
Introduction

Sarcoidosis is a multisystem inflammatory dis-
orders associated with noncaseating granuloma in-
flammation at the sites of disease (1). Although a 
general consensus regarding the identity of the causa-

tive agent has not been reached, several studies have 
suggested that fungi play an important role in the 
pathogenesis of sarcoidosis. Anti-fungal antibodies 
have been found in the bronchial alveolar lavage fluid 
(BALF) of patients with sarcoidosis (2). Additionally, 
sarcoidosis has been associated with the presence of 
Propionibacterium acne and non-tuberculosis Mycobac-
terium, and it has been suggested that non-infectious 
mechanisms may explain the causative role (3, 4).

Previous studies have reported a relationship 
between the severity of sarcoidosis, evaluated us-
ing an X-ray score, and the presence of β-glucan in 
BALF (5). Certain pro-inflammatory cytokine lev-
els are usually increased in patients with sarcoidosis; 
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however, one study reported that the amount of IL-
10 in the serum was decreased, with high levels of 
β-glucan in the BALF (6). 

Fungi contain β-glucan in their cell walls, simi-
lar to some bacteria. There are water-soluble and in-
soluble forms of β-glucan as well as different types of 
glucoside linkages, which determine the cell reactiv-
ity induced by exposure (7). This polyglucose agent 
has several effects on the innate immune system 
and adaptive immune responses (8-10). Particulate 
β-glucans induce stronger immune responses than 
soluble β-glucans by clustering of Dectin-1 receptors 
(10, 11). The effects are mediated by the Dectin-1 
receptor on macrophages that particulate β-glucan 
is capable of stimulating innate and adaptive im-
mune responses via a dectin-1 pathway while soluble 
β-glucan initiates an inflammatory reaction (10). 

Based on the above information, it can be hy-
pothesized that inhaled β-glucan is taken up by mac-
rophages in the airways and transported to regional 
lymph nodes where it would initially stimulate the 
production of IL-10 and iNKT cells, which are im-
portant constituents of the anti-microbial defense 
of the body (12). At higher levels of β-glucan, there 
would be a suppression of IL-10 production and the 
formation of iNKT cells, resulting in an increased 
risk of granuloma formation (13).

The present study was undertaken to determine 
weather β-glucan is present in the lymph nodes of 
patients with sarcoidosis and weather the levels are 
related to the severity of the disease. Additionally, 
weather the levels of β-glucan are present in samples 
of Kveim-Siltzbach test reagent, which is a prepara-
tion of the lymph nodes or the spleen which is used 
as a diagnostic test for sarcoidosis following its sub-
cutaneous injection, granulomas develop in patients 
with sarcoidosis (14, 15). The β-glucan levels were 
also analyzed in cultures of Propionibacterium acne 
and Mycobacterium gordonae.

Materials and methods

2.1. Subjects 

The subjects were recruited from the Depart-
ment for Respiratory and Allergic Diseases at the 
University Medical Centre, Ljubljana, Slovenia, 
from January 2012 to December 2015. The depart-

ment is one of the national centers for patients with 
sarcoidosis. 

The American Thoracic Society/European Res-
piratory Society/World Association for Sarcoidosis 
and Other Granulomatous Disorders (ATS/ERS/
WASOG) criteria were used for the diagnosis (1). 
The routine procedure involved performing a bron-
choscopy with 5 to 10 transbronchial biopsies of 
the lung parenchyma and TBNA of the mediastinal 
lymph nodes in regions R4 and 7. BALF was col-
lected, and the CD4+/CD8+ ratio was determined. 
The presence of non-caseating granulomas in the 
lung was histologically verified. If a biopsy was not 
considered representative, the patient underwent a 
surgical pulmonary or lymph node biopsy. The right 
upper lobe was washed with 20 ml of saline to culture 
pathogenic fungi and bacteria, including tuberculo-
sis bacillus (TB). The levels of IgA, IgM, and IgG 
antibodies against Candida spp. and Aspergillus spp. 
as well as mannan antigen in the blood were deter-
mined. Diagnostic BALF and sputum in subjects 
with sarcoidosis demonstrated an absence of patho-
genic fungi and TB. We have isolated 1 CFU of As-
pergilus niger and 1 CFU of Aspergillus fumigatus from 
two patients and from three patients Prevotella spp. 
Staphylococcus aureus was isolated once from BALF. 
There was no isolation of Propionibacterium acne from 
BALF nor of Non-tubeculosis mycobacterium.

This study comprised newly diagnosed cases 
of pulmonary sarcoidosis (n=34). All subjects were 
non-smokers. The study was approved by the Ethical 
Committee at the University Medical Centre, Lju-
bljana (198/05/04), and written informed consent 
was obtained from all subjects. The demographic 
characteristics are shown in Table 1.

2.2 Pulmonary X-ray scores

The degree of granuloma infiltration in the 
lung parenchyma was used to evaluate the sever-
ity of the disease. Chest radiograms were obtained 
and a grading score for the presence of granuloma 
infiltration was used as previously described (2, 5). 
The chest radiograms were interpreted by two expe-
rienced radiologists who were unaware of the status 
of the patient. They assessed the granulomas using a 
numerical score (0-4) to describe the size and exten-
sion of the infiltrates (X-ray score: 0=normal, 1=ap-
proximately 25% involvement of the lung field, 2=up 
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to 50% involvement of the lung field, 3=up to 75% 
involvement of the lung field, and 4=100% involve-
ment of the lung field). Repeated evaluations by dif-
ferent radiologists showed only minor deviations in 
the score classification. 

The size of the mediastinal lymph nodes on CT 
scan was measured and evaluated using a scoring sys-
tem. No visible lymph nodes = 0, 1= 1<2 cm, 2=2-3 
cm, 3>3 cm. 

The size of the mediastinal lymph nodes on 
X-ray images was evaluated using a scoring system 
(zero=no visible lymph nodes, 1= 1<2 cm, 2=2-3 cm, 
3>3 cm).

2.3 Lymph node aspiration

The procedures were performed as part of rou-
tine clinical care. Patients were deeply sedated for 
all procedures. Flexible fiberoptic bronchoscopy 
was performed through the orotracheal tube using 
an Olympus BF-TE2 bronchofiberscope (Olympus, 
Japan) with a 2.8 mm working channel. TBNA was 
performed using a 21-gauge, 13-mm-long cytology 
needle (Olympus, Japan). The TBNA procedure in-
cluded positioning the bronchoscope with respect to 
the target site and visualization of the needle sheath, 
followed by needle exit and puncture of the tracheo-
bronchial wall. TBNA was performed in the medias-
tinal region of lymph nodes R4 and 7. Each aspira-

tion consisted of approximately 1-2 mm3 of lymph 
node tissue. After the successful puncture of the 
tracheobronchial wall, suction was manually applied 
to the TBNA needle using a 20 cc syringe with nee-
dle agitation within the lymph node. Three samples 
were obtained from each lymph node station. Direct 
smears were obtained from the first sample for Pa-
panicolaou staining, and air-dried smears were ob-
tained for May-Grunewald-Giemsa staining. Next, 
the samples were assessed by an experienced cyto-
pathologist. The adequacy of sampling was defined 
by the presence of lymphocytes in the smear. The 
second sample was used for the analysis of β-glucan 
and placed into 1 ml of sterile saline solution. The 
third sample was added to 4 ml of saline solution to 
culture pathogenic fungi and bacteria. 

2.4 Cultures of Propionibacterium and Mycobacterium

Cultures were prepared from Mycobacterium 
gordonae, and three different CFU suspensions were 
prepared. For Propionibacterium, three different 
dilutions were prepared; however, CFU determina-
tions were not made. One millilitre of each prepa-
ration was placed in 1 ml of saline and analysed to 
determine β-glucan content. 

2.5. Analysis of ß-glucan 

The saline solutions of lymph node aspiration by 
TBNA, Kveim-Siltzbach test reagent and bacteria 
samples, Propionebacterium ac. and non-tuberculosis 
Mycobacterium gordonae, were added to 4 ml of a solu-
tion containing 0.15 mol/l KOH and 0.3 mol/l KCl 
and incubated at 37°C for 10 minutes. It was neces-
sary to first solubilize β-glucan for a commercially 
available method based on the reactivity of Limulus 
extract was used for the analysis of β-glucan (En-
dosafe PTS, Charles River, Charleston, USA). The 
lymph node preparations were diluted in a protein-
blocking buffer and further diluted in endotoxin-free 
water. Then, 25 μl of the preparations were added 
to each of the four wells of a plate prepared with a 
Limulus reagent specific to β-glucan and read in an 
automatic analyzer. The results are expressed as ng/
ml of lymph node suspension. The lower limit for 
detection was 1 ng/ml. Samples yielding a readout 
value of <100 ng/ml were assigned the uniform value 
of 90 to save on reagents and recorded as not con-

Table 1. Demographic characteristics of the 34 patients with sar-
coidosis

Patients 	 n=34
Females/males	 14/20 
Mean age at diagnosis 	 48.47±11.7 years   
Stage 1	 6/17.6%
Stage 2	 28/82.4%
X-ray score               
	 0	 4/11.8%
	 1	 10/29.4%
	 2	 9/26.5%
	 3	 7/20.5%
	 4	 4/11.8%
		  mean±sem
BALF CD4/CD8	 7.1±0.65
FVC L pred. %	 97.6±2.4
DLco% pred. 	 82.2±3.2

Data are presented as mean±sem or n/%, unless otherwise stated. 
FVC: forced vital capacity; DLco: diffusing capacity of the lung 
for carbon monoxide



Proteinuria in sarcoidosis 133

taining β-glucan. Analyses were performed without 
knowledge of the results of other analyses. 

2.6 Kveim-Siltzbach test reagent 

Samples of Kveim-Siltzbach test reagent were 
suspended in 0.15 mol/L KOH and 0.3 mol/L KCL 
and incubated at 37°C for 10 minutes to solubi-
lize β-glucan and analyzed as described above. The 
Kveim-Siltzbach test reagent preparation was a gift 
from Adam Morgenthau, MD; Director, Sarcoido-
sis Program; Assistant Professor of Medicine; Icahn 
School of Medicine at Mount Sinai Hospital, New 
York, USA.

2.7. Statistical analysis

The data were analyzed using SPSS (version 21, 
Inc., Armonk, NY, USA). Group data were reported 
as mean and standard error of the mean and the rela-
tionship between the X-ray scores and the β-glucan 
content in the lymph nodes was analyzed using 
Spearman’s test. A P-value of ≤0.05 was considered 
statistically significant. 

Results

The levels of β-glucan in the lymph node sam-
ples ranged from 90 to 3020 pg/ml, with a mean of 
705 pg/ml and an SEM of 125 pg/ml. 

The relationship between β-glucan in the lymph 
nodes in mediastinum and the X-ray scores is illus-
trated in Figure 1.

The figure illustrates a significant relationship 
between the amount of β-glucan in the lymph nodes 
in mediastinum and lymph node size and X-ray 
scores (r=0.801, p<0.001, Spearman’s test). 

Points are slightly randomly perturbed in order 
to see tied points in figure.

Chest radiograms were taken and evaluated 
with  a numerical score (0-4) regarding the size and 
extent of the infiltrates (x-ray score: 0 normal, 1 ap-
proximately 25% of the lung field involved, 2 up to 
50%, 3 up to 75%, and 4 virtually the whole lung field 
involved).

The relationship between β-glucan in the lymph 
nodes in mediastinum and the lymph node size in 
CT scan is illustrated in Figure 2.

The figure illustrates a significant relationship 
between the amount of β-glucan in the lymph nodes 
and lymph node size in CT scan (r=0.664, p=0.0001, 
Spearman’s test). The size of the mediastinal lymph 
nodes on CT scan was evaluated using a scoring sys-
tem (lymph node size: zero=no visible lymph nodes, 
1<2 cm, 2=2-3 cm, 3>3 cm). Points are slightly ran-
domly perturbed in order to see tied points in figure.

The samples of Kveim-Siltzbach test reagent were 
analyzed to determine the water non-soluble β-glucan 
content. The amounts of β-glucan in the Kveim-Siltz-
bach test reagent were similar to those found in the 
lymph nodes and are illustrated in Table 2.

Fig. 1. Relationship between β-glucan in the lymph nodes in me-
diastinum and X-ray scores

Fig. 2. Relationship between β-glucan in the lymph nodes in me-
diastinum and lymph node size in CT scan
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The results showed that all samples contained 
β-glucan. The amount of β-glucan in KSTR ranged 
from 2500 to 5400 pg/mL, mean 3900 pg/mL. The 
values for the Kveim-Siltzbach test reagent were 
similar to those found in the lymph nodes. 

The amount of β-glucan in cultures of non-tu-
berculosis Mycobacterium gordonae and Propionibacte-
rium acne in different CFU 106, in CFU 107 and in 
CFU 108 were 90 pg/ml, 194 pg/ml, 432 pg/ml.

The amount of β-glucan in cultures of Propi-
onibacterium in different concentration I, II and III. 
There were 3020 pg/ml, 1150 pg/ml and 334 pg/ml. 
The results indicate that β-glucan was present in both 
bacterial preparations. The values were considerably 
higher in the Propionibacterium ac. preparation.

Discussion

The main finding in this study was the iden-
tification of a relationship between the amount of 
β-glucan in lymph nodes and the severity of sar-
coidosis, expressed as the degree of granuloma in-
filtration in the lung parenchyma and mediastinal 
lymph node size. 

A methodological shortcoming of the study was 
the variation in lymph node sampling. Due to tech-
nical reasons, the amount of lymph node mass that 
was extracted may have varied, although a standard-
ized protocol was applied. The potential variations 
in cell mass could be one reason for the variation of 
β-glucan levels in lymph nodes with the same X-ray 
score (Figure 1).

Other studies of the immune response after ex-
posure to β-glucan support the relationship between 
exposure to β-glucan and granuloma formation. 
Chronic inhalation in guinea pigs was shown to sup-
press antibody responses induced by aerosol exposure 
to the antigen ovalbumin in combination with en-

dotoxin (16). In a murine model, Dectin-1, which 
is expressed on all monocytes and macrophages, was 
demonstrated to be the major receptor for β-glucan 
(17). This receptor triggers IL-12 production, which 
induces iNKT cells to secrete interferon-γ. Data 
from one study demonstrated that this response was 
blocked by higher levels of β-glucan exposure, result-
ing in increased disease severity (6). In another study, 
the absence of iNKT cells and IL-10 increased the 
risk of granuloma formation (18). 

The lymph nodes were prepared to solubilize in-
soluble fraction of β-glucan, as described in Methods. 
This is important as the immunomodulatory effects of 
β-glucan are mediated by the water insoluble fraction. 
An analysis of the water-soluble fraction alone will 
thus yield a severe underestimation of the total amount 
present in the homes of patients with sarcoidosis.

The validity of the β-glucan model for the 
pathogenesis of sarcoidosis is further supported by 
the Kveim-Siltzbach test reagent data. A prepara-
tion that has been shown to induce granulomas in 
patients with sarcoidosis. KSTR was shown to con-
tain β-glucan, which has been associated with an in-
creased risk of granuloma formation. An interesting 
result was obtained in a study in which BALF was 
intracutaneously injected, after which granulomas 
developed (19). According to the data presented 
in this study, this result was most likely caused by 
the β-glucan in the BALF. Additionally, microbial 
agents other than fungi have been associated with 
sarcoidosis. Propionibacterium has been found in the 
lungs of patients with sarcoidosis (20, 21). The pres-
ence of a sarcoid reaction in these patients can be 
explained by the presence of the β-glucan in Propi-
onibacterium, as reported in this study. 

The results of this study confirm our previous 
findings of the influence of the fungal biomass in do-
mestic environment as well as the role of β-glucan 
as a potential ethiopatogenetic factor in sarcoidosis. 
We have found the patients with chronic sarcoido-
sis to have higher concentration of β-glucan in their 
homes (22) and have established “in vitro” that only 
the water insoluble β-glucan exerts a significant in-
fluence on some of certain inflammatory cytokines 
(23). It is known that Propionebacterium ac. is pre-
sent in sarcoidosis patients in higher quantities than 
in other subjects. De-vitalised Propionebacterium ac. 
injected in PMNC in medium “in vitro” caused an 
increase of certain inflammatory cytokines (24, 25) 

Table 2. The amount of β-glucan in the Kveim-Siltzbach test rea-
gent (pg/ml preparation)

Source Samples	 β-glucan pg/mL

1.	 4400
2.	 3440
3.	 5400
4.	 2500
5.	 3760
mean±SEM	 3900±484 pg/mL 
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that is similar to what we have achieved with the 
water insoluble β-glucan “in vitro” in PMNC from 
sarcoidosis patients (23).

This is the first time that a specific agent, 
β-glucan, is shown as a possible ethiologic factor in 
sarcoidosis, and is also associated with the level of 
disease activity. 

Conclusion

In summary, we demonstrate that β-glucan 
is present in the lymph nodes of patients with sar-
coidosis and that there is a relationship between 
the amounts of this agent and the disease severity. 
The Kveim-Siltzbach test reagent, shown to induce 
granulomas in patients with sarcoidosis, is shown to 
contain β-glucan. The data from the present and pre-
vious studies collectively suggest that a high level of 
exposure to β-glucan perturbs normal immune de-
fense mechanisms and increases the risk of granu-
loma formation. As a result, β-glucan should be rec-
ognized as a potential causative agent for sarcoidosis. 
Other as yet undefined microbial-derived agents that 
are recognized by microbial pattern recognition re-
ceptors expressed on cells of the innate immune sys-
tem may have similar effects. 
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