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ABSTRACT The lung-draining mediastinal lymph nodes (MLNs) are currently widely used to diagnose
sarcoidosis. We previously reported that T-helper (Th) 17.1 cells are responsible for the exaggerated
interferon-γ production in sarcoidosis lungs. In this study, we aimed to investigate 1) whether Th17.1 cells
are also increased in the MLNs of sarcoidosis patients and 2) whether frequencies of the Th17.1 cells at
diagnosis may correlate with disease progression.

MLN cells from treatment-naive pulmonary sarcoidosis patients (n=17) and healthy controls (n=22)
and peripheral blood mononuclear cells (n=34) and bronchoalveolar lavage fluid (BALF) (n=36) from
sarcoidosis patients were examined for CD4+ T-cell subset proportions using flow cytometry.

Higher proportions of Th17.1 cells were detected in sarcoidosis MLNs than in control MLNs. Higher
Th17.1 cell proportions were found in sarcoidosis BALF compared with MLNs and peripheral blood.
Furthermore, BALF Th17.1 cell proportions were significantly higher in patients developing chronic
disease than in patients undergoing resolution within 2 years of clinical follow-up.

These data suggest that Th17.1 cell proportions in pulmonary sarcoidosis can be evaluated as a
diagnostic and/or prognostic marker in clinical practice and could serve as a new therapeutic target.
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Introduction
Sarcoidosis is a multisystem granulomatous disorder of unknown cause, predominantly affecting the lungs
[1]. The disease affects people all over the world, but the incidence/prevalence rates and natural course of
the disease vary greatly [1–3]. Intriguingly, the disease resolves in the majority of sarcoidosis patients, but
granulomas persist in ∼30% of patients, which can lead to chronic, sometimes progressive disease with
need for treatment [1, 4]. It still remains largely unknown what environmental, genetic and/or
immunological factors determine the disease course of (non-Löfgren) sarcoidosis patients. Consequently,
no variables have yet been identified that are routinely used in clinical practice to help predict the disease
course of sarcoidosis patients.

We have recently reported that the exaggerated interferon (IFN)-γ in sarcoidosis lungs is predominantly
derived from T-helper (Th) 17.1 cells rather than from Th1 cells [5]. One of the cardinal features of
pulmonary sarcoidosis is mediastinal lymphadenopathy. The lung-draining mediastinal lymph nodes
(MLNs) have become an attractive clinical site for sarcoidosis diagnosis as detection of granulomas is more
accurate in MLNs than in lung [6]. Given the extent of MLN involvement and its strong diagnostic value
in pulmonary sarcoidosis, we aimed to investigate 1) whether Th17.1 cells are also increased in the MLNs
of sarcoidosis patients (which could have added value for the diagnosis) and 2) whether frequencies of the
Th17.1 cells at diagnosis may correlate with disease progression after 2 years. Therefore, in the current
study we investigated the distributions of CD4+ T-cell subsets in control and sarcoidosis MLNs, and
compared them to sarcoidosis peripheral blood and bronchoalveolar lavage fluid (BALF).

Materials and methods
Study design and subjects
Patients with pulmonary sarcoidosis were included at time of diagnosis. The diagnosis of sarcoidosis was
made according to the guidelines of the American Thoracic Society/European Respiratory Society/World
Association of Sarcoidosis and Other Granulomatous Disorders [1].

Exclusion criteria were use of immunomodulatory medication 3 months prior to study inclusion,
respiratory tract infection 4 weeks prior to study inclusion, and concomitant pulmonary disease (including
chronic obstructive pulmonary disorder and asthma), autoimmune diseases, malignancies, HIV
seropositivity, pregnancy and allergies.

For this study, 55 sarcoidosis patients donated BALF, MLN-derived fine needle aspiration or peripheral
blood. Supplementary figure E1 shows a detailed flowchart describing the material each participating
patient donated for this study.

Disease course of a subgroup (n=25 with data available) of patients was determined 2 years after study
inclusion. Resolution of disease was defined by the absence of abnormalities on chest radiography and
clinical symptoms. Patients with residual abnormalities on chest radiography but without need for
treatment were designated as nonprogressive chronic and patients with need for treatment were designated
as progressive chronic.

Control MLNs were collected from 22 lung transplantation donors without signs of pulmonary
inflammation (routinely assessed by chest radiography and bronchoscopy).

The Medical Ethical Committee of the Erasmus MC (Rotterdam, The Netherlands) approved this study.
Written informed consent was obtained from every participant before study inclusion. Further subject
characteristics are shown in table 1.

Study materials
Bronchoscopy with bronchoalveolar lavage was performed as previously described [7]. BALF cells and
peripheral blood were processed as previously described [7].

Endoscopic or endobronchial ultrasound-guided fine needle aspirations from draining MLNs were
performed with a 22G (or 19G) needle. MLN aspirates were filtered through a 100 μm cell strainer (BD
Biosciences, Oxford, UK) and centrifuged. Cells were stored at −150°C.

Control MLNs were collected from lung transplantation donors. Control MLNs were processed as lymph
node aspirates.

Flow cytometry
BALF, MLN and peripheral blood mononuclear cells were stained for intra- and extracellular markers
using the antibodies listed in supplementary table E1. Th subsets of CD45RA−FoxP3low/int total memory
Th cells were identified on the basis of chemokine receptor expression (supplementary figure E2). Fixable
Aqua Dead Cell Stain kit for 405 nm (ThermoFisher, Paisley, UK) was used as live/dead marker. At least
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100000 cells per sample were measured on a flow cytometer LSRII (BD Biosciences), and the mean
fluorescence intensity of cytotoxic T-lymphocyte antigen 4 (CTLA4) was standardised to average
expression in healthy control peripheral blood cells, stated as change in mean fluorescence intensity. Ki-67
staining was used to assess the proliferative status of cell subsets.

Statistical analyses
Comparisons were performed using the Mann–Whitney U-test or Wilcoxon signed-rank test. p-values
were two-sided and analyses were performed using SPSS Statistics version 21 (IBM, Armonk, NY, USA).
p<0.05 was considered statistically significant.

Results
Significant increase of Th17.1 cells in sarcoidosis MLNs compared with controls
We previously found an increased presence of IFN-γ+ Th17.1 cells in sarcoidosis BALF compared with
controls [5]. We questioned whether Th17.1 cells are also increased in sarcoidosis MLNs compared with
controls. As Th17.1 cells are primarily thought to be progeny of Th17 cells [8–15], we aimed to quantify
Th1, Th2 and all CCR6+ Th subpopulations in sarcoidosis BALF (n=36), sarcoidosis MLNs (n=17) and
control MLNs (n=22) (for gating strategy, see supplementary figure E3). The CCR6+ double-positive cells
are thought to reflect an intermediate stage between Th17 and Th17.1 cells [16–18].

In sarcoidosis BALF, Th17.1 cell proportions were higher than either Th1, Th2, Th17 or CCR6+

double-positive cells (figure 1a) and thus represented the most predominant Th population in BALF
(figure 1b). Similar to sarcoidosis BALF [5], sarcoidosis MLNs contained higher proportions of CCR6+ Th
cells than control MLNs (figure 1c). Importantly, we identified significantly increased proportions of
Th17.1 cells in sarcoidosis MLNs compared with control MLNs (figure 1d). Furthermore, sarcoidosis
MLNs contained increased proportions of Th17.1 precursor cells, i.e. Th17 [19] and CCR6+

double-positive cells, compared with controls (figure 1d and e). In sarcoidosis MLNs, Th1 cell proportions

TABLE 1 Study subject characteristics

Control Sarcoidosis

Subjects 22 55
Age years 47 (15–70) 43 (24–75)
Male/female 6/16 36/19
Ethnicity
White 38 (69)
Black 8 (15)
Other 5 (9)
Unknown 4 (7)

Scadding stage
0 5 (9)#

I 20 (36)
II 23 (42)
III 4 (7)
Unknown 3 (6)¶

Diagnosis assessed by
TBB-EBB 17 (31)
BALF CD4/CD8 >3.5 8 (15)
E(B)US-FNA 26 (47)
Other (e.g. mediastinoscopy, other biopsy) 4 (7)

Extrathoracic involvement
No/yes 21/34
Skin 8 (15)
Eyes 16 (29)
Articular+ 22 (40)
Central nervous system 3 (6)
Other 6 (11)

Data are presented as n, median (range) or n (%). TBB: transbronchial biopsy; EBB: endobronchial biopsy;
BALF: bronchoalveolar lavage fluid; E(B)US-FNA: endoscopic (endobronchial) ultrasound-guided fine
needle aspiration. #: three patients had stage I and two patients had stage II sarcoidosis, determined by
computed tomography (CT) scan; ¶: two patients had stage I and one patient had stage II sarcoidosis,
determined by CT scan; +: self-reported articular involvement.
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FIGURE 1 Significant increase of T-helper (Th) 17.1 cells in sarcoidosis mediastinal lymph nodes (MLNs)
compared with controls. CCR6− T-cell subsets (CCR4−CXCR3+ Th1 cells and CCR4+CXCR3− Th2 cells) and
CCR6+ T-cell subsets (CCR4+CXCR3− Th17 cells, CCR4+CXCR3+ double-positive (DP) Th cells and
CCR4−CXCR3+ Th17.1 cells) were determined in CD45RA−FoxP3low/int total memory CD4+ T-cells (see
supplementary figure E1 for gating strategy) from sarcoidosis bronchoalveolar lavage fluid (BALF) (n=36) and
from control MLNs (n=22) and sarcoidosis MLNs (n=17). a) Proportions of Th1, Th2, Th17, CCR6+ DP and
Th17.1 cells of total memory CD4+ T-cells in sarcoidosis BALF. Horizontal lines indicate median values.
Significance determined using the Wilcoxon signed-rank test. ***: p⩽0.001 (sarcoidosis Th17.1 cells versus
either sarcoidosis Th1, Th2 or Th17 or DP cells). b) Pie chart showing mean percentages of Th1, Th2, Th17,
CCR6+ DP, Th17.1 and unclassified cells (which include CCR6−CCR4−CXCR3− cells, CCR6−CCR4+CXCR3+ cells
and CCR6+CCR4−CXCR3− cells) of total memory CD4+ T-cells in sarcoidosis BALF. c) Proportions of CCR6+

total memory T-cells in MLNs and d) proportions of Th1, Th2, Th17, CCR6+ DP and Th17.1 cells of total
memory CD4+ T-cells in MLNs. Horizontal lines indicate median values. Significance determined using the
Mann–Whitney U-test. **: p<0.01; ***: p<0.001. e) Pie charts showing mean percentages of Th1, Th2, Th17,
CCR6+ DP, Th17.1 and unclassified cells (which include CCR6−CCR4−CXCR3− cells, CCR6−CCR4+CXCR3+ cells
and CCR6+CCR4−CXCR3− cells) of total memory CD4+ T-cells in MLNs.
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were significantly decreased compared with controls, although Th1 cells remained (as in controls) the
most prominent memory T-cell population (figure 1d and e).

Taken together, these data show that sarcoidosis MLNs contain increased proportions of Th17.1 cells
compared with controls, paralleling the lungs [5].

Th17.1 cells and CCR6+ double-positive cells are highly proliferative in sarcoidosis MLNs
The increase of Th17.1 cells in sarcoidosis MLNs could be caused by enhanced proliferation; therefore, we
assessed the proliferative status of T-cell subsets.

Proportions of proliferative (Ki-67+) CD4+ memory T-cells were significantly increased in sarcoidosis
MLNs compared with controls (figure 2a). Interestingly, specifically Th17.1 cells and CCR6+

double-positive cells exhibited high fractions of proliferating Ki-67+ cells compared with controls (figure 2b
and c). This was particularly striking for the Th17.1 subpopulation, which in controls contained only very
few Ki-67+ cells. However, CCR6+ double-positive cells contained the highest fraction of proliferating
cells (∼15%, which was significantly higher than any of the other T-cell subsets) in sarcoidosis MLNs
(figure 2b). Interestingly, CCR6+ double-positive cells also showed decreased CTLA4 expression in
sarcoidosis MLNs compared with controls (figure 2d), as we have previously also shown for Th17 cells [19].

In summary, ex vivo phenotyping identified Th17.1 cells as a highly proliferative Th subset in MLNs of
sarcoidosis patients compared with controls. Furthermore, CCR6+ double-positive cells also proliferate
highly compared with other Th cell subsets in sarcoidosis MLNs.

Higher Th17.1 cell proportions in sarcoidosis MLNs and BALF than peripheral blood
Next, we aimed to quantify Th17-derived CCR6+ populations within sarcoidosis peripheral blood, MLNs
and BALF.

Remarkably, in sarcoidosis patients, the proportions of memory Th cells that were CCR6+ were
significantly higher in BALF (∼75%) and MLNs (∼31%) compared with peripheral blood (∼19%)
(supplementary figure E4). Th17 cell proportions were significantly lower in BALF than in MLNs and
peripheral blood (figure 3a), whereas Th17.1 cells were significantly higher (figure 3c). Proportions of
CCR6+ double-positive cells were similar in MLNs and BALF, but were significantly higher in BALF than
peripheral blood (figure 3b). CCR6− Th1 cell proportions were lower in sarcoidosis BALF compared with
MLNs (supplementary figure E4). Importantly, paired analyses of the subgroup of patients that donated
material from multiple organs (either peripheral blood and MLNs (n=17) or peripheral blood and BALF
(n=15)) also showed a significant decrease in Th17 cells and a significant increase in Th17.1 cell proportions
in MLNs or BALF compared with peripheral blood of the same patient (supplementary figure E5).

Taken together, the data show that Th17.1 cells are not a prominent population in the peripheral blood of
sarcoidosis patients. Rather, patients show an increase in Th17.1 cells in MLNs, which is further enhanced
in sarcoidosis lungs.

Higher BALF Th17.1 cell proportions in patients developing chronic disease than in patients
undergoing resolution
As Th17.1 cells are described to be pathogenic and highly present in sarcoidosis lungs, we questioned
whether proportions of Th17.1 cells in BALF would associate with disease prognosis. Therefore, we
determined the disease course of a subgroup (n=25) of our study cohort at ∼2 years of clinical follow-up.

Interestingly, in patients developing chronic sarcoidosis, and specifically progressive chronic sarcoidosis
with need for treatment, significantly higher BALF Th17.1 proportions were detected at time of diagnosis
compared with patients undergoing resolution (figure 4a). In contrast, Th1 proportions were lower in
patients developing progressive chronic disease than patients undergoing disease resolution (figure 4b),
resulting in an increased Th17.1/Th1 ratio within BALF of patients developing chronic disease (figure 4c).
Although nonsignificant, Th17 proportions also showed a trend to be lower in patients developing chronic
disease than in patients undergoing resolution and patients developing progressive chronic disease showed
a higher Th17.1/Th17 ratio within BALF (supplementary figure E6).

In conclusion, the data suggest that development of chronic disease is significantly associated with
numbers of Th17.1 cells in sarcoidosis BALF, supporting a pathogenic role for these cells in the
development of (chronic) pulmonary sarcoidosis.

Discussion
Our study is the first to show that Th17.1 cells are significantly increased in sarcoidosis MLNs compared
with control MLNs, reflecting our previous findings in sarcoidosis lungs [5]. Furthermore, Th17.1 cell
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proportions are highest in the granulomatous BALF when compared with sarcoidosis-derived MLNs and
peripheral blood. Higher proportions of Th17.1 cells in the lungs significantly correlated with development
of chronic disease. Taken together, the data suggest that Th17.1 cell proportions in pulmonary sarcoidosis
can be evaluated as a diagnostic and/or prognostic marker in clinical practice and could serve as a new
therapeutic target.

Since it was recognised that Th17 cells display considerable plasticity and can produce IFN-γ, it has
become increasingly clear that IFN-γ-producing Th17 cells play a key role in the development of
autoimmune diseases [17, 20]. IFN-γ-producing Th17 cells, or so-called Th17.1 cells, are described to be
pathogenic in several autoimmune diseases and chronic inflammatory disorders, including Crohn’s disease
[8, 9] and arthritis [10]. In a previous study, we clarified that specifically CCR6+ Th17.1 cells rather than
classical CCR6− Th1 cells are the major source for IFN-γ production in sarcoidosis BALF [5].
Interestingly, here, we found that in sarcoidosis MLNs not only Th17.1 cells, but all CCR6+ Th cell
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FIGURE 3 Higher T-helper (Th) 17.1 cell proportions in sarcoidosis mediastinal lymph nodes (MLNs) and
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the Mann–Whitney U-test. ***: p<0.001.
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chronic (n=11) and patients with need for treatment were designated as progressive chronic (n=7). a)
Proportion of Th17.1 cells and b) proportion of Th1 cells out of the total memory CD4+ T-cells at time of
diagnosis. c) Ratio of the proportions of Th17.1 versus Th1 cells. Horizontal lines indicate median values.
Significance determined using the Mann–Whitney U-test. *: p<0.05; **: p<0.01.
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subsets, including Th17 and CCR6+ double-positive cells, were significantly enhanced compared with
control MLNs. As Th17 and CCR6+ double-positive cells can be precursor cells of Th17.1 cells, the data
may imply that initial Th17-lineage subset differentiation occurs within sarcoidosis MLNs [21].

In addition to supporting that Th17 cells are induced within sarcoidosis MLNs, our data suggest that
chronically inflamed sites [10, 15] such as sarcoidosis lungs (but possibly also granulomatous parts of the
MLNs) play a role in accelerating Th17.1 cell differentiation by inducing conversion of Th17 towards
Th17.1 cells. For example, comparing different immunological compartments involved showed that
specifically Th17.1 cells were augmented in sarcoidosis lungs compared with MLNs and peripheral blood.
In joints of patients with juvenile idiopathic arthritis, Th17.1 cell fractions were also found increased
compared with peripheral blood and shared clonal ancestry with Th17 cells [10]. Furthermore, although
Th17.1 cells were abundantly present within sarcoidosis affected organs, we identified CCR6+

double-positive cells, which were previously suggested to represent an intermediated stage between Th17
and Th17.1 cells [16–18], as the subset with the highest fraction of proliferating cells. Sarcoidosis CCR6+

double-positive cells also showed decreased co-inhibitory CTLA4 expression compared with controls, likely
contributing to increased proliferative capacity. Previously, we have also observed a reduced CTLA4
expression in sarcoidosis MLNs Th17 cells [19]. Aberrant expression of co-inhibitory receptors such as
CTLA4 [19] on specific T-cell subsets in sarcoidosis is very likely to be part of disease pathogenesis, as
clinical treatment with anti-CTLA4 has been associated with development of sarcoid-like granulomas in
MLNs of cancer patients [19]. Finally, high levels of cytokines, such as interleukin (IL)-12 or IL-23, which
can induce a Th17 shift towards Th17.1 cells, are found in sarcoidosis lungs [10, 13, 15, 22]. Increased
protein expression of IL-12 (p70 and p40) is found consistently within sarcoidosis lungs [23–25].
Although IL-23p19 expression in sarcoid lungs remains uncertain, high expression of IL-12p40 compared
with IL-12p70 may very well indicate elevated levels of IL-23 [25], as IL-12p40 is also a subunit of IL-23
[17]. Notably, IL-23 transcription was enhanced in sarcoid skin lesions compared with controls [26] and
serum amyloid A, an antigen that was speculated to contribute to the development of chronic
(pulmonary) sarcoidosis [27], has been described to increase IL-23 production by dendritic cells [28].
Strikingly, BALF IL-12p40 protein levels are highest in patients developing chronic disease [29]. Our data
cannot exclude the possibility of additional selective Th17.1 cell migration towards sarcoidosis lungs [15],
attracted by high local coexpression of IFN-γ-induced protein 10/CXCL10 [30] and CCL20 [31], ligands
for CXCR3. Nevertheless, Th1 cell attraction towards sarcoidosis lungs would then also be expected as
these cells also express CXCR3 and we did not find evidence for this phenomenon.

Highly clinically relevant, we found significantly higher Th17.1 cell proportions at the time of diagnosis in
lungs of patients who develop chronic disease compared with patients who underwent resolution. Together
with our previous finding of increased BALF Th17.1 cell proportions in a population that included
progressive patients who were on first-, second- and/or third-line therapy [5], these data strongly argue for
a pathogenic role for Th17.1 cells in the development/progression of pulmonary sarcoidosis. Remarkably,
two independent single nucleotide polymorphisms within the IL23R gene locus were found to predispose
for (chronic) sarcoidosis [32, 33] and IL-23 receptor (IL-23R) expression is essential for conversion of
Th17 cells towards pathogenic Th17.1 cells during chronic inflammation in mice [13, 34]. The most recent
genome-wide association study identified one single nucleotide polymorphism within the putative
promoter region of the IL23R gene, which might influence IL-23R expression [33]. The functional
prediction and protein network analyses of the identified candidate susceptibility genes provided a
prominent role for the IL-23/Th17 signalling pathway in the genetic aetiology of sarcoidosis [33]. Together
with our data, this implies that genetic variations within the IL23R gene or other genes involved in the
IL-23/Th17 signalling pathway may predispose for (chronic) sarcoidosis by supporting the conversion of
Th17 to Th17.1 cells or by stabilising Th17.1 cells. Therefore, specific targeting of IL-23R signalling, e.g. by
tildrakizumab/guselkumab (anti-IL-23p19), which was recently described to be successful in psoriasis [35],
might be a promising new therapeutic approach in (chronic) sarcoidosis.

Additional prospective studies investigating CCR6+ Th17-lineage cell function, such as cytokine
production, in sarcoidosis patients with a distinct disease prognosis are needed to address the functional
complexity of Th17-lineage cells. This is highlighted by recently reported findings in Löfgren’s disease
[36], a subtype of acute sarcoidosis whereby patients are unlikely to develop chronic disease. In these
patients, lung Th17.1 cells were associated with a favourable disease outcome [36]. Löfgren BALF
contained higher levels of favourable Th17 cytokines such as IL-17A, IL-10 and IL-2, likely contributing to
the favourable prognosis in Löfgren patients; however, non-Löfgren sarcoidosis patients have higher levels
of IFN-γ compared with Löfgren patients, possibly contributing to a worse outcome [36]. Furthermore,
Löfgren syndrome is associated with a highly inflammatory profile during active disease, which would
confirm the pathogenic potential of Th17.1 cells.
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In conclusion, this study shows that sarcoidosis CCR6+ Th17-lineage cells are significantly increased in
granulomatous MLNs and likely differentiate into Th17.1 cells in the lung microenvironment, where their
presence significantly correlates with development of chronic disease. This study provides a new
perspective on 1) sarcoidosis pathogenesis, 2) the value of Th17.1 cells as a potential diagnostic/prognostic
marker and 3) the potential of new therapeutic targets.
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