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sTREM-1 in bronchoalveolar lavage fluid in patients with
pulmonary sarcoidosis, effect of smoking and inflammation

Suchankova M!, Bucova M!, Tibenska E?, Demian I3, Majer I°, Novosadova H?, Tedlova E?,

Durmanova V!, Paulovicova E*

Institute of Immunology, Faculty of Medicine Comenius University Bratislava, Slovakia.
maria.bucova@fmed.uniba.sk

Abstract: Soluble TREM-1 (sTREM-1; Triggering receptor expressed on myelocytes) is a new inflammatory
marker indicating the intensity of myeloid cells activation and the presence of infection caused by extracellular
bacteria and mould.

The aim of our work was to detect and compare the levels of STREM-1 in bronchoalveolar lavage fluid (BALF)
in patients with pulmonary sarcoidosis (PS) and other ILD of non-infectious origin. The sTREM-1 levels were
assessed by ELISA in 46 patients suffering from ILD, out of them 22 with PS.

The levels of BALF sTREM-1 in PS patients were higher than in control group of ILD patients of non-infectious
origin, however, the difference was not statistically significant. Since all PS patients except one were non-
smokers we compared non-smokers PS with non-smokers ILD patients and found four times higher levels of
BALF sTREM-1 in PS patients (P = 0.001). We also recorded the effect of smoking, ILD smokers had higher
sTREM-1 levels than non-smokers (P = 0.0019). Higher concentrations of sSTREM-1 were detected in BALF of
patients with lymphadenopathy and with elevated inflammatory markers in BALF.

Our results show that BALF sTREM-1 could be a good inflammatory marker and could help in diagnosis and PS
monitoring. Detection of sSTREM-1 in BALF indirectly points to myeloid cells activation in the lungs and helps to
complete the information about the number of myeloid cells commonly determined in BALF with additional in-
formation concerning the intensity of their activation. This is the first study that analyses BALF sTREM-1 levels

in patients with PS (Tab. 8, Ref. 28). Text in PDF www.elis.sk.
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TREM-1 (Triggering receptor expressed on myeloid cells), first
described in 2000, is expressed on the surface of myeloid cells (1)
and its expression is further enhanced by an inflammatory process.
Myeloid cells activation upon a ligand binding to this receptor
generally results in amplification of inflammatory responses. Mac-
rophages are converted into activated cells producing high levels
of proinflammatory cytokines and chemokines attracting further
cells to the site of inflammation (1-3). However, anti-inflammatory
cytokine production upon TREM-1 activation is decreased (2).
Another consequence of TREM-1 activation is an increased ex-
pression of co-stimulatory molecules (1, 2) on the surface of mac-
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rophages, and enhanced antigen presentation that triggers a dra-
matic T cell proliferation. Neutrophils activated through TREM-1
enhance their respiratory burst activity, degranulation, phago-
cytosis, release of myeloperoxidase and IL-8, respectively (4).
Although the biochemical structure of TREM-1 ligands remains to
be identified, some studies suggest inflammatory response products
participation (5—7). Expression of membrane bound TREM-1 on
myeloid cells is enhanced in the presence of bacteria and bacterial
products, inflammatory cytokines and TREM-1 activation (2, 3).
However, anti-inflammatory cytokines synergistically inhibit their
expression (2). The membrane form of TREM-1 can be cleaved
by plasma metalloproteinases and its ectodomain is released into
microenvironment (8). This soluble TREM-1 molecule (sSTREM-1)
could act as a down-regulator of inflammation — by binding to the
natural ligand, sSTREM-1 prevents its binding to the membrane
TREM-1 and subsequent cell activation (9).

STREM-1 can be detected in plasma (8, 10—12), pleural effu-
sion (13, 14), amniotic fluid (15), bronchoalveolar lavage (16, 17)
and other body fluids. Several studies have tried to elucidate the
biological significance of TREM-1 receptor and its soluble form in
various diseases and in various forms of inflammatory response, e.g.
sepsis, autoimmune diseases and allergies. The highest expression
of TREM-1 and levels of sSTREM-1 molecules have been found in
patients with sepsis (10) and other inflammatory diseases caused by
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extracellular microorganisms such as pneumonia (16, 17), cholan-
gitis (18, 19) and acute pancreatitis (20). Less significant involve-
ment of this molecule but still higher compared to healthy controls
was found in patients with chronic obstructive pulmonary disease
(COPD) (11) and inflammatory bowel diseases (12). There are
only a few studies testing TREM-1 in diseases affecting the lung
interstitium — interstitial lung diseases (ILD) and no study analyz-
ing BALF sTREM-1 in patients with pulmonary sarcoidosis (PS).
The aim of our study was to detect and compare the levels of
a new inflammatory marker sSTREM-1 in BALF of patients with
PS and control group of ILD patients of non-infectious origin.

Patients and methods

51 patients indicated by clinicians for BALF examination for
diagnostic purposes were enrolled to our study. Five patients were
excluded from the study for the following reasons: two due to
bronchopneumonia, two due to pulmonary neoplasia and one due
to pancytopenia. Finally, 46 patients were enrolled in this study,
22 with PS and 24 ILD patients of non-infectious origin (Tab. 1).
Whereas the BAL procedure is an invasive examination and there
is an ethical problem to enroll healthy individuals, the group of ILD
patients other than PS were used as a control cohort in our study.
The disadvantage of our control group is that it is heterogeneous
group of different clinical entities and increased expression of
TREM-1 can be caused by infection (e.g. in patients with chronic
obstructive pulmonary disease acompanied by chronic infection).
The comparison of sarcoidosis and other ILD may be interesting in
the differential diagnosis. The diagnosis was established in compli-
ance with criteria recommended by the American Thoracic Society
(ATS), the European Respiratory Society (ERS) and the World
Association of Sarcoidosis and Other Granulomatous Disorders
(WASOG) (21): typical clinico-radiological presentation, the his-
tological evidence of non-caseating granuloma and/or an increased
CD4/CDS8 ratio (>3.5) in BALF. According to chest radiographic
staging, 8 patients were in stage I of the disease and 14 patients in
stage I1. Other possible diseases causing granuloma were excluded.

The control group represented 24 patients suffering from ILD
of non-infectious origin, more unspecified interstitial pneumopathy
with non-infectious chronic interstitial lung involvement. Inclusion
criteria for this group were confirmed signs of fibrosis on HRCT
scan — GGO (ground-glass opacity) and/or honeycombing (all
patients), decreased lung diffusion capacity (all patients), typical
BAL pattern — decreased CD4/CD8 ratio (all patients).

Both groups were further subdivided into subgroups of smok-
ers and non-smokers, patients with and without lymphadenopa-
thy, patients with and without elevated inflammatory parameters
in BALF (total proteins, immunoglobulins, complement compo-

nents, alpha 2 -macroglobulin) (Table 6). No patient enrolled in
this study was treated with corticosteroids prior to BAL procedure.
The study was approved by the Local Ethical Committee of Fac-
ulty of Medicine Comenius University in Bratislava and written
informed consent was obtained from all patients.

BALF harvesting during bronchoscopy was carried out at the
Department of Pneumology and Phthisiology, Faculty of Medi-
cine Comenius University in Bratislava. Fiberoptic bronchoscope
was introduced into the wedge position to middle lobe bronchus
to the segment S4 or S5. BAL procedure was BALF withdrawing
performed by instillation of 100 ml in two successive 50 ml por-
tions of sterile normal saline into the middle lobe and aspirated
by gentle suction using a flexible fiberoptic bronchoscope. The
harvested BALF was split equally into three tubes. One tube was
sent for the standard analysis of the differential cell count (Table
7) and immunological tests (Table 6), next one was transported
to the laboratory of clinical microbiology (cultivation of aerobic,
anaerobic bacteria and mycobacterium tuberculosis to rule out in-
fection) and the third tube was placed on ice and transported to our
laboratory, where the sample was filtered through sterile mull and
centrifuged at 400 g for 10 min at +4 °C. Thereafter, the sample
was stored at -80 °C until the assays were performed. Plasma of
patients was obtained from whole blood taken into a tube with
EDTA after centrifugation at 400 g for 15 min.

STREM-1 concentrations in BALF were determined by a
sandwich enzyme-linked immunosorbent assay (Quantikine, Hu-
man TREM-1 ELISA kit, R&D Systems, USA) according to the
instructions of the manufacturer.

Statistical analysis

The one-sample Kolmogorov-Smirnov test was used to de-
termine whether the investigated population followed a normal
distribution. On the basis of the results, either non-parametric
Mann-Whitney U-test or the parametric non-paired #-test with
Welch correction was used to examine the statistical significance.
Data with determined cut off were compared with Fischer’s test
(comparison of inflammatory markers). To calculate correlation
between two sets of data, Pearson (data followed normal distri-
bution) or Spearman’s (data did not follow normal distribution)
test was used.

Results

Plasma levels of sSTREM-1

In a small cohort of patients with PS (n=7) and healthy con-
trols (n=19) we tested the plasma concentrations of STREM-1
and found no statistically significant difference between these
two groups (Tab. 1).

Tab. 1. Concentrations of sSTREM-1 in plasma of patients with pulmonary sarcoidosis and healthy controls.

STREM-1 in plasma (pg/ml)

Mann-Whitney

Group Number Mean+SD Median Range 2-tailed, p=
PS 7 24.80+17.73 18.83 9.67-55.04 0.862
Healthy controls 19 26.16+6.06 26.59 15.98-38.78

sTREM-1 — soluble triggering receptor expressed on myelocytes, PS — pulmonary sarcoidosis.
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Tab. 2. Characteristics of study subjects.

Group Subjects number ~ Male (%) Mean age+SD
PS 22 81.8 38.4£10.7
ILD 24 54.2 57.0£14.1
Non-smokers PS 21 78.6 38.6+10.9
Smokers PS 1 100.0 32.0
Non-smokers ILD 15 46.2 58.9+16.5
Smokers ILD 9 66.7 56.3+£8.6
Patients without LAP 18 58.3 60.7+15.9
Patients with LAP 28 82.1 41.7£12.14
BALF INFLAM + 19 78.6 38.5£10.4
BALF INFLAM - 27 56.5 51.9+16.3

PS — pulmonary sarcoidosis, ILD — interstitial lung diseases, LAP — lymphadenopa-
thy, BALF INFLAM+ — elevated inflammatory markers in bronchoalveolar lavage
fluid with elevated levels of at least 3 inflammatory markers, BALF INFLAM- —
not-elevated inflammatory markers in bronchoalveolar lavage fluid.

Tab. 3. ILD and subgroups of smokers, non-smokers, LAP positive/
negative and BALF inflammatory markers positive/negative patients.

ILD Smokers ~ Non-smokers LAP+/- BALF INFLAM +/-
IPF 5 (3 COPD) 11 3/13 7/9
CTILD 2 (1 COPD) 3 1/4 1/4

EAA 2 0 2/0 2/0

DI ILD 0 1 0/1 0/1

All patients 9 15 6/18 10/14

ILD - interstitial lung diseases, LAP +/- — number of patients with lymphadenopa-
thy/ number of patients without lymphadenopathy, BALF INFLAM+/- — number of
patients with elevated inflammatory markers in bronchoalveolar lavage fluid/ number
of patients without elevated inflammatory markers in bronchoalveolar lavage fluid,
IPF —idiopathic pulmonary fibrosis, COPD — chronic obstructive pulmonary disease,
CT ILD — connective tissue related interstitial lung disease, EAA — extrinsic allergic
alveolitis, DI ILD — drug-induced interstitial lung disease.

Characteristics of the study groups (PS and ILD patients)
Plasma levels of sSTREM-1 could not indicate inflammatory

process ongoing in lungs that is why we decided to test the levels

of STREM-1 in BALF of PS patients. Since bronchoalveolar la-

vage is not performed in healthy subjects due to ethical reasons,
as comparative control group were chosen patients suffering from
other interstitial lung diseases (ILD) of non-infectious origin.
Characteristics of study subjects are shown in Table 2 and Table 3.

STREM-1 in BALF of PS and ILD patients. The effect of smoking.

Comparing levels of sSTREM-1 in BALF of patients with
PS (n=22) and the rest of ILD patients of non-infectious origin
(n=24) we found higher mean value in patients with PS compared
to patients with other ILD (PS: mean+SD: 265.01+170.40, ILD:
mean+SD: 189.40+158.03), however, the difference was not sta-
tistically significant (p=0.125) (Tab. 4).

The BALF levels of sSTREM-1 in PS non-smokers (n=21;
only one patients in this group was smoker) were more than four
times higher than in non-smokers in the control ILD group (PS:
median: 267.8; range: 34.41-565.90; ILD: median: 30; range:
15.20-267.04). The difference was statistically highly significant
(p=0.001) (Tab. 4).

Comparing ILD smokers (n=9; 4 of these patients suffered
also from COPD and 2 from bullous emphysema) and non-smok-
ers (n=13), we found statistically significantly higher levels of
BALF sTREM-1 in ILD smokers (ILD smokers: median: 331.8,
range: 133.24-512.97; ILD non-smokers (median: 30, range:
15.20-267.04). This difference was statistically highly significant
(p=0.0019) (Tab. 4).

Levels of BALF sTREM-1. The effect of inflammation.

As high concentrations of STREM-1 suggest the amplification
of inflammation, we compared sTREM-1 levels in patients with
and without hilar and/or mediastinal lymphadenopathy (LAP), re-
gardless of the diagnosis. Higher levels of BALF sSTREM-1 were
found in patients with LAP (median: 260.3, range: 24.40-565.9)

Tab. 4. Concentrations of STREM-1 in BALF of patient with pulmonary sarcoidosis and other interstitial lung diseases and influence of smoking.

sTREM-1 in BALF (pg/ml)

Group Number Mean+SD Median Range p=
PS 22 265.01£170.40 243.94 34.41-565.90 0.125%
ILD 24 189.40+158.03 181.65 15.20-512.97 )
Smokers PS 1 218.90 218.90

Non-smokers PS 21 276.70+185.10 267.76 34.41-565.90 -
Non-smokers PS 21 276.70+185.10 267.76 34.41-565.90 0.001**
Non-smokers ILD 15 94.90+99.70 30.00 15.20-267.04 ’
Non-smokers ILD 15 94.90+99.70 30.00 15.20-267.04 0.0019%*
smokers ILD 9 319.80+150.70 331.82 133.24-512.97 )

STREM-1 — soluble triggering receptor expressed on myelocytes, BALF — bronchoalveolar lavage fluid, PS — pulmonary sarcoidosis, ILD — interstitial lung diseases, * — t-test

2-tailed, ** — Mann-Whitney test 2-tailed.

Tab. 5. Concentrations of STREM-1 in BALF of patients with LAP and patients with increased inflammatory markers in BALF irrespective

of diagnosis.

Group (PS+ILD) N(PS +ILD) Mean+SD Median Range p=
Patients with LAP  (N=28) 22+6 267.20+165.50 260.29 24.40-565.9 0.0064%*
Patients without LAP (N=18) 0+18 127.60+149.00 31.11 15.20-449.50 )

BALF INFLAM+  (N=19) 9+10 283.17+191.24 260.29 15.20-565.90 0.042%
BALF INFLAM—-  (N=27) 13+14 166.82+142.00 135.44 18.20-512.97 )

STREM-1 — soluble triggering receptor expressed on myelocytes, BALF — bronchoalveolar lavage fluid, PS — pulmonary sarcoidosis, ILD — interstitial lung diseases, LAP
— lymphadenopathy, BALF INFLAM+ — elevated inflammatory markers in bronchoalveolar lavage fluid, BALF INFLAM— — non-elevated inflammatory markers in bron-
choalveolar lavage fluid, N(PS+ILD) — number of patients with PS + number of patients with ILD, * — t-test 2-tailed, ** — Mann-Whitney test 2-tailed.
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Tab. 6. Inflammatory markers in BALF of patients with pulmonary sarcoidosis and interstitial lung diseases.

PS ILD
Mean+SD No. of inflam+patients/cut off (mg/1) Mean+SD No. of inflam+patients/cut off (mg/l) P
1gG 53.10+68.50 18/>30.0 55.50 £102.30 13/>30.0 0.53%*
IgM - 11/>2.4 - 11/>2.4 0.93%%*
IgA 17.20421.40 7/>20.0 20.40+31.80 11/>20.0 0.98*
Total proteins 266.4+245.7 18/>200 243.30+216.10 16/>200 0.99%*
C3 - 9/>2.5 - 7/>2.5 0.69%*
A2MA — 7/>4.0 — 7/>4.0 1.00%*

BALF — bronchoalveolar lavage fluid, No. of inflam+ patients/cut off — number of patients with elevated marker (higher than the determined cut off value)/determined cut
off value; PS — pulmonary sarcoidosis, ILD — interstitial lung diseases, IgG — immunoglobulin G, IgM — immunoglobulin M, IgA — immunoglobulin A, C3 — C3 complement
component, A2MA — alpha 2-macroglobulin, * — Mann-Whitney test, ** — Fischer's test.

Tab. 7. CD surface markers and differential cell count in BALF.

PS ILD p=
(mean+SD) (mean+SD) (Mann-Whitney,
2-tailed sg.)

CD3+ (%) 93.20+4.10 89.50+5.40 =0.0052
CD4+ (%) 78.40+16.10 37.70+13.20 <0.0001
CD8+ (%) 15.70£14.50 53.90+14.50 <0.0001
CD4+/CD8+ 8.60+5.80 0.80+0.50 <0.0001
Ma (%) 53.50 +£17.10 68.30+20.10 =0.0104
Ly (%) 35.80+16.90 16.20+12.20 =0.0001
Neu (%) 10.10+8.30 14.80+13.30 =04

Eo (%) 0.60+0.90 0.70+1.50 =0.75

CD - cluster of differentiation — cell membrane markers, BALF — bronchoalveolar
lavage fluid, PS — pulmonary sarcoidosis, ILD — interstitial lung diseases, CD3+ —
percentage of all T-lymphocytes, CD4+ — percentage of T-helper lymphocytes, CD8+
— percentage of T-cytotoxic lymphocytes, CD4/CD8 — ratio between T-helper and
T-cytotoxic lymphocytes percentage, Ma — macrophages, Ly — lymphocytes, Neu —
neutrophils, Eo — eosinophils.

Tab. 8. Correlation between sSTREM-1 concentration and percentage
of cells in BALF.

Cells/sTREM-1 R= 95% CI p=

MA/sTREM-1 —0.310 —0.662-0.154 0.172
LY/sTREM-1 0.246 —0.221-0.621 0.284
NEU/sTREM-1 —0.123 —0.537-0.338 0.595
CD4+/sTREM-1 0.452 0.012-0.746 0.0396
CD8+/sTREM-1 —0.289 —0.641-0.165 0.193
CD4/CD8/sTREM-1 0.325 —0.126-0.664 0.140

Cells/sTREM-1 — correlation between selected cells and sSTREM-1, Ma — macro-
phages, Ly — lymphocytes, Neu — neutrophils, Eo — eosinophils, CD4+ — T-helper
lymphocytes, CD8+ — T-cytotoxic lymphocytes, CD4/CD8 — ratio between T-helper
and T-cytotoxic lymphocytes, R — correlation coefficient, CI — confidence interval

than in patients without LAP (median: 31.11, range: 15.20-449.50)
(p=0.0064) (Tab. 5).

Moreover, patients with at least 3 elevated inflammatory mar-
kers (total proteins, IgG, IgA, 1gM, C3 complement, alfa-2 mac-
roglobulin) in BALF (sSTREM-1: mean+SD: 283.17+£191.24) com-
pared to patients without elevated inflammatory markers (sSTREM-1:
mean+SD: 166.82+142) showed statistically significantly higher
levels of sSTREM-1 in BALF (p=0.042), regardless of the diagno-
sis (Tab. 5). Concentrations of investigated inflammatory mark-
ers (proteins, IgG, IgA, IgM, C3, alfa-2 macroglobulin) in BALF
did not differ between PS and ILD investigated groups (Tab. 6).

Differential cell count in BALF of PS and ILD patients
Comparing both investigated groups, the group of PS patients
had statistically significantly higher percentage of all lymphocytes

(mean+SD: PS: 35.80+16.90; ILD: 16.20+12.20; p=0.0001), high-
er percentage of CD3" T cells (PS: 93.204+4.10; ILD: 89.50+5.4;
p=0.0052), mainly CD4" helper T cells (PS: 78.40+16.10; ILD:
37.70+13.20; p<0.0001) and CD4*/CD8" ratio (PS: 8.60+5.80;
ILD: 0.80+0.50; p<0.0001) (Tab. 7).

Very interesting is the significant correlation between the lev-
els of STREM-1 in BALF and the percentage of CD4" T cells in
BALF of PS patients (Spearman non parametric 2 — tailed test:
p=0.0396; Spearman R=0.452, 95% CI=0.012-0.746) (Tab. 8).

None of the PS patients had positive cultivation for aerobic,
anaerobic bacteria and mycobacterium tuberculosis.

Discussion

Sarcoidosis is a multisystemic disease of unknown origin,
characterized by the formation of granulomatous lesions espe-
cially in the lungs or the lymph nodes, but virtually any organ can
be affected. Sarcoidosis is a disease of unknown etiology that is
classified within a group of about 200 diseases termedinterstitial
lung diseases (ILD; e.g. idiopathic pulmonary fibrosis, hypersen-
sitivity pneumonitis, drug-induced ILD, radiation-induced ILD,
sarcoidosis, eosinophilic pneumonias, connective tissue disease
— related ILD and many other disorders (22). However, in com-
parison with other ILD, sarcoidosis has some specificities. For
the acute stage lymphadenopathy (LAP), lymphocytic alveolitis
with T helper lymphocytes (CD4+) predominance (unlike other
ILD) is typical indicating a strong activation of macrophages and
intensive antigen presentation. The antigen responsible for induc-
tion of such immune response in patients with sarcoidosis is not
yet known. Potential disease-causing agent according to recent
studies is mold (23, 24).

It is known that increased expression of TREM-1 on the surface
of myeloid cells refers to the presence of extracellular microorga-
nisms (bacteria or fungi) (2, 16, 25, 26). This membrane form of
TREM-1 can be cleaved and its soluble form sTREM-1 is detec-
table in plasma and other biological fluids. In our study we wanted
originally to compare the plasma levels of sSTREM-1 in patients
with pulmonary sarcoidosis and healthy controls. In a pilote study
with a small number of subjects we found no differences in plasma
concentrations of PS patients and healthy subjects. We realised that
plasma levels of sSTREM-1 do not indicatean ongoing inflamma-
tory process in lungs that is why we decided to test the levels of
STREM-1 directly in BALF. Since bronchoalveolar lavage is not
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performed in healthy subjects for ethical reasons, as comparative
control group patients suffering from other interstitial lung dis-
eases (ILD) of non-infectious origin were chosen.

Our results showed that the levels of sSTREM-1 in BALF of PS
patients were higher than in control group of ILD patients of non-
infectious origin (PS: mean+SD: 265.01+£170.40, ILD: mean+SD:
189.40+158.03), however, the difference did not reach statistical
significance (Tab. 4).

Since all PS patients except one were non-smokers (what is
typical for PS patients) we wanted to test the influence of smoking
to BALF sTREM-1 levels (Tab. 4). Set aside smokers from both
groups we found statistically very significantly elevated levels
of STREM-1 in BALF of PS patients. Concentrations of BALF
STREM-1 in PS non-smokers were more than four times higher
than in non-smokers in the control ILD group (p=0.001) (Tab. 4).
Low levels of STREM-1 in BALF of ILD non-smokers suggest
low myeloid cells activation through TREM-1 receptor in the
lungs. Our results are in agreement with findings of other authors
whose results show rather low activity of TREM-1 molecule in
ILD (16). Comparing ILD smokers with non-smokers statistically
significantly higher levels of BALF sTREM-1 were found in ILD
patients smokers (p=0.0019) (Tab. 4).

In the next step we wanted to test the association of STREM-1
concentrations in BALF with the presence of inflammation. As
high concentrations of sSTREM-1 point to inflammatory process
amplification, we compared sSTREM-1 levels in patients with and
without hilar and/or mediastinal lymphadenopathy (LAP), regard-
less of the diagnosis. In BALF of patients with LAP, higher levels
of STREM-1 were detected comparing with patients without LAP
(p=0.0064) (Tab. 5). Moreover, patients with at least 3 elevated
inflammatory markers (total proteins, IgG, IgA, IgM, C3 com-
plement, alpha-2 macroglobulin) in BALF compared to patients
without elevated inflammatory markers showed statistically sig-
nificantly higher levels of STREM-1 in BALF (p=0.042), regard-
less of the diagnosis (Tab. 5).

Comparing both investigated groups, the group of PS patients
had statistically significantly higher percentage of all lymphocytes
(p=0.0001), higher percentage of CD3" T cells (p=0.0052), mainly
CD4" helper T cells (p<0.0001) and CD4*/CD8" ratio p<0.0001)
(Tab. 7) that are typical diagnostic markers for PS. These results
show that laboratory findings in our PS group of patients are typical
for sarcoidosis and that our selection of PS patients was correct.

The aim of our study was to test the hypothesis that the pref-
erential expression of TREM-1 in PS is due to the presence of an
infection what was documented in the last years, compared to other
ILD of non-infectious origin. A study analyzing TREM-1 recep-
tor in BALF in patients with pulmonary sarcoidosis has not been
published yet. Pulmonary sarcoidosis characterized by significant
lymphadenopathy, lymphocyte alveolitis with T helper lymphocyte
predominance (unlike other ILD) suggests significant macrophage
activation and enhanced antigen presentation.

Our results show that sSTREM-1 could be a good inflammatory
marker only when tested locally in BALF and could help in diag-
nosis a monitoring of PS patients. As STREM-1 is cleaved away
from myeloid cell surfaces during their activation, detection of
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sTREM-1 in BALF indirectly point to myeloid cells activation in
the lungs and helps to complete information about the number of
myeloid cells commonly determined in BALF as diagnostic marker
with additional information concerning the intensity of their ac-
tivation. The results of our analysis show that TREM-1 molecule
plays an important role in the pathogenesis of PS.

Increase of TREM-1 molecules (membrane and soluble form)
is characteristic for infections caused by extracellular pathogenic
microorganisms. Etiology of sarcoidosis, however, has been for
decades associated with the presence of intracellular pathogens.
This discrepancy can be explained by recent studies of Tercelj et al
(23, 24), and the multicentric ACCESS (A Case Control Etiologic
Study of Sarcoidosis) study (27) that have shown that potential
etiologic agent for pulmonary sarcoidosis development is repre-
sented by fungi belonging to extracellular pathogens.

Our results are thus indirectly consistent with the results of
these studies and support the opinion that extracellular patho-
gens play an important role in the etiology of sarcoidosis and the
infection (chronic and/or subclinical) should be actively sought
in sarcoidosis patients. As none of our PS patients had positive
cultivation for commonly tested aerobic, anaerobic bacteria and
mycobacterium tuberculosis, the active detection of mold infec-
tion should also be introduced to PS diagnosis.

Fungal glucans can bind to PRR receptors (e.g. dectin 1) on
myeloid cells, activate them and this activation can be further
enhanced by signalling through TREM-1 receptor. In fact, the
involvement of this receptor was also described in Aspergillus
granuloma in the liver and chronic Aspergillus asthma in mice (28).
All PS patients enrolled in our study were in stage I and II of the
disease. Further study will be necessary to determine the levels of
sTREM-1 in a larger cohort of patients and in chronic forms of the
diseases associated with fibrotic alteration of the lung interstitium.

Further studies are needed to evaluate different subgroups of
ILD. For example, there was no patient with farmer’s lung disease
in our study. Conversely, high values of BALF sSTREM-1 in ILD
smokers indicate an increased activation of myeloid cells in the
lungs. The explanation could be that the group of smokers includes
4 patients with COPD (44%), (the main risk factor for COPD is
smoking) and two patients with bullous emphysema. Our findings
agree with previous COPD studies (11) and also with knowledge of
the pathogenesis of COPD and emphysema, where myeloid cells
are known to be involved in the lung tissue destruction.

Conclusion

sTREM-1 molecule is readily determinable inflammatory
marker in BALF. Our results show elevated levels of inflammatory
marker sSTREM-1 in BALF, however not in plasma of patients with
PS. Our results show that STREM-1 could be a good inflamma-
tory marker only when tested locally in BALF and could help in
diagnosis and monitoring of PS patients. Higher concentrations of
STREM-1 were detected in BALF of patients with lymphadenopa-
thy and those with elevated inflammatory markers in BALF. More-
over, detection of STREM-1 in BALF indirectly points to myeloid
cells activation in the lungs and helps to complete the informa-
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tion about the number of myeloid cells commonly determined in
BALF as diagnostic marker with additional information concerning
the intensity of their activation. From our results and the current
knowledge we can assume that an active search for a chronic and/
/or subclinical infection (e.g. mold) in PS patients would be needed.
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