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Summary

Sarcoidosis is a granulomatous disorder of unknown aetiology. The presence
of Mycobacterium tuberculosis catalase-peroxidase (mKatG) in sarcoidosis
tissue has been reported. T helper type 1 (Th1) responses against mKatG
have previously been observed. However, little is known about interleukin
(IL)-17 and Th17 responses in sarcoidosis. Here, we investigated the levels
of IL-17 and frequencies of IL-17-producing cells responding to mKatG
in sarcoidosis patients with different prognosis. Peripheral blood and
bronchoalveolar lavage (BAL) cells were obtained from sarcoidosis patients
with or without Löfgren’s syndrome (often associated with spontaneous
recovery), and also stratified according to human leucocyte antigen (HLA)
type. Cells producing IL-17 and interferon (IFN)-γ after stimulation with
mKatG were enumerated by enzyme-linked immunospot (ELISPOT). The
level of IL-17 in the BAL fluid of sarcoidosis patients and healthy controls
was measured by quantitative immuno-polymerase chain reaction (qIPCR).
We also performed flow cytometry and immunohistochemistry for further
characterization of IL-17 expression. Patients with Löfgren’s syndrome had a
higher frequency of IL-17-producing cells responding to mKatG in BAL fluid
compared to patients without Löfgren’s syndrome (P < 0·05). The HLA-
DR3+ sarcoidosis patients with Löfgren’s syndrome (known to have a par-
ticularly good prognosis) also had a clearly higher level of IL-17 in BAL fluid
compared to healthy controls and sarcoidosis patients without Löfgren’s syn-
drome (P < 0·01) and (P < 0·05), respectively. No such difference between
patient groups was observed with regard to IFN-γ and not with regard to
either cytokine in peripheral blood. These findings suggest that IL-17-
producing cells may be a useful biomarker for the prognosis of sarcoidosis
and play a role in the spontaneous recovery typical of patients with Löfgren’s
syndrome.
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Introduction

Sarcoidosis is a systemic inflammatory disorder. It is charac-
terized by granuloma that most commonly affect the lungs.
The pathogenesis of sarcoidosis includes the accumulation
of lymphocytes and macrophages in the alveoli, thus involv-
ing innate as well as adaptive immune mechanisms [1,2].
It is known that T cells, and in particular CD4+ T cells, are
activated in the lower airways of sarcoidosis patients and
sarcoidosis is currently considered to be a T helper type 1
(Th1)-mediated disease [1].

Sarcoidosis patients display phenotypic heterogeneity.
One group of sarcoidosis patients, having what is known
as Löfgren’s syndrome, displays an acute onset. Patients
in this group have erythema nodosum and/or bilateral
ankle arthritis, with bilateral hilar lymphadenopathy
but with good prognosis [3,4]. Spontaneous recovery
within 2 years is particularly high in Löfgren’s syndrome
patients who also express the human leucocyte antigen
(HLA) allele DRB1*0301 (DR3) [4], and these patients
virtually always have accumulations of CD4+ T cells
with a particular T cell receptor (TCR) alpha chain
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variable gene segment (AV2S3) (TCR-AV2S3) in the lungs
[5].

The aetiology of sarcoidosis is still not known. However,
associations with environmental factors, genetic susceptibil-
ity and bacterial triggers have been reported [1]. The pres-
ence of mycobacterial DNA in the lungs of sarcoidosis
patients has been shown [6] and a specific foreign protein,
Mycobacterium tuberculosis catalase-peroxidase (mKatG),
has been identified in sarcoidosis tissue [7]. Th1 responses
against mKatG and purified protein derivative (PPD)
of M. tuberculosis have been observed in bronchoalveolar
lavage (BAL) and blood cells from patients [8].

Th17 cells were identified as a distinct subset of T cells
less than a decade ago [9]. The hallmark of this subset of
T cells is production of interleukin (IL)-17 (synonymous
with IL-17A), a pleiotropic cytokine with widespread
effects. IL-17 is emerging as an essential player in host
defence in several mammalian organs, including the lungs
of humans [10,11]. IL-17 and IL-17-producing cells are
thought to play a key role in chronic inflammation such as
mycobacterial infection, autoimmune disorders and also
granuloma formation [12,13].

The involvement of IL-17 and IL-17-producing T cells in
sarcoidosis was indicated recently [14,15]. In the current
study, we characterized the presence and level of IL-17 and
antigen-specific IL-17-producing cell responses to the
mycobacterial antigen mKatG in patients with sarcoidosis.
In particular, we compared the expression of IL-17 in sar-
coidosis patients with or without Löfgren’s syndrome, with
consideration of HLA types HLA-DR3+ and HLA-DR3–. We
hypothesize that differences in IL-17 responses are associ-
ated with different clinical outcomes.

Materials and methods

Additional materials and methods details are available in
the Supporting information (Appendix S1).

Study subjects and characterization

Sarcoidosis patients referred to the Respiratory Medicine
Unit (Karolinska University Hospital, Solna, Stockholm,
Sweden) for primary diagnostic investigation were enrolled
into this study. The diagnosis was established using the cri-
teria from the World Association of Sarcoidosis and other
Granulomatous Disorders (WASOG) [16]. Patient charac-
teristics, including results of pulmonary function tests and
BAL cell differentials, are given in Table 1. In our study
patients were divided into two groups: Löfgren’s syndrome
patients and those without Löfgren’s syndrome. Patients
were also categorized as being HLA allele DRB1*0301
(DR3)-positive or DR3-negative. All DR3+ patients except
one had lung accumulated CD4+ TCR AV2S3+ T cells, in line
with previous studies [17]. Of 61 unique sarcoidosis-
enrolled patients, four were treated with oral corticosteroids

[one enrolled in an enzyme-linked immunospot assay
(ELISPOT) and three enrolled in quantitative immuno-
PCR (qIPCR) experiments; three had Löfgren’s syndrome
and one without Löfgren’s syndrome]. BAL and blood
samples from healthy control subjects were obtained for
some experiments. Informed, written consent was obtained
from all subjects and the study was approved by the
Regional Ethical Review Board (Stockholm, Sweden).

Sample preparation

BAL was performed as described previously [18]. BAL cells
were prepared and differential counts were determined for
each sample. Peripheral blood mononuclear cells (PBMCs)
were separated from heparinized peripheral blood.

ELISPOT

ELISPOT for detection of interferon (IFN)-γ and IL-17 fol-
lowing mKatG stimulation was performed on BAL and
PBMC cells from 28 sarcoidosis patients and PBMCs of 15
healthy controls.

qIPCR

Due to the low absolute concentration of extracellular IL-17
protein in BAL fluid, the level (i.e. concentration) of soluble
IL-17 protein was measured in the cell-free BAL fluid of 12
healthy controls, 13 sarcoidosis patients without Löfgren’s
syndrome, 12 DR3+ and 11 DR3– sarcoidosis patients with
Löfgren’s syndrome by qIPCR.

Intracellular cytokine staining and flow cytometry

Intracellular staining of IFN-γ and IL-17 was performed on
BAL and whole blood samples from three sarcoidosis
patients with Löfgren’s syndrome and two patients without
Löfgren’s syndrome. Antigen stimulation was performed
with PPD from M. tuberculosis (Statens Serum Institut,
Copenhagen, Denmark). Stimulation with the combination
of Staphylococcus enterotoxin A (SEA) and S. enterotoxin B
(SEB) (both from Sigma-Aldrich, Schnelldorf, Germany)
was also used for detection of IFN-γ- and IL-17-producing
cells.

Immunohistochemistry

For visualization of IL-17-producing cells in lung tissue of
sarcoidosis patients, immunohistochemistry was performed
on contiguous 4-μm thick transbronchial paraffin-embedded
sections from four sarcoidosis patients with Löfgren’s syn-
drome, four sarcoidosis patients without Löfgren’s syndrome
and two healthy controls.

IL-17 in sarcoidosis with Löfgren’s syndrome
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Statistical analysis

Statistical analysis of the data was performed by GraphPad
Prism version 5·02 (GraphPad Software Inc., San Diego,
CA, USA). The Mann–Whitney U-test or unpaired t-test was
used for comparisons between two groups and Wilcoxon’s
signed-rank test was used for comparisons of dependent
samples. A one-way analysis of variance (anova) test fol-
lowed by Dunn’s or Tukey’s post-test was performed for
data analysis of more than two groups. Correlation analysis
was performed by Spearman’s rank correlation test. A
P-value of less than 0·05 was considered to define statistical
significance.

Results

Stronger IL-17 responses specific to mKatG in BAL cells
of Löfgren’s patients

BAL cells from sarcoidosis patients with and without
Löfgren’s syndrome showed significant IFN-γ and IL-17
responses to mKatG compared with cell culture medium
alone, as determined by ELISPOT (Supporting information,
Fig. S1). Löfgren’s syndrome patients had a significantly
higher frequency of IL-17-producing cells in BAL following
mKatG stimulation compared to non-Löfgren’s syndrome
patients after background deduction (P < 0·05) (Fig. 1a).
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Fig. 1. Enzyme-linked immunospot assay assay

for detection of interleukin (IL)-17- and

interferon (IFN)-γ-producing cells in

bronchoalveolar lavage (BAL) samples. (a)

IL-17- and IFN-γ-producing cells in

bronchoalveolar lavage (BAL) samples from

patients with and without Löfgren’s syndrome

after stimulation with Mycobacterium

tuberculosis catalase-peroxidase (mKatG), PHA

or anti-CD3. (b) Paired analysis of IL-17- and

IFN-γ-producing cells reacting to mKatG in

BAL samples from patients with or without

Löfgren’s syndrome. (c) Correlation of

neutrophil percentage and number of

mKatG-reactive IL-17-producing cells in BAL

fluid of sarcoidosis patients with Löfgren’s

syndrome. Graphs show mean numbers of spots

per 106 cells per well after deduction of

background. The correlations were analysed

using Spearman’s rank test (r = 0·84; P < 0·01;

*P < 0·05; ***P < 0·001).
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Comparing the two groups of patients after stimulation
with anti-CD3 antibody did not show any significant
differences with regard to the IL-17 production. No
such differences between patient groups were observed
with regard to IFN-γ after stimulation with mKatG or
phytohaemagglutinin (PHA) as a positive control (Fig. 1a).

In response to mKatG, IL-17 was produced by fewer BAL
cells than IFN-γ in both Löfgren’s and non-Löfgren’s
patients (Fig. 1b). However, when we calculated the ratio of
IL-17- to IFN-γ- producing cells in response to mKatG, we
found the median IL-17/IFN-γ ratio to be twice as high in
Löfgren’s syndrome patients, although this difference did
not reach statistical significance (Supporting information,
Fig. S2). Associating mKatG-specific IL-17 responses with
BAL cell differential counts, we detected a strong and statis-
tically significant correlation between the neutrophil
percentage and IL-17-producing mKatG reactive cells in
the BAL fluid of Löfgren’s syndrome patients (r = 0·84,
P < 0·01) (Fig. 1c). There were no correlations between
other BAL cell differential results either in IL-17-producing
mKatG-reactive cells or in soluble IL-17 in BAL fluid.

Löfgren’s and non-Löfgren’s patients have similar T cell
reactivity to mKatG in peripheral blood

ELISPOT assays for detection of IFN-γ- and IL-17-
producing cells in response to mKatG were also carried out
on PBMCs from sarcoidosis patients and healthy controls.
We divided our patients into those with and those without
Löfgren’s syndrome. Healthy controls were considered as
PPD+ and PPD– according to the PPD skin test. Both groups
of patients had blood T cell reactivity to mKatG by IL-17
and IFN-γ responses significantly higher than media control
(P < 0·001 and P < 0·01) (Supporting information, Fig. S3a
and S3b). There were no significant differences in IFN-γ-
and IL-17-producing cells after mKatG stimulation of
PBMCs from Löfgren’s compared to non-Löfgren’s patients
after background deduction (Fig. 2). After in-vitro PPD
stimulation, both IFN-γ- and IL-17-producing cells
occurred at significantly higher frequencies in PBMC of
PPD+ compared to PPD– controls (Supporting information,
Fig. S4). However, we did not detect any significant differ-
ences with regard to mKatG responses between PPD+ and
PPD– healthy controls.

Similar IL-17 responses to mKatG regardless of
sampling at the site of inflammation or periphery

BAL T cells responded with IFN-γ production to a signifi-
cantly higher extent than blood T cells after mKatG stimu-
lation in both groups of Löfgren’s and non-Löfgren’s
patients (P < 0·05). In contrast, there was no significant
difference between the frequencies of IL-17-producing cells
in BAL compared to PBMCs after mKatG stimulation,
although in Löfgren’s patients there was a tendency towards

higher expression of IL-17 by BAL cells compared to
PBMCs [median 35 versus 20 spot-forming cells (SFC) per
106 cells]. In non-Löfgren’s patients an opposite trend was
observed, with higher IL-17 expression in PBMC than in
BAL cells (median 17 versus 10 SFC per 106 cells) (Fig. 3).

Higher level of soluble IL-17 in bronchoalveolar
lavage fluid (BALF) of HLA-DR3+ Löfgren’s
syndrome patients

HLA-DR3+ sarcoidosis patients with Löfgren’s syndrome
had a significantly higher concentration of IL-17 in BAL
fluid compared to healthy controls and non-Löfgren’s
syndrome patients (P < 0·01 and P < 0·05, respectively)
(Fig. 4a). Within the Löfgren’s syndrome group, HLA-DR3+

patients had higher IL-17 levels than HLA-DR3– patients,
although this difference was not significant. Because the
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presence of Löfgren’s syndrome as well as HLA-DR3 pre-
dicts a good prognosis, we also compared patient groups
where both these factors were either present or absent, i.e.
DR3+ Löfgren’s patients and DR3– non-Löfgren’s patients.
We hypothesized that this would reflect opposite ends of
the ‘prognostic spectrum’ in sarcoidosis. The IL-17 levels
were substantially higher in the DR3+ Löfgren’s patients
(P < 0·01) (Fig. 4b).

Potential for IL-17 production by T cell subsets

The capacity for IFN-γ and IL-17 production in BAL and
blood CD4+ and CD8+ T cells in response to PPD and
superantigen (combination of SEA and SEB) was studied by
flow cytometry in three Löfgren’s syndrome and two non-
Löfgren’s syndrome patients (Fig. 5a).

Both BAL CD4+ and CD8+ T cells responded to super-
antigen by IL-17 production and we could detect a tendency
towards a higher frequency of IL-17 + CD4+ (Th17) cells
after superantigen stimulation in Löfgren’s syndrome com-
pared to non-Löfgren’s syndrome (median 1·2 versus 0·6%
of BAL CD4+ cells) (Fig. 5b).

The observed cytokine responses to superantigen in both
Löfgren’s and non-Löfgren’s syndrome patients indicated
that there are subsets of BAL CD4+ and CD8+ T cells capable
of producing both IFN-γ and IL-17 simultaneously and
thus have a hybrid IFN-γ/IL-17 phenotype (Fig. 5b). The
majority of IL-17-producing cells in both CD4 and CD8
subsets also produced IFN-γ (median 83% for both CD4
and CD8 cells). In this limited number of patients the
observed frequencies of these hybrid cells were similar in
both groups of patients (Supporting information, Table S1
and Fig. 5b).

In blood samples, as in BAL samples, we detected CD4+

and CD8+ T cells producing IFN-γ and/or IL-17 in response
to the superantigens in both Löfgren’s and non-Löfgren’s
syndrome patients (Fig. 5b).

In patients with elevated numbers of BAL CD4+ TCR
AV2S3+ cells, there was a tendency towards higher IFN-γ
production but lower IL-17 production in AV2S3+ cells, in
both BAL and blood (Supporting information, Table S2).

IL-17 expression in sarcoid lung tissue

Immunostaining of IL-17 was performed on lung biopsy
sections from sarcoidosis patients for visualizing IL-17-
producing cells. The lung biopsies from sarcoidosis patients
contained typical non-necrotizing granulomas composed of
macrophages, epithelioid cells and multi-nucleated giant
cells in the central region with an accumulation of lympho-
cytes in the peripheral region (or central region). We
observed IL-17 expression in tissue from all four sarcoidosis
patients with Löfgren’s syndrome (Fig. 6a), but IL-17-
producing cells detected in only two of four non-Löfgren’s
patients (Fig. 6b). We did not detect any IL-17 expression in
tissue from two healthy controls (Fig. 6c). Contiguous slides
stained with isotype antibodies served as controls (Fig. 6e–
h). A few positive cells were detected in both patient
groups, but we did not find any marked difference in the
number of IL-17-producing cells in patients with and
without Löfgren’s syndrome. Positive immunoreactivity
for IL-17 was seen typically In inflammatory cells in the
periphery of the granuloma and also surrounding the
granuloma. In the granuloma compartment, the main
IL-17-producing cells seemed to be lymphocytes infiltrating
in the peripheral parts. In addition, some lung biopsies
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from non-granuloma compartments displayed immuno-
reactivity for IL-17 in what appeared to be alveolar
macrophages (Fig. 6d).

Discussion

In this study, we investigated the presence of IL-17 and
IL-17-producing cells in sarcoidosis patients, focusing on
the ability of bronchoalveolar lavage and peripheral blood T
cells from patients with and without Löfgren’s syndrome to
respond to the mycobacterial antigen mKatG by production
of IFN-γ and IL-17. We demonstrated the presence of
T cells producing IFN-γ as well as IL-17 in response to the
mycobacterial antigen mKatG in pulmonary sarcoidosis.
IL-17-producing cells that were reactive to mKatG were
found in the affected organ, the lung and also in peripheral

blood. This implies that the observed Th17 responses
against the mycobacterial protein mKatG may contribute to
the local as well as systemic inflammation in sarcoidosis,
although they generally occur at lower frequencies than cor-
responding Th1 responses. Importantly, we found that sar-
coidosis patients with Löfgren’s syndrome have higher
levels of IL-17 and more IL-17-producing cells responding
to mKatG locally at the site of inflammation. This suggests
that IL-17-producing cells may be a useful biomarker for
the prognosis of sarcoidosis, and that they may play a pro-
tective role in the spontaneous recovery typical of patients
with Löfgren’s syndrome.

There is strong evidence for the involvement of
mycobacterial antigens in the pathogenesis of sarcoidosis.
Song et al. previously identified the candidate antigen
mycobacterial protein mKatG in sarcoidosis tissues and
lymph nodes by mass spectrometry [7]. In collaboration
with Moller’s group, we previously showed mKatG-reactive
IFN-γ-producing effector T cells to be present in sarcoidosis
patients in a manner expected for a pathogenic antigen [8].
In another study, we showed that mKatG has the potential
to stimulate the CD4+ TCR AV2S3+ T cells, which accumu-
late in the lungs of HLA-DR3+ patients (typically associated
with Löfgren’s syndrome and a very good prognosis).
Moreover, we found a more pronounced multi-functional
cytokine profile, with simultaneous production of IFN-γ
and TNF, in the mKatG-specific BAL CD4+ T cells of DR3+

Löfgren’s syndrome patients [19]. Mycobacterial antigen
[6 kDa early secretory antigenic target (ESAT-6)]-specific
Th17 responses in sarcoidosis have been reported recently
by Richmond et al. [20]. Here, for the first time, we demon-
strate mKatG-specific IL-17 responses in patients with
pulmonary sarcoidosis. Comparing patient subgroups, we
observed higher frequencies of mKatG-specific IL-17-
producing cells in the lungs of sarcoidosis patients with
Löfgren’s syndrome. This finding is compatible with IL-17-
producing cells playing a role in the elimination of pre-
sumed antigen leading to spontaneous recovery that is
characteristic for patients with Löfgren’s syndrome.

One of the most frequently documented functions of
IL-17 is neutrophil recruitment and infiltration, and in our
study we found an association between neutrophil percent-
age and the frequency of IL-17-producing mKatG-reactive
cells in the BAL fluid of patients with Löfgren’s syndrome.
The significance of this, however, is not clear, and sarcoido-
sis is not a disorder where neutrophils are believed to play a
major role in the pathogenesis. Although neutrophils have
been considered to be proinflammatory cells, which are
associated with chronic disease and fibrosis, it is known that
some types of neutrophils exhibit anti-inflammatory or
healing characteristics [21].

We found higher levels of soluble IL-17 in the BALF of
DR3+ sarcoidosis patients with Löfgren’s syndrome com-
pared with non-Löfgren’s patients. This finding is interest-
ing, as the combination of being DR3+ and having Löfgren’s
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syndrome is associated with the very best prognosis – virtu-
ally all such patients recover within 2 years [4]. The proper-
ties of the HLA-DR3 molecule in presenting sarcoidosis-
specific antigen(s) such as mKatG for T cells, followed by
induction of Th17 cells in the lungs of DR3+ sarcoidosis
patients with Löfgren’s syndrome, provide a likely explana-
tion for this association.

In sarcoidosis, the relative roles of Th1 and Th17 cells
and the interplay between these immune cells are not well
understood. We speculate that the higher expressions of
IL-17 and mKatG-specific IL-17-producing cells in sar-
coidosis patients with Löfgren’s syndrome are potent induc-
ers of Th1 responses, similar to what has been observed in
animal studies [22,23], and contribute to a more rapid and
diverse effector T cell response, which then helps to protect
against unknown antigen(s).

IL-17 has been reported to be important in the pathogen-
esis of several inflammatory disorders, in particular autoim-
mune diseases such as rheumatoid arthritis (RA), multiple
sclerosis (MS), psoriasis and inflammatory bowel disease
(IBD) [24]. In addition to Th17 cells, other types of innate
and adaptive lymphocytes can also produce IL-17. Clearly,

IL-17-mediated immune responses are essential for the pro-
tection against several bacterial and some fungal pathogens
in mammalian models, but responses against self-antigens
or excess immune reactions can lead to hyperinflammatory
responses and tissue damage [25]. Most studies have shown
a proinflammatory role for Th17 cells, and one consequence
of IL-17 expression in sarcoidosis patients is likely be the
recruitment and activation of inflammatory innate immune
cells at the site of inflammation [26]. However, in some cir-
cumstances a protective or non-pathogenic role for Th17
cells has been observed [27–30]. We know from previous
studies that the levels of some cytokines, such as transform-
ing growth factor (TGF)-β1 that may influence differentia-
tion of Th17 cells, differ between sarcoidosis patients with
or without Löfgren’s syndrome [31].

Based on flow cytometry, our findings indicate that, in
sarcoidosis patients, there is a subset of T cells which has the
ability to produce both IFN-γ and IL-17 simultaneously.
In fact, we found that the majority of Th17 cells can
also produce IFN-γ. The existence of such ‘hybrid’ T cells
has been reported previously in other inflammatory dis-
eases and also in sarcoidosis [14,32]. Importantly, there is
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evidence that hybrid Th1/Th17 T cells are more pathogenic
than conventional Th17 cells [33]. However, our flow
cytometric analyses were performed on samples from only a
few individuals, so these findings need to be corroborated.

The role of IL-17 in the formation and maturation of
granuloma has been demonstrated, e.g. by characterizing
the deficient sequestration of bacilli Calmette–Guérin
(BCG) in IL-17 knock-out mice [12,23]. The presence of
IL-17 in granuloma of sarcoidosis tissue has been reported
previously by Ten Berge et al. [14] and Facco et al. [15]. We
also detected IL-17-producing cells in the sarcoidosis
granuloma, although to a much more limited extent than
in Facco et al.’s study, which showed expression of IL-17 by
a majority of granuloma cells [15]. We found IL-17-
producing cells to be present in the periphery of granulo-
mas, i.e. they co-localize with lymphocytes, while other
studies found IL-17 to be expressed preferentially by multi-
nucleated giant cells and T cells localized inside the granu-
loma. These discrepancies might be due to differences
regarding the exact specificity or concentration of antibody
used. The finding that IL-17-producing cells are part of sar-
coidosis granulomas further implicate them in the patho-
genesis of this disease as probable contributors to the
sequestration and, in some patients, the elimination of
assumptive antigen(s).

Hypothetically, targeting IL-17 signalling may have a
therapeutic potential in some sarcoidosis patients, similar to
what has been carried out in rheumatoid arthritis [34] and

psoriasis [35]. However, given the increased IL-17 responses
among a subgroup of sarcoidosis patients with good prog-
nosis that we demonstrate here, it remains uncertain as to
whether inhibiting this signalling will offer clinical benefits
for patients. Therefore, a more detailed understanding
about the pathogenic or protective role of Th17 cells in
various subsets of sarcoidosis patients is needed.

In summary, for the first time we have provided evidence
to show that IL-17 levels in the airways and frequencies of
mKatG-specific IL-17-producing cells are higher in a sub-
group of patients with Löfgren’s syndrome: a subgroup sig-
nified by a very good clinical prognosis. These findings, in
patients characterized typically by spontaneous disease
resolution, are thus compatible with a role for Th17 cells
and IL-17 per se in the elimination of antigen together with
the previously described multi-functional Th1 cells specific
for mKatG. Our findings underline the potential impor-
tance of IL-17 as a prognostic tool in sarcoidosis patients.
However, more studies are needed to elucidate the more
precise mechanistic role of IL-17 and antigen-specific Th17
cells in subgroups of sarcoidosis patients.
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Fig. S1. Paired analysis of cytokine responses to Mycobacte-
rium tuberculosis catalase-peroxidase (mKatG) compared
to response to media alone (i.e. without any stimulation).
Graphs show results for bronchoalveolar lavage (BAL)
samples from patients with or without Löfgren’s syndrome.
(a) Mean number of interleukin (IL)-17 and (b) mean
number of interferon (IFN)-γ-producing cells after stimula-
tion with mKatG and in media control, respectively. Graphs
show mean numbers of spots from 106 cells per well.
*P < 0·05; **P < 0·01.
Fig. S2. The ratio of interleukin (IL)-17- to interferon (IFN)-
γ-producing cells in response to mKatG in bronchoalveolar
lavage (BAL) samples was calculated for each patient. Data
are shown for nine patients with Löfgren’s syndrome and six
patients without Löfgren’s syndrome.
Fig. S3. Paired analysis of cytokine responses to Mycobacte-
rium tuberculosis catalase-peroxidase (mKatG) compared
to response to media alone (i.e. without any stimulation).
Graphs show results for peripheral blood mononuclear cell
(PBMC) samples from patients with or without Löfgren’s
syndrome. (a) Mean number of interleukin (IL)-17 and (b)
mean number of interferon (IFN)-γ-producing cells after
stimulation with mKatG and in media control, respectively.
Graphs show mean numbers of spots from 106 cells per
well. **P < 0·01; ***P < 0·001.
Fig. S4. Enzyme-linked immunospot assay for evaluation
of interferon (IFN)-γ- and interleukin (IL)-17-producing
cells in response to purified protein derivative (PPD) in of

healthy individuals. Blood samples were obtained from
healthy controls with PPD– and PPD+ reactions in the skin,
respectively. Graphs show mean numbers of spots from
106 cells per well after deduction of background. *P < 0·05;
**P < 0·01.
Table S1. T cell responses to superantigens Staphylococcus
enterotoxin A (SEA)/S. enterotoxin B (SEB) analysed in three
sarcoidosis patients with Löfgren’s syndrome and two sar-
coidosis patients without Löfgren’s syndrome. Percentages
of bronchoalveolar lavage (BAL) and blood CD4+ or CD8+

T cells expressing interferon (IFN)-γ, interleukin (IL)-17
and both cytokines simultaneously in response to SEA/SEB
were analysed by flow cytometry. Values depict median
(min–max) percentage of cytokine expression after deduc-
tion of background. Two of three Löfgren’s syndrome
patients participating in our study were DR3+, and one was
DR13+ with a T cell receptor (TCR) AV2S3 expansion
and included in the DR3+ group. The reason for this is
that in our experience DR13+ patients with AV2S3 expan-
sions always carry the human leucocyte antigen (HLA)-
DRB3*0101 allele, whose protein product has a very similar
structure to that of HLA-DRB1*0301, and indeed these
molecules have been shown to be able to present similar
antigenic peptides (J. Grunewald, Thorax 2002; 57:348–
352). Two of three Löfgren’s syndrome patients had a lung
expansion of TCR AV2S3+ CD4+ T cells and one DR3+

patient in a rare case had an elevated number of AV2S3+

CD4+ T cells (7·5%) (≥10·5% of CD4+ cells in BAL fluid
defined as a expanded) [J. Grunewald, Eur J Immunol 1992;
22 (1):129–135]. Data are shown as median (min–max).
Table S2. In three patients with Löfgren’s syndrome who
displayed elevated numbers of bronchoalveolar lavage
(BAL) CD4+ T cell receptor (TCR) AV2S3+ cells (see Sup-
porting information, Table S1 legend), the capacity for
induced cytokine production by AV2S3+ and AV2S3– cells in
BAL and blood was compared. There was a tendency to a
higher frequency of interferon (IFN)-γ-producing cells in
response to Staphylococcus enterotoxin A (SEA) and S.
enterotoxin B (SEB) within the AV2S3+ subset in both BAL
and blood samples. In contrast, the tendency was towards
higher IL-17 responses in AV2S3– cells (in both BAL and
blood samples). Frequencies of simultaneous IFN-γ- and
IL-17-producing cells in response to SEA and SEB were
similar in BAL AV2S3+ and AV2S3– cells. Data are shown as
median (min–max).
Appendix S1. Materials and methods.
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