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Introduction

Summary

The aetiology of sarcoidosis, an inflammatory granulomatous multi-system
disorder, is unclear. It is thought to be the product of an unknown exogenous
antigenic stimulus and an endogenous genetic susceptibility. Toll-like recep-
tors (TLR) are signal molecules essential for the cellular response to bacterial
cell wall components. Lipopolysaccharide (LPS), for example, binds to TLR 4.
Two different polymorphisms for the TLR4 gene (Asp299Gly and Thr3991le)
have been described recently. This leads to a change in the extracellular matrix
function of TLR4 and to impaired LPS signal transduction. We genotyped a
total of 141 Caucasian patients with sarcoidosis and 141 healthy unrelated
controls for the Asp299Gly and Thr399Ile polymorphisms in the TLR4 gene.
The mutations were identified with polymerase chain reaction followed by
restriction fragment length polymorphism (RFLP) analysis. Among sarcoido-
sis patients the prevalence for each Asp299Gly and Thr3991le mutant allele
was 15:6% (22/141). In the control group the prevalence was 5:67% (8/141)
(P =0-07). In the subgroup of patients with acute sarcoidosis there was no dif-
ference in the control group (P =0-93), but there was a highly significant asso-
ciation between patients with a chronic course of sarcoidosis and TLR4 gene
polymorphisms (P =0-01).
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sarcoidosis. In order to understand this supposed mecha-
nism in sarcoidosis, we therefore focused our work on crit-

Sarcoidosis is an inflammatory granulomatous multi-system
disorder, affecting primarily the lungs and lymph nodes.
Multiple organs, however, can be affected. The disease is
characterized by non-caseating granulomas and an exagger-
ated cellular immune response caused by increased inflam-
matory activity [1]. Overall, the course of most sarcoidosis
patients is short and favourable. Chest X-ray is used to
describe the different stages of sarcoidosis. Unfortunately,
about 20% of patients have a chronic and prolonged course
which needs to be treated with corticosteroids. Up to 5% of
all patients have severe complications such as lung fibrosis.
Although many attempts at understanding the pathogenesis
of sarcoidosis have been made during recent years, the aeti-
ology remains unclear; it is thought to be the product of an
unknown exogenous antigenic stimulus and endogenous
genetic susceptibility. In particular, earlier observations
underline the importance of the interaction between
unknown exogenous stimuli and cell surface receptors in

ical cell surface receptors which bind exogenous stimuli [2—
4]. It is well established that immunity-related receptors and
proinflammatory cytokines, which include tumour necrosis
factor (TNF)-a [5], interleukin (IL)-1fB [6], IL-2 [7], IL-6,
IL-8 [8] and interferon (IFN)-y [9], play a pivotal role in the
formation of granulomas in sarcoidosis. The early phase in
developing sarcoid granulomas is characterized by the accu-
mulation and activation of T helper cells type 1 (Th1) lym-
phocytes, which lead to an immune response. Lymphocytic
alveolitis develops after attraction of other immunocompe-
tent cells by mediators leading to non-caseating granuloma
formation.

There is evidence that the cytokine and cytokine receptor
pattern in individual patients is able to differentiate a short,
favourable course in sarcoidosis from a chronic course with
ongoing inflammation [10].

Toll-like receptors (TLRs) have a crucial role in detecting
the presence of infection. TLRs induce activation of the
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inflammatory and anti-microbial innate and adaptive
immune responses [11,12]. It is known that TLRs are asso-
ciated with a number of pathological conditions of different
lung diseases (for review see [13]); at least 11 different types
of TLRs have been described in mammals [14]. The best-
characterized receptor is TLR4, which seems to be an impor-
tant receptor of pathogen-associated molecular patterns
(PAMPs) such as bacterial lipopolysaccharide (LPS) of
Gram-negative organisms [15-17], and has been found to
play a pivotal role in sepsis [18]. Furthermore, it has been
demonstrated that specific mutations in the TLR4 coding
region (Asp299Gly and Thr399Ile) are associated with
diminished airway response to inhaled LPS in normal
human volunteers [19]. According to these results, an
increased risk for Gram-negative infections was found for
people who carry these mutations [20].

The role of the TLR4 pathway in sarcoidosis, however, is
poorly understood. As antigenic or even microbial factors
seem to be involved in the pathogenesis of sarcoidosis, we
examined 141 patients with sarcoidosis and 141 control sub-
jects for TLR4 polymorphisms (Asp299Gly and Thr3991le).

Material and methods

Patient population

The research was carried out in accordance with the Decla-
ration of Helsinki (1989) of the World Medical Association,
and the study was approved by the Ethics Committee of
Bonn University School of Medicine. Written informed
consent was obtained from each patient prior to their
enrolment.

Patients with severe medical disorders, including pulmo-
nary diseases such as chronic obstructive lung disease and
asthma bronchiale or immunological disorders, were
excluded from the study. All patients were at least 18 years old.

Sarcoidosis group

One hundred and forty-one Caucasian patients with sarcoi-
dosis (76 females, 65 males, age 51-06 = 12-90 years) were
included in the present study. The patients were recruited
from the Department of Internal Medicine, Medizinische
Poliklinik, Rheinische Friedrich Wilhelms University, Bonn,
Germany and the Department of Internal Medicine, Stidtis-
ches Klinikum St Georg, Leipzig, Germany.

Table 1. Sequences of primers as used for polymerase chain reaction (PCR).

TLR4 polymorphisms in sarcoidosis

The diagnosis of sarcoidosis was made when patients had
biopsy evidence of non-caseating epitheloid cell granuloma
in any organ and chest X-ray (posterior—anterior and lateral)
abnormalities. The stages were defined as follows: stage I
characterizes bilateral hilar lymphadenopathy; stage II addi-
tional parenchymal infiltrates; in stage III only pulmonary
infiltrates can be seen; stage 0 describes an extrapulmonary
manifestation; and stage IV lung fibrosis [21]. The diagnosis
was completed by history data, physical examination, lung
function tests, chest computed tomography and bronchoal-
veolar lavage (BAL) fluid analysis.

In the statistical analyses a chronic recurrent course was
defined as all patients with a chronic course over at least 2
years or at least two episodes in a lifetime. Acute sarcoidosis
was defined as only one episode of an acute sarcoidosis stage
I, totally resolved at the date of examination.

Control group

One hundred and forty-one Caucasian healthy, unrelated
volunteers served as control subjects (86 females, 55 males,
age 38:32 + 15-53 years). They were all residents of Germany
and were selected in pre-employment physical examinations
at the University of Bonn, Germany and the Stadtisches Klin-
ikum Leipzig, Germany. None had a history of lung disease
or showed any symptoms of lung or other disease. All
showed normal findings on chest X-ray and laboratory
examination, which included complete blood counts, urine
analyses, hepatic enzyme activities and blood, urea and
nitrogen (BUN) levels.

Blood samples and DNA isolation

Peripheral venous blood samples (9 ml) were drawn from
each patient by standard venous puncture. Each blood sam-
ple was collected in sterile tubes containing 15% K; ethyl-
enediamine tetraacetic acid (EDTA) solution. DNA was
isolated by the salting-out procedure described by Miller
etal. [22].

Determination of the genotype of the TLR4 gene

Polymerase chain reaction (PCR) was used to determine the
genotypes of both TLR4 polymorphisms from genomic
DNA. To determine the TLR4 genotypes of the samples with
respect to residues 299 and 399 DNA was amplified with
primers described first by Lorenz et al. (Table 1) [23].

Gene Polymorphism Primers MgCl,

TLR4 Asp299Gly F: 5-GATTAGCATACTTAGACTACTACCTCCATG-3’ 3 mM
R: 5-GATCAACTTCTGAAAAAGCATTCCCAC-3"

TLR4 Thr3991le F: 5-GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA-3’ 2:-5mM

R: 5-ACCTGAAGACTGGAGAGTGAGTTAAATGCT-3"

© 2006 British Society for Immunology, Clinical and Experimental Immunology, 143: 420-426 421



S. Pabst et al.

Table 2. Restriction enzymes and length of restriction fragments.

Gene Polymorphism Restriction enzyme Restriction temp °C Length of restriction fragments

TLR4 Asp299Gly Neo I 37°C Wild-type (allele A): 249 bp
Asp299Gly (allele G): 223 +26 bp

TLR4 Thr3991le Hinf I 37°C Wild-type (allele C): 407 bp

Thr3991le (allele T): 378 +29 bp

bp: Base pairs.

PCR was carried out in a 25-ul reaction mixture contain-
ing 1pug of genomic DNA, 1ul of each 10 uM primer
(MWG-Biotech, Ebersberg, Germany), 0-5 U Taq poly-
merase (Invitrogen, Karlsruhe, Germany), 1ul of each
1-25 mM base (MWG-Biotech) and 2-5 ul 10 X PCR buffer
(Invitrogen). The cycling condition consisted of an initial
cycle 95°C for 6 min in a thermocycler followed by 31 cycles
of denaturation with 95°C for 30 s, annealing with 61°C for
30 s and extension with 72°C for 30 s for all pairs of primers.
A final synthesis step with 72°C for 10 min terminated the
reaction. Genotypes were determined by electrophoresis on
2% SeaKem® agarose gel (Biozym, Hess Oldendorf, Ger-
many) and staining with ethidium bromide.

Ten pl of the resulting PCR products were used for an
overnight digest mixed with 0-2 pl of the appropriate restric-
tion enzyme (10 U/ul; Asp299Gly: Nco I; Thr3991le: Hinf I,
Invitrogen), 1-5 ul 10 X restriction buffer and 1-3 pul water.

Gels were run on a 4% MetaPhor® agarose gel (Biozym) to
determine the TLR4 alleles (Figs. 1 and 2, Table 2).

Statistical analysis

All statistical analyses were performed using a statistical soft-
ware package (spss version 12-0; SPSS, Inc., Chicago, IL,
USA). Demographic data of patients having different TLR4

gene polymorphisms were compared using a one-way anal-
ysis of variance. Differences in the frequencies of alleles and
genotypes between patients and control subjects were tested
by the ” test, as recommended and tested by independent
researchers of the Institute of Biomathematics (IMBIE), Uni-
versity, Bonn.

Results

The sarcoidosis and the control groups are characterized in
Table 3. Among 141 healthy German Caucasians tested, eight
were heterozygous for Asp299Gly and eight were heterozy-
gous for Thr399Ile (allele frequencies: 2-84%; 8/282)
(Table 4). All healthy volunteers with mutations in
Asp299Gly also showed a polymorphism in Thr3991le. None
of the patients in the control group showed a homozygous
TLR4 polymorphism (Table 4). Among 141 patients with
sarcoidosis in all stages, 22 had a heterozygous polymor-
phism for Asp299Gly and 22 were heterozygous for
Thr3991le (allele frequencies: 7-80%; 22/282) (Table 4). All
polymorphisms occurred again in tandem. We found no
homozygous mutations. Asp299Gly polymorphisms and
Thr3991le polymorphisms occurred more frequently, but
not statistically, in patients with sarcoidosis compared to the
healthy control group (P=0-07, %* test). In addition, we

Table 3. Characterization of patients with sarcoidosis and healthy control subjects.

No. Age (years) Female Male Stage at diagnosis

Sarcoidosis 141 51-06 = 12-90 76 65 1. 47
All patients II: 74

III: 17

0:3

Acute sarcoidosis 33 48:09 + 14-87 18 15
Chronic sarcoidosis 108 5196 + 1218 58 50
Control 141 38:32 +15-53 86 55

Table 4. Prevalence of the Toll-like receptor-4 mutant alleles (Asp299Gly, Thr3991le) in individuals with sarcoidosis and the healthy control subjects.

Total no. Asp299Gly Wild-type Thr3991le Wild-type
Sarcoidosis (total) 141 22 119 22 119
Sarcoidosis (acute/Lofgren’s) 33 2 31 2 31
Sarcoidosis (chronic course) 108 20 88 20 88
Control 141 8 133 8 133
422 © 2006 British Society for Immunology, Clinical and Experimental Immunology, 143: 420-426



Table 5. Statistical analysis of data as obtained with Pearson’s ’-test
(P < 0-05).

Asp299Gly
allele frequency

Thr3991Ile
allele frequency

(versus control) (versus control)

Sarcoidosis (total) P=0-07 P=0-07
Sarcoidosis (acute) P=093 P=093
Sarcoidosis (chronic course) P=0-01 P=0-01

compared 108 patients with a chronic recurrent course of
sarcoidosis with healthy volunteers. It could be shown that
20 patients in the chronic sarcoidosis group showed an
Asp299Gly polymorphism and 20 patients had a Thr3991le
polymorphism (allele frequencies: 9-26%; 20/216). The
results were therefore even more prominent in patients with
a chronic course of sarcoidosis (P=0-01) (Table 5). Taken
together there was an association, although not significant,
with the TLR4 polymorphisms studied here and sarcoidosis.
There was a significant correlation between a chronic course
of sarcoidosis and the prevalence of TLR4 polymorphisms,
whereas there seemed to be no association between the onset
of acute sarcoidosis and the prevalence of TLR4 polymor-
phisms (P =0-93).

Discussion

In this study we show that TLR4 polymorphisms are associ-
ated with a chronic course of sarcoidosis. Toll-like receptors
have a crucial role in the detection of microbial infections.
They are expressed on a variety of human cells, such as mac-
rophages, endothelial cells, smooth muscle cells, T cells and
dendritic cells (DC). The first and best-described of at least
11 different TLRs is TLR4. After detecting the presence of
infection by recognizing conserved microbial products
(PAMPs) such as LPS, activation of inflammatory innate
immune responses is induced. A complex of LPS and the
serum LPS-binding protein (LBP) initiates signals through
either membrane-bound or soluble CD14 [24,25]. After
binding to TLR4 the cytoplasmic adaptor protein MyD88
and nuclear factor kappa B (NF-xB) is activated, which
induces the expression of inflammatory cytokines [26], but
there seems to be a second MyD88 independent pathway
leading to delayed activation of NF-xB [27]. Activation of the
NEF-%B signalling pathway has been connected to the patho-
genesis of sarcoidosis [28]. There is evidence that in response
to LPS stimulation, inhibitor kappa B-alpha (IxB-o)
degrades and NF-xB is activated [29]. In sarcoidosis, IkB-a
promoter polymorphisms in UK and Dutch sarcoidosis
patients seem to be linked to the inflammatory process.

In adaptive immunity TLRs are expressed on antigen-pre-
senting cells such as DC, and are thought to be involved in
the maturation of DC and in the change of naive T cells to
T helper cells [30,31]. Several investigations have provided
evidence that signalling via TLR4-dependent pathways is

TLR4 polymorphisms in sarcoidosis

crucial for the generation of antigen-specific Th1-mediated
immune responses, but not Th2-type T cell responses [32—
35]. In sarcoidosis a Thl-type T cell response is likely to
favour the granulomatous response at sites of disease activ-
ity. It has been suggested that Th1 polarization is associated
with the pathophysiology of sarcoidosis [36,37]. However, it
is still unclear how this leading Th1 response is induced in
the formation of granuloma. Furthermore, it is hypothesized
that the DC may migrate into sarcoid-infected tissues, con-
tributing to formation of the granulomas in sarcoidosis [38].

It has been shown previously that TLRs and particularly
TLR4 are implicated in the regulation of a variety of inflam-
matory and immune disorders. For instance, TLR4 was
attributed with the mediation of microbial recognition in the
intestine, which ultimately triggers the development of
chronic enterocolitis in mice [39]. Furthermore, it could be
shown that the TLR4-activated MyD88 pathway may be
involved in allograft transplantation rejection [40] as well as
in the development of atherosclerosis [41].

Two specific mutations in the TLR4 coding region
(Asp299Gly and Thr3991le) are associated with diminished
airway response to inhaled LPS in normal human volunteers.
These mutations consist of single nucleotide polymorphisms
(SNPs) which result in missense mutations. At Asp299Gly an

-—
———— ——

Fig. 1. Toll-like receptor 4 Asp299Gly 3% MetaPhor® gel.
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Fig. 2. Toll-like receptor 4 Thr399Ile 3% MetaPhor® gel.
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A896G substitution leads to the replacement of an aspartic
acid residue with glycine at amino acid 299, which leads
probably to an altered extracellular domain of TLR4. At the
Thr3991Ile missense mutation an isoleucine also replaces a
threonine at amino acid 399 in the extracellular matrix of
TLR4. Both polymorphisms are frequent and occur at an
allelic frequency of approximately 3—4% in accordance with
a carriage rate of 6-8% in the Caucasian population [42—45].
Homozygous mutations occur very rarely. Therefore, the
incidence of heterozygous polymorphisms could be of diag-
nostic value in the evaluation of genetic disease patterns. The
overall prevalence of both TLR4 polymorphisms in the Cau-
casian population has been confirmed in our work and was
found to be at 5:67%, although these results are slightly
lower than the estimate.

TLR4 polymorphisms have been examined with regard to
chronic inflammatory diseases; contradictory results have
been shown. In 98 patients with ulcerative colitis, allele and
carrier frequencies for the Thr399Ile mutation in TLR4 gene
were increased significantly compared to 145 controls [46].
In 447 Belgian patients with Crohn’s disease (CD) a signifi-
cant association between the TLR4 Asp299Gly polymor-
phism was found. The same group examined 163 Belgian
patients with ulcerative colitis and also found a significant
association with the Asp299Gly polymorphism compared
with the control population [47].

Asp299Gly and Thr399Ile polymorphisms showed no
association with multiple sclerosis (MS) in Austrian patients
[48]. These results could be confirmed in a second study: in
890 patients with MS and 350 healthy controls, no associa-
tion with MS susceptibility or disease severity was found
with regard to Asp299Gly polymorphism [49]. No associa-
tion was observed between both TLR4 mutations and
chronic periodontitis, which is regarded as an infection with
Gram-negative bacteria. The prevalence of Asp299Gly and
Thr3991le mutant alleles was 4:1% and 4-5% among peri-
odontitis patients, respectively, similar to the healthy volun-
teers [45]. In 527 Hungarian patients with CD compared to
200 healthy controls, no difference between wild-type and
heterozygous TLR4 Asp299Gly polymorphisms could be
found [50]. With respect to pulmonary disease patterns,
Arbour and colleagues have demonstrated that individuals
with the Asp299Gly mutation and the Thr399Ile mutation
were hyporesponsive to inhaled LPS with regard to bronchial
obstruction, although not every patient with a Asp299Gly
polymorphism showed hyporesponsiveness and some of the
tested people with hyporesponsiveness expressed wild-type
TLR4 [19]. With regard to NF-xB, only Asp299Gly polymor-
phisms showed a significant reduction of activation in
transfected human monocytic THP-1 cells. Erridge and
colleagues have examined monocytes heterozygous for the
Asp299Gly and Thr3991le mutations in the TLR4 gene and
found no deficits in lipopolysaccharide signalling [51]. These
authors propose that there must be many more determinants
of other genetic and acquired traits of individuals than of the

TLR4 mutations. As it is apparent that both examined TLR4
mutations are co-segregated, it is possible that there is a coin-
cidence with other polymorphisms in either TLR4 or in dif-
ferent genes, which cause a different reaction to either LPS or
other cytokines. A difference has been shown in the respon-
siveness of inhaled LPS in vivo and incubated monocytes in
vitro, so there could be more receptors binding to LPS than
TLR4, which lead to bronchial obstruction or NF-xB activa-
tion. As TLR4 polymorphisms occur in an allele frequency
that ranges from approximately 3% to 6% in the whole pop-
ulation, and the prevalence of sarcoidosis is approximately
one case to 40 cases per 100 000 population (0-001-0-04%)
other factors, endogenous or exogenous, innate or acquired,
probably modulate the clinical course of sarcoidosis.

It could be shown that the human leucocyte antigens
human leucocyte antigens (HLA)-DQB1*0201 and HLA-
DR17 are genetic markers for a positive prognosis in sarcoi-
dosis [52,53]. Furthermore, it has been demonstrated that
the deletion allele of the angiotensin-converting enzyme
(ACE) gene is associated with a prolonged clinical course in
Finnish patients [54]. A polymorphism of TNF-3 seems to
be a marker of a prolonged clinical course in patients with
sarcoidosis [55].

It has been demonstrated recently that sarcoidosis is asso-
ciated with a truncating splice site mutation in the butyro-
philin-like (BTNL) 2 gene, which leads to T cell activation
after stimulation with proinflammatory cytokines such as
IL-1B and LPS [56].

In conclusion, the functional effective mutations
Asp299Gly and Thr3991le of the Toll-like receptor 4 gene are
much more prevalent in the sarcoidosis group than in
healthy control subjects; among patients with acute sarcoi-
dosis/Lofgren’s syndrome the TLR4 mutations are found
equally to healthy control subjects. However, there is a sig-
nificant association between the chronic course of sarcoido-
sis and TLR4 mutations. Therefore, we propose that TLR4
polymorphisms, either via altered PAMP signalling or still-
unknown ligands, may contribute to the chronic course of
sarcoidosis.
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