucidate their pres-
ence in septic loosening and to determine if there are any
differences between the aseptic and septic loosening.

MATERIALS AND METHODS
Patients and samples. Fifteen samples of the synovial membrane-like inter-
face tissues between bone and implant and the inner regenerated capsular
tissues of loosened hip prostheses were obtained at revision total hip arthro-
plasty performed for aseptic loosening. Thirteen patients were women and
2 were men, with a mean age of 70.4 years (range 55–82 yrs). Five total hip
surgeries were originally performed due to primary osteoarthritis (OA), and
10 to treat secondary OA caused by congenital dislocation of the hip joint.
The mean time from primary arthroplasty to revision was 15.3 years (Table
1). Erythrocyte sedimentation rate (ESR) and/or C-reactive protein (CRP)
levels were within normal limits in all patients. All samples were negative
for bacterial and fungal cultures. Five samples of the infectious synovial
membrane were collected from late implant-related infections of total hip
prostheses (3 female patients, 2 male; mean age 64 yrs, range 51–79). The
mean time from primary arthroplasty to revision was 6 years. Type of bac-
terial species identified from tissue culture was coagulase-negative
Staphylococci in 2 cases, S. epidermidis, S. aureus, and Escherichia coli in
one case (Table 2). Neutrophilic filtration was histologically identified,
indicating peri-implant infection by detection of more than 5 neutrophils
per high-power field at a magnification of ×40029. As controls, 5 synovial
samples were collected from patients with secondary OA due to hip dys-
plasia undergoing primary total hip arthroplasty (3 female patients, 2 male;
mean age 74.0 yrs, range 69–81). None of the patients had had episodes of
inflammatory arthritis. All control samples were negative in bacterial and
fungal cultures and had normal ESR or CRP at the surgery. Samples were
embedded in OCT (Lab-Tek, Elkhart, IN, USA) for immunostaining and
snap-frozen for ribonucleic acid (RNA) extraction and stored at –80°C.

The study protocol was approved by the ethical committee ofYamagata
University School of Medicine.

Histopathological examinations. Blocks from all samples were fixed in 4%
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solution of formalin in phosphate-buffered saline at 4°C for 24 h, embed-
ded in paraffin, and cut to 6-µm sections, then stained with hematoxylin-
eosin stain for histopathological analysis. Cryostat sections were fixed in
acetone for 5 min at 4°C and endogenous peroxidase was blocked with
0.3% H2O2 in methanol for 30 min. Sections were treated serially as fol-
lows: (1) with normal blocking serum (dilution 1:2; Vector Laboratories,
Burlingame, CA, USA) for 1 h; (2) with polyclonal rabbit anti-human TLR
2 IgG (2 µg/ml; H-175, Santa Cruz Biotechnology, Santa Cruz, CA, USA),
rabbit anti-human TLR 4 IgG (1.3 µg/ml; H-80, Santa Cruz Biotech-
nology), rabbit anti-human TLR 5 IgG (2 µg/ml; H-127, Santa Cruz

Biotechnology), rabbit anti-human TLR 9 IgG (0.3 µg/ml; H-100, Santa
Cruz Biotechnology), and/or mouse anti-human CD68 IgG (2.5 µg/ml;
Dako Cytomation, Glostrup, Denmark) and mouse anti-human CD15 IgG
(2.5 µg/ml; Santa Cruz Biotechnology); (3) with biotinylated anti-rabbit or
mouse IgG, as appropriate; and (4) with avidin-biotin peroxidase complex
(Vector Laboratories), for 30 min each. The sites of peroxidase binding
were visualized with a combination of H2O2 and 3,3-diaminobenzidine
tetrahydrochloride (Wako Junyaku, Osaka, Japan)30. The sections were
counterstained with hematoxylin. Between all steps, sections were washed
3 times with 20 mM Tris-HCl buffered 150 mM NaCl, pH 7.5. The speci-
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Figure 1. TLR-related signal pathways and their ligands (exogenous PAMP/endogenous alarmins). Not only
exogenous PAMP (e.g., bacterial lipopeptide, lipopolysaccharide, and flagellin), but also endogenous
alarmins (HSP 60, HSP 70, gp96, fibronectin, hyaluronan, and chromatin-IgG complexes) have potential to
be recognized as TLR ligands, leading to production of osteolytic cytokines and extracellular matrix-
degrading proteinases. This cascade may contribute to the pathogenesis of aseptic loosening/osteolysis.

Table 1. Profile of revision patients.

Case Diagnosis Age/sex Years from THR Type of Type of Alloy Wear Black PMMA
to Revision Prosthesis Particles Particles

1 SOA 71 F 19 Six-Ti TiA16V4 + – +
2 SOA 69 F 24 Charnley stainless – – –
3 SOA 72 M 15 Six-Ti TiA16V4 – – –
4 SOA 64 F 10 YU TiA16V4 + – –
5 SOA 67 F 17 Bateman CoCrMo – + –
6 POA 74 F 10 YU TiA16V4 + – –
7 SOA 55 F 20 Six-Ti TiA16V4 – + –
8 POA 82 F 19 Six-Ti TiA16V4 – – –
9 POA 82 F 12 YU TiA16V4 + – –
10 POA 80 M 9 YU TiA16V4 – – –
11 SOA 71 F 19 Six-Ti TiA16V4 – + –
12 SOA 63 F 9 YU TiA16V4 + – –
13 POA 78 F 26 Muller CoCrMo – – –
14 SOA 72 F 18 YU TiA16V4 – + –
15 SOA 55 F 4 YU TiA16V4 – – –
Average 70 15

YU: Yamagata University System; PMMA: polymethyl methacrylate; POA: primary osteoarthritis; SOA: secondary osteoarthritis; TiA16V4: titanium-alu-
minum-vanadium; CoCrMo: cobalt-chromium-molybdenum.
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ficity of the staining was tested by using normal rabbit IgG (Jackson
Immunoresearch, West Grove, PA, USA) or mouse IgG (2.5 µg/ml, Sigma,
St. Louis, MO, USA) at the same concentration instead of the specific pri-
mary antibodies. The average number of CD68-positive cells per/mm2 in 3
random microscopic fields for each section was counted.

Colocalization of TLR was examined using the Alexa fluorescent sys-
tem (Molecular Probes Inc., Eugene, OR, USA). As a primary antibody,
affinity-purified rabbit anti-human TLR 2 IgG, affinity-purified rabbit anti-
human TLR 4 IgG, affinity purified rabbit anti-human TLR 5 IgG or goat
anti-human TLR 9 IgG (all Santa Cruz Biotechnology); and mouse anti-
human CD68 IgG (2.5 µg/ml; Dako) or mouse anti-human CD15 IgG (2.5
µg/ml; Santa Cruz Biotechnology) were all applied at 4 µg/ml. For
immunofluorescent staining, Alexa Fluor 488-conjugated anti-rabbit or
anti-mouse IgG antibodies and Alexa Fluor 546-conjugated anti-goat or
anti-rabbit IgG antibodies (Molecular Probes Inc.) were used as recom-
mended by the manufacturer. Samples were observed under a fluorescent
microscope (DMLB, DC200, DC viewer software, Leica Microsystems,
Wetzlar, Germany). Semiquantitative evaluation of immunohistochemistry
was performed to assess the proportion of positively stained area of the total
area (scored as: –: no positive staining, ±: occasional positive cells cover-
ing < 5% of the tissue area examined, +: some positive cells covering
5%–25% of the tissue examined, ++: moderate numbers of positive cells
covering 25%–50% of the tissue examined, and +++: many positive cells
covering > 50% of the tissue examined14).

Reverse transcriptase polymerase chain reaction (RT-PCR) and quantita-
tive real-time PCR. Extraction of total RNA and RT-PCR. Total RNA isola-
tion, reverse transcription, and PCR amplifications were performed as
briefly described below. Total RNA was isolated from 100 µg of each tis-
sue with the use of the Isogen kit (Nippongene, Tokyo, Japan). The quanti-
ty of total RNA was measured using spectrophotometry at 260 nm. After
heating for denaturation at 65°C for 5 min, cDNA was produced by reverse-
transcription followed by incubation in ice for at least 1 min. cDNA
Synthesis Mix of 10 × RT buffer 2 µl, 25 mM MgCl2 4 µl, 0.1 M DTT 2 µl,
RNase OUT (40 U/µl), and SuperScriptTM III RT (200 U/µl) 1 µl was
added, followed by incubation at 25°C for 10 min, 50°C for 50 min, and
85°C for 5 min before chilling at 4°C. Finally, 1 µl of RNase H was added
to all samples at 37°C for 20 min (SuperScriptTM III First-Strand Synthesis
System for RT-PCR; Invitrogen, Carlsbad, CA, USA)10.

Quantitative real-time PCR. Enzymatic amplification of the specific cDNA
sequences was performed in LightCycler (Roche Diagnostics, Mannheim,
Germany); 5-µl aliquots of reverse-transcribed cDNA (diluted 1:10) were
subjected to PCR amplification, finally adjusted to 20 µl in a solution con-
taining 2 mM MgCl2, and 0.5 µM of both forward and reverse primers for
TLR 2, 4, 5 and 9. The primers were designed with online software Primer
3 (Whitehead Institute for Biomedical Research, Cambridge, MA, USA)
for TLR 2, 4, 5, 9, and ß-actin10,31-33 (Table 3). Two microliters of
LightCycler Fast Start DNA Master SYBR Green I were also included,
which contained Fast Start Taq DNA polymerase, reaction buffer, 200 mM

dNTP mix, SYBR Green I dye, and 1 mM MgCl2 (Roche Diagnostics).
PCR was performed as follows: initial denaturation at 95°C for 10 min, 40
cycles of denaturation at 95°C for 15 s each, annealing at 60°-62°C for 5 s,
and extension at 72°C for 10 s. PCR products were separated by 2%
agarose gel electrophoresis10,33.

Quantitative analysis was performed with LightCycler software (Roche
Diagnostics) that detects real-time fluorescent signals that correlate direct-
ly to the concentration of the target cDNA. This software performed quan-
tification by comparing the fluorescence of a PCR product of unknown
concentration with the fluorescence of several dilutions of a standard; ß-
actin was used as a standard. The ratios of each amplified product to 1000
copies of ß-actin were calculated. All mRNA expression levels were stan-
dardized using ß-actin at different concentrations (10 pg/ml, 100 pg/ml, 1
ng/ml, and 10 ng/ml) to serve as a standard10,33.

Statistical analysis. The mean and standard error of the mean (SEM) of
each standardized mRNA were calculated. Kruskal-Wallis one-way analy-
sis of variance was used for detection of differences among groups. In cases
where statistical significance was present, the Mann-Whitney U-test was
applied to detect which TLR mRNA expression level was significantly dif-
ferent between aseptic periprosthetic tissues, septic tissues, and OA syn-
ovium. A value of p < 0.05 was regarded as statistically significant.
Pearson’s correlation coefficient (r) was also calculated for each standard
curve to confirm proper PCR performance with an external standard10,33.

RESULTS
Histopathological examinations. Cell-rich areas in the
periprosthetic synovial-like interface membranes around
aseptic loosened total hip joints contained mononuclear
cells with abundant cytoplasm. Mononuclear CD68-positive
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Table 2. Profile of infected synovial samples. All cases were diagnosed with secondary osteoarthritis.

Case Age/sex Years from THR Type of Type of Alloy Wear Black PMMA No. of Pathogen
to Revision Prosthesis Particles Particles Neutrophils

(cells/HPF)

1 67 F 7 YU TiA16V4 + – + > 5 CNS
2 56 F 5 YU TiA16V4 – – – > 5 SA
3 51 M 4 YU TiA16V4 – – – > 5 SE
4 79 M 7 YU TiA16V4 + – – > 5 CNS
5 67 F 7 YU TiA16V4 – + – > 5 EC
Average 64 6

YU:Yamagata University System; THR: total hip arthroplasty; PMMA: polymethyl methacrylate; TiA16V4: titanium-aluminum-vanadium; HPF: high power
field; SE: Staph. epidermidis; SA: Staph. aureus; CNS: Coagulase-negative staphylococci; EC: Escherichia coli.

Table 3. Oligonucleotide primers used for PCR and expected template
size.

Target Forward Primer (5’→ 3’) Expected Template
Gene Reverse Primer (5’→ 3’) Size (base pair)

TLR 2 GGC CAG CAA ATT ACC TGT GTG 69
AGG CGG ACA TCC TGA ACC T

TLR 4 TCC ATA AAA GCC GAA AGG TG 195
CTG AGC AGG GTC TTC TCC AC

TLR 5 TGC CTT GAA GCC TTC AGT TAT G 75
CCA ACC ACC ACC ATG ATG AG

TLR 9 GCT AGA CCT GTC CCG CAA TA 196
ACA CTT GGC TGT GGA TGT TG

ß-actin TCA CCC ACA CTG TGC CCA TCT ACG A 295
CAG CGG AAC CGC TCA TTG CCA ATG G
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monocyte/macrophage-like cells formed 70.0% ± 7.2% of
all cells. A few foreign-body giant cells were also seen
(Figure 2A). Numerous CD68-positive monocytes/
macrophages were observed in focal stromal cellular infil-
trates and in synovial lining, in both the periprosthetic tis-
sues of the interface and regenerated capsules from asepti-
cally loosened hip joints (Figure 3A). Aseptic periprosthetic
tissues were also characterized by well organized and often

dense fibrous connective tissues (Figure 2A). Polymor-
phonuclear cells were observed only rarely, although a few
scattered CD15+ cells were observed in the synovial lining
and sublining layers and in perivascular areas (Figure 3B).

In the septic periprosthetic synovial capsular tissues, stro-
mal fibroblasts and marked cellular infiltration with mononu-
clear cells were observed, associated with fibrous loose con-
nective tissues and a few neo-vessels (Figure 2B). The infil-
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Figure 2. Hematoxylin-eosin staining. A. Synovial-like interface membranes and regenerated capsular tissues around so-
called aseptic loose/osteolysis hip joints (original magnification ×400). A cell-rich area contains mononuclear cells with
abundant cytoplasm in synovial-like interface around aseptic loosened total hip joints. B. Polymorphonuclear cells were
observed mainly in the synovial membranes around septic hip joints (original magnification ×1000).

A
B

Figure 3. CD68-positive cells (A) were observed in focal stromal monocyte/macrophage infiltrates and synovial lining cells in “so-called” aseptic peripros-
thetic tissues. Immunoreactivity to CD15 (B) was positive in a few scattered polymorphonuclear granulocytes. Negative control staining with nonimmune rab-
bit IgG proved specificity of the staining. Apart from vascular endothelial cells, TLR 2, 4, 5, and 9 strongly positive mononuclear and multinuclear cells (C,
D, E, F) are seen in inflammatory cell infiltrates and in synovial lining cells.

A B C

D E F
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A B C

D E F
Figure 4. CD15-positive cells (A) were mainly observed in synovial membrane around septic artificial joints. Immunoreactivity to CD68 (B) was not observed.
Apart from vascular endothelial cells, TLR 2, 4, 5, and 9 strongly positive mononuclear and multinuclear cells (C, D, E, F) are seen in inflammatory cell infil-
trates and in synovial lining cells.

Figure 5. In osteoarthritic synovial mem-
brane a few scattered CD68 (A) and
CD15-positive cells (B) were observed in
the synovial lining and sublining layers
and perivascularly. The most prominent
TLR 2, 4, 5, and 9 stainings (C, D, E, F)
are seen in the vascular endothelial cells,
and occasionally in stromal mononuclear
cells and synovial lining cells, which also
showed immunoreactivity to CD68 and
CD15. Negative control staining with
nonimmune rabbit IgG proved specificity
of the staining.

A B

C D

E F
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trating cells were mostly polymorphonuclear cells, which
were stained with CD15 (Figure 4B). In the synovial tissue
samples from OA secondary to dysplasia, no active inflam-
matory cell infiltrates or lymphoid aggregates were seen, but
some mononuclear cell infiltrates and thickening of
lining/sublining layers were often observed (Figure 5A, 5B).

All tissue samples from aseptic loosening, septic cases,
and OA showed immunoreactivity for TLR 2, 4, 5, and 9.
Monocyte/macrophage infiltrates with marked immunoreac-
tivity of TLR 2, 4, 5, and 9 were observed in the synovial
lining cells in both the interface and regenerated capsular
tissues retrieved from aseptically loosened hip joints (Figure
3C, 3D, 3E, 3F). In the septic tissues, immunoreactivity to
TLR 2, 4, 5, and 9 was detectable in polymorphonuclear cell
infiltrates and in those few monocytes/macrophage-like
cells that were also present (Figure 4C, 4D, 4E, 4F). In con-
trast, in OA only modest reactivity to TLR 2, 4, 5, and 9 was
seen in the endothelial cells and synovial lining (Figure 5C,
5D, 5E, 5F). The negative control staining with nonimmune
rabbit IgG proved the specificity of the staining (data not
shown).

Double-immunofluorescent staining was also performed
in the aseptic, septic, and OA tissue samples. Colocalization
of CD68/TLR 2, 4, 5, and 9 was seen in the focal mono-
cyte/macrophage aggregates and synovial lining cells in the
periprosthetic tissues of the interface and regenerated cap-
sules around aseptic total hip joints (Figure 6A, 6B, 6C). In
the septic synovial membranes, colocalization of CD15/TLR
2, 4, 5, and 9 was mainly seen in polymorphonuclear cells
(Figure 7A, 7B, 7C). In OA, immunoreactivity for TLR 2, 4,
5, and 9 and CD68 was seen in monocytes/macrophages
(Table 4). Autofluorescence and nonspecific background
were found to only a minor degree and they did not interfere
with the visualization of specific staining.

Quantitative real-time PCR.Melting-curve analysis showed
that the peaks on curves represented the melting tempera-
tures. In melting-curve analysis, all TLR and ß-actin we
examined showed only a single peak, confirming accurate
PCR performance without nonspecific products. Pearson’s
correlation coefficients (r) of these curves were < 0.995, con-
firming accurate PCR amplification. Quantification curves
showed the fluorescence data acquired once per cycle, dis-
playing fluorescence versus cycle number. The values of tar-
get mRNA expression were calculated by linear regression of
standard curve in these quantification analyses. mRNA levels
of TLR 2, 4, 5, and 9 in the aseptic and septic periprosthet-
ic tissues were higher than those of OA synovial tissues. The
ratio of TLR 2/1000 copies of ß-actin was 7.10 ± 0.63 in
aseptic tissues, 6.60 ± 0.83 in the septic tissues, and 0.68 ±
0.47 in OA tissues (aseptic and septic vs OA; p < 0.0001;
Figure 8A]. The ratios of TLR 4/1000 copies of ß-actin were
0.26 ± 0.11 in aseptic tissues, 0.18 ± 0.12 in septic tissues,
and 0.04 ± 0.03 in OA tissues (aseptic vs OA, p < 0.0001;
and septic vs OA, p = 0.0017; Figure 8B). The ratios of TLR

5/1000 copies of ß-actin in each tissue were 3.24 ± 0.81 in
aseptic tissues, 3.00 ± 0.84 in septic tissues, and 0.31 ± 0.19
in OA tissues (aseptic and septic vs OA, p < 0.0001; Figure
8C). The ratios of TLR 9/1000 copies of ß-actin were 0.29 ±
0.02 in aseptic tissues, 0.25 ± 0.05 in septic tissues, and 0.01
± 0.01 in OA tissues (aseptic and septic vs OA, p < 0.0001;
Figure 8D). In addition, the ratios of TLR 2 and 5 per 1000
copies of ß-actin were higher than those of TLR 4 and 9 in
both aseptic and septic tissues (aseptic and septic vs OA,
p < 0.001).

DISCUSSION
In our study, infiltrative CD68+ monocytes/macrophages of
aseptic loose tissues were positive for TLR 2, 4, 5, and 9. In
addition, in septic loosening, CD15+ polymorphonuclear
cells were also positive for TLR 2, 4, 5, and 9. In spite of this
difference in the cell profile between aseptic and septic
cases, both contain high numbers of cells able to sense dan-
ger with increased level of mRNA coding for these TLR
proteins. The difference between these 2 different conditions
to OA was very clear.

TLR ligands enhance the nuclear factor-κB (NF-κB) sig-
nal transduction pathway and thus induce enhanced produc-
tion of osteolytic inflammatory cytokines and extracellular
matrix-degrading proteinases34-38. Thus, the presence of
TLR in both aseptic and septic loosening, together with
reports5,8-13 of the presence of cytokines and matrix-degrad-
ing enzymes in such tissues, seems to support the contribu-
tion of such molecules to the pathogenesis of 2 different
modes of loosening, where the monocytes/macrophages
seem to play a dominant role in aseptic loosening, whereas
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Table 4. Immunohistochemical profile of the tissue samples.

Aseptic Septic Osteoarthritis

Localization
CD68 +++ ± ~+ ±
CD15 – +~++ ±

Colocalization
TLR2
CD68 + ± –
CD15 – + –

TLR4
CD68 + ± –
CD15 – + –

TLR 5
CD68 + ± –
CD15 – + –

TLR9
CD68 + ± –
CD15 – + –

Scored as: –: no positive staining, ±: occasional positive cells covering
< 5% of the tissue area examined, +: some positive cells covering 5%–25%
of the tissue examined, ++: moderate numbers of positive cells covering
25%–50% of the tissue examined, and +++: many positive cells covering
> 50% of the tissue examined14.
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A B C
Figure 6. Colocalization of TLR 5 and CD68. TLR 5 stained red using Alexa Fluor 546 (A); CD68 stained green using Alexa Fluor 488 (B). A combination
of TLR and CD68 shows as yellow-green (C). Immunofluorescent double-staining indicated monocytes/macrophages as the main TLR-positive cells in the
synovial-like interface membrane around aseptic loose hip joints.

A B C
Figure 7. Colocalization of TLR 2 and CD15. TLR stained red using Alexa Fluor 546 (A); CD15 stained green using Alexa Fluor 488 (B). A combination of
TLR 2 and CD15 shows as yellow-green (C). Immunofluorescent double-staining indicated monocytes/macrophages as the main TLR-positive cells in the
synovial membrane around septic loose hip joints.

Figure 8. Quantitative real-time PCR analysis showed mRNA expression levels of TLR 2 (A), TLR 4 (B), TLR 5 (C), and TLR 9 (D). Data are ratios of asep-
tic and septic tissues around artificial hip joints compared to osteoarthritic tissues. *All p < 0.05.
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TLR-equipped polymorphonuclear leukocytes predominate
in septic loosening (Figures 1 and 9).

Our recent study14 demonstrated immunohistochemical
localization of TLR 4 and 9 in the periprosthetic tissues of
synovial-like interface membrane around aseptically loos-
ened THR implants. The current study extends the descrip-
tion of the TLR profile in aseptic loosening to septic cases
as well. In the previous in vitro experiments, mRNA expres-
sion of TLR 4 and 9 in macrophages was first rapidly upreg-
ulated by particle stimulation in vitro, followed by rapid and
effective downregulation14. These data imply that the TLR-
related signal pathway is tightly self-regulated to prevent
excessive and harmful host responses, including injury to
innocent bystander cells/tissues. It also indicates that the
turnover of monocyte/macrophages must be very rapid in
periprosthetic tissues, as these cells in the interface mem-
brane are strongly positive. We concluded that they repre-
sent newly recruited cells that have not yet undergone TLR
downregulation. This could also apply to polymorphonu-
clear leukocytes, as they only survive for 1–3 days once they
have left the intravascular compartment and have transmi-
grated through the epithelium to periprosthetic tissues39.
Immunoreactivities to TLR 2, 4, 5, and 9 were well detect-
ed in periprosthetic tissues around both aseptic and septic
total hip joints. In contrast, mRNA analysis showed higher
expression of TLR 2 and 5 than of TLR 4 and 9. Although
the explanation for the discrepancy of the in loco status is
unclear, it may be explained by the possibility of a different
translation mechanism from mRNA to corresponding pro-
tein, or a different afferent affinity of antibodies used in the

study. Further analysis by more refined methods would be
required to address this issue.

It remains unknown if the local TLR in periprosthetic tis-
sues are engaged in ligand recognition and binding. In asep-
tic loosening this seems somewhat unlikely at first, because
by definition these cases contain no living microbes. Two
lines of evidence indicate that such TLR engagement may
still be possible. First, recent studies in which sonication has
been used to collect samples from implants for microbial
cultures suggest that in many cases in which conventional
microbial cultures have been negative, some living bacteria
can be found40,41. This suggests that some of the implant-
associated bacteria may be hidden in biofilms and are not
easily observed using conventional microbial sampling
methods. If such dormant bacterial localization relates to
enhanced expression of TLR in periprosthetic tissues, pre-
cise analyses of the tissues, combined with bacterial separa-
tion and the ligand recognition-binding assay and more
refined techniques, may reveal the status of low virulent
and/or symbiotic microbial localization in the periprosthetic
tissues of so-called “aseptic” loosening. This may contribute
to the differential diagnosis of uncertain cases. Second, in
addition to microbial PAMP, endogenous ligands for TLR
have also been recently verified. The best known example is
monosodium urate, which is released from dying cells and
in the extracellular milieu crystallizes and becomes able to
bind to TLR, leading to cellular activation42,43. Thus, TLR
ligands have expanded from the original exogenous PAMP
to endogenous alarmins, which together form alarmins or
“danger signals”22. They are both able to cause robust
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Figure 9. Possible relationships among TLR and their ligands in periprosthetic host responses. Periprosthetic tissues
on artificial hip joints are constantly influenced by exogenous PAMP and endogenous alarmins. In aseptic loosen-
ing/osteolysis, exogenous PAMP and endogenous alarmins in the periprosthetic microenvironment have potential to
be recognized by TLR. In septic loosening/osteolysis, exogenous PAMP may be recognized by TLR. Recognition of
these ligands may stimulate intracellular signaling pathways. By activation of the signal pathway, osteolytic cytokines
and extracellular matrix-degrading proteinases may be produced by this cascade.
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inflammation, which is usually rapidly downregulated as the
inflammatory host defense is taken over by the slower, but
more sophisticated and specific adaptive immune responses.
From this point of view, the TLR armamentarium of
periprosthetic tissues might also contribute to delayed cell-
mediated immunity in, for example, metal-on-metal
implants, which often contain high concentrations of metal
ions in periprosthetic tissues, due to electrochemical corro-
sion of the implants and implant-derived metallic nanoparti-
cles (Figure 9).

In conclusion, increased expression of TLR was found in
the synovial-like interfacial membrane in aseptic peripros-
thetic and septic synovial cases compared to osteoarthritic
tissues. The association of the monocyte/macrophage and
neutrophil-associated TLR with the periprosthetic inflam-
mation remains speculative, but likely, as both endogenous
alarmins (formed as a result, for example, of cellular necro-
sis) and exogenous live or dead PAMP can act as potent
stimuli. Future studies are needed to determine if the local
cells show signs of TLR ligand-driven cellular processes,
and if such processes in tissue explants can be inhibited by
blocking the TLR-mediated signaling pathways.
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