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Abstract

Background Sarcoidosis features non-necrotizing granulomas consisting mainly of activated CD4-lymphocytes. T-cell acti-
vation is regulated by immune checkpoint (IC) molecules. The present study aimed to compare IC expression on CD4, CD8
and NK cells from peripheral, alveolar and lung-draining lymph node (LLN) samples of sarcoidosis patients.

Methods Flow-cytometry analysis was performed to detect IC molecules and a regression decision tree model was con-
structed to investigate potential binary classifiers for sarcoidosis diagnosis as well as for the IC distribution.

Results Fourteen patients (7 females) were consecutively recruited in the study; all enrolled patients showed hilo-mediastinal
lymph node enlargement and lung parenchyma involvement with chest X-rays and high resolution computed tomography.
CD4+PD1+ and CD8+PD1+ were higher in bronchoalveolar lavage (BAL) than in LLN (p = 0.0159 and p = 0.0439, respec-
tively). CD4+ T-cell immunoglobulin and ITIM domain (TIGIT)+ were higher in BAL than in peripheral blood mononuclear
cells (PBMCs) (p = 0.0239), while CD8+TIGIT+ were higher in PBMC than in BAL (p = 0.0386). CD56+TIGIT+ were
higher in LLN than in PBMC (p = 0.0126). The decision-tree model showed the best clustering cells of PBMC, BAL and
LLN: CD56, CD4/CD8 and CD4+TIGIT+ cells. Considering patients and controls, the best subset was CD4+CTLA-4+.
Conclusion High expression of PD1 and TIGIT on T cells in BAL, as well as CTLA-4 and TIGIT on T cells in LLN, suggest
that inhibition of these molecules could be a therapeutic strategy for avoiding the development of chronic inflammation and
tissue damage in sarcoidosis patients.
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Immune-Checkpoint expression on CD4, CD8 and NK cells in blood,
BAL and lymph nodes of sarcoidosis

Miriana d’Alessandro, Laura Bergantini, Fabrizio Mezzasalma, Dalila Cavallaro, Sara
Gangi, Stefano Baglioni, Martina Armati, Marta Abbritti, Stefano Cattelan, Paolo Cameli,

Elena Bargagli

The aim of the present study was to analyse and compare expression of IC
molecules on CD4, CD8 and NK cells from peripheral, alveolar and LLN
samples of sarcoidosis patients. We also compared their expression in

peripheral samples from sarcoidosis patients and a group of healthy volunteers.

Potential therapeutic strategy:
PD-1 blockade: rapamycin
CTLA-4 blockade: abatacept
TIGIT blockade: ?
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Immune checkpoint (IC) molecules are key regulators of
T cells.

Sarcoidosis consists mainly of activated CD4-lympho-
cytes.

Knowledge about the distribution of IC expressed on

T cells at the peripheral, alveolar and lymph node level
could be translated in a therapeutic strategy for avoid-
ing the development of chronic inflammation and tissue
damage in sarcoidosis patients.

1 Introduction

Sarcoidosis is a systemic granulomatous disorder of
unknown origin that can develop in any organ, but usually
affects the lungs [1, 33, 34]. It features non-necrotizing
granulomas consisting mainly of activated CD4+ T helper
lymphocytes, which accumulate in affected tissue. Pulmo-
nary sarcoidosis is therefore associated with an elevated
CD4+/CD8+ ratio in bronchoalveolar lavage (BAL) fluid.
This ratio is useful for diagnosis. Endobronchial ultrasound
(EBUS)-guided transbronchial needle aspiration (TBNA) is
currently the preferred initial method for evaluating intratho-
racic lymphadenopathy in cases of suspected sarcoidosis.
Previous studies reported that the elevated CD4/CDS8 T-cell
ratio in BAL could not be demonstrated in lung-draining
lymph node (LLN) samples obtained by EBUS-TBNA [2].
T-cell activation is regulated by co-stimulatory factors, such
as CD28, and co-inhibitory factors, such as immune check-
point (IC) molecules. Suppression of T cells occurs during
binding of the T-cell receptor to antigen/major histocompat-
ibility complex with the involvement of IC molecules [3].
Autoimmunity was recently postulated as a possible cause
of sarcoidosis [4]. Co-inhibitory receptors play a central
role in regulating autoimmune disease and have been linked
genetically to such diseases [5, 6]. IC molecules have also
come to the forefront in cancer [7] and chronic viral infec-
tions [8], where these receptors are highly expressed and
are being targeted clinically to improve T-cell responses.
Kotetsu and colleagues speculated that T-cell BAL express-
ing programmed cell death 1 (PD-1) and T-cell immuno-
globulin- and mucin-domain-containing molecule-3 (TIM-3)
are involved in the pathogenesis of sarcoidosis and are asso-
ciated with computed tomography (CT) evidence of sponta-
neous improvement [9]. IC molecules are also overexpressed

on natural killer (NK) cells, inducing cell exhaustion. NK
and NKT cells are gradually becoming focal points in
research efforts to unravel the pathways influencing granu-
loma resolution and persistence [10-14]. To our knowledge,
a detailed comparison of the expression of IC molecules on
T cells in different anatomical compartments is still lacking.
Here we focus on the following proteins: PD-1 and cytotoxic
T-lymphocyte antigen 4 (CTLA-4) as negative regulators of
activated T cells, and the T cell immunoglobulin and ITIM
domain (TIGIT) as the next generation of IC molecules
which also suppressively regulate immune responses of T
cells through their unique signals. Taken together, these find-
ings underline the importance of performing comparative
studies in different anatomical compartments side by side
in the same patient in order to better elucidate the immune
responses associated with the development and progression
of sarcoidosis.

The aim of the present study was to analyse and com-
pare expression of IC molecules on CD4, CDS8 and NK cells
from peripheral, alveolar and LLN samples of sarcoidosis
patients. We also compared their expression in peripheral
samples from sarcoidosis patients and a group of healthy
volunteers.

2 Materials and Methods

2.1 Study Design, Patient Characteristics
and Controls

Patients who were subjected to contemporary BAL, LLN
and peripheral blood collection and newly diagnosed with
sarcoidosis at Siena University Hospital and Perugia Hospi-
tal between November 2020 and November 2021 were eli-
gible for enrolment in this study. All patients were referred
for bronchoscopy. They were diagnosed with sarcoidosis
according to WASOG (World Association of Sarcoidosis
and other Granulomatous Disorders) guidelines based on
clinical signs, chest radiography findings, and non-caseating
granulomas in lymph nodes and/or endobronchial biopsy
specimens. Patients with calcific lymph nodes as well as
those patients with simultaneous peripheral blood and
bronchoscopy were excluded. At the time of bronchoscopy,
all patients still had enlarged lymph nodes, as assessed by
computer tomography prior to bronchoscopy, to conduct
EBUS-TBNA. Informed consent was obtained prior to bron-
choscopy. Five healthy volunteers (median age [interquartile
range, IQR] 52 [39-55] years, 2 males) were also enrolled.
They had no history of concomitant pathologies and were
not on any medication. BAL and EBUS-TBNA were not
performed on healthy volunteers for ethical reasons. The
study was approved by the regional ethical review board of
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Siena, Italy (C.E.A.V.S.E. Markerlung 17431) and complied
with the declaration of Helsinki.

2.2 Bronchoscopy

Venous blood (32 mL) was drawn from each patient into
anticoagulant EDTA tubes (BD Vacutainer®, BD Bio-
sciences, CA, USA) before they were treated with fentanyl
100 pg and midazolam (3-5 mg) IV 15-30 minutes prior
to bronchoscopy. Lidocaine was administered to the larynx
and bronchi for topical anaesthesia. A Pentax bronchoscope
EB15-J10 (Pentax Medical Company, PENTAX Europe
GmbH, Hamburg Germany) was inserted through the mouth
to avoid blood contamination. BAL with 3 X 50-mL saline
solution was instilled in the middle or lingual lobe. EBUS-
TBNA using linear EBUS EB-1970UK (Pentax Medical
Company, PENTAX Europe GmbH, Hamburg Germany)
was then performed to sample mediastinal and hilar LLNs.
LLN aspirate was obtained using Echotip Ultra (ECHO-HD-
22-EBUS, Cook Medical, Ireland). A single-pass sample
(5 mL) was obtained for laboratory analysis.

2.3 Single Cell Preparations From Blood,
Bronchoalveolar Lavage Fluid and Lymph
Nodes

Peripheral blood mononuclear cells (PBMCs) were isolated
from blood collected in EDTA tubes according to the manu-
facturer's protocol. BAL samples were kept on ice, filtered
through a 100-pm nylon filter (Syntab) and centrifuged
at 400xg for 15 min. LLN aspirates were filtered through
a 40 pm nylon cell strainer and centrifuged at 300xg for
10 min. Lysis of red blood was performed with 1 x BD
FACS lysing solution (BD Biosciences, CA, USA) for 5 min;
the cells were then centrifuged at 300xg for 5 min. Cells
were counted manually and Trypan Blue was used to assess
viability as previously reported [15]. All samples reported
at least 95% of cell viability.

2.4 Flow Cytometry

Multicolour flow cytometric analysis was performed using
the following fluorochrome-labelled monoclonal anti-
human antibodies against surface molecules: TIGIT-FITC
(MBSA43, Invitrogen, Thermo Fisher Scientific, US), PD1-
PE (PD1.3.1.3, Miltenyi Biotec, Germany), CTLA4-PeCy7
(14D3, Invitrogen, Thermo Fisher Scientific, US), CD3-APC
(UCHTI, Biolegend, US), CD4-APC-Cy7 (RPA-T4, Biole-
gend, US), CD8-BV421 (SK1, Biolegend, US) and CD56-
PerCPCy5.5 (5.1H11, Biolegend, US). Cells were stained
for 15 mins at 4 °C, measured with a Facs Cantoll (BD
Biosciences, CA, USA) flow cytometer and analysed with
Kaluza Analysis 2.1 software (Beckman and Coulter Life
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Sciences). The gating strategy is reported in Figure sl (see
electronic supplementary material [ESM]).

2.5 Cytometric Bead Array Analysis

Interleukin (IL)-10, tumour necrosis factor-o (TNFa) and
interferon (IFN)-y were analysed in blood from controls and
sarcoidosis patients and in BAL from patients drawn at the
same time as that for cell analysis, as previously reported
[15, 16]. Analysis of samples was performed according to
the manufacturer’s instructions [17] using a Facs Cantoll
flow cytometer and LEGENDPIlex™ V8.0 software (Biole-
gend). Before analysis, the cytometer was calibrated using
set-up beads according to the manufacturer’s protocol. An
example of a dot-plot (cytogram) is shown in Fig. s2 (see
ESM). LEGENDPIlex™ V8.0 software was used to calcu-
late mean fluorescence intensity (MFI) for each population
of molecules that bound a given cytokine. Concentrations
were expressed in pg/mL and were entered in the database.

2.6 Statistical Analysis

All data is reported as median and interquartile range (IQR)
or mean and standard error of the mean (M + SEM). Sig-
nificant differences between BAL, LLN and PBMC samples
from controls and patients were determined by Student’s
t-test or the Mann-Whitney U test. Correlations were deter-
mined by Spearman correlation coefficient. Probability val-
ues < 0.05 were considered significant. Statistical analy-
sis was performed by GraphPad Prism 9.3 and XLSTAT
2021 software. Unsupervised principal component analysis
(PCA) was employed to reduce the dimensionality of data
hyperspace. The data matrix was constructed with Micro-
soft Excel. The cell subsets of BAL, LLN and PBMC from
patients and controls were used to build a decision-tree
model to determine the best clustering variables according
to the Gini criterion.

3 Results
3.1 Study Population

We enrolled 41 patients with suspected sarcoidosis at the
first visit. We consecutively and prospectively analysed 14
patients between the ages of 50 and 60 years (50% female)
from whom we collected, at the same time, PBMC, LLN
and BAL. Demographic, immunological and clinical data is
reported in Table 1. Seven patients were females and there
was a prevalence of never smokers (57%). All patients were
in radiological Scadding stage II. None were on treatment
at the time of bronchoscopy and sampling. Lymphocytosis
(median [IQR]: 20 [9-38]) and high CD4/CD8 ratio (median
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Fig.1 PD-1, CTLA-4 and
TIGIT distribution on CD4,
CD8 and NK cells from BAL,
LLN and PBMC samples of sar-
coidosis patients. All p-values
are reported in the text. BAL
bronchoalveolar lavage, CTLA-4
cytotoxic T-lymphocyte antigen
4, LLN lung-draining lymph
node, NK natural killer, PBMC
peripheral blood mononuclear
cells, PD-1 programmed cell
death 1, SP sarcoidosis patients,
TIGIT T-cell immunoglobulin
and ITIM domain

[IQR]: 4.79 [2.36-6.75]) were recorded in BAL samples

from all patients.
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CTLA-4 expression on CD4-positive cells was higher in
LLN samples than in BAL samples (p = 0.0296) (Fig. 1).
CD8+ cell percentages were lower in LLN than in

3.2 PD1, TIGIT and CTLA-4 Expressionon T
and NK Cells and Cytokine Concentrations
in Sarcoidosis Patients

Higher CD4 cell percentages were observed in LLN than in
PBMC samples (p = 0.0150) (Fig. 1). Higher CD4+PD1+
expression was observed in BAL than in LLN samples
(p = 0.0159). TIGIT was expressed on a higher fraction
of CD4+ cells in BAL than in LLN samples (p = 0.0010)
(Fig. 1). CD4+TIGIT+ cells were therefore more abundant
in BAL than in PBMC samples (p = 0.0239) (Fig. 1a).
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PBMC and BAL samples (p = 0.0469 and p = 0.0304,
respectively) (Fig. 1). PD1 expression was higher on
CD8+ cells from BAL samples than from LLN and PBMC
samples (p = 0.0439 and p = 0.0386, respectively) (Fig. 1).
Higher CD8+CTLA-4+ cell percentages were observed in
LLN samples than in BAL samples (p = 0.0163) (Fig. 1).
TIGIT was expressed on a higher fraction of CD8+ cells in
PBMC than in BAL samples (p = 0.0312) (Fig. 1). How-
ever, TIGIT was not expressed on CD8-positive cells of
LLN samples.

NK-CD56+ cell percentages were higher in PBMC than
in LLN and BAL samples (p < 0.0001 and p = 0.0006,
respectively) (Fig. 1). PD1 was not expressed on
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CD56-positive cells in LLN and BAL samples, while a
small fraction of CD56+PD1+ cells was detected in PBMC
samples. There was a higher fraction of CD56+TIGIT+
cells in LLN samples than in PBMC samples (p = 0.0126)
(Fig. 1).

TNF-a and IFN-y concentrations were higher in
BAL than in serum samples (p = 0.0104 and p = 0.045,
respectively).

Fig.2 PD-1, CTLA-4 and
TIGIT distribution on CD4,
CD8 and NK cells from PBMC
samples of sarcoidosis patients
and healthy controls. All
p-values are reported in the text.
CTLA-4 cytotoxic T-lympho-
cyte antigen 4, HC healthy con-

CD56+TIGIT+ HC —

CD56+TIGIT+ SP —

trols, NK natural killer, PBMC CD356 HC
peripheral blood mononuclear
cells, PD-1 programmed cell CD56 SP |

death 1, SP sarcoidosis patients,
TIGIT T-cell immunoglobulin

and ITIM domain
CD8+CTLA4+ HC —

CD8+CTLA4+ SP —|

CD8 HC

CD8 SP

CD4+TIGIT+ HC

CD4+TIGIT+ SP

CD4+CTLA4+ HC

CD4+CTLA4+ SP —

CD4 HC

CD4 SP

3.3 Immune Checkpoint Expression and Cytokine
Concentrations in PBMC From Sarcoidosis
Patients and Controls

CD4+ cell percentages were lower in sarcoidosis patients
than in controls (p = 0.0008), while CD4+CLTA-4+ and
CD4+4TIGIT+ cell percentages were higher in patients
than controls (p = 0.0008 and p = 0.0020, respectively)
(Fig. 2).

CD8+ and CD8+CTLA-4+ cell percentages were
higher in sarcoidosis patients than controls (p = 0.0008
and p = 0.0364, respectively) (Fig. 2), while TIGIT and
PD1 were not expressed on CD8-positive cells in PBMC
samples from controls.

cell proportions
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CD56-positive and CDS56+TIGIT+ cell percentages were
higher in sarcoidosis patients than controls (p = 0.0020
and p = 0.0152, respectively) (Fig. 2), while PD1 was not
expressed on CD56-positive cells from PBMC samples.

Serum concentrations of IL-10, TNF-a and IFN-y were
higher in sarcoidosis patients than controls (p < 0.0001).

3.4 Correlation Analysis

Figure s3a (see ESM) shows the correlation matrix of IC
expression on CD4, CD8 and NK cells from LLN, BAL
and PBMC samples of sarcoidosis patients. In LLN sam-
ples, CD4+CTLA-4+ cell percentages were inversely
correlated with CD56+TIGIT+ (r = — 1.000, p = 0.001)
and CD56+CTLA-4+ cell percentages were inversely cor-
related with CD4+4+PD1+ and CD8+PD1+ cell percent-
ages (r =— 1.000, p = 0.016 and r = — 1.000, p = 0.003,
respectively). A direct correlation was observed between
CD4+PD1+ and CD8+PD1+ cell percentages (r = 1.000,
p =0.013).

In BAL samples, CD56+CTLA-4+ cell percentages
were inversely correlated with CD56+TIGIT+ cell per-
centages (r = — 0.999, p = 0.023). CD8+ cell percentages
were inversely correlated with alveolar concentrations of
IL-10 (r = — 0.822, p = 0.019), and CD56+ cell percent-
ages were inversely correlated with alveolar concentrations
of TNF-a (r = — 0.685, p = 0.042), while BAL-CD56+
cell percentages were directly correlated with alveolar
concentrations of IL-10 (r = 0.773, p = 0.024).

Variables (axes F1and F2: 41,99 %)

1 07 0,5 0,25 0 025 05 075 1
F1 (23,25 %)

o Active variables

In PBMC samples, CD8+CTLA-4+ cells were inversely
correlated with CD8+PD1+ cell percentages (r = — 0.998,
p = 0.036). CD8+CTLA-4+ and CD56+CTLA-4+ cell
percentages were directly correlated with serum concen-
trations of IFN-y (r = 0.757, p = 0.015 and r = 0.660,
p = 0.037, respectively).

Figure s3b (see ESM) shows the correlation matrix of
IC expression on CD4, CD8 and NK cells from PBMC
samples of controls and sarcoidosis patients. A direct
correlation was observed in the control group between
CD56+TIGIT+ and CD8+CTLA-4+ cell percentages
(r=1.000, p < 0.0001). PBMC-CD56+ percentages from
the control group were inversely correlated with serum
concentrations of IFN-y (r = — 0.975, p = 0.033), while a
direct correlation was observed between CD8+ cells and
serum concentrations of IFN-y (r = 0.975, p = 0.033).

3.5 Multivariate Analysis

Analysis of variance of cell populations in PBMC from sar-
coidosis patients showed a homogeneous distribution with
low variance (red boxes) (Fig. s4, see ESM), while LLN,
BAL and PBMC samples of controls showed high interin-
dividual variance (green boxes) for many of the cell popula-
tions analysed (Fig. s4).

PCA plots were performed to distinguish the three groups
(LLN, BAL and PBMC). The analysis showed separation
of the three groups on the basis of cell phenotype (Fig. 3).
The first and second components explained 41.99% of the
total variance.

Observations (axes F1and F2: 41,99 %)

BREN Gy
BAje

PBMC
p PBMCPE

%//

F1 (23,25 %)

o BAL(Obs) o LLN (Obs) e PBMC (Obs)

Fig.3 The principal component analysis (PCA) using the cell subsets from BAL, LLN and PBMC of sarcoidosis patients. BAL bronchoalveolar
lavage, LLN lung-draining lymph node, PBMC peripheral blood mononuclear cells, SP sarcoidosis patients
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Variables (ax%s F1andF2: 49,76 %)
o

-1

0,75 0,5

0,25 0 0,25
F1 (30,39 %)

o Active variables

Observations (axes F1 and F2: 49,76 %)
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Fig.4 The principal component analysis (PCA) using the cell subsets from PBMC samples of the two groups. HC healthy controls, PBMC
peripheral blood mononuclear cells, SP sarcoidosis patients
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Fig.5 Decision-tree model builds to detect best clustering variables from BAL, LLN and PBMC of sarcoidosis patients. BAL bronchoalveolar
lavage, LLN lung-draining lymph node, PBMC peripheral blood mononuclear cells, SP sarcoidosis patients

PCA analysis was also performed to distinguish controls
and sarcoidosis patients on the basis of IC expression on
peripheral CD4, CD8 and NK cells (Fig. 4). The first and
second components explained 49.76% of the total variance.

The cell subsets of PBMC, BAL and LLN were used
to build a decision-tree model (with cross-validation by
confusion matrix) to determine the best clustering vari-
ables (Fig. 5). The model showed an improvement of 3.115
using a CD56 cut-off value of 6.71% for PBMC followed by
2.033 improvement using a CD4/CDS8 cut-off of 5.77 and 1.5
improvement using CD4+TIGIT+ cut-off of 5.47%.

In order to determine the best clustering variables to dis-
tinguish sarcoidosis patients and the healthy control group,
a decision-tree model (with cross-validation by confusion
matrix) was used. The model obtained using PBMC cell
subsets (Fig. 6) showed an improvement of 7.059 using a
CD4+CTLA4+ cut-off value of 5.98% to identify sarcoido-
sis patients.
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Fig.6 Decision-tree model builds to detect best clustering variables from PBMC samples of sarcoidosis patients vs healthy controls. HC healthy
controls, PBMC peripheral blood mononuclear cells, SP sarcoidosis patients

4 Discussion

This is the first time that expression of PD1, CTLA-4 and
TIGIT on CD4, CD8 and NK cells in three different ana-
tomical compartments of sarcoidosis patients have been ana-
lysed and compared, and that expression of IC molecules
on T and NK cells in PBMC from patients and controls has
been compared.

Elevated CD4/CDS cell ratio in BAL is a criterion for
the diagnosis of sarcoidosis, but has not been observed
in LLN samples obtained by EBUS-TBNA [2]. Although
our study confirmed this in our sarcoidosis population,
we observed higher CD4-positive and lower CD8-positive
cell percentages in LLN samples than in PBMC and BAL
samples of these patients, while NK cell percentages were
higher in PBMC than in BAL and LLN samples from the
same patients. Accordingly, assessing a decision-tree model,
our study showed a CD4/CD8 ratio cut-off value of 5.77
followed by a NK cut-off value of 0.36% to identify BAL
samples. The exaggerated effector T-cell responses are asso-
ciated with deficiencies in regulatory T-cell and invariant
natural killer T-cell numbers and function in sarcoidosis
patients [18, 19].

Reciprocal interactions between NK cells and T lym-
phocytes further contribute to the regulation of innate and
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adaptive immune response [11, 20, 21]. However, the bal-
ance of activating and inhibitory signals determines whether
they are tolerated or activated against their target cells.

PD-1 downregulates immune responses to prevent
immune-mediated tissue damage and contributes to immune
privilege of certain tissues and prevention of autoimmunity
[22]. It has been reported that expression of PD-1 on CD4+
T cells in BAL is higher in patients with sarcoidosis than in
healthy controls [23]. Our study confirmed these findings,
showing higher PD1 expression on CD4-positive and CD8-
positive cells in BAL samples from sarcoidosis patients.

Since PD-1 can down-regulate T-cell responses, higher
expression of PD-1 on CD4+ and CD8+ T cells may down-
regulate Th-1 cytokines (such as TNF-a and IFN-y) and
decrease mitotic activity so as to induce apoptosis, result-
ing in resolution of the granuloma [24]. Both cytokines
were higher in our BAL samples than in serum, and higher
peripheral concentrations were recorded in patients than in
controls. Although these findings suggest that the inflam-
matory response of sarcoidosis may not have terminated, it
has been reported that the proliferative capacity of CD4+
T cells in peripheral blood of patients with sarcoidosis is
restored to that of healthy controls by blockade of the PD-1
pathway [23].
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The ability of PD14+NK cells to reduce degranulation and
expression of TNF-a and IFN-y has been demonstrated [25].
However, in our cohort 0.39% of PD1+NK cells were identi-
fied in PBMC samples of sarcoidosis patients and none were
identified in BAL and LLN samples of patients or in PBMC
from controls.

Notably, the inhibitory receptors CTLA-4 and PD-1 act
to constrain autoimmunity and their inhibition has been
reported to initiate or exacerbate sarcoid-like inflammation
[26], reinforcing the notion of altered immune activation and
possibly an autoimmune component in sarcoidosis. Reduced
expression of CTLA-4 on BAL fluid and mediastinal lymph
node cells are seen in sarcoidosis, especially in patients with
the non-Lofgren variant [27, 28]. Broos et al. found lower
CTLA-4 expression on BAL T cells from patients with sar-
coidosis than on those from healthy persons, suggesting a
shift in the balance between immune activation and regula-
tion that results in exacerbated T-cell activity and eventually
in chronic inflammation and tissue damage [29]. Our study
population showed higher CTLA-4 expression on CD4-
positive and CD8-positive cells from LLN samples than on
those from BAL of sarcoidosis patients, and lower expres-
sion in PBMC of controls. Moreover, peripheral percent-
ages of CD4+CTLA4+ have been identified as best cluster
variable to distinguish our sarcoidosis patients from healthy
volunteers.

TIGIT belongs to the second wave of IC receptors and
works in synergy with PD-1. It is reported to be highly
expressed in tumour-infiltrating T lymphocytes in different
tissues, especially in the lungs [30]. Suzuki and colleagues
found high expression of TIGIT in T cells of BAL from
patients with interstitial lung disease related to IC inhibitor
therapy [31]. Our study revealed higher TIGIT expression in
CD4+ cells and lower expression in CD8+ cells from BAL
than in those from PBMC and LLN samples of sarcoidosis
patients. TIGIT expression was also higher in CD4-positive
cells of our sarcoidosis patients than in controls (but was
not expressed in CD8+ cells of controls). Recently, Esen
et al. investigated the role of TIGIT in NK cells from healthy
donors and demonstrated that TIGIT+NK cells had reduced
degranulation in the absence of stimulation, but their expres-
sion of cytotoxic granules remained unchanged [32]. Our
study is the first to reveal higher expression of TIGIT in
CD56-positive cells in LLN than in PBMC samples from
sarcoidosis patients. Moreover, TIGIT+CD56+ cell percent-
ages were higher in PBMC from sarcoidosis patients than
controls.

Our study has some limitations; first of all, the monocen-
tric nature of the study and the limited sample size of study
population. Although our study demonstrated the level of IC
expression on T and NK cells at the time of bronchoscopic
examination, we were not able to enrol enough patients to
establish a definite cut-off value, or for ethical reasons to

do a comparative analysis on BAL and LLN samples from
healthy donors. Moreover, due to technical reasons and ethi-
cal issues, we were forced to enrol in the study a specific
phenotype of sarcoidosis patients, characterized by hilo-
mediastinal lymph node enlargement and lung parenchymal
involvement. Even though this can be considered the most
common clinical manifestation of sarcoidosis, our findings
may not be suitable for all disease phenotypes, also consid-
ering its wide heterogeneity in terms of clinical aspect and
disease localizations.

5 Conclusion

We now know more about the pathogenesis of sarcoidosis
and are entering a new era of personalized, and hopefully
more effective, treatment of sarcoidosis.

Although the detailed mechanism of the present findings
remains unclear, high expression of PD1 and TIGIT on T
cells in BAL, as well as CTLA-4 and TIGIT on T cells in
LLN, suggest that inhibition of these molecules could be a
therapeutic strategy for avoiding the development of chronic
inflammation and tissue damage in sarcoidosis patients.
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