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Background: Toll-like receptors (TLRs) play a vital role as a first defense mechanism linking the innate
with the adaptive immune system. Prior studies showed that TLR2 participated in immune responses of
sarcoidosis. However, the role of TLR2 in the progression of mediastinal lymph nodes associated with
sarcoidosis is still unknown. The current study aims to investigate the expression of Toll-like receptors 2
(TLR2) in mediastinal lymph nodes of patients with sarcoidosis.

Methods: Mediastinal lymph nodes biopsy specimens were collected from 10 patients with sarcoidosis
and 11 normal controls. The expression of TLR2 in mediastinal lymph nodes was detected by
immunohistochemistry.

Results: In mediastinal lymph nodes specimens, immunohistochemical examination revealed that
expression of TLR2 could be detected in sarcoidosis patients, while it was scarcely detected in the mediastinal
lymph nodes of control. The mean optical density of TLR2 in mediastinal lymph nodes of sarcoidosis was
significantly higher than controls (124.9+24.3 vs. 92.6+35.2, P=0.026). Among patients with sarcoidosis,
correlation analysis showed that the mean optical density of TLR2 in mediastinal lymph nodes positively
correlated with the level of 24-hour urinary calcium (R=0.781, P=0.038).

Conclusions: The expression of TLR2 was upregulated in mediastinal lymph nodes of sarcoidosis patients.
The expression of TLR2 in mediastinal lymph nodes was associated with the level of 24-hour urinary

calcium, suggesting that TLR2 might become another predictor of disease activity.

Keywords: Toll-like receptor 2 (TLR2); sarcoidosis; mediastinal lymph node

Submitted Aug 04, 2020. Accepted for publication Sep 11, 2020.
doi: 10.21037/atm-20-6103
View this article at: http://dx.doi.org/10.21037/atm-20-6103

Introduction etiology of sarcoidosis remains unknown, the isolation of
Sarcoidosis is a multisystem disorder characterized Propionibacterium acnes (P. acnes) by bacterial culture and the
by non-caseating granuloma formation, most often amount of P. acnes RNA detected by a quantitative real-time

affecting the lungs and lymph nodes (1). Although the polymerase chain reaction in sarcoid lymph nodes suggests
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a close link between infection and sarcoidosis (2,3).

Toll-like receptors (TLRs), which are crucial in the
innate immune response to invading pathogens through the
recognition of conserved pathogen-associated molecular
patterns, play an essential role as a first defense mechanism
linking the innate with the adaptive immune system (4).
Bacteria play a role in sarcoidosis pathogenesis; TLRs may
be involved in the initiation of a first immune reaction.
There is increasing evidence that TLRs activation could
worsen autoimmunity in sarcoidosis. TLR2 can recognize
and combine with the pathogen associated molecular
model antigen of gram-positive bacteria, then activate
downstream signal transduction through toll/IL-1
receptor (TIR) domain, resulting in increased secretion of
immunomodulatory factors, up-regulation of costimulatory
molecules and antigen, and triggering adaptive immune
response (5,6).

TLRs comprise a family of at least 11 known members in
humans. Of the several identified TLRs, TLR2 participated
in immune responses of sarcoidosis. Prior studies showed
that TLR2 agonists, including Staphylococcus aureus
peptidoglycan or synthetic TLR?2 ligands, stimulate cytokine
production in BAL cells from patients with sarcoidosis (7,8).
In the process of sarcoidosis granuloma formation, TLR2
can regulate the pro-inflammatory cytokines by pulmonary
macrophages, and the granulomatous inflammatory response
was reduced in TLR2 gene knockout mice (8-10).

However, the role of TLR2 in the progression of
mediastinal lymph nodes associated with sarcoidosis is
still mostly unknown. Local expression of TLR2 at sites
of inflammation is still to be investigated in sarcoidosis.
This study aimed to investigate the expression of TLR2 in
mediastinal lymph nodes of patients with sarcoidosis.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6103).

Methods
Study subjects

Mediastinal lymph nodes, biopsy specimens from 10
patients with sarcoidosis, diagnosed at Shanghai Pulmonary
Hospital from May 2018 to October 2019, were collected
in this study. Eleven normal mediastinal lymph node
biopsy specimens from patients with lung carcinoma
in situ were used as normal controls. All mediastinal lymph
nodes biopsy specimens are retrieved by mediastinoscopy
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or thoracoscopy surgery to confirm the clinical diagnosis.
The diagnosis of sarcoidosis was established with clinical
symptoms, radiological features, and biopsy evidence
of non-caseating epithelioid cell granulomas after
exclusion of other known causes of granulomatosis,
as defined by the American Thoracic Society (ATS)/
European Respiratory Society consensus statement on
sarcoidosis (1). Demographic characteristics, serological
tests, and lung function data were collected from an
electronic database. The X-ray stage of sarcoidosis was
categorized according to the Scadding scoring system (11).
Stage 0 describes no visible intrathoracic findings. Stage
I is bilateral hilar lymphadenopathy, which may be
accompanied by paratracheal adenopathy. Stage II is a
bilateral hilar adenopathy accompanied by parenchymal
infiltration. Stage III is parenchymal infiltration without
hilar adenopathy. Stage IV comprises advanced fibrosis
with evidence of honeycombing, hilar retraction, bullae,
cysts, and emphysema. Phenotypic organ involvement was
confirmed for each patient by using the revised WASOG
criteria described in 2014 (12). The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The ethics committee approved the research
of Shanghai Pulmonary Hospital (No. K20-072), and
informed consent was taken from all the participants.

The detection of TLR2 expression by
immunobistochemistry

All the specimens were fixed in 4% neutral buffered
formalin, processed routinely, and embedded in paraffin,
sectioned continuously, with a thickness of 4 pm, and
baked at 60 °C for 60 minutes. For further investigation,
sections were stained with hematoxylin-eosin, acid-fast
stain, and methenamine silver stain. Immunohistochemical
staining was performed for TLR-2. After conventional
dehydration, antigen repair was performed using
ethylenediaminetetraacetic acid (EDTA). 10 mL distilled
water was added, 5 mL 10% hydrogen peroxide was
added and incubated at room temperature for 30 minutes.
A phosphate-buffered solution (PBS) was washed three
times, 3 minutes each. The monoclonal antibody of TLR2
(1:100, purchased from Roche) was incubated at 37 °C for
60 minutes, and washed with PBS for three times, each
time for 3 minutes. TLR2 protein labeled with horseradish
peroxidase (HRP) was added and incubated at 37 °C for
20 minutes. PBS was rinsed three times, 3 minutes each.
After the addition of diaminobenzidine (DAB), PBS was
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Table 1 Characteristics of 10 patients with sarcoidosis

Variables Sarcoidosis (n=10)
Sex, male/female 2/8
Age, year 55.3+8.4
Smoker (yes/ex/never) 0/0/10
X-ray stage (0/1/11/111/1V) 0/3/7/0/0
Loéfgren’s syndrome 1
Organ involvement
Lung 10
Non-thoracic lymph node 5
Liver 1
Spleen 1
Calcium 1
On oral steroid treatment (yes/no) 1/9
ESR (mm/h) 36.5+35.4
SACE (IU/L) 54.4+52.7
sIL-2 (U/mL) 821.0£477.7
Serum calcium (mmol/L) 2.28+0.09
24-hour urinary calcium (mmol/24 h) 6.12+1.05
Pulmonary function tests
FVC (L) 2.7+0.7
FVC (% predicted) 86.8+9.2
FEV, (L) 2.1+0.7
FEV, (% predicted) 82.3+13.3
DLCO (% predicted) 91.9+10.5

ESR, erythrocyte sedimentation rate; SACE, serum angiotensin-
converting enzyme; IL, interleukin; FVC, forced vital capacity;
FEV,, forced expiratory volume in one second; DLCO, diffusing

capacity of the lung for carbon monoxide.

rinsed and dyed. After dehydration, it was observed under
a microscope. The staining of TLR-2 was evaluated by
the Image-Pro Plus analysis software version 6.0. Positive
signals are quantified as the mean optical density (integrated
option density/area). This procedure was repeated twice
and average value of mean optical density was selected.

Statistical analysis

SPSS (version 26, IBM) and GraphPad Prism (version
8) were used for statistical analysis and drawing graphs,
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respectively. Qualitative data are presented as mean =
standard deviation (SD). The independent sample student’s
t-test was used for comparisons between SA and HD
groups. The association between two continuous variables
was analyzed using Pearson’s correlation (for two parametric
variables) or Spearman’s rank correlation (for two
nonparametric variables or one nonparametric variable with
one parametric variable). A value of P<0.05 was considered
statistically significant.

Results

Characteristics of study subjects

Demographic characteristics, serological tests, and lung
function data of all ten sarcoidosis patients were shown
in Table 1. Among the 10 patients with sarcoidosis, 2 were
males, and 8 were females. The youngest patient was
42 years of age, and the oldest patient was 67 years of
age, with an average age of 55.3£8.4 years. According to
the Scadding X-ray scoring system, 3 of 10 patients were
classified as stage I. The other 7 patients were classified as
stage II. Although lung was the most involved organ, many
patients exhibited extrapulmonary manifestations. Among
the 11 control patients, 6 were males, and 5 were females
with an average age of 53.4£10.4 years. In the control
group, 3 were males, and 7 were females, with an average
age of 50.2£7.9 years. There was no significant difference
between gender or age in two groups.

Histologic diagnosis

Biopsy specimens were diagnosed as non-caseating
epithelioid cell granulomas in all ten sarcoidosis patients.
Other known causes of granulomatosis were excluded
by histologic features, with negative acid-fast stain and
methenamine silver stain.

The CT scan presentation and histology of an individual
patient with stage I sarcoidosis are shown in Figure 1. CT
scan showed mediastinal and hilar lymphadenopathy, and
biopsy histopathology showed non-caseating epithelioid cell
granulomas. Histology shows typical structure or reactive
hyperplasia of mediastinal lymph nodes in 11 controls.

Immunobistochemistry for TLR2

The expression of TLR2 in the mediastinal lymph nodes
of patients with sarcoidosis and immunohistochemical
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Figure 1 CT scan presentation and histologic features of sarcoidosis patients. (A) CT scan showed mediastinal and hilar lymphadenopathy

in a patient with sarcoidosis; (B) biopsy histopathology with hematoxylin-eosin staining showed non-caseating epithelioid cell granulomas in

a patient with sarcoidosis (x100).

method detected the control group. In mediastinal lymph
nodes specimens with sarcoidosis, immunohistochemical
examination revealed that expression of TLR-2 was
detected, while TLR-2 was scanty in the lymph nodes of
normal controls (Figure 2). The tan color is a positive result
of immunohistochemistry. It was visually observed that the
patient with sarcoidosis has more TLR2 positive results
than control. The mean optical density of TLR2 in patients
with sarcoidosis was significantly higher than that in normal

controls (124.9+24.3 vs. 92.6+35.2, P=0.026) (Figure 3).

The correlations between the TLR2 and clinical data

Among the patients with sarcoidosis, correlation analysis
showed that the mean optical density of TLR2 in
mediastinal lymph nodes has a positive correlation trend
with the disease activity index (SACE, serum, calcium,
and ESR), and has a negative correlation trend with lung
function (1able 2). There were 7 of 10 patients who took the
24-hour urinary calcium test. Correlation analysis showed
the 24-hour urinary calcium has a significant positive
correlation with the mean optical density of TLR2 in these
seven patients with sarcoidosis (r=0.781, P=0.038, Figure 4).

Discussion

TLRs play a crucial role in innate immune activation and
regulation through recognition of pathogen-associated
molecular patterns and endogenous peptides and induce
antigen-presenting cells to secrete IL-12 and IL-18, which
stimulates naive T cells to become Thl cells (13,14). In
immune system diseases, TLR2 participates in the initiation
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and maintenance of immune response, which depends on
the signal transduction pathway of myeloid differentiation
factor 88 (MyD88) (15). When the body is stimulated by
exogenous molecules, TLR2 receptor protein on the APC
surface recognizes the ligand and dimers, and then it is
activated to recruit the downstream signal protein MyD88.
Its TIR domain interacts with the death domain of MyD88
and recruits IL-1R associated kinase 4 (IL-1R associated
kinase 4), IRAK-4 is located around TLR2, leading to the
activation and autophosphorylation of IRAK-4, activation
of IL-1R associated kinase 1 (IRAK-1), and then to tumor
necrosis factor receptor-6 (I'NF-o), TRAF-6 interacts with
and activates a variety of mitogen binding protein kinases,
and then activates nuclear factor kappa-B (NF-«xb), resulting
in the expression of inflammatory factors and chemokines
CXCL8 and CCL20 (16-18). Granulomatous inflammation
in sarcoidosis has been showed to be a Thl-mediated
response (19). The increased TLR expression found
in sarcoidosis could lead to later Thl cell proliferation
and cause the granuloma formation. Among the several
TLRs, TLR2 was found to be associated closely with the
development of sarcoidosis (9,10). Current theories also
propose P. acnes, the known cause of acne vulgaris, could
be responsible for the pathogenesis of sarcoidosis (3,20).
The inflammatory response to P. acnes in acne vulgaris is
known to be mediated through TLR 2 (21). However, the
role of TLR2 in tissue injury of sarcoidosis is not yet clear.
Data on TLR2 expression in mediastinal lymph nodes of
sarcoidosis are lacking. Therefore, the current study aimed
to characterize the expression of TLR-2 in Mediastinal
lymph nodes of patients with sarcoidosis.

In the present study, we observed remarkable expression
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Figure 2 Immunohistochemistry staining for TLR2 in the mediastinal lymph node specimens. (A) and (B) Immunohistochemical staining of
TLR-2 in the mediastinal lymph nodes of patients with sarcoidosis (x100 and x400) (marked with arrows). (C) and (D) Immunohistochemical
staining of TLR-2 in the mediastinal lymph nodes of control (x100 and x400).

P<0.05 Table 2 Correlation analysis between TLR2 and clinical data
—
Clinical data R P value
200
« SACE 0.433 0.284
) | |
2 150+ Serum calcium 0.199 0.582
_,; - 24-hour urinary calcium 0.781 0.038
[2]
8 100 ESR 0.009 0.986
w
] . Eng siL-2 -0.440 0.383
)
g 50 FVC (% predicted) -0.038 0.930
=
FEV, (% predicted) -0.200 0.635
0 I T .
sarcoidosis controls DLCO (% predicted) -0.162 0.794

The data presented in italic type are statistically significant.

SACE, serum angiotensin-converting enzyme; ESR, erythrocyte

nodes of patients with sarcoidosis and the controls. sedimentation rate; IL, interleukin; FVC, forced vital capacity;
FEV,, forced expiratory volume in one second; DLCO, diffusing
capacity of the lung for carbon monoxide.

Figure 3 The mean optical density of TLR2 in mediastinal lymph
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Figure 4 Correlation between the mean optical density of TLR2
in the mediastinal lymph nodes and the 24-hour urinary calcium in

7 sarcoidosis patients.

of TLR2 in mediastinal lymph node specimens from
sarcoidosis patients, while patients with lung carcinoma
in situ showed weak expression of TLR2 in mediastinal
lymph nodes. These results were consistent with the
studies by Chen and Gabrilovich et a/., which showed the
expression of TLR2 in macrophages of bronchoalveolar
lavage fluid in patients with sarcoidosis is significantly
increased compared with the control group (9,10). After
the activation of TLR2, cytokines, and antibodies produced
by peripheral blood mononuclear cells are dysregulated,
resulting in increased secretion of inflammatory cytokines
(9,10). Another study showed TLR-2 expression is
upregulated in different peripheral blood immune cells in
sarcoidosis, and induction of TLR-2 expression was found
not only in Tregs but also in the heterogeneous population
of PBMC of patients with pulmonary sarcoidosis (22).
In Reyes’ study of PBMC gene expression profiles,
after induction with M. tuberculosis also increased, the
expression of TLR-2 was found in sarcoidosis (23). These
studies proposed the upregulation of TLR2 in peripheral
blood or bronchoalveolar lavage fluid of patients with
sarcoidosis. To the best of our knowledge, this is the first
study to characterize the increased expression of TLR2 in
mediastinal lymph nodes of patients with sarcoidosis by
immunohistochemistry, which showed that local expression
of TLR2 in mediastinal lymph nodes might be involved in
the development of sarcoidosis. The dysregulation of the
expression level of TLR2 warrants further investigation of
its function on the potential causative agent and pathogenic
mechanism of pulmonary sarcoidosis.

Altered calcium metabolism, which affects approximately
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5% to 25% of sarcoidosis patients, can present as
hypercalcemia, hypercalciuria, or kidney stones and have
been considered correlating with disease activity (24-26).
Calcium metabolism alteration in sarcoidosis is usually
because of increased activity of 1-alpha hydroxylase
in macrophages of pulmonary granuloma, resulting in
low levels of 25-hydroxyvitamin D and high levels of
calcitriol (25). As mentioned before, TLR2 is an important
receptor for recognition of bacterial antigen and is involved
in the immune process of sarcoidosis granuloma formation.
In this study, it was found 24 hours after urinary calcium
level was positively correlated with the TLR2 level,
suggesting that the level of TLR2 might be directly related
to disease activity, which also suggests TLR2 might become
another predictor of disease activity.

There are some limitations to this study. The number
size of patients in this study was small. More extensive
studies are called for to be further verification of TLR2
function in sarcoidosis in the later study. Second, the
mechanism of the TLR2 signaling pathway in the etiology
and development of sarcoidosis needs to be intensively
studied. Meanwhile, double immunofluorescence of
TLR2 should be performed to determine which cell types
displayed increased TLR2 expression in future research.

In conclusion, the expression of TLR2 was upregulated
in mediastinal lymph nodes of patients with sarcoidosis.
The expression of TLR2 has a positive correlation between
urinary calcium levels, suggesting TLR2 may be an
indicator for predicting sarcoidosis activity.
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