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Introduction

Summary

Osteomyelitis is a bone infection caused mostly by Staphylococcus aureus but
also by Gram-negative bacteria. Toll-like receptors (TLRs), after recognizing
microbial products, induce a signal in neutrophils, leading to NF-kB activa-
tion and transcription of pro-inflammatory genes. Polymorphisms in TLR2
(Arg753Gln) and TLR4 (Asp299Gly, Thr3991le) genes are associated with bac-
terial infections, we therefore studied these polymorphisms in osteomyelitis
patients. Homozygotes for the TLR4 (Asp299Gly) polymorphism were signif-
icantly more frequent among the 80 osteomyelitis patients than in the 155
healthy controls (3/80, 3-8% versus 0/155, 0%; P =0-038). Carriers of one or
two G alleles of this t/r4 polymorphism were more likely to have Gram-neg-
ative, haematogenous and/or chronic osteomyelitis than those without this
mutation (P <0-031). Patients with the TLR4 (Thr399Ile) mutant, which
cosegregates with the TLR4 (Asp299Gly), were also carriers of this second
polymorphism. No differences for the TLR2 (Arg753Gln) genotypes were
found between patients and controls. Neutrophils of patients homozygous for
the TLR4 (Asp299Gly) polymorphism showed lower LPS-induced apoptosis
reduction, phosphorylation of the inhibitor of NF-xB, and lower IL-6 and
TNF-a levels (P <0-05). We report here for the first time an association
between this TLR4 polymorphism and susceptibility to Gram-negative bac-
teria and haematogenous osteomyelitis.

Keywords: neutrophils, toll-like receptors, polymorphisms, osteomyelitis,
Gram-negative bacteria

devoted to improving the surgical and medical treatment of
osteomyelitis, but little progress has been made regarding its

Osteomyelitis is a bone infection characterized by its pro-
gressive inflammatory destruction, and the induction of new
bone apposition at the site of infection. In adults, osteomy-
elitis is usually a complication of open wounds involving the
bone, from fractures or surgery (metallic or prosthetic
devises), or after bacteraemia in a noninjured bone, mostly
in prepubertal children and in elderly patients. It is reported
that 0-4—7% of trauma and orthopaedic operations are com-
plicated by osteomyelitis [1,2]. Staphylococcus aureus is the
microorganism most frequently isolated in post-traumatic
and haematogenous osteomyelitis, although Gram-negative
bacteria are also frequently detected. Despite appropriate
combined medical and surgical therapies, up to 30% of
osteomyelitis cases become chronic, causing major economic
losses, morbidity and mortality [3]. Much attention has been

pathogenesis. This bone infection is multifactorial and influ-
enced mainly by local factors related to the bone lesion and
microorganisms inoculated in the bone. However, hereditary
and immunity factors may also contribute to its develop-
ment [4-6].

The Toll-like receptors (TLRs), members of the IL-1R
superfamily, are transmembrane receptors with extracellular
leucine-rich repeats and an intracellular signalling domain
and are found in monocytes, macrophages and neutrophils.
TLRs recognize microbial products (lipopolysaccharide
(LPS), lipoproteins and peptidoglycans) and induce a signal
in the affected cell, through the p38 mitogen-activated pro-
tein kinase (MAPK) and NF-xB [7-9]. The transcription
factor NF-xB is located in the cytosol in an inactive state and
is complexed with IkB. The signal induced by LPS in TLRs
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causes the phosphorylation of the IxB protein, resulting in
the release and nuclear translocation of active NF-kB. Sub-
sequently NF-xB regulates the activation of several pro-
inflammatory genes [10].

Polymorphisms in TLR2 (Arg753Gln) and TLR4
(Asp299Gly, Thr3991le) genes have been linked to variations
in responses to Staphylococcal [11] and Gram-negative bac-
terial infections and to septic shock [12,13] and could
modify the inflammatory response of carriers of these
polymorphic alleles to these microorganisms. Neutrophils
have a short half-life and die by apoptosis [14]. Activation of
TLR2 and TLR4 by either LPS or lipoteichoic acid (LTA),
derived from Gram-negative and -positive bacteria, respec-
tively, delays the apoptosis of neutrophils through the pro-
duction of IL-1fB, IL-8, TNF-o. and G-CSF [15-17]. This
delay may contribute to the chronicity of the bone infection
[5]. Finally, NF-xB enhances the activity of osteoclasts [18]
and modifications of NF-kB transcription, as occurs in
patients with TLR mutations, could modify bone metabo-
lism and lead to predisposition to the development of osteo-
myelitis or to its chronification.

Here we examined the frequency of the TLR2
(Arg753GIn) and TLR4 (Asp299Gly and Thr3991le) poly-
morphisms in osteomyelitis patients and in healthy controls,
and the possible association of these mutations with the iso-
lation of a specific type of microorganism or with a deter-
mined pathogenic mechanism as cause of the bone infection.
In addition, we studied the lifespan of neutrophils, the levels
of phosphorylated IxB-c, and the production of cytokines
after addition of LPS, in carriers and noncarriers of the TLR4
polymorphic alleles.

Patients and methods

Patients

Eighty patients (54 men, 26 women; mean age
52-3 £ 18-3 years, range 16—89 years) admitted to the Hospi-
tal Central de Asturias (Spain) between January 1998 and
June 2004 were studied. Patients with acute (24 cases) and
chronic (56 cases) osteomyelitis were included in the study
and followed for one year. Osteomyelitis was diagnosed
by clinical, roentgenographic, computerized tomographic
(CT), magnetic resonance imaging (MRI) and isotopic bone
imaging criteria. The demonstration of bone sequestra and/
or sinus tract in bone X-ray, CT or MRI, a positive Ga*’
uptake bone scan and a positive culture of the sequestra or
sinus tract were considered diagnostic features of osteomy-
elitis [1,3]. Osteomyelitis was considered chronic when
present for more than three months, and cured when
patients did not relapse during a year of follow-up. Surgical
and sinus tract pus samples were cultured in all the osteo-
myelitis patients. We diagnosed 13 patients with haematog-
enous and 67 with post-traumatic osteomyelitis. Overall, the
infection in 23 patients was caused by Gram-negative bacte-
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ria (8 by Pseudomonas aeruginosa, 4 by Proteus mirabilis and
the rest by several Gram-negative rods) and in 57 by Gram-
positive bacteria (47 by S. aureus). Thirty-eight patients had
predisposing factors for osteomyelitis (12 had paraplegia, 10
diabetes, 6 peripheral vascular disease, 4 cavus foot and 6
other different factors). All except two of the patients with
predisposing factors for osteomyeltis developed chronic
bone infection. In addition, a group of 155 Blood Bank
donors, matched for age and sex with the patients, were used
as controls. Patients and controls were members of a homo-
geneous population, all Caucasians and residents of the same
region (Asturias, Northern Spain) and were in Hardy—Wein-
berg equilibrium. Each participant gave informed consent
for the study, which was approved by the Research Commit-
tee of the Hospital Central de Asturias.

Neutrophil isolation

We simultaneously collected 10 ml of peripheral blood for
each assay from one or more osteomyelitis patients, and
from one or two healthy donors, in glass tubes containing
potassium-EDTA. Neutrophils were separated by the follow-
ing consecutive steps:

+ sedimentation in 3% dextran T-500 (Pharmacia, Uppsala,
Sweden) in 0-9% NaCl;

« standard  Ficoll-Hypaque (Lymphoprep,

Pharma, Norway) gradient centrifugation;

hypotonic lysis of the remaining red blood cells by resus-

pension in 0-2% NaCl;

« resuspension in Ham’s medium (Biochrom KG, Germany)

[5].

The cells were counted in a Coulter autoanalyser (Coulter,
Izasa, Spain), adjusted to 0-5 x 10’/ml and kept on ice (4 °C)
until used. Cells collected from the gradient interface were >
95% neutrophils by Coulter identification and > 95% viable
by Trypan blue exclusion.

Nicomed

Genotypic analysis

Other 10 ml of blood from each patient were simultaneously
collected in a glass tube containing potassium-EDTA.
Genomic DNA was extracted from peripheral blood
leucocytes.

TLR2 Arg753GIn genotyping

To analyse the TLR2 Arg753GlIn polymorphism, we used the
primers described in Table 1, as previously reported [11].
The polymerase chain reaction (PCR) was performed in a
final volume of 30 pl, containing 100 ng of genomic DNA.
This reaction consisted of an initial denaturation at 94 °C for
5 min, followed by 32 cycles of 30 s at 94 °C, 1 min at 62 °C
and 1 min at 72 °C and a final extension of 3 min at 72 °C.
The G to A nucleotide change at position 2251 produces a
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Table 1. Oligonucleotide primer sequences, PCR conditions and restriction enzymes used for genotyping and sequencing of the three polymorphisms.

PCR Annealing
pr. length temp Restriction

Gene Polymorphism Primers (bp) (°C) enzyme
TLR2 Arg753GIn F: 5-GAGTGGTGCAAGTATGAACTGGA-3" 260 62 Pst1

R: 5-TCCCAACTAGACAAAGACTGGTCT-3’
TLR4 Asp299Gly F: 5-GATTAGCATACTTAGACTACTACCTCCATG-3’ 263 56 Nco I

R: 5-GATCAACTTCTGAAAAAGCATTCCCAC-3’
TLR4 Thr3991le F: 5-TGGCAACATTTAGAATTAGTTAAC-3’ 227 52 Msp I

R: 5-CTCAGATCTAAATACTTTAGGCCG-3’

The underlined bases in the primers differ from the original sequences and served to introduce a restriction site or to disrupt a natural restriction

site within the primer sequence.

site for the restriction enzyme Pst I. PCR products were sep-
arated by electrophoresis on a 3% agarose gel and visualized
after ethidium bromide staining.

TLR4 Asp299Gly genotyping

The A to G change at position 896 produces a site for the
restriction enzyme Nco I. A sequence of 263 bp was ampli-
fied by PCR with the primers described in Table 1, as previ-
ously reported [19]. The underlined bases in the primers
differed from the original sequences and served to introduce
a restriction site or to disrupt a natural restriction site within
the primer sequence. The PCR consisted of an initial dena-
turation at 95 °C for 1 min, followed by 32 cycles of 30's at
95 °C, 1 min at 58 °C and 1 min at 72 °C, and a final exten-
sion of 5min at 72 °C. The PCR products were digested
overnight with the appropriate restriction enzyme (New
England Biolabs, Beverly, USA). The fragments were analy-
sed by electrophoresis on 3% agarose gel stained with ethid-
ium bromide. The lengths of restriction fragments for the
distinct alleles are also given in Table 1.

The results of the restriction analysis were confirmed by
sequencing representative samples for each genotype. These
samples served as standards for the Restriction Fragment
Length Polymorphism (RFLP) analysis. PCR products were
electrophoresed on a 2% low-melting agarose gel, and the
fragments were then excised from the gel, purified with spin
columns (DNA gel extraction Kit; Millipore, Billerica, MA,
USA), and the fragments were directly sequenced on an ABI
Prism 310 Genetic Analyser (Applied Biosystems, Foster
City, CA, USA).

TLR4 Thr3991le genotyping

To determine this polymorphism, we amplified a sequence of
227 bp with the primers described in Table 1. Like the prim-
ers used before, the underlined bases in the primers differed
from the original sequences and served to introduce a
restriction site or to disrupt a natural restriction site within
the primer sequence; in this case for the enzyme Msp 1.
The PCR consisted of an initial denaturation at 95 °C for
1 min, followed by 32 cycles of 30 s at 95 °C, 30 s at 52 °C

and 1 min at 72 °C, and a final extension of 5 min at 72 °C.
The PCR products were digested overnight with the appro-
priate restriction enzyme, Msp I (New England Biolabs).
The fragments were analysed by electrophoresis on 3% aga-
rose gel stained with ethidium bromide. The lengths of
restriction fragments for the distinct alleles are also given in
Table 1.

Collection of sera, culture conditions of
polymorphonuclear neutrophils and apoptosis assay

Sera collection was done as previously described [5]. For cul-
ture assays, 0-5 x 107 neutrophils in 200 pl of fresh autolo-
gous serum were incubated at 37 °C for 12 h with/out LPS
and apoptosis was then measured. Lyophilized LPS from
Escherichia coli serotype 0111:B4 (Sigma, St. Louis, MO,
USA) was used at a final concentration of 10 jig/ml. Apop-
tosis was assessed by flow cytometry using propidium iodine
staining of 52X 10° neutrophils, as previously described
[5,20] and by DNA isolation and gel eletrophoresis using
0-5-1 x 107 neutrophils, as previously reported [5]. All the
reagents in the latter assay were purchased from Sigma.

Western blot analysis of the phosphorylated inhibitor of
kB (P-IkB-ov)

Five X 10° neutrophils were collected and washed in PBS.
These cells were then resuspended in 50 ul of lysis buffer
(50 mM Tris-HCI, pH 7-5, 150 mM NaCl, 1% Triton-X100,
2mM EDTA, 8 mM EGTA, 1 mM AEBSF), incubated for
30 min on ice and centrifuged at 16000 x g at 4 °C for
20 min. Protein concentration was measured from the
supernatant using the BCA Protein Assay Kit (Pierce, Rock-
ford, IL, USA). Samples were resuspended in a loading buffer
(200 mM Tris, pH 6-8, 8% SDS, 0-4% bromophenol blue,
40% glycerol, 400 mM dithiotreitol), and heated for 5 min at
90 °C. Denatured proteins (80 ptg/sample) were separated on
12% denaturing polyacrylamide gels (SDS-PAGE) and trans-
ferred to nitrocellulose membranes (Hybond-ECL, Amer-
sham Biosciences, Little Chalfont, UK). Membranes were
blocked for 1 h with a 5% (w/v) nonfat dry milk solution
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containing 10 mM Tris-HCI, pH 7-5, 140 mM NaCl, and
0-1% Tween 20 (TBS-T) before incubation overnight at 4 °C
with a primary antibody anti P-IxB-o (Cell Signalling Tech-
nology, Danvers, MA, USA), diluted 1/1000 with 5% BSA in
TBS-T. After washing, the membranes were incubated for 1 h
with a horseradish peroxidase-labelled secondary antibody
at a dilution of 1:4000 in 1% nonfat dry milk/TBS-T, and
the labelled proteins were detected using enhanced chemilu-
minescence (ECL) reagents, as described by the manufac-
turer (Amersham Biosciences). To simplify their graphical
representation, optical density values of the Western blot
assays were transformed to arbritary units using the software
Quantity One in a densitometer GS-800 (both from Bio-
Rad, Hercules, CA, USA).

Cytokines

IL-6 and TNF-o. were measured in supernatant cultures
stored at —70 °C using ELISA kits (Amersham Biosciences),
following the manufacturer’s instructions.

Statistical analysis

The statistical analysis was performed with the SPSS package
(Version 11-0, Chicago, IL, USA). Statistical analysis of the
data was performed by the ¥ test, the Fisher’s exact test or
the Mann—Whitney U-test where apropriate. The level of sig-
nificance was P < 0-05.

Results

Frequency of TLR4 (Asp299Gly and Thr3991le) and
TLR2 (Arg753GIn) polymorphisms in osteomyelitis

To determine the 896 A/G polymorphism in the TLR4 gene,
genomic DNA from osteomyelitis patients was amplified and
PCR products were subsequently digested with the enzyme
Ncol. RFLP of the 299 section of the gene was then per-
formed. Homozygotes for the TLR4 (Asp299Gly) polymor-
phism (GG genotype) were significantly more frequent
among the 80 osteomyelitis patients than in the 155 healthy
controls (x*=5-86, P=0-038 by the Fisher’s exact test)
(Table 2, Fig. 1a). However, although carriers of the G allele
were more frequent among the former, the difference
between groups was not significant (P =0-08). Patients with
the TLR4 (Asp299Gly) polymorphism, which cosegregates
with the TLR4 (Thr3991le), were also carriers of this second
polymorphism (Table 2, Fig. 1b). The frequency of heterozy-
gous CT or the homozygous CC for this TLR4 (Thr3991le)
polymorphism did not differ between controls and osteomy-
elitis patients (Table 2).

Regarding the TLR2 (Arg753GlIn) polymorphism, no dif-
ferences among the frequency of heterozygous GA or
homozygous GG was found between controls and patients.

TLR4 polymorphism and osteomyelitis

Effect of the TLR4 (Asp299Gly) polymorphism on the
aetiology and pathogenesis of osteomyelitis

To establish whether the TLR polymorphisms are correlated
with clinical presentation, we analysed several pathogenic,
evolutive and microbiological parameters (Table 3). Carriers
of one or two alleles of the TLR4 polymorphism were more
likely to be infected with Gram-negative bacteria than non-
carriers (60% patients with the TLR4 Asp 299Gly GG + AG
genotypes versus 21-5% in patients with the AA genotype
(x> =7-02; OR(95%CI) =5-46 (1-45 21-34); P=0-0086 by
the Fisher’s exact test). Moreover, these carriers were more
likely to have haematogenous osteomyelitis than noncarriers
(40% patients with the TLR4 Asp 299Gly GG + AG geno-
types versus 10-8% in patients with the AA genotype
(x> =5-65; OR (95%CI) = 5-52 (1-27,24-58); P=0-013 by the
Fisher’s exact test). Furthermore, these carriers showed a
greater probability of developing chronic osteomyelitis than
noncarriers (93-3% patients with the TLR4 Asp 299Gly
GG + AG genotypes versus 64:6% in patients with the AA
genotype  (x*=3-52 OR(95%CI)=0-13  (0-01-1-06);
P=10-031 by the Fisher’s exact test) (Table 3). Finally, there
were not significant differences in the predisposing factors to
osteomyelitis among the carriers of the different TLR4
Asp(299)Gly genotypes (Table 4). Therefore, the predisposi-
tion to osteomyelitis was due to the carriage of the TLR4
polymorphism.

Neutrophil apoptosis

To determine whether the TLR polymorphisms are associ-
ated with abnormal signal transduction, we studied several
of the functional activities of neutrophils. Thus, we exam-
ined the apoptosis of neutrophils after LPS incubation in
carriers and noncarriers of the TLR4 (Asp299Gly) G allele
and in healthy donors. The apoptosis of neutrophils from
patients was significantly decreased in relation to controls
(P =0-002), as we have previously reported [5]. After LPS
treatment, apoptosis was significantly reduced in the neutro-
phils of healthy donors (65:1% to 36-9%; 43-3% reduction;
P=0-002). Among the patients with the distinct genotypes
of the TLR4 (Asp299Gly) allele, a further, although less sig-
nificant delay occurred in apoptosis after incubation of the
neutrophils with LPS in patients in the AG group (22-9% to
18-4%; 19-7% reduction of apoptosis; P=0-375) and even
lower in patients in the GG group (8:9% to 7-6%; 14-6%
reduction; P=0-750) (Fig.2a). Apoptosis reduction after
LPS treatment in patients in the AA group (28:1% to 14-3%;
49-1% reduction; P=0-189) was similar to that of the
healthy controls. Interestingly, patients in the GG group had
lower spontaneous and LPS-induced apoptosis rates than
those in the AA and AG groups (P <0-04) (Fig. 2a). These
results were confirmed by DNA laddering using gel electro-
phoresis (Fig. 2b).
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Fig. 1. (a) Detection of the 896 A/G polymorphism in the TLR4 gene. (Left) Genomic DNA of osteomyelitis (OM) patients was amplified and PCR
products were digested with the enzyme Ncol. The agarose gel shows the RFLP of the 299 section of the TLR4 gene from wild-type, heterozygous, and
homozygous OM patients. (c—e) Sequencing of the RFLP. Upon sequencing the sample in (c) was homozygous for alanine at position 896 (wild type),
the sample in (d) was identified as heterozygous with both an alanine and a guanine at position 896 (heterozygous), and the sample in (e) was
homozygous for a guanine at position 896 (homozygous with the mutation). (b) Detection of the Thr3991Ile polymorphism in the TLR4 gene. Genomic
DNA of OM patients was amplified and PCR products were digested with the enzyme Mspl. The agarose gel shows the RFLP of the 399 section of the
TLR4 gene from wild-type, heterozygous, and homozygous OM patients.

Phosphorylation levels of the IxB-o protein

By testing the phosphorylation of Ix-B, we determined the
functional activity of the TLR4 genotypes on NF-xB. We
studied the effect of LPS on the neutrophils of osteomyelitis
patients by Western blotting. After LPS treatment, an anti-
body that specifically detects the phosphorylated form of the
protein IkB showed a band in the neutrophils of controls
(Fig. 3b). In the neutrophils of patients in the GG group the
phosphorylation of Ix-B was significantly decreased after
LPS incubation compared with that found in the AA group
(P <0-05) (Fig.3a). This finding indicates that the TLR4
mutation involves a decreased capacity to transmit
signalling.

Cytokine secretion

Because LPS exposure induces an inflammatory response
and cytokine secretion by the neutrophils, we measured the
IL-6 and TNF-o levels in culture medium after 12 h of incu-
bation with LPS. The neutrophils of patients released higher
amounts of IL-6 to the culture media than the controls
(Fig. 4a). After incubation with LPS, neutrophils from con-
trols and also from patients with the AA phenotype
increased the amount of IL-6 secreted. Interestingly, in neu-
trophils of carriers of one or the two G alleles of the TLR4
(Asp299Gly) polymorphism, the LPS treatment did not
increase IL-6 secretion (P <0-02) (Fig. 4a). In all the groups,
the LPS treatment induced the release of TNF-o. (Fig. 4b).
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Table 3. Clinical characteristics of the osteomyelitis (OM) patients, carriers of the different TLR4 Asp(299)Gly genotypes, and of the blood donor

controls.

TLR4 GG TLR4 AG TLR4 GG + AG TLR4 AA Controls

(n=3) (n=12) (n=15) (n=265) (n=155)

Female sex/total cases (%) 3/3 (100)* 1/12 (8:3) 4/15 (26:7) 22/65 (33-8) 55/155 (35-5)
Mean age (years) 49-7 +15-6 59-8 + 124 57-5+132 52:5+17-8 51-8 +20-1
Acute OM (%) 0/3 (0) 1/12 (8:3) 1/15 (6:7)t 23/65 (35-4) NA
Hematogenous source of infection (%) 1/3 (33:3) 5/12 (41-7)% 6/15 (40-0)$ 7165 (10-8) NA
Gram negative OM (%) 2/3 (66+6) 7/12 (63-6)9 9/15 (60-0)** 14/65 (21-5) NA

OM, osteomyelitis; NA, not applicable. *P = 0-045 by the Fisher’s exact test while comparing the female frequency between OM patients carriers of
the GG genotype versus AA genotype. 1> = 3:52; OR (95%CI) = 0-13 (0-01-1-06); P = 0-031 by the Fisher’s exact test while comparing the frequency
of acute OM between patients who were carriers of the GG + AG genotypes versus AA genotype. $)* = 5-19; OR (95%CI) = 5-92 (1-21-29-65); P=0-017
by the Fisher’s exact test while comparing the frequency of haematogenous OM between patients who were carriers of the AG genotype versus AA
genotype. §y’=5-65; OR (95%CI) = 5-52 (1-27-24-58); P=0-013 by the Fisher’s exact test while comparing the frequency of haematogenous OM
between patients who were carriers of the GG + AG genotypes versus AA genotype. 9y’ = 5:18; OR (95%CI) = 5-1 (1-27-22:51); P = 0-025 by the Fisher’s
exact test while comparing the frequency of Gram negative OM between patients who were carriers of the AG genotype versus AA genotype. **y* = 7-02;
OR (95%CI) = 5-46 (1-45-21-34); P = 0-0086 by the Fisher’s exact test while comparing the frequency of Gram negative OM between patients who were

carriers of the GG + AG genotypes versus AA genotype.

However, this induction was lower in carriers of the G alleles
of this TLR4 mutant although not at a significant level.

Discussion

Neutrophils are a main component of the innate immune
system. Exposure to bacteria, or to bacterial products, such
as LPS, activates these cells as part of the inflammatory
response, thereby resulting in the clearance of pathogens and
an increase in neutrophil survival [15,21]. However, inap-
propriate or excessive neutrophil activation or alterations in
their lifespan can cause severe tissue damage, contributing to
the pathology of a range of inflammatory and infectious dis-
eases such as osteomyelitis [5,22,23]. TLR2 and 4, which are
expressed on the cell surface of human neutrophils, play a
major role in the detection of the microbial environment by
regulating neutrophil activation and survival. Since the dis-
covery of the TLRs as crucial receptors that recognize micro-
bial components and alert the immune system, healthy and
patient populations have been screened for polymorphisms
in #Ir2 and tlr4 to determine whether these mutations may be
risk factors for bacterial infections. The results obtained to
date are inconclusive, as only a few carriers of these poly-
morphisms have been identified in small populations, and

functional assays of the patients’ immunological response to
bacterial stimuli were often not performed.

Although representing a small percentage of our
osteomyelitis patients (3/80, 3-:8%), homozygotes for the
(Asp299Gly) polymorphism of tlr4 are more frequent
among osteomyelitis patients than in the control popula-
tion. In addition, we found that this polymorphism predis-
poses individuals to Gram-negative and to haematogenous
osteomyelitis and perhaps also to the chronicity of the bone
infection. The observation that osteomyelitis was associated
with the GG genotype of the (Asp299Gly) polymorphism
but not with the G allele frequency may indicate that this
mutation has a dosage effect and that both alleles are
required to produce a full pathogenic effect. We found no
differences between osteomyelitis patients and controls in
the frequency of the (Arg753Gln), a tlr2 polymorphism
associated with S.aureus infections. Our results are consis-
tent with those of Lorenz et al. [12] and Agnese et al. [24],
who reported a predisposition of homozygous carriers of
the TLR4 (Asp299Gly) polymorphism to Gram-negative
bacterial infections and septic shock. However other
authors could not find an association between carriage of
this TLR4 polymorphism and meningococcal disease or
sepsis [25,26].

Table 4. Predisposing factors for osteomyelitis (OM) in the patients, carriers of the different TLR4 Asp(299)Gly genotypes.

TLR4 GG TLR4 AG TLR4 GG + AG TLR4 AA
Predisposing factors (n=3) (n=12) (n=15) (n=65) P-value
Paraplegia (%) 0/3 (0) 2/12 (16+7) 2/15 (13-3) 10/65 (15-4) NS
Peripheral vascular disease (%) 0/3 (0) 1/12 (8:3) 1/15 (6:7) 5/65 (7-7) NS
Cavus foot (%) 1/3 (33:3) 1/12 (8:3) 2/15 (13-3) 2/65 (3:1) NS
Other factors (%)* 0/3 (0) 1/12 (8:3) 1/15 (6:7) 5/65 (7:7) NS
Diabetes 0/3 (0) 1/12 (8:3) 1/15 (6:7) 9/65 (13-8) NS
Total factors (%) 1/3 (33-3) 6/12 (50-0) 7/15 (46-7) 31/65 (47:7) NS

NS, not significant. *osteopetrosis, sensitive polineuropathy, hip dysplasia, Ewing sarcoma, prostate cancer, Munchausen syndrome.
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Fig. 2. Decreased apoptosis in neutrophils of patients with the TLR4
(Asp299Gly) GG genotype. (a) apoptosis was measured by propidium
iodide staining and FACS in 5 X 10° neutrophils incubated for 12 h in
autologous serum with (M) or without ((J) LPS (10 pg/ml). Results
represent the mean * SD of at least three individuals. P = 0-034 while
comparing the spontaneous apoptosis of OM patients with the TLR4
AA and GG genotypes. P =0-038 for the LPS-induced apoptosis while
comparing the TLR4 AA and AG versus GG genotypes. (b) apoptosis
was determined by DNA laddering.

The role of the tlr4 polymorphism in the pathogenesis of
osteomyelitis is unclear. The hyporesponsiveness of the neu-
trophils of the carriers of the t/r4 polymorphic allele in
response to LPS, a component of the Gram-negative wall,
may contribute to the development of this infection. We
found decreased levels of Ix-B, and IL-6 after LPS treatment,
and lower spontaneous and LPS-induced apoptosis of neu-
trophils in carriers of the GG or AG genotypes compared to
noncarriers (AA genotype). Our results agree with those of
Arbour et al. [27], who showed a decreased release of cytok-
ines (IL-1PB, IL-6, TNF-0) in addition to reduced NF-xB
activity after LPS treatment of neutrophils from carriers of
the tlr4 (Asp299Gly) G allele. Our results contrast with those
from other studies that report no differences in cytokine
secretion [28-31] or in MAPK activity [32] by blood mono-
nuclear cells of carriers of the tir4 (Asp299Gly) polymor-

TLR4 polymorphism and osteomyelitis

phism after LPS challenge. These differences could be due to
different stimulation techniques or to functional differences
between the cell populations stimulated: blood monocytes
versus neutrophils. Ayala et al. [22]. proposed that signalling
through tlr4 is required to maximize neutrophil recruitment
and/or migration to the damaged tissue but does not mark-
edly affect priming for the cytokine response to sepsis. In
addition, other microbial and host-derived products, such as
the F-protein of respiratory syncytial virus, extra domain A
of fibronectin, and both human and bacterial heat- shock
proteins, activate cells via TLR4, and their signalling could be
disrupted in carriers of the TLR4 polymorphism. However,
this hypothesis, which could not be proved by van der Graaf
et al. [31], was not assessed in this study. An additional point
to explore is the finding that TLR4—deficient mice have
reduced bone destruction following mixed anaerobic infec-
tions [33]. In addition, inhibition of NF-xB, which is pro-
duced by LPS, blocks osteoclastogenesis and decreases pro-
inflammatory cytokine production and inflammatory bone
loss in collagen-induced arthritic mice [18]. This observa-
tion may indicate that because patients with the TLR4
(Asp299Gly) polymorphism have a lower NF-xB activity
than noncarriers in response to LPS challenge, by their neu-
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Fig. 3. Decreased phospho-IxB production in neutrophils of patients
with the TLR4 (Asp299Gly) GG genotype. 5 X 10° neutrophils were
incubated under the same conditions as in Fig. 2 and the phospho-IxB
was determined by Western blot analysis. Optical density values of the
Western blot assay were transformed to arbitrary units to simplify their
graphical representation using the software Quantity One in a densito-
meter GS-800. (a) results of the Western blot assay are shown. Results
represent the mean + SD of at least three individuals. P < 0-05 for the
comparison of phospho-IkB production after LPS induction between
individuals with the AA and GG genotypes. (b) shows the results of the
phospho-IxB production assessed by Western blot in three OM patients
with the distinct TLR4 genotypes and one control with the TLR4 AA
genotype.
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Fig. 4. Production of pro-inflammatory cytokines by neutrophils of
osteomyelitis patients with the distinct TLR4 (Asp299Gly) genotypes
and healthy controls. 5 X 10° neutrophils were incubated for 12 h in
autologous serum with (M) or without (CJ) LPS (10 pg/ml) and cytok-
ine levels, (a) IL-6 and (b) TNF-0, in the supernatant were measured
by ELISA. Results represent the mean + SD of at least three individuals.
P =0-02 while comparing the IL-6 LPS-induced of neutrophils of indi-
viduals with the AA and GG genotypes.

trophils and perhaps by other cells, their osteoclast response
to the bone damage caused by the infection may be impaired.
The low frequency of homozygous carriers of this TLR4
polymorphism in the Caucasian population, which is below
1% [12,26,28,30,34], hinders the study of bone metabolism
in osteomyelitis in larger series.

Further studies are required to confirm the association of
the #Ir4 (Asp299Gly) polymorphism and osteomyelitis and
to determine the exact mechanism by which this polymor-
phism affects the pathogenesis of this bone infection. Exam-
ination of a more heterogenous population or another
homogenous population distinct from the one we studied
could help to determine the value of this polymorphism on
osteomyelitis pathogenesis. It is plausible, as other authors
have stated, that genetic contributions to an impaired
immune response or susceptibility to infections, such as
osteomyelitis, are caused by the cumulative effect of several
mutations present in known and unknown candidate genes
involved in the immune response [32], such as the IL-1a (—
889) polymorphism reported recently by our group [4].
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