
Introduction

HMGB1 (High mobility group box 1) was first 
identified in 1973 as a non-histone nuclear protein 

(1). Nuclear HMGB1, as an architectural factor, sus 
tains chromosome structure and stability, is master of 
DNA repair and fulfils many other important intra-
nuclear functions. HMGB1 can be passively released 
by necrotic or damaged cells (2), and in the course 
of inflammation may also be actively secreted by ac-
tivated monocytes and macrophages (3). Extracel-
lular HMGB1 acts as a proinflammatory cytokine, 
induces a proinflammatory response mediated by 
HMGB1 receptors such as RAGE (receptor for ad-
vanced glycation end products) (4), TLR2 (Toll like 
receptor), TLR4 (5), TREM-1 (Triggering recep-
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tor expressed on myelocytes) resulting in increased 
production of proinflammatory cytokines (6) and the 
total amplification of inflammation. Extracellular 
HMGB1 belongs to DAMPs (Damage associated 
molecular patterns) and in accordance with the Dan-
ger theory, performed by Prof. Matzinger,  DAMPs 
may participate in pathogenesis of diseases in general 
(7) and also in diagnoses within DPLD. For example, 
in sarcoidosis heat shock proteins as DAMPs may 
induce different models of sarcoidosis, depending on 
the genetic background of the host (8). The exact role 
of HMGB1 as a danger signal within DPLD is not 
known so far. 

In the light of clinical practice, HMGB1 is con-
sidered as a good marker for monitoring inflamma-
tion reflecting the fact that compared to other pro-
inflammatory cytokines has a relatively long half-life 
and wider diagnostic window (9).

Bronchoalveolar lavage is an auxiliary diagnostic 
method and allows monitoring of the inflammation 
directly at the site of inflammation, in the lung. Cell 
subpopulations and various soluble markers such as 
proteins and glycoproteins may be analysed in BALF 
samples (10,11). The method is commonly used in 
differential diagnosis of diffuse parenchymal lung 
diseases (DPLD). DPLD represent a heterogenous 
group of diseases comprising more than 200 dis-
tinct diagnostic entities. The classification of DPLD 
is somehow problematic, as in many cases the eti-
ology remains unknown and our knowledge on the 
pathogenesis of these disorders is limited. DPLD 
are currently classified according to the consensus 
of the American Thoracic Society and the European 
Respiratory Society into four groups: DPLD with 
a known cause, idiopathic interstitial pneumonias, 
granulomatous disorders and other forms of DPLD 
(12,13). The diagnosis of DPLDs is commonly es-
tablished by HRCT (high resolution computer to-
mography) and examination of the DLCO (diffusing 
capacity of the lung for carbon monoxide). However, 
no specific tests for distinguishing between particu-
lar diseases within the DPLD spectrum currently 
exist, and the diagnosis is made on the basis of re-
sults from clinical, radiological, pathological and im-
munological examinations. A great amount of effort, 
performed by many study teams, has been put in the 
finding specific markers for various DPLD, but fur-
ther studies are necessary for implementation  in the 
routine clinical practice (14,15). We assume that the 

monitoring of inflammation using the newest mark-
ers of inflammation in BAL fluid may lead to a better 
understanding of the DPLD immunopathogenesis 
and potentially may be useful in differential diagno-
sis of pulmonary diseases. Very little information has 
been found in the literature concerning HMGB1 in 
BALF in DPLD. Hamada et al. confirmed increased 
HMGB1levels in idiopathic pulmonary fibrosis and 
hypersensitive pneumonitis (16). The aim of this 
study was the analysis of HMGB1 in BALF and cor-
relation of HMGB1 levels with other inflammatory 
markers and a comparison of HMGB1 level in vari-
ous diagnoses within DPLD. 

Subjects and Methods

Study group

One hundred and thirty subjects with clinical 
and radiologic signs of DPLD were indicated by 
physicians to perform a bronchoscopy with BAL to 
specify the diagnosis. On the basis of further tests, 
were diagnoses specified. Out of them 15 subjects  
were Quantiferon TB (tuberculosis) test positive (In-
terferon-Gamma Release Assay). Subjects with posi-
tive Quantiferon TB test were hived off to a separate 
group. In most cases (13  of 15) QuantiFERON 
TB-positive subjects had negative bacteriological 
tests (microscopy and culturing). DPLD were diag-
nosed on the basis of clinico-radiologic-pathologic 
criteria in compliance with criteria recommended 
by the American Thoracic Society (ATS), the Eu-
ropean Respiratory Society (ERS), and the World 
Association of Sarcoidosis and Other Granuloma-
tous Disorders (WASOG). The study group was di-
vided according to the classification of DPLD used 
in the joint statement of the American Thoracic So-
ciety and the European Respiratory Society: Inter-
national Multidisciplinary Consensus Classification 
of the Idiopathic Interstitial Pneumonias (Table 1) 
(12,13,17,18). 

Ethics statement

The study was approved by the Research Ethics 
Committee of Faculty of Medicine Comenius Uni-
versity in Bratislava and written informed consent 
was obtained from all subjects.
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BAL procedure

BAL procedure during bronchoscopy was carried 
out at the Department of Pneumology and Phthi-
siology, Faculty of Medicine Comenius University 
in Bratislava. BALF harvesting was performed and 
the percentage of TREM-1 and TREM-2 positive 
CD14+ myeloid cells were quantified as previously 
described (19). Other inflammatory markers (total 
protein, albumin, IgG, IgA, IgM, C3 complement 
component, alpha-2 macroglobuline) were measured 
using commercially available tests in laboratory Me-
direx, Ltd. HMGB1 level was measured by a sand-
wich enzyme-linked immunosorbent assay (ELISA) 
(Shino-test Corporation, Japan /IBL Technology, 
USA) according to the instructions of the manufac-
turer.

Statistical Analysis 

Data were expressed as mean, standard deviation 
or median and interquartile range. The one-sample 

Kolmogorov-Smirnov test was used to determine 
whether the investigated group followed a normal 
distribution. According to the results, parametric 
or non-parametric methods were performed. The 
different variables were cross-correlated using the 
Pearson or Spearman test. Either Kruskal-Wallis test 
(nonparametric ANOVA) or parametric ANOVA 
was performed to determine the difference and the 
statistical significance. Statistical analysis of the data 
was performed using the software program Instat.

Results

HMGB1 and other inflammatory marker correlations 

The results of the correlation analysis are pre-
sented in Table 2. A positive correlation was found 
between HMGB1 and total protein, albumin, IgA, 
IgM and TREM-2 receptor expression. A nega-
tive correlation was revealed between HMGB1 and 
TREM-1 receptor expression. HMGB1 level corre-

Table 1. Study group

Group 	 Diagnosis	 Number (N=) 
		  or percentage (%)

DPLD of known cause 	 Connective tissue disease-assoc.	 N=9
	 Hypersensitivity pneumonitis	 N=7
	 Drug induced 	 N=1
	 Radiation  induced	 N=1

Idiopathic interstitial pneumonias (IIP)	 Chronic fibrosing
	 Idiopathic pulmonary fibrosis (IPF)	 N=19
	 Nonspecific interstitial pneumonia (NSIP)	 N=1
	 Smoking related 
	 RB ILD 	 N=3
	 DIP	 N=3
	 Acute/subacute 
	 AIP 	 N=2
	 COP 	 N=2

Granulomatous lung disorders	 Pulmonary sarcoidosis	 N=61
	 Stage I 	 14%
	 Stage II 	 64%
	 Stage III 	 7%
	 Stage IV 	 5%
	 Löfgren syndrome	 13%

Other forms of DPLD	 Langerhans’ cell histiocytosis	 N=1
	 Eosinophilic pneumonia	 N=5

Quantiferon TB posit.		  N=15 

AIP - acute interstitial pneumonia, COP - cryptogenic organizing pneumonia, DPLD – diffuse parenchymal lung diseases, RB ILD - res-
piratory bronchiolitis-interstitial lung disease, DIP - desquamative interstitial pneumonia
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lated with a number of positive markers (P=0.0017) 
(Table 2). 

Comparison of HMGB1 level in various diagnoses 

Since only three subgroups of DPLD in our co-
hort had a sufficient number of subjects to perform 
statistical analysis, four diagnoses were compared 
(three DPLD and Quantiferon TB positive subjects): 
pulmonary sarcoidosis, (N=61), idiopathic pulmonary 
fibrosis (IPF; N=19), hypersensitivity pneumonitis 
(N=7) and Quantiferon TB positive subjects (N=15). 
The highest HMGB1 concentration was found in 
hypersensitivity pneumonitis and Quantiferon TB 
positive subjects. A significant difference in HMGB1 

level was revealed in Quantiferon TB positive subjects 
compared with IPF and in hypersensitivity pneumo-
nitis compared with IPF (Table 3).

Comparison of TREM-1 and TREM-2 in various
diagnoses 

Given the significant correlations between 
HMGB1 and TREM-1 (negative correlation) and 
HMGB1 and TREM-2 (positive correlation), we 
also compared TREM-1 and TREM-2 expression 
on CD14+ myeloid cells in BALF. The highest per-
centage of TREM-1 positive CD14+ cells was found 
in pulmonary sarcoidosis (significantly compared 
with Quantiferon TB positive subjects) (Table 4). 

Table 2. HMGB1 and other inflammatory marker correlations (all patients)

HMGB1	 r	 95%CI	 P

TN Leu BALF/µl			   Ns
MA, Neu, Ly, Eo			   Ns
CD3, CD4, CD8, CD4/CD8			   Ns
TREM-1 %	 -0.3960	 -0.5858 – -0.1651	 0.0009 negat.corr.
TREM-2 %	 0.2438	 -0.003478 – 0.4630	 0.0468
Total protein	 0.3218	 0.1586 – 0.4679	 0.0001
Albumin	 0.2335	 0.06409 – 0.3898	 0.0058
IgG	 0.1997		  Ns (0.1473)
IgA	 0.2215	 0.04685 – 0.3831	 0.0110
IgM	 0.1712	 -0.0002042 – 0.3328	 0.0439
C3	 0.1684		  Ns (0.0521)
Alpha-2 macroglobuline	 0.1626		  Ns (0.0577)
Number of elevated markers: 1-8 (total protein, albumin, IgG, IgA, IgM, 	 0.2709	 0.09915 – 0.4271	 0.0017
C3, alpha-2 macroglobuline, TREM-2)

TN – total number, MA – macrophages, Neu – neutrophils, Ly – lymphocytes, Eo – eosinophils, TREM % - the percentage of TREM posi-
tive cells, CD – cluster of differentiation expression on lymphocytes, C3 – complement component, Ns – not significant

Table 3. Comparison of HMGB1 level in various diagnoses 

	 HMGB1	 P*

Pulmonary sarcoidosis	 Median: 16.8	 PS vs IPF – Ns
N=61	 IQR: 16,85	 PS vs TB – Ns
		  PS vs HP – Ns

Quantiferon TB positivity	 Median: 30.2	 TB vs IPF – P<0.05
N=15	 IQR: 40,3	 TB vs PS – Ns
		  TB vs HP – Ns

Idiopathic pulmonary fibrosis	 Median: 8.8	 IPF vs PS – Ns
N=19	 IQR: 14,7	 IPF vs TB – P<0.05
		  IPF vs HP – P<0.05

Hypersensitivity pneumonitis N	 Median: 33.2	 HP vs PS – Ns
=7	 IQR: 22,6	 HP vs TB – Ns
		  HP vs IPF – P<0.05 

*Kruskal-Wallis with post-test (nonparametric ANOVA with Dunn post-test), IQR – interquartile range, vs – versus, Ns – not significant
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The highest percentage of TREM-2 positive CD14+ 
cells was revealed in Quantiferon TB positive sub-
jects and in pulmonary sarcoidosis (significantly 
compared with IPF) (Table 4).

Comparison of neutrophils in various diagnoses 

Given the fact that HMGB1 might be a 
TREM-1 ligand and TREM-1 receptor is consti-
tutively expressed on neutrophils, we compared also 
percentages of neutrophils in BALF. The highest 
percentage of neutrophils was found in idiopathic 
pulmonary fibrosis (statistically significant compared 

with pulmonary sarcoidosis) followed by hypersensi-
tivity pneumonitis, Quantiferon TB positive subjects 
and the lowest  percentage of neutrophils was found 
in pulmonary sarcoidosis (Table 5).

Discussion 

Diffuse parenchymal lung diseases represent 
a heterogenous group of diseases comprising more 
than 200 distinct diagnostic entities with insufficient 
knowledge of their etiology and pathogenesis, and 
the lack of diagnostic tests. Analysis of new inflam-

Table 4. Comparison of TREM-1and TREM-2 expression in various diagnoses 

	 TREM-1	 P*	 TREM-2	 P*

Pulmonary sarcoidosis 	 Mean (SD): 49.0	 PS vs IPF – Ns	 Mean: 40.0	 PS vs IPF – P<0.05
	 SD: 27.0	 PS vs TB –  P<0.05	 SD: 22.3	 PS vs TB – Ns
		  PS vs HP – Ns		  PS vs HP – Ns

Quantiferon TB posit.	 Mean: 20.6	 TB vs IPF – Ns	 Mean: 48.1	 TB vs IPF – P<0.05
	 SD: 14.5	 TB vs PS –  P<0.05	 SD: 30.2	 TB vs PS – Ns
	 	 TB vs HP – Ns		  TB vs HP – Ns

Idiopathic pulmonary fibrosis	 Mean: 40.8	 IPF vs PS – Ns	 Mean: 16.2	 IPF vs PS – P<0.05
	 SD: 21.0	 IPF vs TB –  Ns	 SD: 6.4	 IPF vs TB – P<0.05
		  IPF vs HP – Ns		  IPF vs HP – Ns

Hypersensitivity pneumonitis	 Mean: 25.6	 HP vs PS – Ns	 Mean: 28.4	 HP vs PS – Ns
	 SD: 33.2	 HP vs TB – Ns	 SD: 16.9	 HP vs TB – Ns
		  HP vs IPF – Ns		  HP vs IPF – Ns 

P – P value, *parametric ANOVA with Tukey post test, vs – versus, SD – standard deviation, Ns – not significant

Table 5. Comparison of the neutrophil percentage in various diagnoses 

	 Neutrophil %	 P*

Pulmonary sarcoidosis	 Median: 6.0	 PS vs IPF – P<0.01
	 IQR: 8	 PS vs TB – Ns
		  PS vs HP – Ns

Quantiferon TB posit.	 Median: 9.0	 TB vs IPF – Ns
	 IQR: 17	 TB vs PS – Ns
		  TB vs HP – Ns

Idiopathic pulmonary fibrosis	 Median: 14.0	 IPF vs PS – Ns
	 IQR: 18	 IPF vs TB – Ns
		  IPF vs HP – Ns

Hypersensitivity pneumonitis	 Median: 16.0	 HP vs PS – Ns
	 IQR: 18	 HP vs TB – Ns
		  HP vs IPF – Ns

* Kruskal-Wallis with post-test (nonparametric ANOVA with Dunn post-test), IQR – interquartile range, vs – versus, PS – pulmonary 
sarcoidosis, TB – quantiferon positive patients, IPF – idiopathic pulmonary fibrosis, HP – hypersensitivity pneumonitis, Ns – not significant
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matory markers in BALF provides new insights into 
the immunopathogenesis and may be helpful in dif-
ferential diagnosis. Extracellular HMGB1 is passive-
ly released from damaged necrotic cells or actively 
produced during inflammation and has proinflam-
matory activity. 

In our study, we evaluated the correlation of 
HMGB1 with other inflammatory markers in 
BALF in subjects with DPLD. We found a sig-
nificant positive correlation between HMGB1 and 
several inflammatory markers measured in BALF 
(total protein, albumin, IgA, IgM and percentage of 
TREM-2 positive myeloid cells). This positive cor-
relation might be a result of HMGB1 proinflamma-
tory function. Macrophages, after coactivation with 
HMGB1, produce pro-inflammatory cytokines such 
as TNFα, interleukin-1β, IL-6, IL-8, macrophage 
inflammatory protein-1α and MIP-2β (20). In ad-
dition, HMGB1 induces activation/maturation of 
dendritic cells (21). In the course of proinflammatory 
process, the liver produces acute phase proteins and 
as a result of antigen presentation, mediated by DC, 
are activated cells of adaptive immunity. Thus, the in-
crease in HMGB1 may indirectly trigger production 
of various proteins and antibodies.

HMGB1 is called also as late proinflammatory 
cytokine and given its longer half-life unlike other 
proinflammatory cytokines, is considered to be a 
good inflammatory marker. In our study, the num-
ber of positive inflammatory markers correlated with 
HMGB1 level, indicating that HMGB1 could serve 
as a good marker for the inflammation intensity. 

In bronchoalveolar lavage fluid, elevated level of 
HMGB1 was detected in some pulmonary diseases: 
pulmonary fibrosis (16), pneumonia (22) and cystic 
fibrosis (23). 

We revealed a negative HMGB1 correlation 
with the percentage of the TREM-1 positive cells. 
TREM-1 and TREM-2 are also novel inflammatory 
markers, potentially useful in differential diagnosis of 
DPLD according our previous study (19). TREM-
1 receptor increases on the surface of myelocytes 
in the presence of microorganisms and activation 
of TREM-1 receptor leads to increased production 
of proinflammatory cytokines (24). The work of El 
Mezayen et al. suggested that HMGB1 might serve 
as a potential ligand for TREM-1 (6). The elevated 
TREM-1 expression on the surface of myelocytes 
could result in binding of HMGB1 protein, thus re-

ducing the free HMGB1 level and could explain the 
negative correlation between HMGB1 and TREM-
1 (extremely significant).

TREM-2 receptor promotes phagocytosis of 
bacteria by macrophages (25) and participates in the 
macrophage fusion and multinucleated cell forma-
tion (26). In our cohort, we have found the increased 
percentage of TREM-1 and TREM-2 positive cells 
in pulmonary sarcoidosis (consistent with our previ-
ous study from 2013 (19)) and increased in TREM-
2 positive cells in QuantiFERON TB-positive sub-
jects (Table 4). The common feature of sarcoidosis 
and tuberculosis is multinucleated giant cell forma-
tion, which could explain the increased TREM-2 re-
ceptor expression in both diagnoses. 

We compared the level of HMGB1 in various 
diagnoses. The high level of HMGB1 was found in 
QuantiFERON TB positive subjects (compared with 
other diagnoses - significantly with IPF). These results 
are in line with data from Zeng et al., who revealed 
an elevated HMGB1 level in both serum and sputum 
in pulmonary tuberculosis (27). Increased HMGB1 
may be either the result of cell necrosis and/or raised 
production of HMGB1 by activated monocytes and 
macrophages. Mycobacterium tuberculosis can inhibit 
apoptosis and induce cell necrosis, which is accompa-
nied by nucleus disintegration and the direct release of 
HMGB1 (28). Grover et al. revealed a direct effect of 
Mycobacterium tuberculosis on HMGB1 production 
in monocytes and macrophages in guinea pigs (29). 
Therefore, the elevated HMGB1 level in tuberculosis 
may be due to its origin from two sources - passively 
released by necrotic cells or actively secreted by in-
flammatory cells. Level of HMGB1 may depend also 
on uptake by other cells participating in the course of 
inflammation. Neutrophils can probably participate 
in HMGB1 uptake since neutrophils constitutively 
express TREM-1 receptor and undoubtedly play role 
in TB pathogenesis. Dubaniewicz found increased 
number and phagocytic activity of neutrophils in TB 
subjects compared with sarcoidosis and healthy con-
trols (30). We found a slightly higher percentage of 
neutrophils in QuantiFERON TB positive subjects 
compared with sarcoidosis (not significant differ-
ence). On the other hand, relatively low (compared 
with sarcoidosis) TREM-1 expression on CD14+ cells 
(dominated cells in BALF), in the same subjects may 
cause the low uptake of HMGB1 and results in high 
levels of free HMGB1 in BALF. 
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In pulmonary sarcoidosis, HMGB1 values were 
lower compared with QuantiFERON TB positive 
subjects and hypersensitivity pneumonitis and higher 
compared with IPF. An increased TREM-1 expres-
sion on CD14+ cells found in pulmonary sarcoidosis 
(Table 4) can reduce the free HMGB1 by binding 
the protein to the TREM-1 receptor. This fact can 
explain the negative correlation between HMGB1 
and TREM-1 expression found in our study. Thus, 
the HMGB1 levels depend on its production and/or 
uptake by receptors respectively.  

Activation of CD14+ cells may play a key role 
in subsequent inflammatory response. The way they 
are activated determines the type of inflammation. In 
the study by Dubaniewicz et al, the authors reported 
altered expression of FcγR and CR on CD14+ cells 
and its increased phagocytic activity (31). The in-
creased TREM receptors expression on CD14+ cells 
provides further knowledge on its pathogenesis.

The significantly higher HMGB1 level was also 
detected in hypersensitivity pneumonitis (compared 
with IPF). These results are consistent with the study 
by Hamada et al., where was found similar levels of 
HMGB1 in hypersensitivity pneumonitis (16). We 
found low TREM-1 expression on CD14+ cells in 
hypersensitivity pneumonitis which might lead to 
low uptake of free HMGB1 whereupon there was 
low concentration in BALF. 

The lowest HMGB1 level was found in idio-
pathic pulmonary fibrosis. These values could be ele-
vated compared with healthy subjects as suggested by 
Hamada et al. Mean and median values in the cur-
rent study were similar to those referred to Hamada 
et al (16). A growing body of evidence suggests that, 
in contrast to other interstitial lung diseases, IPF is a 
distinct entity in which inflammation is mild/moder-
ate either in early or late disease, and an evolving hy-
pothesis proposes that IPF may result from epithelial 
microinjuries and abnormal wound healing (32).

Low expression of TREM receptors suggests 
limited  activation of CD14+ cells and agrees with 
this theory. Relatively low level of HMGB1 in IPF 
might reflect low release and/or production in course 
of mild inflammation. In addition, mild/moderate 
increase in neutrophils might uptake free HMGB1 
which can also contribute to low HMGB1 concen-
tration in BALF.

The current study had some limitations:  only 
130 subjects were enrolled in the study and DPLD 

is a group of more than 200 diagnoses. We com-
pared only three groups with sufficient number of 
subjects to statistical analysis and these comparable 
groups were relatively small. In most cases (13 of 
15) QuantiFERON TB-positive subjects were only 
IGRA test positive and had negative bacteriological 
tests (microscopy and culturing). Further studies are 
therefore strongly recommended. 

Conclusion

Extracellular HMGB1 in BALF correlated with 
other inflammatory markers. Interesting findings 
are correlations with recently discovered receptors 
TREM-1 and TREM-2. According to recent litera-
ture (6), HMGB1 may be a ligand for TREM-1. Our 
results provide a confirmatory evidence that an in-
crease in TREM-1 expression is accompanied by low 
HMGB1 level (extremely significant negative cor-
relation between HMGB1 and TREM-1). HMGB1 
level varied in different diagnoses; the highest level 
was found in QuantiFERON TB positive subjects 
(median 30.2) and hypersensitivity pneumonitis 
(median 33.2), followed by pulmonary sarcoidosis 
(median 16.8) and idiopathic pulmonary fibrosis 
(median 8.8). Analysis of novel inflammatory mark-
ers in BALF (HMGB1, TREM-1 and TREM-2) 
provides new insights into the immunopathogenesis 
and may be potentially useful in the differential diag-
nosis of pulmonary diseases. High level of HMGB1 
and percentage of TREM-2 positive cells in BALF 
may suggest mycobacterial infection in subjects in 
diagnostic process and the need of further specific 
tests for evidence of mycobacterial infection (IGRA 
test, Mantoux skin test, PCR mycobacterial DNA, 
acid-fast bacillus smear and culture).

Acknowledgements

1. This work was supported by the grant VEGA 
1/0212/17 

2. This publication is the result of the project imple-
mentation: Comenius University in Bratislava Science Park 
supported by the Research and Development Operational 
Programme funded by the ERDF. Grant number: ITMS 
26240220086.



HMGB1 in BALF pulmonary diseases 275

References

  1. �Goodwin GH, Sanders C, Johns EW. A new group of chromatin-as-
sociated proteins with a high content of acidic and basic amino acids. 
Eur J Biochem. 1973; 38(1):14-9.

  2. �Scaffidi P, Misteli T, Bianchi ME. Release of chromatin protein 
HMGB1 by necrotic cells triggers inflammation. Nature. 2002; 
418(6894):191-5.

  3. �Bonaldi T, Talamo F, Scaffidi P et al. Monocytic cells hyperacetylate 
chromatin protein HMGB1 to redirect it towards secretion. EMBO 
J. 2003; 22(20):5551-60.

  4. �Kokkola R, Andersson A, Mullins G et al. RAGE is the major re-
ceptor for the proinflammatory activity of HMGB1 in rodent mac-
rophages. Scand J Immunol. 2005; 61(1):1-9.

  5. �Park JS, Svetkauskaite D, He Q et al. Involvement of toll-like re-
ceptors 2 and 4 in cellular activation by high mobility group box 1 
protein. J Biol Chem. 2004; 279(9):7370-7. 

  6. �El Mezayen R, El Gazzar M, Seeds MC, McCall CE, Dreskin SC, 
Nicolls MR. Endogenous signals released from necrotic cells augment 
inflammatory responses to bacterial endotoxin. Immunol Lett. 2007; 
111(1):36-44

  7. �Matzinger P. Tolerance, Danger, and the Extended Family. Annu Rev 
Immunol. 1994; 12:991-1045.

  8. �Dubaniewicz A. Microbial and human heat shock proteins as ‘danger 
signals’ in sarcoidosis. Hum Immunol. 2013; 74(12):1550-8 

  9. �Wang H, Yang H, Czura CJ, et al. HMGB1 as a late mediator of 
lethal systemic inflammation. Am J Respir Crit Care Med. 2001; 
164:1768–73.

10. �Haslam PL, Baughman RP. Report of ERS Task Force: guidelines 
for measurement of cellular components and standardization of BAL. 
Eur Respir J. 1999; 14(2):245-8.

11. �Meyer KC, Raghu G, Baughman RP et al. American Thoracic Society 
Committee on BAL in Interstitial Lung Disease. An official Ameri-
can Thoracic Society clinical practice guideline: the clinical utility of 
bronchoalveolar lavage cellular analysis in interstitial lung disease. Am 
J Respir Crit Care Med. 2012; 185(9):1004-14. 

12. �American Thoracic Society, European Respiratory Society. Interna-
tional Multidisciplinary Consensus Classification of the Idiopathic 
Interstitial Pneumonias. Joint statement of the American Thoracic 
Society (ATS), and the European Respiratory Society (ERS) was 
adopted by the ATS board of directors, June 2001 and by the ERS 
Executive Committee, June 2001. Am J Respir Crit Care Med. 2002; 
165(2):277-304.

13. �Travis WD, Costabel U, Hansell DM, et al. ATS/ERS Committee 
on Idiopathic Interstitial Pneumonias. An official American Thoracic 
Society/European Respiratory Society statement: Update of the in-
ternational multidisciplinary classification of the idiopathic interstitial 
pneumonias. Am J Respir Crit Care Med. 2013; 188(6):733-48.

14. �Wojtan P, Mierzejewski M, Osińska I, Domagała-Kulawik J. Mac-
rophage polarization in interstitial lung diseases. Cent Eur J Immu-
nol.2016; 41(2):159-64.

15. �Doubková M, Karpíšek M, Mazoch J, Skřičková J, Doubek M. Prog-
nostic significance of surfactant protein A, surfactant protein D, Clara 
cell protein 16, S100 protein, trefoil factor 3, and prostatic secretory 
protein 94 in idiopathic pulmonary fibrosis, sarcoidosis, and chronic 
pulmonary obstructive disease. Sarcoidosis Vasc Diffuse Lung Dis. 
2016; 33(3):224-34.

16. �Hamada N, Maeyama T, Kawaguchi T et al. The role of high mobility 
group box1 in pulmonary fibrosis. Am J Respir Cell Mol Biol. 2008; 
39(4):440-7.

17. �Cushley MJ, Davison AG, du Bois RM et al. The diagnosis, assess-
ment and treatment of diffuse parenchymal lung disease in adults. 
Thorax 1999; 54:S1–S30.

18. �American Thoracic Society, European Respiratory Society and the 
World Association of Sarcoidosis and Other Granulomatous Disor-
ders. Statement on sarcoidosis. Joint Statement of the World Associa-
tion of Sarcoidosis and Other Granulomatous Disorders (WASOG). 
Am. J. Respir Crit Care Med. 1999; 160:736–55.

19. �Suchankova M, Bucova M, Tibenska E et al. Triggering receptor ex-
pressed on myeloid cells-1 and 2 in bronchoalveolar lavage fluid in 
pulmonary sarcoidosis. Respirology 2013; 18:455-62.

20. �Andersson U, Wang H, Palmblad K, et al. High mobility group 1 
protein (HMG-1) stimulates proinflammatory cytokine synthesis in 
human monocytes. J Exp Med 2000; 192:565–70.

21. �Rovere-Querini P, Capobianco A, Scaffidi P, et al. HMGB1 is an 
endogenous immune adjuvant released by necrotic cells. EMBO Rep 
2004; 5:825–30.

22. �van Zoelen MA, Ishizaka A, Wolthuls EK, Choi G, van der Poll T, 
Schultz MJ. Pulmonary levels of high-mobility group box 1 during 
mechanical ventilation and ventilator-associated pneumonia. Shock. 
2008; 29(4):441-5.

23. �Tiringer K, Treis A, Kanolzer S et al. Differential expression of IL-33 
and HMGB1 in the lungs of stable cystic fibrosis patients. Eur Respir 
J. 2014 Sep; 44(3):802-5.

24. �Bleharski JR, Kiessler V, Buonsanti C et al. A role for triggering re-
ceptor expressed on myeloid cells-1 in host defense during the early-
induced and adaptive phases of the immune response. J. Immunol. 
2003; 170(7):3812-8.

25. �N’Diaye EN, Branda CS, Branda SS et al. TREM-2 (triggering re-
ceptor expressed on myeloid cells 2) is a phagocytic receptor for bac-
teria. J. Cell. Biol. 2009; 184(2):215-23.

26. �Helming  L, Tomasello E, Kyriakides TR et al. Essential role of 
DAP12 signaling in macrophage programming into a fusion-compe-
tent state. Sci. Signal. 2008; 1(43):ra11.

27. �Zeng JC, Xiang WY, Lin DZ et al. Elevated HMGB1-related inter-
leukin-6 is associated with dynamic responses of monocytes in pa-
tients with active pulmonary tuberculosis. Int J Clin Exp Pathol. 2015 
Feb 1; 8(2):1341-53.

28. �Lee J, Hartman M, Kornfeld H. Macrophage apoptosis in tuberculo-
sis. Yonsei Med J. 2009; 50(1): 1-11.

29. �Grover A, Taylor J, Troudt J et al. Mycobacterial infection induces the 
secretion of high-mobility group box 1 protein. Cell Microbiol. 2008; 
10(6):1390-404.

30. �Dubaniewicz A. Comparative analysis of phagocytic activity of blood 
neutrophils in sarcoidosis and tuberculosis. J Clin Cell Immunol 2013; 
4(5):66

31. �Dubaniewicz A, Typiak M, Wybieralska M, Szadurska M, Nowa-
kowski S,Staniewicz-Panasik A, Rogoza K, Sternau A, Deeg P, 
Trzonkowski P. Changed phagocytic activity and pattern of Fcγ and 
complement receptors on blood monocytes in sarcoidosis. Hum Im-
munol. 2012; 73(8):788-94.

32. �Selman M, Pardo A. Idiopathic pulmonary fibrosis: an epithelial/fi-
broblastic cross-talk disorder. Respir Res. 2002;3:3.


