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ABSTRACT: The chemokines RANTES (regulated on activation, T-cell expressed and
secreted; CC chemokine ligand (CCL)-5) and monocyte inflammatory protein (MIP)-
1a (CCL-3) have been implicated in the development of alveolitis in pulmonary
sarcoidosis. The novel C chemokine single cysteine motif (SCM)-1a (XCL-1) and the
CC chemokine monocyte chemoattractant protein (MCP)-1 (CCL-2) are also
mononuclear-cell attractants and represent alternative candidate mediators of
alveolitis. Therefore, the expression of MCP-1 and SCM-1a was investigated together
with the expression of RANTES and MIP-1a in bronchoalveolar lavage fluid (BALF)
from control subjects and patients with sarcoidosis. The relationship between chemokine
expression and sarcoidosis clinical course was also explored.

Messenger ribonucleic acid (mRNA) expression for all four chemokines was
determined by semiquantitative reverse transcriptase-polymerase chain reaction of
RNA extracted from unseparated bronchoalveolar cells (17 patients, 12 controls).
RANTES, MIP-1a and MCP-1 proteins were measured by enzyme-linked immuno-
sobent assay of unconcentrated BALF (60 patients, 17 controls).

MCP-1, and namely RANTES and SCM-1a mRNA expression was upregulated in
sarcoidosis, particularly in patients with more advanced disease. RANTES, and namely
MCP-1 concentrations were elevated in BALF samples obtained from patients; MCP-1
levels were most increased in patients with chest radiographic stage 2 disease and also in
patients with persistent and recurrent disease.

In conclusion, chemokines monocyte chemotactive protein-1 and single cysteine
motif-1a are, in addition to RANTES, associated with the development of alveolitis in
sarcoidosis and their expression parallels the disease course.
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Sarcoidosis is a multisystem granulomatous dis-
order most frequently affecting the lungs that results
from the accumulation of CD4z T-lymphocytes and
macrophages with granuloma formation at disease
sites [1]. Although local lymphocyte proliferation
occurs in sarcoidosis [2], the alveolitis is largely the
result of the recruitment of lymphocytes and mono-
cytes from the circulation to the bronchoalveolar
space [3]. This process is characterised by the upregula-
tion of cell adhesion molecules, chemokine ligands
and receptors [3, 4]. Chemokines, low molecular-
weight polypeptides, exert potent chemotactic and
activating effects on specific leucocyte populations [5].
With regard to their properties, chemokines are
implicated in the development of alveolitis and also
sarcoid granuloma formation [3, 4, 6].

According to their biochemical structure, chemo-
kines are divided into four groups: CXC, CC, C and
CX3C [3]. Within these broad divisions current
nomenclature assigns serial numbers to individual
chemokine ligands [7]. The functional properties of
RANTES (regulated on activation, T-cell expressed
and secreted; CC chemokine ligand (CCL)-5), monocyte
inflammatory protein (MIP)-1a (CCL-3), monocyte

chemoattractant protein (MCP)-1 (CCL-2), members
of the CC chemokine group, and also of the C
chemokine single cysteine motif (SCM)-1a (XC
chemokine ligand (XCL)-1) predestine them to medi-
ate mononuclear cell migration to the lungs.
RANTES, an in vitro T-cell chemoattractant, preferen-
tially attracts CD45R0z memory T-cells, which are
increased in the lungs of sarcoidosis patients [8]. The
chemokines MIP-1a and MCP-1, originally consid-
ered to attract monocytes, have been characterised
as potent T-cell attractants in vitro [9]. SCM-1a,
human "lymphotactin" [10], is a pure lymphocyte
chemoattractant [11].

To investigate the potential role of these "candi-
date" chemokines in the development of alveolitis in
sarcoidosis, the authors have studied chemokine
messenger ribonucleic acid (mRNA) and protein
expression in bronchoalveolar cells and lavage fluid
(BALF) from patients with sarcoidosis and compared
them with cells and lavage fluid from control subjects.
Further, the authors investigated whether chemokine
expression is related to the clinical course of sarcoi-
dosis, as assessed by the chest radiographic stage, the
need for treatment and disease resolution/progression.
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Methods

Study population

In the first part of the study, screening for mRNA
chemokine expression was performed in unseparated
bronchoalveolar cells recovered from BALF. Broncho-
alveolar lavage (BAL) was performed according to
a standard protocol in 12 control subjects (age
39.5¡3.8 yrs (median¡SEM), seven males, eight non-
smokers, four smokers) and 17 patients with sarcoi-
dosis (age 44.8¡2.2 yrs, seven males, 16 nonsmokers,
one smoker); chest radiograph stage 1 (n=12), stage 2
(n=4), stage 3 (n=1). The diagnosis of sarcoidosis was
based on typical clinical features together with
granulomas on histopathological examination of
lung biopsies and was further supported by a
lymphocytic CD4z BAL, and was compatible with
the criteria contained in the International Statement
on Sarcoidosis [12].

After centrifugation of the BALF, supernatant was
obtained and stored at -80uC; BALF cell pellets were
lysed in guanidine isothiocyanate for subsequent
RNA extraction [13]. Of 17 patients with sarcoidosis,
10 (59%) needed corticosteroid treatment, which was
always initiated after the lavage. The clinical course
(2 yrs from the time of presentation) could be
evaluated in 15 (88%) patients: five patients (33%)
recovered without treatment (category 1), six patients
(40%) recovered after treatment (category 2), four
patients (27%) had persistent disease (category 3).

The control group consisted of subjects who at the
time of presentation and subsequently showed no
clinical signs of lung inflammation; they had no lung
disease in their medical history. All had normal BALF
cytology, immunology and microbiology. In this
group, two patients with suspected pulmonary malig-
nancy were included; lavage was performed on an
unaffected lobe.

In the second part of the study, chemokine protein
expression was investigated in BALF supernatants.
Samples were available in 17 control subjects (age
44.6¡4.4 yrs, 13 males, 10 nonsmokers, seven smokers)

and 60 patients with sarcoidosis (age 45.5¡1.5 yrs, 26
males, 56 nonsmokers, four smokers); chest radio-
graphic stage 1 (n=35), stage 2 (n=17), stage 3 (n=3)
and stage 0 (n=5). Of 60 patients, 41 (68.3%) required
corticosteroid treatment. The clinical course of
sarcoidosis (2 yrs from the time of presentation)
could be evaluated in 54 of 60 (90%) patients: 14
patients (26%) recovered without treatment (category
1), 26 patients (48%) recovered after treatment
(category 2), eight patients (15%) had persistent
disease (category 3); recurrence of disease was
observed in six (11%) patients (category 4). The
cellular profile of BALF obtained from patients and
control subjects is described in table 1.

All participants (patients and control subjects)
were from one referral centre (University Hospital
Olomouc, Olomouc, Czech Republic). The study was
performed with the approval of the Ethics Committee
of this institution.

Assessment of chemokine mRNA expression in BAL
cells

Reverse transcription-polymerase chain reaction
(RT-PCR) was used to assess chemokine mRNA
expression. MIP-1a, MCP-1, RANTES and SCM-1a
mRNA was semiquantified by normalising chemokine
expression to the expression of b-actin: the "chemo-
kine/b-actin optical density ratio" (ODR) was calcu-
lated for each chemokine mRNA expression in
individual subjects. The details on this normalisation
approach including results of optimalisation experi-
ments with primer-pairs specific to the investigated
chemokines are described elsewhere [13].

Determination of chemokine proteins in BALF

Chemokine protein levels in unconcentrated BALF
were measured using a solid-phase sandwich enzyme-
linked immunosorbent assay (ELISA). To detect
immunoreactive RANTES and MIP-1a, Quantikine
assays (R & D Systems, Abindgdon, UK) were used;

Table 1. – Bronchoalveolar lavage fluid (BALF) cellular profile of patients with sarcoidosis and of control subjects

Sarcoidosis patients Subjects n# Controls Subjects n#

BALF total cell concentration6105?mL-1 2.20 (1.60–2.80) 57 2.00 (1.20–3.25) 15
BALF differential count

Macrophages6105?mL-1 1.59 (1.21–1.91) 56 1.76 (1.14–2.90) 15
Macrophages % 72.0 (65.0–80.8) 58 93.0 (91.0–96.0) 17
Lymphocytes6105?mL-1 0.53 (0.32–0.87) 56 0.15 (0.04–0.21) 15
Lymphocytes % 27.0 (17.0–33.0) 58 6.0 (3.7–9.0) 17
Neutrophils6105?mL-1 0.00 (0.00–0.03) 56 0.00 (0.00–0.03) 15
Neutrophils % 0.0 (0.0–1.0) 58 0.0 (0.0–1.0) 17
Eosinophils6105?mL-1 0.00 (0.00–0.00) 56 0.00 (0.00–0.00) 15
Eosinophils % 0.0 (0.0–0.2) 58 0.0 (0.0–0.0) 17

BALF lymphocyte subpopulations
CD4z cells % 64.0 (47.0–72.1) 59 41.0 (30.0–44.0) 13
CD8z cells % 17.0 (9.6–24.0) 59 32.0 (28.0–41.6) 13
CD4z:CD8z T-cell ratio 3.70 (1.84–7.60) 59 1.03 (0.88–1.60) 13

The data are presented as median values (1st to 3rd interquartile range). BALF: bronchoalveolar fluid. #: number of
individuals in whom particular data were available.
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the assays showed no cross-reactivity with a range
of human chemokines. Briefly, 100 mL duplicates of
BALF or standards (recombinant human RANTES
or MIP-1a) were applied to wells of an ELISA tray
pre-coated with a mouse monoclonal anti-human
RANTES (anti-human MIP-1a) antibody. After
incubation (2 h, room temperature), the wells were
washed three times before addition of a horseradish
peroxidase conjugated goat-polyclonal anti-RANTES
(anti-MIP-1a) antibody. Trays were incubated (1 h,
room temperature), washed in chromogen and sub-
strate solution (tetramethylbenzidine and hydrogen
peroxide, 1:1) added. After incubation (20 mins, room
temperature), reactions were stopped by the addition
of 2 M sulphuric acid and absorbance was measured
at 450 nm using an ELISA-plate reader (Titertek
Multiskan MCC/340, Thermo Labsystems, Vantaa,
Finland). The data were processed by KIM-E soft-
ware (ÚSOL, Prague, Czech Rep.). The lower limit for
the detection of RANTES and MIP-1a was
19.0 pg?mL-1.

MCP-1 protein was measured using a HBT kit (Hycult
Biotechnology, Uden, the Netherlands). Briefly, 100 mL
of duplicate samples or standards (human recombi-
nant MCP-1) were incubated (1 h, room temperature)
in wells pre-coated with primary anti-human MCP-1
antibody. After washing, biotinylated secondary anti-
human MCP-1 antibody and streptavidin-peroxidase
conjugate were added for 1 h. Finally, tetramethyl-
benzidine substrate solution was applied for 25 min;
after stopping the reactions with 2 M sulphuric acid,
absorbance was measured at 450 nm. The data were
evaluated with KIM-E software; the detection limit of
the MCP-1 assay was 6.0 pg?mL-1.

For all three assays, new aliquots of BALF were
used to avoid repeated thawing and freezing of the
samples, which could diminish chemokine biological
activity. SCM-1a protein was not measured because
of the unavailability of an ELISA assay.

Statistical analysis

The Mann-Whitney U-test was used to detect
differences in chemokine mRNA or protein expression
between the sarcoidosis and control groups or between
patients with distinct diseases stages. Spearman9s rank
correlation was used to assess the relationship between
chemokine expression data and BALF cell counts. A
pv0.05 was considered statistically significant.

Results

Chemokine mRNA expression in BAL cells

The mRNA for the chemokines RANTES, SCM-1a
and MIP-1a was present in all BALF cell pellets
obtained from patients and controls; MCP-1 mRNA
was detected in 88% (15 of 17) patient samples and
75% (nine of 12) control samples (fig. 1). Semiquanti-
tative analysis showed significant upregulation of
RANTES (p=0.01) and SCM-1a (p=0.02) mRNA
expression in BALF cells from sarcoidosis patients

(fig. 1c and d). There was only a trend towards an
increased MCP-1 mRNA expression in sarcoidosis
patients versus controls (fig. 1a). There was no differ-
ence between MIP-1a mRNA level in patients and
controls (fig.1b).

Chemokine mRNA expression and the clinical severity
of sarcoidosis

Chemokine mRNA expression did not differ between
the patients with the grade 1 (n=12) or grade 2 (n=4)
sarcoidosis chest radiographic stages (RANTES mRNA:
grade 1 1.00¡0.26, grade 2 1.44¡0.32, p=0.56; SCM-1a
mRNA: grade 1 2.1¡0.24, grade 2 2.00¡0.26, p=0.76).
When disease severity was defined by the need for
treatment, based on clinical grounds (Tz; n=10), there
was, however, only a trend towards increased RANTES
and especially SCM-1a mRNA expression at presenta-
tion by comparison with patients in whom treatment
was not needed (T-; n=5) (RANTES mRNA: Tz
1.48¡0.15, T- 0.88¡0.63, p=0.12; SCM-1a mRNA: Tz
2.24¡0.24, T- 1.56¡0.53, p=0.06). MCP-1 mRNA
expression was also higher in patients with more
advanced disease but again the difference was not
statistically significant (Tz 0.63¡0.09, T- 0.40¡0.14,
p=0.08). MIP-1a mRNA expression was not related to
disease course (data not shown).

Chemokine protein levels in BALF

Three (MCP-1, MIP-1a, RANTES) of the four
chemokines investigated at the mRNA level were
explored at the level of immunoreactive protein in
unconcentrated BALF fluid; SCM-1a protein was not
measured because of the unavailability of an ELISA
assay. While MIP-1a protein was detected in only one
of 77 (1.3%) BALF samples tested, RANTES protein
was present in 28% (17 of 60) of patient samples but
was not detected in any of 17 of control samples.
MCP-1 protein was present in 70% (42 of 60) of
patient samples and in 53% (nine of 17) of control
samples. MCP-1, but not RANTES protein levels,
correlated with mRNA expression of given chemo-
kine; correlation coefficient (MCP-1) rs=0.55, p=0.001.

MCP-1 BALF protein levels were significantly
elevated in patients compared to controls (patients
14.6¡3.5 pg?mL-1; controls 5.7¡2.9 pg?mL-1; p=0.02
(fig. 2a). For RANTES, there was a trend towards an
increase in protein concentrations in patients (fig. 2b)
but this did not reach statistical significance (p=0.08).

In order to identify the cellular source of MCP-1,
the only chemokine found in this study to be
significantly elevated in BALF, cell-associated MCP-1
protein was determined in cytocentrifuge specimens
of BAL cells from four patients with sarcoidosis.
Strong, uniform expression of MCP-1 was observed
in alveolar macrophages. MCP-1 protein was also
associated with lymphocytes, however, its expression
was limited to approximately one-third of BAL
lymphocytes and it was less intensive than in cases
of macrophage-associated MCP-1 (data not shown).
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Chemokine protein expression and the clinical course
of sarcoidosis

MCP-1 protein levels were increased in patients
with chest radiographic stage 2 compared to patients
with stage 1 disease (stage 1 (n =35) 9.8¡3.7 pg?mL-1;
stage 2 (n=17) 40.5¡7.8 pg?mL-1; p=0.003). Further-
more, MCP-1 BALF protein levels paralleled the
clinical course of the disease: MCP-1 levels at
presentation in patients whose disease was persistent
or recurrent after 2 yrs (categories 3 and 4), were
increased by comparison with levels in patients with
disease resolution (categories 1 and 2) (categories 3
and 4 (n=14) 26.7¡9.5 pg?mL-1; categories 1 and 2
(n=40) 10.3¡3.5 pg?mL-1; p=0.01).

Relationship between chemokine expression and BAL
cell numbers

Expression of mRNA for the chemokines RANTES
and SCM-1a correlated with BALF lymphocyte num-
bers (fig. 3). Chemokine mRNA expression was also
increased when subjects with an increased proportion
of BAL lymphocytes (w10% of BALF cells) were com-
pared to subjects with a low (f10%) BALF lymphocyte

count (RANTES, p=0.02; SCM-1a, p=0.01). An
association was also observed between RANTES
and SCM-1a mRNA, both absolute and relative
number of CD4z lymphocytes (pv0.01) and also
between these chemokines and CD4/CD8z ratio
(pv0.01). MCP-1 protein levels correlated with
lavage lymphocyte numbers (p=0.02) and were ele-
vated in subjects with a higher proportion (w10%) of
BALF lymphocytes (p=0.001). For RANTES, there
was a trend towards an association between protein
concentrations and BALF lymphocyte numbers but
this did not attain significance. Protein data for
SCM-1a were unavailable. Correlation was also
tested between chemokine mRNA/protein data and
the percentage and total number of bronchoalveolar
macrophages, neutrophils and eosinophils, but no
association was found (data not shown).

Discussion

Accumulation of macrophages and lymphocytes in
the alveoli of patients with sarcoidosis results from the
interplay between cell adhesion molecules, chemokine
ligands and receptors [3, 4]. The present study
concentrated on the determination of mRNA and,
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Fig. 1. – Expression of messenger ribonucleic acid (mRNA) for the chemokines a) monocyte chemoattractant protein (MCP)-1, b)
monocyte inflammatory protein (MIP)-1a, c) RANTES (regulated on activation, T-cell expressed and secreted) and d) single cysteine
motif (SCM)-1a in unseparated bronchoalveolar cells from control subjects (C, n=12) and patients with sarcoidosis (S, n=17). The graph
shows the values of the ratio chemokine/b-actin. The data are presented as optical density ratios of individual examined subjects, the lines
represent median values in the groups. Where there are significant differences between the groups. #: p=0.01; }: p=0.02.
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where possible, also of protein expression of four
members of the CCL and XCL chemokine subgroups,
the major candidates for mononuclear cell attraction
to the lung. The CC chemokines, RANTES and
MCP-1, were found to be upregulated in patients with
sarcoidosis and elevation of mRNA for SCM-1a (C
chemokine) was also observed. Chemokine upregula-
tion was most apparent in patients in whom the
disease progressed and was associated with lympho-
cyte alveolitis.

Most prominent were the findings regarding MCP-
1. MCP-1 expression has been studied in BALF in
interstitial lung disease, but until recently predomi-
nantly in fibrosing alveolitis [14–15] rather than in
sarcoidosis [16]. Increased MCP-1 protein levels in
unconcentrated lavage fluid of 60 sarcoidosis patients
from this study complement a report of elevated
MCP-1 in concentrated BAL of 27 patients with
sarcoidosis [17]. Recently, an increase in MCP-1 was
reported in serum samples from sarcoidosis patients
[18, 19]. The current authors speculate that systemic
MCP-1 levels probably reflect the total granulo-
matous burden in the body, while BALF levels
may better reflect lung involvement. Localisation of

cell-associated MCP-1 protein to alveolar macro-
phages is in agreement with this interpretation. In
the context of the above discussions on the role of
bronchoalveolar MCP-1 protein, it is interesting to
report a marked elevation of MCP-1 protein in BALF
of the patients in this study with radiographic stage 2
disease and also in more advanced (i.e. persistent and
recurrent) disease. Upregulation of MCP-1 in disease
and in its more advanced forms was detected in
parallel both in mRNA and in protein levels, although
the increase of MCP-1 mRNA in patients just did not
reach statistical significance. However, the presence
of chemokine protein is necessary for its chemoat-
tractant function and, therefore, the present data on a
significant increase of MCP-1 protein levels and its
relationship to disease course are relevant in vivo.

The current observations add to previous reports
about upregulation of RANTES mRNA and cell-
associated protein based on the study of smaller
patient numbers [20–22]. Combining localisation of
cell-associated RANTES expression predominantly to
macrophages [20] with the current data on its BALF
levels, it is conceivable that RANTES is indeed
secreted from its producer cells into the broncho-
alveolar space. However, despite the finding of
parallel increase of RANTES both in mRNA and
protein levels, the elevation of RANTES protein did
not attain significance. IIDA et al. [21] have reported an
increase of protein levels in concentrated BALF
samples of 40 sarcoidosis patients. It is, therefore,
possible that the assay used for RANTES measure-
ments in this study was too sensitive to the dilution
factor. This explanation is supported by a recent
report [22], a "high-sensitive" ELISA kit for detection
of RANTES in unconcentrated BALF was employed.
Alternatively, the observed discrepancies in signifi-
cance between RANTES mRNA and protein assays
may be due to possible effects of post-transcriptional
and post-translational regulation mechanisms includ-
ing release and metabolism of RANTES protein [23].
The complexity of the translation process, and the
presence of further modifying factors such as storage
of the protein or its possible intracellular degradation,
may cause a less than straightforward relationship
between intracellular mRNA and protein in the BAL
fluid. Despite the above constraints, it is important
that the direction of changes was the same at both
(protein and mRNA) levels and it was in agreement
with previous reports [20–22, 24].

MIP-1a expression has been reported to be
increased in sarcoid alveolar macrophages [25]. How-
ever, the current authors and others [21] could not
detect MIP-1a protein in BALF from sarcoidosis
patients. The MIP-1a-specific ELISA used in this
study had an adequate lower detection limit and in
ongoing experiments was able to detect considerable
amounts of the chemokine protein in bronchoalveolar
cell-culture supernatants. These data, together with the
finding that MIP-1a mRNA was present but not
upregulated in BALF cells from the patients in this
study, suggest that MIP-1a does not contribute
substantially to leucocyte recruitment into the bronch-
oalveolar compartment in sarcoidosis.

By contrast with the three CC chemokines discussed
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Fig. 2. – Concentrations of chemokine proteins in bronchoalveolar
lavage fluid of control subjects and of patients with sarcoidosis. a)
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(regulated on activation, T-cell expressed and secreted). The data
are presented as whisker box plots; the box represents the 25th to
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p=0.02 and b) p=0.08 controls versus sarcoidosis.
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above, there are still limited data on the tissue expres-
sion of the novel C chemokine, SCM-1a [26, 27]. The
current findings of SCM-1a mRNA upregulation in
bronchoalveolar cells of sarcoidosis patients extend
the data on SCM-1a expression in human pathology
to interstitial lung diseases. SCM-1a (XCL-1) is a
chemoattractant for T-lymphocytes (CD8z) and natural
killer cells [11, 28]. SCM-1a upregulation together
with the relationship between mRNA expression and
BALF lymphocyte numbers suggests that XCL-1 may
be another chemokine involved in lymphocyte migra-
tion to the lung in vivo. However, future detailed
studies are needed to better define the role of this
single member of the C chemokine subgroup in the
development of alveolitis in sarcoidosis, particularly
by identification of its cell source.

Importantly, this study has indicated that chemo-
kine expression in BALF can be associated with
clinical course in sarcoidosis. In patients with more
advanced disease (assessed after 2 yrs), RANTES,
SCM-1a and MCP-1 mRNA expression at presenta-
tion tended to be higher than in patients in whom the
disease resolved spontaneously. MCP-1 protein levels
at presentation were markedly higher in patients with

chest radiographic stage 2 and also in patients, in
whom the disease persisted or recurred after 2 yrs.
These findings suggest a possible practical exploitation
of chemokine measurements in BALF as surrogate
markers for assessing likely progression and monitor-
ing of disease course. Both the presented data and the
need to reflect a practical point [29] implicate MCP-1
protein measured in unconcentrated BALF to be a
suitable candidate marker.

Recently, it was proposed that the chemokines IP-
10 (CXCL-10) and RANTES act together in regulat-
ing the inflammatory infiltrate of sarcoid lesions [30].
The data from this and other studies [16–18, 21, 29]
suggest that a wider spectrum of attractant and
activating chemokines may contribute to cell migra-
tion and activation processes ongoing both locally and
systemically in sarcoidosis. It is possible that distinct
sets of chemokines, complemented by an array of CC
and C receptors, may be involved in different phases
of the disease process. The question of relative
contribution of individual chemokines could not be
addressed at this stage, nor were the authors able to
analyse chemokine ligand-receptor interactions.

Further studies are warranted to address yet
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Fig. 3. – Relationship between lymphocytes in bronchoalveolar lavage (BAL) fluid (BALF) and messenger ribonucleic acid (mRNA)
expression for chemokines RANTES (regulated on activation, T-cell expressed and secreted) and single cysteine motif (SCM)-1a. a)
RANTES versus relative number of BALF lymphocytes; rs=0.593, p=0.001. b) RANTES versus absolute number of BALF lymphocytes;
rs=0.607, p=0.002. c) SCM-1a versus relative number of BALF lymphocytes; rs=0.572, p=0.002. d) SCM-1a versus absolute number of
BALF lymphocytes; rs=0.571, p=0.004. The correlations were calculated using all available values of relative (n=26) and absolute (n=23#)
number of BAL lymphocytes. #: in three subjects the total BAL cell number was not available.
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unanswered issues with emphasis on evaluation
of practical applicability of these findings for
longitudinal evaluation of patients with pulmonary
sarcoidosis.
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