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No evidence of altered alveolar macrophage
polarization, but reduced expression of TLR2,
in bronchoalveolar lavage cells in sarcoidosis
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Abstract

Background: Sarcoidosis is a granulomatous inflammatory disease, possibly of infectious aetiology. We aimed to
investigate whether the degree of functional polarization of alveolar macrophages (AMs), or Toll-like receptor (TLR)
expression, is associated with sarcoidosis or with distinct clinical manifestations of this disease.

Methods: Total BAL cells (cultured four or 24 h in medium, or stimulated 24 h with LPS) from 14 patients and six
healthy subjects, sorted AMs from 22 patients (Löfgren’s syndrome n = 11) and 11 healthy subjects, and sorted
CD4+ T cells from 26 patients (Löfgren’s syndrome n = 13) and seven healthy subjects, were included. Using real-
time PCR, the relative gene expression of IL-10, IL-12p35, IL-12p40, IL-23p19, CCR2, CCR7, iNOS, CXCL10, CXCL11,
CXCL16, CCL18, CCL20, CD80, and CD86, and innate immune receptors TLR2, TLR4, and TLR9, was quantified in
sorted AMs, and for selected genes in total BAL cells, while IL-17A was quantified in T cells.

Results: We did not find evidence of a difference with regard to alveolar macrophage M1/M2 polarization
between sarcoidosis patients and healthy controls. TLR2 gene expression was significantly lower in sorted AMs
from patients, particular in Löfgren’s patients. CCL18 gene expression in AMs was significantly higher in patients
compared to controls. Additionally, the IL-17A expression was lower in Löfgren’s patients’ CD4+ T cells.

Conclusions: Overall, there was no evidence for alveolar macrophage polarization in sarcoidosis. However, there
was a reduced TLR2 mRNA expression in patients with Löfgren’s syndrome, which may be of relevance for
macrophage interactions with a postulated sarcoidosis pathogen, and for the characteristics of the ensuing T cell
response.

Introduction
Sarcoidosis is a systemic T helper 1 (Th1) inflammatory
disease [1,2], primarily affecting the lungs. The hallmark of
disease is non-caseating granulomas where macrophages
are essential components. These cells are very heteroge-
neous, characterized by plasticity and functional polariza-
tion, with, as here named, M1 and M2 types, at the
extremes of a continuum. Due to micro-environmental
signals, such as cytokines, chemokines and Toll-like recep-
tor (TLR) ligands, macrophages differ in receptor expres-
sion, cytokine and chemokine production, as well as
effector function [3,4]. Classical activation, that is IFNg,
TNF and microbial products (e.g. lipopolysaccharide

(LPS)), elicit the M1 form. This phenotype is characterized
by high capacity to present antigens and high capacity to
produce IL-12 (promoting Th1 responses) and IL-23 (pro-
moting maturation and survival of IL-17 producing
T cells), as well as microbicidal nitric oxide and reactive
oxygen intermediates. In contrast, exposure to IL-4 or
IL-13, immune complexes, and IL-10 induce the alterna-
tive activation leading to an M2 form and a relatively
more Th2 response. High amounts of IL-10, but little IL-
12 and IL-23, and abundant expression of non-opsonic
receptors characterize this phenotype.
In addition to alveolar macrophages (AMs), sarcoido-

sis patients display increased numbers of CD4+ T lym-
phocytes in their lungs. Previously, a study from our
group and others showed that these cells are highly
positive for the chemokine receptor CXCR3 [5]. Further
more, it has been shown that CXCR3 ligands, that is the
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M1 markers CXCL9, CXCL10 and CXCL11, seem
essential in the pathogenesis of pulmonary sarcoidosis
[6,7]. CXCL9 and CXCL10 appear to be involved in the
active phase of the granulomatous response, whereas
CXCL11, as well as CXCL10 and CXCL16 [8] and
CCL20 [9], may play a role in the accumulation of Th1
cells, in the sarcoid lungs. However, the presence of a
recently discovered T cell subset, the IL-17 producing
Th17 cells, has to our knowledge not been investigated
in sarcoidosis. Th17 cells have been implicated in auto-
immune diseases [10] and is also important for combat-
ing extracellular pathogens [11].
The aetiology of sarcoidosis is still unknown. How-

ever, epidemiological studies and findings of DNA from
mycobacteria [12] and propionibacteria [13] and myco-
bacterial antigens [14], in sarcoidosis tissue and lymph
nodes indicate an infectious cause. This is further sup-
ported by the demonstration by us and others that
mycobacterial antigens can elicit adaptive immune
responses [15,16], which suggests a role for pattern-
recognition receptors, such as TLRs, in the pathogenesis.
TLRs are expressed on antigen presenting cells, and as
key mediators of innate host defence these receptors are
involved in recognizing several molecules derived from
microbes of different kinds. For example, mycobacteria
contain ligands for TLR2 and TLR4.
There is a considerable variation in the clinical mani-

festations of sarcoidosis. Patients who present with Löfg-
ren’s syndrome, i.e. erythema nodosum and/or ankle
arthritis, fever and bilateral hilar lymphadenopathy with
or without parenchymal infiltration, are characterized by
an acute onset and a good prognosis and usually recover
spontaneously within two years. They are often HLA-
DRB1*03 positive. Other patients, here named non-Löfg-
ren’s syndrome patients, often have HLA-DRB1*14 or 15
haplotype, show an insidious disease onset with dry
cough and fatigue, and are at risk of developing pul-
monary fibrosis [17]. The aim of this study was to eluci-
date if the degree of BAL cell polarization, with regard
to M1 and M2 associated cytokines, chemokines and
chemokine receptors, may be associated with sarcoido-
sis, or related to clinical manifestations of sarcoidosis. In
addition, we studied the expression of the innate
immune receptors TLR2 and TLR4.

Methods
Study subjects
Sarcoidosis patients included in this study were conse-
cutive patients referred to the Respiratory Medicine
Unit (Karolinska University Hospital, Stockholm, Swe-
den) for investigation. All patients were diagnosed with
pulmonary sarcoidosis as determined by symptoms,
chest radiography and pulmonary function tests and the
diagnosis was established using the criteria by the

World Association of Sarcoidosis and other Granuloma-
tous Disorders (WASOG) [18]. Written informed con-
sent was obtained from all subjects, and the Regional
Ethical Review Board approved the study.
A total of 36 sarcoidosis patients and 17 healthy sub-

jects participated in this study. Total bronchoalveolar
lavage (BAL) cells of 14 sarcoidosis patients (median age
40 yrs, p25-p75 = 34-67 yrs; nine males and five
females), of which one had Löfgren’s syndrome, and six
healthy subjects (median age 28 yrs, p25-p75 = 26-
39 yrs; two males and four females), were cultured in
medium (four or 24 h), or stimulated with LPS (24 h).
In addition, AMs were sorted (see BAL and preparation
of cells), from a total of 22 sarcoidosis patients separate
from the above (median age 38 yrs, p25-p75 = 32-47
yrs; nine males and 13 females), of which 11 had Löfg-
ren’s syndrome, and 11 healthy subjects (median age
27 yrs, p25-p75 = 26-30 yrs; six males and five females).
Only one patient was undergoing treatment with a non-
steroid anti-inflammatory drug (diclofenac); the rest
were untreated. All patients were fasting before BAL
was performed, and none had signs of infections. All
healthy subjects had a normal chest X-ray. Clinical and
BAL fluid characteristics, of sarcoidosis patients and
healthy subjects, are given in Table 1 and Table 2,
respectively. Significant differences in clinical parameters
between patients and healthy subjects are indicated in
Table 1. There where no significant differences in lung
function parameters or BAL cell differential counts
between patients with or without Löfgren’s syndrome.
In addition, we used stored cDNA from CD4+ T cells,
from a total of 26 non-smoking sarcoidosis patients, of
which 13 had Löfgren’s syndrome, and seven non-smok-
ing healthy subjects. These CD4+ T cells where pre-
viously FACS-sorted to be included in two other studies
from our group, where a detailed patient characteriza-
tion can be found [19,20].

BAL and preparation of cells
BAL was performed as previously described [21]. Briefly,
under local anesthesia, a flexible fiber-optic broncho-
scope (OBF Type 1TR; Olympus Optical Co., Tokyo,
Japan) was passed transorally and wedged into the mid-
dle-lobe bronchus. Sterile phosphate-buffered saline
(PBS) solution was at 37°C instilled in five aliquots of 50
ml each. After instillation the fluid was aspirated and
collected in a siliconised plastic bottle kept on ice. The
BAL fluid was strained through a Dacron net (Millipore,
Cork, Ireland) and centrifuged at 400 × g for 10 min at
4°C, and the pellet was resuspended in RPMI-1640 med-
ium (Sigma-Aldrich, Irvin, UK). Cells were counted in a
Bürker chamber and the viability was determined by try-
pan blue exclusion. Ratio of CD4/CD8 T cell were
determined by flow cytometric analysis (FACSCalibur
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and FACSCanto, Becton Dickinson, Mountain View,
CA, USA) using monoclonal anti-CD3, anti-CD4, and
anti-CD8 antibodies (Dako Cytomation Norden AB,
Solna, Sweden), as previous described [22]. Using FACS-
Vantage (BD Biosciences, Mountain View, CA, USA),
AMs (recovery 0.02-2.8 × 106) were sorted from total
BAL cells, based on cell size (forward scatter) and gran-
ularity (side scatter). CD4+ T cells where sorted as pre-
viously described [20].

In vitro stimulation of total BAL cells
Total BAL cells were pelleted and resuspended in com-
plete medium (106 cells/1 ml); RPMI-1640 medium
(Sigma-Aldrich, Irvine, U.K.), supplemented with 1%
penicillin streptomycin (Invitrogen Corporation, Paisley,
Scotland), 1% L-glutamine (Sigma-Aldrich, Irvine, U.K.)

and 2% heat-inactivated human AB serum (Sigma-
Aldrich, Schnelldorf, Germany), for four or 24 h, or sti-
mulated with the classical macrophage activator and
TLR4 ligand LPS (1.6 μg/ml, Salmonella enterica sero-
type abortus equi, Sigma-Aldrich, Schnelldorf, Germany)
for 24 h [23], in 96-well U-bottom tissue culture plates
at 37°C in humidified atmosphere of 5% CO2 in air.

RNA extraction and cDNA synthesis
Total RNA was extracted via the guanidium thiocyanate
phenol-chloroform technique [24], using RNA Bee
(Nordic Biosite, Stockholm, Sweden). Briefly, 1-2 ×106

cultured total BAL cells or AMs were incubated with
300-600 μL RNA Bee for 10 min at room temperature,
and then stored at -70°C until use. After thawing,
60-120 μL chloroform was added to each sample, which

Table 1 Characterization of patients

SORTED ALVEOLAR MACROPHAGES TOTAL BAL CELLS

All sarcoidosis
patients (n = 22)

Löfgren’s
syndrome (n = 11)

Non-Löfgren’s
syndrome (n = 11)

All sarcoidosis
patients (n = 14)

Sex, male/female 9/13 3/8 6/5 9/5

Age, yr 38 (32-47)** 38 (32-39)# 40 (31-55)## 40 (34-67)�

Smoker (yes/ex/never) 1/7/14 0/3/8 1/4/6 1/4/8 (1 nd)

X-ray stage (0/I/II/III/IV) 0/11/7/3/1 0/9/2/0/0 0/2/5/3/1 2/3/7/1/0 (2 nd)

Oral steroid treatment 0 0 0 0

BAL analyses

% Recovery 73 (61-77) 73 (63-76) 72 (59-79) 68 (59-71)

% Viability 94 (92-96) 94 (92-98) 94 (92-95) 95 (92-97)

Cell concentration (*106/L) 197 (130-250)** 173 (131-225)# 213 (119-296)## 203 (153-257)

Total cell number (*106) 30 (24-38)** 31 (25-38)# 27 (23-45)# 32 (24-36)

BAL differential cell counts

% Macrophages 74 (62-79)* 74 (62-79) 73 (61-81) 69 (52-76)

% Lymphocytes 24 (18-38)** 23 (19-37)# 26 (15-39) 31 (22-47)�

% Neutrophils 0.9 (0-6-2.5) 1.0 (0.8-3.6) 0.8 (0.5-2.0) 1.0 (0.6-2.0)

% Eosinophils 0.3 (0-1.1) 0.2 (0-1.0) 0.5 (0-1.6) 0.4 (0-1.3)

CD4/CD8 ratio 7.9 (3.6-16) 8.5 (4.7-12) 6.7 (2.0-19) 8.5 (2.4-15)

Pulmonary function tests

VC 89 (81-97) 89 (81-96) 87 (75-98) 87 (79-100)

FEV1 88 (84-99) 87 (85-100) 94 (82-99) 85 (79-96)

DLCO 86 (73-94) 86 (73-95) 84 (73-93) 85 (75-99)

Data are shown as median (p25-p75)

nd = not determined

* p < 0.05, ** p < 0.01, versus sorted macrophages healthy subjects
# p < 0.05, ##p < 0.01, versus sorted macrophages healthy subjects
� p < 0.05, versus total BAL cells healthy subjects

Pulmonary function tests:

VC: Vital capacity, % of reference value

FEV1: Forced expiratory volume in one second

DLCO: Diffusing capacity of the lung for carbon monoxide

Values shows % of predicted

Wikén et al. Respiratory Research 2010, 11:121
http://respiratory-research.com/content/11/1/121

Page 3 of 13



was shaken vigorously and kept on ice for 5-10 min.
After centrifugation at 12.000 × g for 15 min at 4°C, the
upper phase, containing RNA, was transferred to a new
tube and at least an equal volume of ice-cold isopropa-
nol was added. After an overnight incubation at -20°C,
the samples were centrifuged at 12.000 × g for 20 min
at 4°C. The RNA pellet was washed in 75% ice-cold
ethanol (at 7500 × g for 10 min at 4°C), followed by air
drying for 10-15 min. The pellet was thereafter dissolved
in 20 μL autoclaved ultra clean water.
To synthesize cDNA, 1 μg of total RNA was incubated

in the presence of 20 mM random hexamers primers
(Pharmacia Biotech, Uppsala, Sweden) and 200 units
Superscript™II RNase H- Reverse transcriptase (Invitro-
gen, Lidingo, Sweden) for 10 min at room temperature
and then 45 min at 40°C, followed by 5 min at 95°C to
inactivate the enzyme. The cDNA samples were stored
at -20°C until use.

Analysis of gene expression by real-time PCR
By real-time PCR, the relative gene expression of M1
associated markers (IL-12p35, IL-12p40, IL-23p19,
CCR7, iNOS, CXCL10, CXCL11, CXCL16, CCL20,
CD80, CD86), M2 associated markers (IL-10, CCR2,
CCL18), and innate immune receptors (TLR2, TLR4,
TLR9), was quantified, using ABI Prism 7700 Sequence
Detection System (Applied Biosystems, Foster City, CA,
USA), as was the expression of IL-17A.
For human IL-10 and IL-12p40 (both according to

[2]), a PCR reaction was set up in a 25-μl reaction
volume as previously described [2]. Briefly, 1 × Taqman
buffer II, 0.5 U Ampli-Taq gold, MgCl2 concentration

optimized for each cytokine (Applied Biosystems),
0.5 mM deoxyribonucleoside triphosphate (Amersham
Bioscience, Uppsala, Sweden), 5.0 pmol of each forward
and reverse primer and 2.5 pmol probe (all from
Cybergene AB, Stockholm, Sweden). The human assay-
on-demand products for IL-12p35 (Hs00168405_m1),
IL-23p19 (Hs00372324_m1), CCR7 (Hs00171054_m1),
iNOS (Hs00167257_m1), CXCL10 (Hs00171042_m1),
CXCL11 (Hs00171138_m1), CXCL16 (Hs00222859_m1),
CCL20 (Hs00355476_m1), CD80 (Hs00175478_m1),
CD86 (Hs00199349_m1), CCR2 (Hs00356601_m1),
CCL18 (Hs00268113_m1), TLR2 (Hs00152932_m1),
TLR4 (Hs00152939_m1), TLR9 (Hs00152973_m1), IL-
17A (Hs00174383_m1), and universal master mix were
purchased commercially (Applied Biosystems, Foster
City, CA, USA).
2 μl of the cDNA (diluted in autoclaved ultra clean

water according to pilot experiments) where put in each
well on an optical 96-well reaction plate (Applied Bio-
systems, Foster City, CA, USA) together with gene mix.
Human b-actin (hs9999903_m1, or according to [2])
was used as a housekeeping gene to normalize the
values of other genes.
The PCR condition was a followed: an initial period of

2 min at 50°C and 10 min at 95°C, followed by 40 cycles
involving denaturation at 95°C for 15 sec and annealing/
extension at 60°C for 1 min. All samples were run in
duplicates and the mean values were calculated.
For relative quantification of expression of cytokine

genes in cultured total BAL cells and in sorted macro-
phages, the following arithmetic formula was used: 2-ΔΔCT

[25]. The amount of target gene was normalized to the

Table 2 Characterization of healthy subjects

SORTED ALVEOLAR MACROPHAGES TOTAL BAL CELLS

Healthy subjects
(n = 11)

Healthy subjects
(n = 6)

Sex, male/female 6/5 2/4

Age, yr 27 (26-30) 28 (26-39)

Smoker (yes/ex/never) 0/1/10 1/0/5

BAL analyses

% Recovery 74 (64-78) 70 (62-82)

% Viability 96 (95-98) 95 (93-98)

Cell concentration (*106/L) 91 (69-131) 127 (86-187)

Total cell number (*106) 18 (12-22) 20 (12-32)

BAL differential cell counts

% Macrophages 84 (79-89) 87 (64-93)

% Lymphocytes 14 (9.0-20) 11 (5.1-33)

% Neutrophils 2.0 (0.7-2.8) 1.9 (1.0-2.1)

% Eosinophils 0.2 (0-1.2) 0.3 (0-0.9)

Data are shown as median (p25-p75)
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housekeeping gene (b-actin) and the relative expression of
target genes in cultured total BAL cells was calculated in
relation to the mean values of target gene expression in
healthy subjects after 24 h of incubation in medium alone.
The relative expression of target genes in sorted macro-
phages was calculated in relation to the mean values of
target gene expression in the healthy subject group. PCR
amplification efficiencies for both the endogenous control
(b-actin) and target genes were tested through serially
diluting a cDNA sample and showing that the CT differ-
ence between the target and endogenous control remained
constant.

Statistical methods and data management
The Mann-Whitney U-test was used for comparison of
relative gene expression between sarcoidosis patients
and healthy subjects. One-way ANOVA (Kruskal-
Wallis), was used for comparison of relative gene
expression between patient subgroups (with and without
Löfgren’s syndrome), and healthy subjects. In the case of
a statistically significant result in the ANOVA, statistical
comparisons were made by use of the post-hoc test pro-
posed by Dunn to control for multiplicity. The within
group analysis (cell culture 24 h with or without LPS)
was made by use of the Wilcoxon Signed Rank Test.
The Spearman rank correlation coefficient was used in
order to test independence between variables. A p value
of <0.05 was considered as significant. The study
employs multiple hypotheses testing, where each
hypothesis was analyzed separately and the existence of
patterns in and the consistency of the results were con-
sidered in the analysis. All analyses were carried out by
use of the computer program GraphPad PRISM 4.03
(GraphPad Software Inc., San Diego, CA, USA).

Results
The relative gene expression of several M1 and M2
associated markers was quantified in cultured total BAL
cells and sorted AMs from sarcoidosis patients, with or
without Löfgren’s syndrome, and healthy subjects. In
addition, the expression of selected TLRs was measured
in sorted AMs, and IL-17A was measured in sorted
CD4+ T cells.

Gene expression after culturing and stimulation of total
BAL cells
First we studied the relative gene expression of the typi-
cal M1 markers, IL-12p35 (Fig. 1a), IL-23p19 (Fig. 1b),
CCR7 (Fig. 1c), and M2 markers, IL-10 (Fig. 1d) and
CCR2 (Fig. 1e), in total BAL cells of sarcoidosis patients
and healthy subjects after culturing in medium for four
or 24 h, or after 24 h of LPS stimulation. The number
of markers and stimulating conditions that were

investigated was limited by the amount of cells available
for the study.
In total BAL cells we found no evidence of different

M1/M2 polarization between patients and controls,
either after 24 h incubation in medium alone or with
LPS stimulation (Fig. 1). There were only minor differ-
ences in gene expression after 4 h culturing in medium
alone (data not shown) compared to after 24 h culturing
in medium. Due to limitations in the number of cells
available, gene expression after all three culture condi-
tions could not be studied in all individuals. The exact
numbers of included patients or healthy subjects are
indicated under each plot (Fig. 1). Data from the
patients and healthy subjects, where it was possible to
study all three culture conditions, is shown in Figure 2
and 3. LPS upregulated IL-12p35 and IL-23p19 in both
groups (this was not statistically significant for IL-12p35
in controls, probably because of too few individuals).
When comparing the magnitude of upregulation (the
differences between relative gene expression after 24 h
incubation in medium alone or with LPS stimulation),
we noted tendencies of lower upregulation in sarcoidosis
patients. In addition, LPS significantly upregulated IL-10
in healthy controls.
It was noted that patients with the highest gene

expression after 24 h of culturing of total BAL cells in
medium alone had a large decrease in production after
LPS stimulation. The two patients showing that pattern
had extrathoracic disease, pronounced BAL lymphocyto-
sis, and high BAL CD4/CD8 ratio.
Since there were only total BAL cells from one patient

with Löfgren’s syndrome, no subgroup comparison was
done.

Screening of M1 and M2 associated markers in alveolar
macrophages
We next freshly isolated AMs, using flow cytometric cell
sorting, and measured the relative gene expression of a
wide range of different M1 and M2 markers.
We did not find any significant differences between

patients and healthy subjects, and no difference between
patients subgroups with regard to the M1 markers
CXCL10, CXCL11, CXCL16, CD80 (Fig. 4), CD86 and
CCL20 (data not shown). The expression of IL-12p40,
IL-23p19, CCR7 and iNOS from most of the samples
were below the detection limit (data not shown).
As shown in Figure 5a, the relative gene expression of

CCL18 (an M2 associated marker) was significantly
higher in sarcoidosis patients compared to healthy sub-
jects (p = 0.034). Yet, there was no difference between
patient subgroups (Fig. 5b). The expression of CCL18
was positively correlated with the percentage of lympho-
cytes in BAL fluid (data not shown). There were no
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differences between patients and healthy subjects
regarding IL-10 (Fig. 5c) or CCR2 (data not shown).

TLR mRNA expression in alveolar macrophages
There was a significantly reduced TLR2 gene expression
in sorted AMs from sarcoidosis patients compared to
healthy subjects (p = 0.024) (Fig. 6a). Furthermore,
when studying patient subgroups, a significantly lower
TLR2 expression was observed in patients with Löfgren’s
syndrome compared to healthy subjects (p = 0.0058)
(Fig. 6b). The relative gene expression of TLR4 (Fig. 6c,
d), and TLR9 (data not shown), did not differ signifi-
cantly between the groups.

IL-17A mRNA expression in sorted CD4+ T cells
The tendency to a less pronounced upregulation of
IL-23p19 expression in sarcoidosis patients after LPS sti-
mulation, made us believe that this could have an
impact on the induction of Th17 cells. We therefore
analysed IL-17A expression in FACS-sorted CD4+
T cells. As shown in Figure 7a, the relative gene expres-
sion of IL-17A was lower in patients, statistically signifi-
cant in patients with Löfgren’s syndrome. However, this
needs to be interpreted with caution since the signifi-
cance is lost if the outlier with the highest IL-17 mRNA

expression among the healthy controls is omitted.
Furthermore, in patients there was a negative correlation
of IL-17A expression with CD4/CD8 BALF ratio
(Fig. 7b).
Since there is a reciprocal interconnection between

the development of Th17 cells and Treg cells [26], and
Th17 cells can be controlled by Foxp3+ T regulatory
cells [27], we attempted to investigate the balance
between these two subsets by correlating IL-17 mRNA
expression with that of Foxp3, using data for Foxp3
mRNA expression in the same samples of sorted CD4+
BAL T cells already included in a previous study [19].
However, no correlation was found, either in total
patients or in subgroups (Löfgren and non-Löfgren)
(data not shown).

Discussion
In the present study we aimed to investigate whether
functional polarization of alveolar macrophages was
associated with sarcoidosis, or with patient subgroups.
This was found not to be the case, although there was a
higher expression of the fibrosis-associated marker
CCL18 in AMs in the whole group of patients. In addi-
tion, we studied the expression of pattern-recognition
receptors TLR2 and TLR4, and found that AMs from

Figure 1 Total BAL cell expression of the M1 markers IL-12p35 (a), IL-23p19 (b) and CCR7 (c), and the M2 markers IL-10 (d) and CCR2
(e) mRNA, in healthy controls (HC) and sarcoidosis patients (Sarc), cultured in medium (24 h), or stimulated with LPS (24 h). Horizontal
lines depict median values. (n: number of individuals analyzed.)
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Figure 2 Intra-individual comparisons of relative gene expression of the M1 markers IL-12p35 (a, b), IL-23p19 (c, d) and CCR7 (e, f) in
total BAL cells cultured in medium (four or 24 h), or stimulated with LPS (24 h), in sarcoidosis patients (left columns) and healthy
controls (right columns).
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patients, in particular those with Löfgren’s syndrome,
had a lower expression of TLR2.
In contrast to our negative findings regarding macro-

phage polarization, previous studies have demonstrated
higher expression of the M1 markers CXCL10 [6],
CXCL11 [7] and CXCL16 [8] in sarcoidosis patients
compared to healthy subjects. However, in those studies
AMs or total BALF cells were cultured in medium over
night before gene expression were measured. In the pre-
sent study we focused on freshly isolated AMs. These
differences in results may arise because a certain degree
of stimulation is needed to make macrophages express
cytokine genes and reveal their functional potential. E.g.
it has been shown that adherence to plastic can by itself
cause macrophage activation and cytokine production
[23]. A lack of such in vitro activation in our study may
also explain why the mRNA levels of some genes such
as IL-2p35 were often below the detection limit, in
agreement with previous studies [28].
Similarly to a previous study [29], we here demon-

strate an increased gene expression of CCL18 in AMs of
sarcoidosis patients as compared to healthy subjects.
However, another study found no differences in CCL18
mRNA expression between patients and controls, yet in
that study total BAL fluid cells and not sorted macro-
phages were studied [30]. Functional studies of CCL18

has indicated a profibrotic role for this chemokine as
part of a positive feedback loop between AMs and fibro-
blasts [29]. CCL18 has been reported to be an indicator
of pulmonary fibrosis since BAL cells of sarcoidosis
patients with X-ray stage IV produce higher levels of
CCL18 compared to a lower X-ray stage [29]. There
have also been findings of high levels of CCL18 in
patients with other fibrosing lung disorders [31,32]. In
addition, plasma levels of CCL18 have been suggested to
be a marker of disease activity [33]. We did not find any
correlations with X-ray stage, or lung function para-
meters in our study. However, the majority of our
patients had X-ray stage I or II, with only one at X-ray
stage IV. Neither did we observe any difference in
CCL18 expression between patients with Löfgren’s syn-
drome or not. We found, however, that the expression
of CCL18 was positively correlated with the percentage
of lymphocytes. Therefore, CCL18 may act mainly as a
T cell attractant, preferentially of naïve T cells [34], in
the early stage of disease, while the profibrotic role of
CCL18 may only be important in more advanced
disease.
We found that AMs of patients are characterized by a

lower gene expression of TLR2 compared to healthy
subjects. This is in contrast to our previous report of
higher expression of TLR2 and TLR4 receptors on

Figure 3 Intra-individual comparisons of relative gene expression of the M2 markers IL-10 (a, b) and CCR2 (c, d) in total BAL cells
cultured in medium (four or 24 h), or stimulated with LPS (24 h), in sarcoidosis patients (left columns) and healthy controls (right
columns).
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Figure 4 Alveolar macrophage expression of the M1 markers CXCL10 (a, b), CXCL11, (c, d), CXCL16 (e, f), and CD80 (g, h) mRNA of
(a, c, e, g) healthy controls (HC) and sarcoidosis patients (Sarc), and (b, d, f, h) HC, Löfgren’s syndrome patients and Non-Löfgren’s
syndrome patients. Horizontal lines depict median values. (n: number of individuals analyzed.)
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blood monocytes [35], although it should be noted that
different cell types were studied (monocytes vs. macro-
phages) and different techniques used (cell surface
receptor expression vs. mRNA expression). One expla-
nation for this difference in TLR expression between
lung and blood could be differences in exposure to var-
ious stimuli known to affect TLR expression. For exam-
ple, TLR ligands are able to up- or downregulate TLR
mRNA expression depending on dose and time [35-37]
In addition, the cell surface level of TLR2 was found to
be increased by some cytokines, and decreased by others
[38]. E.g. IFNg and TNF downregulated TLR2 levels on
human monocytes, although macrophages were not stu-
died. Therefore, the totality of different inflammatory
mediators present in different compartments are likely
to determine local TLR expression. Moreover, the TLR2
down-regulation was mainly seen in patients with Löfg-
ren’s syndrome, possibly indicating that these patients
respond to a particular ligand that specifically binds to
TLR2.
The finding of a tendency to a smaller LPS-induced

increase in IL-23 expression in sarcoidosis patients
raised the question whether Th17 cells may be differ-
ently affected in sarcoidosis patients compared to

healthy subjects. We found that the relative gene expres-
sion of IL-17 in CD4+ T cells was reduced in sarcoido-
sis patients, statistically significant (although weakly so)
in patients with Löfgren’s syndrome compared to
healthy subjects. The reason for this is not clear, but it
may be related to findings in recent studies reviewed in
[39] showing that the Th17 phenotype is unstable, and
via T-bet induction can be converted to a Th1 pheno-
type. It may be speculated that the Th1-inducing lung
milieu characteristic of sarcoidosis has such an effect on
Th17 cells. Furthermore, we found a negative correla-
tion between BALF CD4+ T cell IL-17A expression and
BALF CD4/CD8 ratio in sarcoidosis, suggesting that the
alveolitis seen in patients is associated with an influx of
CD4 T cells with on average merely little production of
IL-17. The roles of IL-23 and IL-17 in sarcoidosis clearly
merit further investigation.
In a recent publication it was shown that smoking can

affect macrophage polarization in the M2 direction [40].
Although there were very few current smokers among
the patients and controls in our study, the smoking his-
tory differed when ex-smokers were taken into account.
Previous smoking could potentially affect macrophage
polarization, although that was not addressed in the

Figure 5 Alveolar macrophage expression of the M2 markers CCL18 (a, b) and IL-10 (c, d) mRNA in (a, c) healthy controls (HC) and
sarcoidosis patients, and in (b, d) HC, Löfgren’s syndrome patients and Non-Löfgren’s syndrome patients. Horizontal lines depict median
values. * p < 0.05. (n: number of individuals analyzed.)
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above mentioned study. However, considering the diffi-
culties in recruiting healthy controls for bronchoalveolar
lavage obtaining a desired match with patients for fac-
tors such as smoking history and age is not practically
feasible. Also, the above mentioned study was published
after the samples for the present study were collected.
We did not observe any obvious differences with regard
to the expression of the different genes between indivi-
duals with different smoking status. Also, another report
suggests that current, but not previous smoking, is

important for macrophage gene expression. Using
microarray analysis of human alveolar macrophages, it
was found that despite the inclusion of ex-smokers in
the group of non-smokers, there was complete segrega-
tion between non-smokers and smokers after cluster
analysis of the 200 genes with the highest variance
across smokers and non-smokers [41].
In conclusion, we did not find evidence for a differ-

ence in alveolar macrophage polarization in patients
compared to healthy controls. The role of IL-23/IL-17

Figure 6 Expression of TLR2 (a, b) and TLR4 (c, d) mRNA in alveolar macrophages in (a, c) healthy controls (HC) and sarcoidosis
patients, and in (b, d) HC, Löfgren’s syndrome patients and Non-Löfgren’s syndrome patients. Horizontal lines depict median values.
* p < 0.05, ** p < 0.01. (n: number of individuals analyzed.)

Figure 7 Expression of IL-17A mRNA in BAL fluid CD4+ T lymphocytes in healthy subjects (HC), Löfgren’s syndrome patients and Non-
Löfgren’s syndrome patients (a). Horizontal lines depict median values. * p < 0.05. Correlation between IL-17A mRNA expression and
BALF CD4/CD8 ratio (b).
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axis in sarcoidosis merits further study. The reduced
TLR2 expression of AMs from patients with Löfgren’s
syndrome may suggest a distinct innate immune
response to pathogens in these patients.
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