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Abstract
Sarcoidosis is a multi- systemic granulomatous disease of unknown origin. Recent research 
has focused upon the role of autoimmunity in its development and progression. This study 
aimed to determine and define the disturbance and distribution of T and B cell subsets in the 
alveolar and peripheral compartments. Thirteen patients were selected for the study [me-
dian age, interquartile range (IQR) = 57 years (48– 59); 23% were male]. Twelve healthy 
controls [median age, IQR  =  53 years (52– 65); 16% male] were also enrolled into the 
study. Cellular and cytokine patterns were measured using the cytofluorimetric approach. 
Peripheral CD8 percentages were higher in sarcoidosis patients (SP) than healthy con-
trols (HC) (p = 0.0293), while CD4 percentages were lower (p = 0.0305). SP showed low 
bronchoalveolar lavage (BAL) percentages of CD19 (p = 0.0004) and CD8 (p = 0.0035), 
while CD19+CD5+CD27− percentages were higher (p = 0.0213); the same was found for 
CD4 (p = 0.0396), follicular regulatory T cells (Treg) (p = 0.0078) and Treg (p < 0.0001) 
cells. Low T helper type 17 (Th17) percentages were observed in BAL (p = 0.0063) of SP. 
Peripheral CD4+ C- X- C chemokine receptor (CXCR)5+CD45RA−) percentages and fol-
licular T helper cells (Tfh)- like Th1 (Tfh1) percentages (p = 0.0493 and p = 0.0305, respec-
tively) were higher in the SP than HC. Tfh1 percentages and Tfh- like Th2 percentages were 
lower in BAL than in peripheral blood (p = 0.0370 and p = 0.0078, respectively), while 
CD4+ C- X- C motif CXCR5+CD45RA− percentages were higher (p = 0.0011). This is the 
first study, to our knowledge, to demonstrate a link between an imbalance in circulating and 
alveolar Tfh cells, especially CCR4- , CXCR3-  and CXCR5- expressing Tfh subsets in the 
development of sarcoidosis. These findings raise questions about the pathogenesis of sar-
coidosis and may provide new directions for future clinical studies and treatment strategies.

K E Y W O R D S
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INTRODUCTION

Sarcoidosis is a multi- systemic granulomatous disease of un-
known origin with common lung involvement, variable clinical 
course and no universally accepted treatment algorithm [1,2]. 

The incidence of sarcoidosis is higher in women, peaking be-
tween 30 and 60 years [2]. Recent research has focused upon the 
etiology and pathogenesis of sarcoidosis and the role of autoim-
munity in its development and progression. Genetic predisposi-
tion, infections, environmental factors and exposure to inorganic 
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substances may trigger an autoimmune response in the disease 
[2]. The pathogenesis of autoimmune diseases may be orches-
trated by T cell immunity and the corresponding lymphocyte 
subsets. CD4+ T cells from the bronchoalveolar lavage (BAL) 
of sarcoidosis patients are also highly T helper type 1 (Th1) po-
larized. CD4+ T cells from the BAL of sarcoidosis patients are 
also highly Th1 polarized. Considering the infiltration of Th1- 
polarized CD4+ T cells in the lung, it is widely accepted that 
these T cells are trafficking to and proliferating in the lung in 
response to an unknown antigen. In contrast to CD4+ T cell al-
veolitis in BAL of sarcoidosis patients [3], T cell lymphopenia in 
the peripheral blood is characteristic of the disease [4]. CD4+ T 
cells with a Th17 phenotype and T cells expressing both interleu-
kin (IL)- 17 and interferon (IFN)- γ (i.e. Th17.1 cells) have been 
found in lung tissue and BAL from sarcoidosis [5,6]. Recently, a 
significant increase was demonstrated in CCR6+ Th17.1 cells in 
both BAL fluid and mediastinal lymph nodes of sarcoidosis pa-
tients compared to controls. Interestingly, these cells contribute 
to IFN- γ production [7]. It is believed that disturbance of Th17- 
stimulated regulatory T cells (Tregs) can lead to autoimmune 
inflammation, characterized by the presence of autoantigen- 
specific T and B lymphocytes producing autoantibodies [8]. 
Disturbances in T and B cell immune responses have been re-
ported in several studies of sarcoidosis, suggesting that the trig-
gering factor for inflammation is the contact of a foreign antigen 
with antigen- presenting cells, leading to activation of T and B 
lymphocytes which migrate to the inflammatory foci [9– 16]. If 
the antigen persists, macrophages undergo epithelioid differenti-
ation and lymphocytes continue to migrate to the foci, forming 
granulomas. Peripheral blood B cell subsets of patients with sar-
coidosis are often altered with respect to healthy controls [17]. 
Although there is no evidence that B cells can play a direct role in 
disease pathogenesis in sarcoidosis, several studies have reported 
altered antibody responses in these patients [18]. Increased num-
bers of memory B cells producing immunoglobulin (Ig)A are 
found in patients with sarcoidosis, raising the possibility that IgA 
could be involved in granuloma formation [19]. A new regula-
tory B cell (Breg) (CD19+CD1d+CD5+) subset was discovered 
in the last decade, suggesting a potential function in the develop-
ment of T cell immune responses, including inhibition of naive T 
and Th17 cells [20]. B cell involvement in sarcoidosis is therefore 
well documented [21,22], but nothing is known about T follicu-
lar helper (Tfh) cells in this disease. Tfh is the major cell subset 
considered to be involved in humoral adaptive immune response, 
due to its essential role in generating plasma and memory B cells 
during the germinal center reaction. Tfh cells express high levels 
of the C- X- C chemokine receptor (CXCR)5 necessary for Tfh 
migration towards B cell follicles rich in CXCL13 (B cell chemo-
attractant). Additionally, specific stimulation of Tfh cells induces 
secretion of IL- 21, thereby promoting B cell growth, differentia-
tion and class- switching. Recent studies have demonstrated that 
alterations in circulating Tfh cell subsets have significant effects 
on the progression of various autoimmune diseases [23].

The aim of this study was to determine and define disturbance 
and distribution of T and B cell subsets in the alveolar and pe-
ripheral compartments, focusing upon the proportions of Tfh, in-
cluding T follicular regulatory cells, in patients with sarcoidosis.

MATERIALS AND METHODS

Study population

Forty patients, monitored at the Siena Regional Referral Centre 
for Sarcoidosis and other Interstitial Lung Diseases, were en-
rolled retrospectively. We excluded patients with active respira-
tory infections, malignant diseases, Lofgren syndrome, acute 
disease onset or spontaneous remission of sarcoidosis, as well 
as those patients for whom simultaneous BAL and peripheral 
blood samples were not available. Thirteen were selected for 
the study. The median age [interquartile range (IQR)] was 
57  years (range  =  48– 59); 23% were male. All had under-
gone bronchoscopy for interstitial lung disease (ILD) diag-
nostic work- up. Diagnosis was based on international criteria 
[24,25]. In all cases, medical history, lung function parameters 
and serum angiotensin- converting enzyme (ACE) concentra-
tions were recorded in a specific database. Bronchoscopy with 
BAL and chest X- ray with radiological staging, performed in 
the framework of the sarcoidosis diagnostic work- up, were 
also available. The radiological classification was according 
to Scadding [26]: stage 0, normal; stage 1, bilateral hilar ad-
enopathy without parenchymal involvement; stage 2, bilateral 
adenopathy and parenchymal infiltration; stage 3, parenchymal 
infiltration; and stage 4, pulmonary fibrosis associated with 
sarcoidosis. All patients were negative for tuberculosis (TB), 
bacterial infections, mycological infections and malignant dis-
eases. Twelve healthy controls [median age (IQR) = 53 years 
(52– 65); 16% male] were also enrolled into the study. They 
had no history of concomitant pathologies and were not on any 
medication, and had normal lung function test parameters.

Peripheral blood was sampled from both patients and con-
trols while BAL samples were collected only from sarcoid-
osis patients, because BAL cannot be performed on healthy 
subjects for scientific purposes in Italy.

All patients and healthy individuals gave their written in-
formed consent to the study, which was approved by the local 
ethics committee (CEAVSE, Markerlung 17431, Tuscany, Italy).

Peripheral blood mononuclear cell (PBMC) 
preparation

Preparation and storage of PBMCs was performed at the 
Respiratory Diseases Laboratory, University Hospital of 
Siena. Peripheral blood samples were collected after 8- h 
fasting in a tube containing etylenediamine tetraacetic acid 
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(EDTA) anti- coagulant (BD Vacutainer® EDTA tubes; BD 
Biosciences, San Jose, California, USA) and processed 
within 8 h, as previously reported [27].

BAL processing

Bronchoscopy with BAL was performed for diagnostic pur-
poses according to the European Respiratory Society BAL Task 
Force Group guidelines [28]. Briefly, BAL was filtered through 
sterile gauze and cell count was determined by cytocentrifuge 
smear (600 g for 5 min) with a Thermo Shandon Cytospin 3 
(Marshall Scientific, Hampton, New Hampshire, USA) and 
stained with Diff Quik Stain Kit (modified Giemsa) (Diapath, 
Bergamo, Italy); a total of 500 cells were counted. Cell viability 
was determined by trypan blue exclusion in a Burker chamber.

Regulatory cell detection

The phenotypes of Treg and Breg cells through flow cytometric 
analysis were performed as previously reported [29– 31]. The 
panel of monoclonal antibodies, including Tregs (human regu-
latory T cell cocktail; BD Biosciences), fluorescein isothio-
cyanate anti- human CD4 (clone SK3), phycoerythrin- cyanin 
7 (PE- Cy7) anti- human CD25 (clone 2A3) and Alexa Fluor® 
647 anti- human CD127 (clone HIL- 7R- M21), were used. V450 
anti- CD8, allophycocyanin (APC)- Cy7 anti- CD3 and peridinin 
chlorophyll (PerCP)- Cy5.5 anti- CXCR5 were also added. Cells 
were stained for 30 min at 4°C, measured with a fluorescence 
activated cell sorter (FACS)Canto II flow cytometer and ana-
lyzed using Kaluza Analysis version 2.1 (Beckman Coulter 
Life Sciences, Indianapolis, Indiana, USA). Supporting infor-
mation, Figure S1 reports the gating strategy for Treg panel, 
while Supporting information, Table S1 summarizes the main 
cell subsets identified from the analysis.

To detect Bregs, anti- human monoclonal antibodies (mAbs) 
were used as follows: APC anti- CD45, fluorescein isothio-
cyanate (FITC)- conjugated anti- CD38, PE anti- CD1d, PE- 
Cy7- conjugated anti- CD19, PerCP- CY5.5- conjugated CD5, 
APC- H7- conjugated anti- CD24 and BV510- conjugated an-
ti- CD27. Cells were stained for 30 min at 4°C, measured with 
a FACSCanto II flow cytometer and analyzed using Kaluza 
Analysis version 2.1 (Beckman Coulter Life Sciences). 
Supporting information, Figure S2 reports the gating strategy 
for the Breg panel, while Supporting information, Table S1 
summarizes the main cell subsets identified from the analysis.

Central and effector cell phenotyping (Th17, 
Th17.1, Th1, Th2)

The following fluorochrome- labeled monoclonal anti- 
human antibodies were used to identify central and effector 

cells: CD3- APC- Cy7, CD4- V450 (REA623), CD45RA- PE- 
Vio770 (REA562), CD196 (CCR6)- APC (REA190), CD183 
(CXCR3)- VioBright FITC (REA232), CD194 (CCR4)- PE 
(REA279) and PerCP- Cy5.5 anti- CXCR5 (all from Miltenyi 
Biotec, Bergisch Gladbach, Germany). Cells were stained 
for 30  min at 4°C, measured with a FACSCanto II flow 
cytometer and analyzed using Kaluza Analysis version 2.1 
(Beckman Coulter Life Sciences). Supporting information, 
Figure S3 reports the gating strategy for central and effec-
tor cell phenotyping panel, while Supporting information, 
Table S1 summarizes the main cell subsets identified from 
the analysis.

Follicular T cell phenotyping

The following fluorochrome- labeled monoclonal anti- human an-
tibodies were used to identify follicular T cells: CD3- APC- Cy7, 
CD4- V450 (REA623), CD45RA- PeCy7, CD196 (CCR6)- 
APC (REA190), CD183 (CXCR3)- VioBright FITC (REA232) 
and CD185 (CXCR5) (all from Miltenyi Biotech). Cells were 
stained for 30  min at 4°C, measured with a FACSCanto II 
flow cytometer and analyzed using Kaluza Analysis version 
2.1 (Beckman Coulter Life Sciences). Supporting information, 
Figure S3 reports the gating strategy for follicular T cell pheno-
typing, while Supporting information, Table S1 summarizes the 
main cell subsets identified from the analysis.

Cytometric bead array analysis

A human Th1/Th2/Th17 cytokine kit was used to measure 
serum concentrations of IL- 2, - 4, - 6, - 10, tumor necrosis fac-
tor (TNF), IFN- γ and IL- 17A in blood drawn from controls 
and sarcoidosis patients at the same time as that drawn for 
cell analysis, before and after anti- fibrotic therapy, as previ-
ously reported [31]. The tests were performed according to 
the manufacturer’s protocols [32].

FACSCanto II flow cytometer and LEGENDplex™ ver-
sion 8.0 software (BioLegend, San Diego, California, USA) 
were used to analyze all samples. Concentrations were ex-
pressed in pg/ml and entered into the database. Before analy-
sis, the cytometer was calibrated using set- up beads according 
to the manufacturer’s protocol [33].

Cytometric analysis of standards generated 10 cytograms 
fluorescence (FL)4 versus FL2) for each kit. A dot- plot (cy-
togram) example is shown in Figure 1a. LEGENDplex™ ver-
sion 8.0 software was used to calculate mean fluorescence 
intensity (MFI) for each population of molecules that bound 
a given cytokine. As a result, six standard curves (four pa-
rameter logistic) were obtained and an example of a standard 
curve for IL- 10 is shown in Figure 1b.

The linear part of the curves allowing repetitive interpola-
tion of fluorescence intensity began above 20 pg/ml.
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Statistical analysis

All the results were expressed as medians and quartiles (25th 
and 75th percentiles) for continuous variables, as appropri-
ate. For multiple comparisons, Kruskal– Wallis test [one- way 
analysis of variance (ANOVA) non- parametric test with 
Bonferroni correction to avoid a type I error] and Dunn’s 
comparison test were performed. The Mann– Whitney U- test 
was used for comparison between the two groups. The χ2 test 
was used for categorical variables. Spearman’s test was used 
to look for correlations. A p value less than 0.05 was con-
sidered statistically significant. Statistical analysis was per-
formed by GraphPad Prism version 9.0 software.

RESULTS

Study population

Demographic features, lung function parameters and 
Scadding radiological stages of our sarcoidosis patients are 
reported in Table 1. Tables 2 and 3 report peripheral and al-
veolar cell and cytokine patterns of sarcoidosis patients and 
HC, respectively. As expected [34– 37], disease onset mainly 
occurred in the 5th decade (44.6  ±  7.7 years), while most 
patients were female (77%) and never- smokers (54%). In our 
population, lung parameters were in the normal range with no 
significant alterations with respect to reference values.

Regulatory cell detection

Peripheral percentages of CD1d+CD5+ cells were higher in 
sarcoidosis patients than healthy controls (p = 0.0085), as 
were those of CD8 cells (p = 0.0293) (Figure 2). Lower pe-
ripheral percentages of CD3 and CD4 cells were observed 

F I G U R E  1  (a) Fluorescence (FL)4 fluorescence distinguished cell populations and FL2 (x- axis) for the studied cytokines. (b) An example of a 
standard curve for interleukin (IL)- 10

T A B L E  1  Demographic and clinical data of sarcoidosis patients 
and healthy controls (HC) group

Parameters
Sarcoidosis 
(n = 13)

Healthy 
controls 
(n = 12) p value

Age 57 (48– 59) 53 (52– 65) 0.129

Gender (M/F) 3/10 4/8 0.099

Smoking status 
(years/n)

6/7 5/7 0.089

Scadding stage

0 4/13

1 0/13

2 6/13

3 2/13

4 1/13

ACE (U/l) 58 (43– 75)

Pulmonary 
function test

FEV1 % 93 (81– 106)

FEV1 ml 2384 (1902– 2715)

FVC % 94 (82– 106)

FVC ml 2999 (2425– 3392)

DLCO % 71 (65– 81)

Extrapulmonary 
localization

Skin 3

Lymphonodes 6

Hearth 2

Brain 1

Liver 1

M/F = male/female; ACE = angiotensin- converting enzyme; FEV1 = forced 
expiratory volume in 1 second; DLCO = fusing capacity of the lungs for carbon 
monoxide.
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in the sarcoidosis group than in healthy controls (p = 0.0215 
and p  =  0.0305, respectively) (Figure 2). Comparative 
analysis of peripheral and alveolar cell patterns in sar-
coidosis patients showed low BAL percentages of CD19 
(p = 0.0004) (Figure 3) and CD8 cells (p = 0.0035) (Figure 

2). The sarcoidosis group showed higher BAL than periph-
eral percentages of CD5+CD27− cells (p = 0.0213) (Figure 
3); the same was found for CD4 (p  =  0.0396) (Figure 
2), CD4+CD25+CXCR5− (p  =  0.0002), follicular Treg 
(p = 0.0078) (Figure 2) and Treg (p < 0.0001) cells (Figure 

T A B L E  3  Cytokine concentrations including interleukin (IL)- 2, - 4, - 6, - 10, tumor necrosis factor (TNF), interferon (IFN)- gamma and IL- 17A 
in serum and broncoalveolar lavage (BAL) from sarcoidosis patients and serum samples from healthy controls

Parameters (pg/ml)
Alveolar concentrations in 
sarcoidosis patients (n = 13)

Serum concentrations in sarcoidosis 
patients (n = 13)

Serum concentrations in 
healthy controls (n = 12)

IL- 2 91.09 (75.37– 156.9) 121.3 (106.4– 218.7) 30.38 (26.44– 54.76)a

IL- 4 16.06 (16.06– 17.6) 20.75 (13.08– 24) 10.4 (9.45– 12.38)b

IL- 6 12.2 (11.23– 14.19) 13.19 (12.2– 16.74) 8.37 (7.73– 9.06)c

IL- 10 6.74 (6.17– 7.9) 7.9 (6.74– 8.79) 4.8 (4.15– 5.43)d

TNF 8.2 (6.66– 10.64) 8.2 (7.04– 11.48) 3.81 (2.55– 4.9)e

IFN- γ 10.15 (9.27– 12.88)f 11.96 (11.51– 14.76) 8.4 (7.04– 9.65)g

IL- 17A 7.7 (6.41– 9.47) 8.29 (6– 10.66) 5.42 (4.9– 5.42)h

ap < 0.0001; bp = 0.0003; cp = 0.0006; dp = 0.0003; ep = 0.0002; fp = 0.0244; gp < 0.0001; hp = 0.0252.

F I G U R E  2  Significant results of CD4, CD8, follicular regulatory T cells (Treg) and regulatory T cell percentages from comparison analysis 
between peripheral and alveolar compartments of sarcoidosis patients. The significant comparisons between peripheral cell subsets in healthy 
controls and sarcoidosis patients. Lymphocytes were distinguished on the basis of forward (FSC)-  versus side- (SSC) scatters and CD3 was 
identified. A secondary dot- plot was subsequently assessed to distinguish CD4+ and CD8+ cells. Accordingly, on CD4+ cells, CD25bright 
CD127−/low (Tregs), CD25highCD127high (T effector) and CD4highCD25highC- X- C chemokine receptor CXCR)5high (follicular Tregs) were identified. 
SP = sarcoidosis patients; PBMC = peripheral blood mononuclear cells; BAL = bronchoalveolar lavage; HC = healthy controls. *p = 0.0332; 
**p = 0.0021; ***p = 0.0002; ****p = < 0.0001
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2).Significant correlations between immunological and 
clinical parameters are reported in Supporting information, 
Table S2.

Central and effector cell phenotyping (Th17, 
Th17.1, Th1, Th2)

Peripheral percentages of CD4+CD45RA− and Th1 cells 
were higher in sarcoidosis patients than healthy controls 
(p = 0.0079 and p = 0.0305, respectively). Peripheral per-
centages of Th2 cells were lower in sarcoidosis patients 
than controls (p = 0.0360). Comparative analysis of alveo-
lar and peripheral cell patterns in sarcoidosis patients re-
vealed high percentages of CD4+CD45RA+ (p = 0.0219) 
and low percentages of Th17 (Figure 4) and Th2 cells in 
BAL (p = 0.0063 and p = 0.0016, respectively). Significant 
correlations between immunological and clinical param-
eters are reported in Supporting information, Table S2.

Follicular T cell subsets

Peripheral percentages of CCR6− cells were lower 
(p  =  0.0121) and those of CCR6+ cells were higher 
(p = 0.0121) in the sarcoidosis group than in healthy controls. 
The same was found for percentages of CXCR5+CD45RA− 
and Tfh1 cells (p  =  0.0493 and p  =  0.0305, respectively) 
(Figure 4). Percentages of CCR6−, Tfh1 and Tfh2 (Figure 4) 
cells were lower in BAL than in peripheral blood (p = 0.0006, 

p = 0.0370 and p = 0.0078, respectively). Conversely, per-
centages of CCR6+ and CXCR5+CD45RA− cells (Figure 4) 
were higher in BAL than in peripheral blood (p  =  0.0043 
and p  =  0.0011, respectively). Significant correlations be-
tween immunological and clinical parameters are reported in 
Supporting information, Table S2.

Cytometric bead array analysis

Peripheral blood concentrations of IL- 2, - 4, - 6, - 10, TNF, 
IFN- γ and IL- 17A were higher in sarcoidosis patients than 
in healthy controls (p < 0.0001, Table 3). Significant correla-
tions between cell subsets and cytokine concentrations in HC 
and sarcoidosis patients are reported in Supporting informa-
tion, Table S3.

Comparative analysis of BAL and serum concentrations 
of cytokines in sarcoidosis patients showed lower concentra-
tions of IFN- γ in BAL than in serum (p = 0.0244). Supporting 
information, Table S3 reports the significant correlations be-
tween cytokines and cell subsets in peripheral and alveolar 
compartments of sarcoidosis patients.

DISCUSSION

This is the first study, to our knowledge, to analyze the fre-
quency and distribution of peripheral and alveolar B and 
T lymphocyte subsets with a special focus on Tfh cells in 
pulmonary sarcoidosis patients. According to the currently 

F I G U R E  3  Peripheral B cell and CD5+CD27− cell distribution in sarcoidosis patients and healthy controls. The significant comparison results 
between alveolar and peripheral cell subsets in sarcoidosis patients. Lymphocytes were distinguished on the basis forward (FSC)-  versus side 
(SSC)- scatters and CD19 were identified. On CD19+ cells, regulatory B cells (Bregs) were identified as CD5+CD27−. SP = sarcoidosis patients; 
PBMC = peripheral blood mononuclear cells; BAL = bronchoalveolar lavage; HC = healthy controls. *p = 0.0332; **p = 0.0021; ***p = 0.0002; 
****p = < 0.0001
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proposed model of sarcoidosis, antigen- presenting cells are 
the first in the cascade of inflammatory reactions, and B and 
T lymphocytes actively migrate to the focus of inflamma-
tion [2,13,14,35– 38]. T cells undergo differentiation into T 
helper and Treg cells, depending on secreted cytokines [14]. 
Our sarcoidosis patients showed higher serum concentrations 
of cytokines (including IL-  2, - 4, - 6, - 10, TNF and IFN- γ) 
than did controls.

As expected, higher percentages of CD4 and lower per-
centages of CD8 cells were observed in BAL than in pe-
ripheral blood from sarcoidosis patients [15,16]. Moreover, 
altered Th subsets were identified in sarcoidosis patients: 
percentages of Th2 and Th17 cells were higher in serum than 
in BAL of our patients, while percentages of Tregs were lower. 
As Th17 cells contribute to fibrosis [31] and Tregs reveal anti- 
proliferative activity [31,39], variations in their ratios may 
explain the proliferation of connective tissue in affected or-
gans and be a confirming factor of the autoimmune nature 
of sarcoidosis [40– 42]. Percentages of Tregs in BAL were 
positively correlated with alveolar concentrations of IL- 10, 

demonstrating their regulatory effects. However, percent-
ages of Th2 cells were lower and those of Th1 cells higher in 
serum of sarcoidosis patients than controls.

Concerning B cells, our study demonstrated alterations in 
the alveolar and peripheral blood compartments in sarcoid-
osis patients, in line with previous observations [17]. CD5- 
expressing B cells were fewer in peripheral blood than in 
BAL. This trend was also demonstrated in peripheral blood 
of controls and sarcoidosis patients. The role of CD5+ B cells 
in sarcoidosis is unclear. The literature suggests that CD5+ 
B cells can be found in various human tissues, produce au-
toantibodies (including rheumatoid factors and anti- ssDNA 
antibodies) and proliferate in autoimmune diseases such as 
rheumatoid arthritis and systemic sclerosis [43]. However, 
little is known about their functional capacities and their pre-
cise role in the mechanisms of human autoimmune diseases. 
In humans, CD5 expression can be found on the plasma 
membrane of CD24highCD38high cells which, however, pro-
duce lower levels of IL- 10 than do other transitional B cell 
subsets [44].

F I G U R E  4  Significant comparison results of T helper type 17 (Th17), CD4+ C- X- C chemokine receptor CXCR)5+CD45RA−, T follicular 
helper (Tfh)1 and Tfh2 cell percentages in sarcoidosis patients and healthy controls. Additionally, significant differences in peripheral and 
alveolar cell distribution from sarcoidosis patients were analysed. Lymphocytes were distinguished on the basis of forward (FSC)-  versus side- 
(SSC) scatters and CD4 cells were identified. Accordingly, CD4+CD45RA+ and CD4+CXCR5+CD45RA− were distinguished on secondary 
dot- plots. Th17 cells were defined on the basis of markers CD45 RA and CCR6, with and without expression of CXCR3 and CCR4. Central 
cells (CD4+CD45RA−) were divided according to the expression of CCR6: Th17 (CXCR3−CCR4+). A dot- plot was also assessed to identify 
CXCR5+CD45RA−, CD4highCXCR5high (Tfh cells) and a secondary do- plot according to CXCR3 and CCR6 distinguished Tfh1 (CXCR3+CCR6−) 
and Tfh2 (CXCR3−CCR6−). SP = sarcoidosis patients; PBMC = peripheral blood mononuclear cells; BAL = bronchoalveolar lavage; 
HC = healthy controls. *p = 0.0332; **p = 0.0021; ***p = 0.0002; ****p = < 0.0001
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Our findings suggest that several Breg subsets (in-
cluding CD19+CD24+CD27+, CD19+CD5+CD27− and 
CD19+CD1d+CD5+) could be involved in the pathogenesis of 
sarcoidosis. Note that sarcoidosis is a granulomatous disease 
with focused, targeted migration of the cells to form lymphoid 
and other granulomata. Accordingly, any changes in their 
relative content in peripheral blood may not only be due to 
altered production but may also be associated with their selec-
tive redistribution into granulomatous foci. Thus, any changes 
in the spectrum of peripheral blood cells may reflect patho-
genic as well as compensatory body processes. The increase 
in peripheral percentages of Breg cells (CD19+CD5+CD27− 
and CD19+CD1d+CD5+) in sarcoidosis patients, with respect 
to controls, may reflect an increase in their compensatory pro-
duction or a pathological decrease in their migration to foci 
of inflammation. Imbalance in B cell subsets could be closely 
linked to the abnormal distribution of Tfh cells, known to have 
distinct capacities to help B cells, besides generating plasma 
and memory B cells through the germinal center reaction [45]. 
Relative increases in the number of CD4+CXCR5+CD45RA− 
Th cells were observed in the peripheral and alveolar com-
partments of sarcoidosis patients with respect to peripheral 
cell distribution in controls. Furthermore, sarcoidosis patients 
showed an altered balance of Tfh subsets. An abnormal dis-
tribution or imbalance between ‘regulatory’ Tfh1- like cells 
and ‘proinflammatory’ Tfh2 and Tfh17 cells is reported to be 
closely linked to the pathogenesis of a number of autoimmune 
diseases [46]. In line with this, our patients showed higher 
percentages of Tfh1, Tfh2 and Tfh17 cells in peripheral blood 
than did controls. These findings may be consistent with an 
abnormal humoral immune response, further demonstrated by 
low alveolar concentrations of IFN- γ.

Recent studies have identified a subpopulation of regula-
tory T cells, known as follicular regulatory T (Tfr) cells. These 
cells can inhibit Tfh and/or Breg cells in a variety of ways, 
specifically regulating germinal center reactions. Dysfunction 
of Tfr cells may lead to immune disorders and a variety of 
autoimmune diseases [47,48]. Indeed, our sarcoidosis patients 
showed higher percentages of Tfr cells in peripheral blood 
than did controls. In addition, percentages of Tfr and Tfh17 
cells were higher and Tfh1 and Tfh2 lower in BAL of our pa-
tients than in peripheral blood. Alveolar percentages of Tfr 
cells were also positively correlated with Scadding stages, sug-
gesting that these cells may have a role in disease progression.

A predominance of the Tfh17 subset over that of Tfh1 
cells is typical of different systemic autoimmune diseases 
and of sarcoidosis [49]. These observations support an as-
sociation between the altered balance of Tfh subsets and 
pathogenesis of sarcoidosis. Targeting Tfh cells could be a 
strategy for treating sarcoidosis and other autoimmune dis-
eases, as recently demonstrated by two experimental models 
of rheumatoid arthritis and multiple sclerosis, in which an 

anti- CXCL13 antibody blocking the main ligand for CXCR5 
receptors showed good efficacy [50].

Similarities with autoimmune diseases suggest that auto-
immune components play an important part in the pathogene-
sis of sarcoidosis. This is the first study, to our knowledge, to 
demonstrate a link between the imbalance in circulating and 
alveolar Tfh cells, especially CCR4- , CXCR3-  and CXCR5- 
expressing Tfh subsets, in the development of sarcoidosis. 
These findings raise questions about the pathogenesis of sar-
coidosis and may provide new directions for future clinical 
studies and treatment strategies.
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