
Central European Journal of Immunology 2016; 41(2) 159

Experimental immunology DOI: 10.5114/ceji.2016.60990

Correspondence: Paweł Wojtan,  Department of Internal Medicine, Pneumonology and Allergology, Medical University of Warsaw, Poland, 
e-mail: wojtan.pawel@gmail.com  
Submitted: 27.07.2015, Accepted: 13.11.2015

Macrophage polarization in interstitial lung 
diseases

Paweł Wojtan1, Michał Mierzejewski1, Iwona Osińska2,  
Joanna Domagała-Kulawik1

1Department of Internal Medicine, Pneumonology and Allergology, Medical University of Warsaw, Poland 
2Department of Pathology, Medical University of Warsaw, Poland

Abstract

The role of bronchoalveolar lavage fluid (BALf) examination in differential diagnosis of interstitial 
lung diseases (ILD) was established. Currently, functional polarization into M1 (pro-inflammatory) and 
M2 (anti-inflammatory) subpopulations is emphasized. 

The aim of our study was to compare the proportion of M1 and M2 in BALf of patients with different 
ILD.

BALf samples were collected from 75 ILD patients: sarcoidosis (SA, 36), hypersensitivity pneu-
monitis (HP, 10), non-specific interstitial pneumonia (NSIP, 8), idiopathic pulmonary fibrosis (IPF, 6) 
and other ILD (15). Phenotyping was performed by immunocytochemistry with anti-CD40 and CD163 
antibodies (for M1 and M2, respectively). 

For both, CD40 and CD163, three populations of cells have been specified: small cells with strong 
(+++), large cells with weak (+) and cells with no (–) reaction. Due to lack of statistically significant 
differences between patients with HP, NSIP and IPF, they were classified into a common group and 
compared to the group of patients with sarcoidosis. The median proportion of macrophage population 
was as follows: for CD40: 61%, 35%, 2% in patients with SA and 49%, 47%, 3% in patients with other 
ILD and for CD163: 55%, 35%, 5% in SA and 53%, 43%, 1% in ILD patients, respectively. We found 
a significantly higher proportion of M1 in SA when compared with other ILD.

Our study showed no evidence of defined polarization of alveolar macrophages in different types of 
interstitial lung diseases. However, we emphasized the role of CD40 positive cells in sarcoidosis and 
the role of CD163 positive cells in fibrotic diffuse lung diseases.
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CD163.
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Introduction
Bronchoalveolar lavage (BAL) is the diagnostic and 

therapeutic procedure performed during bronchoscopy, 
which plays an established role in differential diagnosis of 
lung diseases, including interstitial lung diseases (ILD) [1, 
2]. BAL fluid (BALf) allows to obtain cells and extracel-
lular material and cells retrieved by BAL are macrophages, 
lymphocytes, neutrophils and eosinophils [2]. The relative 
and absolute amounts of these cells differ in various dis-
eases [3]. Among cells retrieved by BAL, macrophages are 
the most numerous population, but their role in pathogen-
esis of ILD, apart from sr-ILD, was not well established 
[4]. For many decades macrophages have been perceived 
as a uniform cell population, but currently functional po-

larization into M1 (pro-inflammatory or classically activat-
ed) and M2 (anti-inflammatory or alternatively activated) 
subpopulations is emphasized. First studies describing 
classical activation of macrophages come from 1960s [5]. 
Polarization towards M1 macrophages depends on bac-
terial lipopolysaccharide (LPS) and agents produced by 
activated T helper 1 lymphocytes (Th1 lymphocytes) and 
natural killer (NK) cells, particularly interferon g (IFN-γ) 
and other proinflammatory cytokines such as tumor ne-
crosis factor α (TNF-α) [6-10]. M1 macrophages produce 
proinflammatory cytokines such as TNF-α and interleukin 
12 (IL-12) [7]. They have cytotoxic properties and the abil-
ity to kill intracellular parasites [6, 7]. In turn, M2 macro-
phages are induced by Th2 lymphocytes-related cytokines: 
IL-4, IL-13 and immune complexes and glucocorticoste-
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roid hormones [7]. They release inflammatory mediators 
such as IL-10. They have immunoregulatory functions, are 
involved in angiogenesis and wound healing. These two 
populations have different surface markers, allowing to 
distinguish them from each other with specific antibodies 
against the markers. CD163 molecule has been shown as 
a marker of macrophages with anti-inflammatory proper-
ties – M2 cells [8, 11-14]. M1 detection is more contro-
versial because there is no single, widely accepted marker. 
Used methods include surface markers such as CD40 and 
CD86 [8, 9, 14-17], expression of nitric oxide synthase 2 
(NOS-2, also denoted iNOS) [6, 18] or human leukocyte 
antigen (HLA) [8, 10, 15]. Monocyte polarization towards 
M1 or M2 is not a definitive process. Plastic gene expres-
sion allows macrophages to switch from one population to 
another as a response to changes in the microenvironment. 
Chemokines attract macrophages that interact with other 
host cells (particularly T cells), neoplastic cells, microor-
ganisms and that microenvironmental stimulation could 
cause a shift from M1 to M2 subpopulation [19]. The aim 
of our study was to describe the alveolar macrophage phe-
notype in ILD by analysis of BALf cells using immunocy-
tochemistry with anti-CD40 and CD163 antibodies. 

Material and methods
We analyzed retrospectively BAL samples of patients 

who underwent the diagnostic procedure. The study was 
conducted in 2013/2014. 75 subjects (36 female, 39 male) 
with the following interstitial lung diseases: sarcoidosis, 
stages I-III (SA, n = 36), hypersensitivity pneumonitis 
(HP, n = 10), non-specific interstitial pneumonia (NSIP, 
n = 8), idiopathic pulmonary fibrosis (IPF, n = 6) and oth-
er ILD (n = 15) were enrolled in the study (classified ac-
cording to [20]). In the last group the following diseases 
were included: desquamative interstitial pneumonia (DIP), 
cryptogenic organizing pneumonia (COP), chronic eosino-
philic pneumonia (CEP) and systemic sclerosis-associated 
interstitial lung disease (SSc-ILD). The mean age of pa-
tients was 49.7 years (range 26-83) and was comparable 
in each group. There were 37% of smokers and 52% of 
never smokers in the study group, in 11% of cases no data 
were available. During enrolment of the study group we 
excluded patients with neoplastic diseases, asthma and 
chronic obstructive pulmonary disease (COPD) and treat-
ed with corticosteroids and/or immunosuppressive drugs. 
All diagnoses were established in accordance with prop-
er guidelines. The study was approved by the Bioethical 
Committee at Medical University of Warsaw. Bronchosco-
py and BAL were performed during the diagnostic process. 
Sampling, processing and analysis of the collected material 
was based on the guidelines developed by the experts of 
the Polish Respiratory Society [2] that are consistent with 
recommendations of the American Thoracic Society [1]. 

Immunocytochemistry

Four slides from each subject were analyzed. Two of 
them were stained with May-Grunwald-Giemsa method 
and used to determine the differential cell count. Pheno-
typing was performed on the next two slides by immu-
nocytochemistry with anti-CD40 and CD163 antibodies 
(AbD Serotec, Raleigh, North Carolina, USA), for M1 
and M2, respectively. Material has been evaluated under 
the microscope at a 1000× magnification and 300 immu-
nolabeled macrophages on each slide were then counted 
by two independent pathologists experienced in pneumo-
nological cytology. Initially, we confirmed the specificity 
of this staining on macrophage culture obtained from cells 
isolated from BALf and stimulated towards M1 and M2 
using selected mediators. The staining technique was pre-
cisely described in our previous paper [17].

Statistical analysis

Statistical analysis was performed with Statistica soft-
ware (StatSoft, Poland, version 10.0). Mann-Whitney 
U test was used to compare two groups, for more than 
two group comparison, the Kruskal-Wallis test (for data 
non-normally distributed) was applied. Differences were 
considered significant when p < 0.05.

Results 
The BAL cellular pattern is presented in Table 1 – the 

changes are typical – patients with SA and particularly HP 
and NSIP present a lymphocytic cellular pattern and pa-
tients with IPF present a neutrophilic pattern. For both, 
CD40 and CD163 antigens staining, three populations of 
cells have been specified: small cells with strong (+++), 
large cells with weak (+) and cells with no (–) reaction 
(Fig. 1). We confirmed this by statistical analysis – it was 
a significant reverse correlation between the proportion of 
high (+++) and low (+) intensity of reaction (Spearman 
test, r > 0.4, p < 0.05). The median proportion and in-
terquartile range of these macrophage populations in each 
ILD group are presented in Table 2. We did not find any 
significant difference when compared these groups. Due to 
the small size of groups of patients with various stages of 
sarcoidosis, statistical analysis within this group was not 
possible. Due to lack of statistically significant differences 
between patients with HP, NSIP and IPF, they were clas-
sified into a common group and compared to the group of 
patients with sarcoidosis (Fig. 2). We found a significantly 
higher proportion of M1 cells in SA when compared with 
other ILD (CD40+++ 61% vs. 49%, p < 0.05), however 
CD40+ cells were more numerous in the ILD group (35% 
vs. 47%, p < 0.05). The proportion of CD163- was signifi-
cantly higher in the SA group (5% vs. 1%, p < 0.05). The 
proportion of CD163+ cells was elevated in the group of 
ILD, but without significance (43.6% vs. 34.6%). 



Central European Journal of Immunology 2016; 41(2)

Macrophage polarization in interstitial lung diseases

161

We found some significant correlation of macrophages 
with CD40 and CD163 reaction. There was a significant 
correlation of CD40+++ with CD163+++ cells (r = 0.25, 
p < 0.05) and a strong negative relation of CD40+++ 
cells with those with weak reaction CD40+ (r = –0.9, 
p < 0.05). Similarly in the population of CD163 posi-
tive cells (CD163+++ with CD163+, r = –0.8, p < 0.05). 
There was a positive correlation between the proportion of 
CD40-positive cells with the number of lymphocytes in the 
sarcoidosis group. 

In spite of a low number of patients we separately an-
alyzed three cases of DIP. The results of this analysis are 
presented in Table 3. A very low number of small cells 
with strong reaction with CD40 and CD163 was noticed. 

Discussion
In this study we evaluated two types of macrophages 

in a relatively large group of ILD patients. We used the 

immunocytochemistry method to assess macrophages with 
an expression of CD40 (the marker of M1 differentiation) 
and CD163 as a marker for M2 cells. We observed two 
types of cells: one type with strong and a second with 
weak reaction to these two markers without any signifi-
cant difference between different types of ILD apart from 
a significantly elevated proportion of CD40+++ cells in 
sarcoidosis. 

Our choice of immunocytochemistry for cell pheno-
type evaluation was dictated by the accuracy of this tech-
nique in identification of alveolar macrophage and the 
differentiation them from other immune cells. Moreover, 
it was possible to perform the analysis in the archived 
previously stored samples. The cells with strong, weak or 
no reaction were well recognized and there was high re-
peatability between observers in our study. Macrophages 
are the cells with many different, often contradictory 
functions. The functional phenotypes of monocyte/macro-
phages were recently recognized: activated, wound-heal-

Table 1. BALf cellular pattern in all investigated groups of patients with interstitial lung diseases  

Overall Sarcoidosis Interstitial 
lung diseases 

combined

Hypersensitivity 
pneumonitis

Nonspecific 
interstitial 
pneumonia

Idiopathic 
pulmonary 

fibrosis

Total cell count, × 106 18 (12-31) 17 (12-24) 19 (12-32) 25 (18-32) 20 (17-26) 12 (9-16)

Alveolar macrophages, × 106 8 (4-15) 9 (6-15) 6 (3-14) 5 (3-12) 4 (3-12) 8 (6-11)

Alveolar macrophages, % 51 (31-74) 51 (41-76) 47 (20-68) 18 (17-39) 25 (22-27) 70 (64-76)

Lymphocytes, × 106 5 (2-11) 5 (2-8) 5 (2-12) 12 (9-18) 14 (8-15) 1 (1-2)

Lymphocytes, % 35 (13-47) 37 (18-46) 31 (12-63) 63 (41-78) 67 (42-75) 11 (9-14)

Neutrophils, × 106 1 (1-2) 1 (0-1) 1 (1-3) 2 (1-5) 1 (1-5) 2 (1-2)

Neutrophils, % 6 (4-11) 4 (3-8) 7 (4-17) 7 (6-15) 5 (3-18) 16 (14-18)

Eosinophils, × 106 0 (0-1) 0 (0-1) 0 (0-1) 0 (0-1) 0 (0-0) 0 (0-1)

Eosinophils, % 2 (1-3) 2 (1-3) 2 (0-5) 1 (1-3) 1 (0-3) 3 (3-3)

Data are presented as median (IQR 25-75th percentile).

A B

1

1
2

2

3

3

Fig. 1. Macrophages stained with CD40 (A) and CD163 (B). 1 – small cells with strong reaction, 2 – big cells with weak 
reaction, 3 – cells with no reaction
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ing and regulatory [21]. The division into two populations 
(M1 and M2) is a kind of simplification, because in vivo 
the individual cells have different expression of their sur-
face molecules [22]. The summation of the percentages 
of cells stained with anti-CD40 and anti-CD163 to above 
100% indicates the presence on the cell, of both markers 
M1 and M2. There was a very low proportion of unstained 
cells. This means that the cell does not belong strictly to 
subpopulation but rather is at some intermediate stage of 
polarization between pro- and anti-inflammatory popula-
tions. According to recent data the switch from M1 to M2 
is more probable than the reverse/opposite [21]. Evaluation 
of double-labeled cells by other techniques, for example 
in the confocal microscopy would confirm this. “Perfect” 

extremely polarized macrophages may be obtained by 
stimulating with appropriate agents (e.g. IFN-γ for M1 and 
M-CSF for M2). The limitation of our study was the use 
of only one method for alveolar macrophages phenotyping. 
However, our choice of CD40 and CD163 was supported 
by a well-known function in immune reactions [12, 23]. 

Our observation of two morphologically distinct pop-
ulations of macrophages needs a short explanation. The 
small cells with very strong reaction and large cells with 
lower one were noticed in population of CD40 positive 
and CD163 positive macrophages as well. More other/
Moreover there was an adverse significant relation be-
tween these two forms suggesting that one could displace 
another. Taking into account the possible origin of alveo-

Fig. 2. The median proportion of BALf macrophages with expression of CD40 and CD163 in sarcoidosis and ILD groups
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Table 2. Proportion of macrophages with an expression of CD40 and CD163 in the BAL fluid of patients with interstitial 
lung diseases (ILD)

Overall Sarcoidosis Interstitial 
lung diseases 

combined

Hypersensitivity 
pneumonitis

Nonspecific 
interstitial 
pneumonia

Idiopathic 
pulmonary 

fibrosis

CD 40 (+++), % 56 (44-67) 61 (55-69)* 49 (35-57)* 54 (51-63) 46 (37-63) 52 (46-66)

CD 40 (+), % 41 (31-51) 35 (28-40)* 47 (42-54)* 44 (39-47) 51 (37-59) 45 (33-49)

CD40 (–), % 2 (1-4) 2 (1-4) 3 (1-5) 2.5 (2-4) 3 (1-4) 2 (1-4)

CD163 (+++), % 55 (46-63) 55.5 (49-63) 53 (44-63) 56 (51-76) 53 (48-59) 58 (39-76)

CD163 (+), % 40 (27-49) 35 (27-47) 43 (27-54) 40 (18-43) 43 (39-50) 36 (22-60)

CD163 (–), % 3 (1-7) 5 (3-10)* 1 (1-3)* 1 (1-3) 3 (2-4) 1.5 (0-7)

Data are presented as median (IQR 25-75th percentile).* difference significant in Kruskal-Wallis test (p < 0.05).
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lar macrophages from monocytes line we assume that the 
small cells with strong reaction are young and active cell 
line [21]. The message for further studies could be as fol-
lows: the small cells are functionally important and play 
a role of a guide in the inflammatory process. The large 
cells seem to be adult, just old preapoptotic form of macro-
phages [24]. Interestingly, we found a very low proportion 
of small cells with strong reaction in the BALf of cases 
with DIP. The role of macrophages in the pathogenesis of 
DIP was documented and the augmentation of pigmented 
cells in the BALf is pathognomonic for this entity [4]. The 
novelty of our recent study is to show a significantly low 
proportion of small cells with strong CD40 and CD163 re-
action and an elevated proportion of large cells with weak 
reaction in the BALf with DIP pattern. Further studies are 
needed for explanation of this observation. 

There is a small number of published studies dedicated 
to analysis of BAL macrophages phenotype [16, 25-28]. In 
the study of Kunz et al., the proportion of CD163+ cells 
in the BALf was comparable with our results [16]. The 
authors observed the influence of smoking on polarization 
to M2 in the BALf of patients with chronic obstructive 
lung disease (COPD). In the study of Hodge et al., the 
functional analysis of BAL macrophages of smokers with 
COPD was performed without any evidence for definitive 
polarization of macrophages [25]. We did not confirm any 
changes of macrophage phenotype in smokers in this study 
and in our previous work [17]. Admittedly in patients with 
sarcoidosis the proportion of CD163 negative cells was 
lower in smokers when compared with non-smokers. In 
the present study this trend has been continued with no 
significantly higher proportion of CD163 positive cells in 
smokers. 

In the study of Redente et al., macrophages were har-
vested from BALf in an experimental model of tuberculo-
sis and the predominance of M1 was found [27]. Finally 
we found one study concerning the phenotype of macro-
phages in sarcoidosis presented by Wikén et al. [28]. In 
this study, the functional tests for macrophage characteris-
tics were used but without any evidence for predominance 
of any subpopulation [28]. Similar results were reported 
by Misson et al. [29].

We found an elevated proportion of small cells with 
strong reaction with CD40 marker in the BALf of patients 
with sarcoidosis what was different when compared with 
other ILD. CD40 receptor plays a role in signal transduc-
tion during antigen presentation and initiation of immune 
reaction among others in autoimmune diseases [23]. The 
contribution of CD40-CD152 pathway to adaptive immune 
response justifies the usefulness of this marker for M1 de-
tection. 

In fibrotic lung disorders, the M2 polarization is sus-
pected. The Th2 pathway with an elevated CCL-18 (mark-
er of M2) concentration in the BALf is linked to the extent 
of fibrosis in ILD [30]. As it was emphasized in recent 
studies, the direction of activation and differentiation of 
T cell is initiated by macrophages, thus the appropriate 
macrophage population is capable of promoting Th1 or 
Th2 response [31]. In the studies on ILD pathogenesis, 
macrophages seem to remain in the shadows. In the study 
of Pechkovsky et al. [26], M2 macrophages were identified 
by cytokine release and the phenotyping by flow cytometry 
with antibody anti-CD206. Authors concluded that there is 
evidence for M2 polarization in fibrotic lung diseases. We 
used CD163 for M2 description. CD163 is a transmem-
brane protein expressed on monocyte/macrophage cell 
lines. This expression increases during resolution of in-
flammation and the process of wound healing [12]. These 
processes underlie the pathological immune reaction in the 
course of ILD. Thus, our observation pointed to the role of 
macrophages with an expression of CD163 and the CD163 
molecule in pathogenesis of ILD [32].

In conclusion, the results of our study underline use-
fulness of immunocytochemistry in evaluation of the mac-
rophage phenotype in the BALf. No evidence of defined 
polarization of alveolar macrophages in different types of 
interstitial lung diseases was found. However, we empha-
sized the role of CD40 positive cells in sarcoidosis and 
the role of CD163 positive cells in fibrotic diffuse lung 
diseases.

The authors declare no conflict of interest.
This work was supported by Medical University of 

Warsaw, grant number: 1WU/NM1/13.

Table 3. Number and proportion of macrophages and proportion of CD40 positive and CD163 positive cells in the BALf 
of patients with desquamative interstitial pneumonia (DIP)

Total cell count
× 106

Macrophages 
× 106

Macrophages 
%

CD 40 (+++),  
%

CD 40 (+),
%

CD163 (+++),
%

CD163 (+),
%

Case 1 30.8 26.18 85 35 60 39 59

Case 2 44 39.60 90 29 71 25 73

Case 3 33.12 19.9 60 56 41 38 62

Data presented as median. 
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