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Abstract. Interstitial lung diseases (ILDs) are a heterogeneous group characterized mainly by damage to pulmonary parenchyma, through histopathological processes such as granulomatous pneumopathy, inflammation
and fibrosis. Factors that generate susceptibility to ILDs include age, exposure to occupational and environmental compounds, genetic, family history, radiation and chemotherapy/immunomodulatory and cigarette smoke.
IFN-γ, IL-1β, and LPS are necessary to induce a classical activation of macrophages, whereas cytokines as
IL-4 and IL-13 can induce an alternative activation in macrophages, through the JAK-STAT mediated signal
transduction. M2 macrophages are identified based on the gene transcription or protein expression of a set of
M2 markers. These markers include transmembrane glycoproteins, scavenger receptors, enzymes, growth factors, hormones, cytokines, and cytokine receptors with diverse and often yet unexplored functions. Fibrotic lung
disorders may have a M2 polarization background. The Th2 pathway with an elevated CCL-18 (marker of M2)
concentration in the bronchoalveolar lavage fluid (BALF) is linked to fibrosis in ILDs. Besides the role of M2
in tissue repair and ECM remodeling, activated fibroblasts summon and stimulate macrophages by producing
MCP-1, M-CSF and other chemokines, as well as activated macrophages secrete cytokines that attract and
stimulate proliferation, survival and migration of fibroblast mediated by platelet-derived growth factor (PDGF).
(Sarcoidosis Vasc Diffuse Lung Dis 2018; 35: 98-108)
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Introduction
Interstitial lung diseases (ILDs) are a heterogeneous group characterized mainly by damage to
pulmonary parenchyma, specifically the pulmonary
interstitium, through histopathological processes
such as granulomatous pneumopathy, inflammation
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and fibrosis. Pathological changes are diverse depending on the type of disease, they can be: alveolar alterations, lymphocyte infiltration, presence of
giant cells, increase of the extracellular matrix with
the presence of focal areas of fibroblast proliferation.
Some examples of ILDs are sarcoidosis, idiopathic
pulmonary fibrosis (IPF) and hypersensitivity pneumonitis (HP) (1). Factors that generate susceptibility
to ILDs include age, exposure to occupational and
environmental compounds, genetic, family history,
radiation and chemotherapy/immunomodulatory
and cigarette smoke (2).
On the other hand, human immune system
is composed of different cells that protect us from
pathogens and allow homeostasis in the body; among
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them are the macrophages, which come from bone
marrow and are stimulated by monocyte colony
stimulating factor (M-CSF). Macrophages can acquire certain phenotypes by activating the classical
(M1) or alternatively pathway (M2) based on surface
receptors, gene expression and secretion of inflammatory mediators. Some studies with knock-out
mice made possible to identify an important number
of genes (iNOS, Arg1, Ym1, FIZZ1) and chemokines
that are involved in the activation of different pathways (3). Functions of activated macrophages include
microbicidal and tumoricidal activity, phagocytosis
and pinocytosis, nitric oxide generation, chemotaxis,
antigen presentation, secretion of pro-inflammatory
cytokines including interleukin-1β (IL-1b), IL-12,
IL-15, tumor necrosis factor-a (TNF-a) and antimicrobial peptides (cathelicidin, defensins) (4).
For the macrophages polarization and proliferation, the participation of certain molecules is necessary: interferon-γ (IFN-γ), IL-1β and lipopolysaccharide (LPS) induce a classical activation of M1,
whereas that Th2 cells are very important because
produce IL-4 and IL-13, which are involved in alternative activation pathway (5). In addition they have
an important role in physiology and pathophysiology
in several diseases, for example, resolution of inflammation, tissue regeneration, reshuffle of the extracellular matrix and fibrotic illness (such as ILDs, liver
fibrosis, etc.) (6).
Epidemiology of ILDs
A study realized in Greek population indicates
that the estimated annual incidence of ILDs is 4.63
per 100,000 inhabitants and the prevalence reach
17.3 per 100,000 (7). Also, in Spain, Lopez-Campos
and Rodríguez-Becerra reported an annual incidence
of 3.62/100,000 cases (men 4.18/100,000/year and
women 3.07 cases/100,000/year). (8). Coultas et al.
described in their study that the prevalence of ILDs
was 20% higher in males than females (9). In addition, in studies carried out in Germany showed up
sarcoidosis and idiopathic pulmonary fibrosis (IPF)
were the most frequent in that country. (10) Similar
to epidemiology in another countries, in the Instituto Nacional de Enfermedades Respiratorias (INER)
at Mexico City, IPF represents one of the three more
common causes of morbi-mortality in ILDs (11).

Dr. Barreto-Rodriguez reported in adults during the
period comprised of 2009-2013 that prevalence of
ILDs at INER was of 8.7% (1,923/21,962 patients)
(12). According to Martinez-Briseño et al, on an
epidemiological study they analyzed mortality from
ILDs in Mexico during the period comprised of
2000-2010, where 22,600 deaths were recorded during the 10 years at INER (13).
ILDs classification
There are more than 150 pathologic entities that
are included in ILDs group. However, because of
their complexity and heterogeneity, their classification is not a simple task (11).
The classification of ILDs is an issue that has
changed over the years. To reach the current classification of ILDs, Liebow and Carrington in 1969
published the classification where ILDs are divided
into: Usual interstitial pneumonia, desquamative
interstitial pneumonia, bronchiolitis obliterans interstitial, pneumonia and diffuse alveolar and diffuse alveolar, lymphoid interstitial pneumonia, giant
cell interstitial pneumonia. Katzenstein published
in 1997 another classification of ILDs, which was
similar to that published in 1969, but with the difference that there were groups of interstitial respiratory
bronchiolitis lung disease, acute interstitial pneumonia and nonspecific interstitial pneumonia were aggregated. Müller and Colby in 1997 performed the
classification of ILDs where the group of bronchiolitis obliterans and organizing pneumonia was added
14).
The American Thoracic Society in 2002 published a new classification clustering of interstitial
lung diseases into four groups: 1) diffuse parenchymal lung disease (DPLD); 2) know-for-cause, for
example secondary to drugs consumption or association to collagen - vascular diseases; 3) idiopathic interstitial pneumonias and 4) granulomatous DPLD,
e.g. sarcoidosis, etc. (15).
The most recent and current classification of interstitial lung diseases was published in 2013 by the
American Thoracic Society, where we can analyze in
more detail and clarity the types of ILDs, mainly divided into: interstitial pneumonia idiopathic, known
or associated cause, primary or associated with other
diseases not well defined and in each of them there
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are subdivisions. The actual classification for ILDs is
presented in Figure 1.
Genetic Susceptibility to ILDs
Genetic factors predispose to the pathophysiological development of mostly diseases, and ILDs
are not the exception. There are a lot of studies of
single nucleotide polymorphisms (SNPs) that have
been described as a risk factor to develop an interstitial lung disease, and some of them are related to type
2 macrophages.
One of the most investigated genes is TGFB1.
Several SNPs have been evaluated in this gene and
its importance is due to codifies transforming growth
factor-β (TGF-β), an important regulatory cytokine.
It has been seen that the presence of the prolina allele in codon 10 of the TGFB1 gene is associated
with an increased deterioration in gas exchange in
patients with IPF (16). However, Azmy et al. in a
study realized with an Egyptian population, revealed
that gene polymorphisms of TGF-β1 are not related
with presence of ILDs (17). In addition, André PA
et al in an in vitro study of cultured cells suggest that
BARD1 and BARD1-β might be mediators of pleio-
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tropic effects of TGF-β1. In particular, BARD1-β
might be a driver of proliferation and progression of
pulmonary fibrosis pathogenesis and also represent
an important target for treatment (18).
As it’s known, IL-10 is an anti-inflammatory
cytokine and contributes to fibrotic process. Ates et
al described that IL10 polymorphisms (another gene
that codifies a cytokine related to M2 phenotype) are
associated to lung involvement in Systemic Sclerosis
(SSc), and these findings coincides with a Scala et
al. [17] report, where they reported that IL10 levels
are significantly higher in patients with pulmonary
involvement than that in control (19, 20).
Moreover, other genes that participate in fibrotic process have been related to ILDs. Liu L et
al. concluded in a study realized in Chinese patients
with IPF that -156C allele for ENA-78 (now called
CXCL5) may be a risk factor of IPF and -1596T allele for IP-10 a beneficial factor of IPF. However, the
VEGF (+405G/C) gene polymorphism has no effect
upon the predisposition to IPF (21).
In an association study realized by Li C et al,
the results suggest that the polymorphism of EGF in
the position 61A/G may be associated with sporadic
ILD, with the frequency of G allele significantly increased in the ILD patient population (22). Also, in

Fig. 1. Current classification of ILDs according to American Thoracic Society

101

Type 2 macrophages in ILDs

patients with lung cancer treated with an inhibitor
of epidermal growth factor receptor (EGFR), it has
been demonstrated that can induce the development
of ILD (23).
There are many studies in another kind of genes/
physiopathological ways that have indicated risk factor or poor prognosis in patients with different ILDs.
These are summarized in Table 1.
M2 differentiation and the Th2 CD4+
contribution
Tissue macrophages are derived from monocytic phagocyte system, which committed bone marrow precursors develop into blood monocytes (40),
which arise from myeloid stem cells and migrate to
peripheral blood and various tissues where they differentiate. It is estimated that a healthy adult mouse
contains approximately 108 macrophages that are
distributed throughout the body in several organs
and tissues. This cell lineage display great phenotypic
and functional diversity because of their ability to
adapt to their microenvironment (41).
Macrophages can differentiate into either a proinflammatory (M1) subtype, also known as a classically activated subtype, or an anti-inflammatory
alternatively activated subtype (M2) according to
the microenvironment (cytokines, antigens, etc.)
(42). Also, they are a functionally heterogeneous cell
population. IFN-γ, IL-1β, and LPS are necessary to
induce a classical activation of macrophages, whereas
cytokines as IL-4 and IL-13 can induce an alternative activation in macrophages, through the JAKSTAT mediated signal transduction (3).
M1 macrophages are potent effector cells that
kill microorganisms and produce proinflammatory

mediators, such as nitric oxide (NO), tumor necrosis
factor α (TNF-α), IL-6, and IL-12. M2 macrophages produce anti-inflammatory factors like IL-10,
TGF-β and IL-1 receptor antagonist (IL-1Ra), and
promote angiogenesis by VEGF, tissue remodeling
and repair. Reprogramming of intracellular metabolisms is required for the proper polarization and
functions of activated macrophage. M1 macrophages
increase glucose consumption and lactate release,
whereas M2 macrophages mainly employ oxidative
glucose metabolism pathways (3).
STAT6 regulates effector Th2 responses in lung
inflammation through multiple mechanisms including canonical Th2 cell differentiation and recruitment
(43). The IL-4 signaling cascade through STAT6 activation is considered the canonical pathway of Th2
differentiation, as well as M2 (44). IL-4 and IL-13
each bind to two receptor complexes and have one
shared receptor subunit; this allows the stimulation
of either receptor activates IL-4Rα and associated
JAK1 to phosphorylate STAT6 monomers, which
then homodimerize and translocate to the nucleus,
where inducing expression of certain genes related to
the M2 phenotype (45).
M2 macrophages are identified based on the
gene transcription or protein expression of a set of
M2 markers. These markers include transmembrane
glycoproteins, scavenger receptors, enzymes, growth
factors, hormones, cytokines, and cytokine receptors
with diverse and often yet unexplored functions. The
majority of these markers were defined by early studies of the M2 activation, based on the observation
that their gene transcription was amplified by IL-4/
IL-13 and fungal or parasite infections (collectively,
in conditions associated with Th2 immune response)
(46). Many of the genes associated with mouse M2
macrophages are regulated by STAT6, which are ex-

Table 1. Genes and polymorphisms related to principal ILDs.
Gene

ILD-Related

Reference

FOXP3, RTEL1, EGF

Idiopathic interstitial pneumonia

(24) (25)

HLA-DRA, BTNL2, HLA-DRB1, EGF

Sarcoidosis

(26) (27) (28)

HSPA1B, HSPA1L, HSPA1, PARN, RTEL,
Idiopathic pulmonary fibrosis
TGFB1, MUC5B, EGF, BARD1, ADAM33, ACE, CXCL5		

(16) (29) (30) (31) (18) (21)
(32) (33) (34)

HLA-DRB1*04, PSMB8

Hypersensitivity pneumonitis

(35) (36)

IL17F, NALP3

Silicosis

(37) (38)

PADI2, FOXP3

Diffuse interstitial lung disease

(24) (39)
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pressed when an external stimuli binds to membrane
receptors, including Retnlb, also known as FIZZ1,
Arg1, Chil3, also known as Ym1 in mice, and in humans have been described CD163, MRC1/CD206,
CD200R1, TGM2, TGB1, IL10, VEGFA, ITGAM
(CD11B), CD209, IL1R1, CHI3L1 and ARG1 as M2
related (47). These genes in mice and humans are described in Table 2, in addition with Th2 related genes.
Some Th2-related cytokines are important to
M2 polarization and contribute to pathologic stages.
For example, IL-13 contributes to fibrosis in a number of chronic infectious and autoimmune diseases,
and is likely involved in airway fibrosis and smooth
muscle increase in asthma as well as interstitial lung
disease. (52) Also, IL-13 transgene overexpression in
the lung has been shown to induce persistent subepithelial fibrosis and smooth muscle hypertrophy, (53)
and some of the effect of IL-13 may be influenced by
STAT6-independent (54).
Reforging the role of these cytokines in Th2
and M2 differentiation and proliferation, as well as
fibrotic process, a study with mice subjected to bleomycin induced pulmonary fibrosis displayed elevated
IL-4 and IL-13 and therapeutic blockade was shown
to reduce the pulmonary interstitial fibrosis phenotype (55). These data suggest that the IL-4/IL-13/
STAT6 pathway may be a target for intervention in
these severe lung diseases. In vitro, IL-21 significantly increase IL-4Rα and IL-13Rα1 expression in
macrophages, resulting in increased FIZZ1 mRNA
and arginase-1 activity. These data suggest that the
IL-21R is an important amplifier of alternative
macrophage activation, and could have relevance in
therapies for both inflammatory and chronic fibrotic
diseases (56).
In addition, a Th2 pattern (characterized by IL-4
and IL-5 synthesis) predominates in the pulmonary
interstitium in patients with cryptogenic fibrosing
alveolitis (CFA), a fatal and rare inflammatory lung
condition marked by excessive fibroblast activation,
deposition of collagen and scar formation secondary
to the remodeling of the extracellular matrix (57).
It has been previously described that cigarette
smoking increases the number of macrophages that
are functionally impaired, because reduce phagocytic
activity, produce lower levels of pro-inflammatory
cytokines, and their metabolic activity is weak (58).
In human peripheral blood, monocytes are differentiated into uncommitted macrophages (M0).
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However, when they migrate to different tissues, due
to the stimulation of antigens coupled with the cytokine microenvironment, polarization to M1 and
M2 occurs, and they are identified as CD64+CD80+
and CD11b+CD209+, respectively. Activated M1
cells secrete IP-10, IFN-γ, IL-8, TNF-α and IL1β, whereas M2 cells secreted IL-13, CCL17, and
CCL18 (45, 59).
Based on the applied stimuli and the achieved
transcriptional changes, the M2 macrophages have
been classified into subdivision: M2a, M2b, and
M2c. (Figure 2). (60) (61) The M2a activation is a
response to IL-4 and IL-13, the M2b to immune
complexes and bacterial lipopolysaccharide (LPS),
and the M2c to glucocorticoids and TGF-β. (62)
(63) Since the initial discovery of M2 macrophage
activation, arginase-1, is considered as a prototypic
M2 marker in mice (64). Arginase-1 is an enzyme of
the urea cycle, which uses the amino acid L-arginine
as a substrate to produce L-ornithine and urea. Initial studies on the function of M2, have emphasized
that L-ornithine may enter polyamine and collagen
biosynthesis, eventually promoting fibrosis and tissue
healing (51).
Recently, epigenetic has been described as an
important factor that participate in the macrophage
polarization. Histone methyltransferases are associated with M2 activation by repressing M1 phenotype signature genes and promoting the transcription
of M2 genes (65). For these reasons, the existence of
epigenetic regulation of macrophages-related genes
is not only essential for the induction of their activation and participation in the inflammatory process,
but is also necessary for the inhibition of the immune
response and avoidance of excessive inflammation
and tissue damage (66).
Participation of M2 and Th2 CD4+ in ILDs
Fibrotic lung disorders may have a M2 polarization background. The Th2 pathway with an elevated
CCL-18 (marker of M2) concentration in the bronchoalveolar lavage fluid (BALF) is linked to fibrosis
in ILDs (67).
Pechkovsky et al showed in their study that
BAL cells from patients with fibrotic lung disorders
released higher amounts of marker proteins such as
IL-1RA, CCL17, CCL18 and CCL22 compared to
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Table 2. Principal characteristics of M2 and Th2 related genes
Gene

Encoded
Locus
Strand
Exons/
protein			introns

Principal functions

Type 2 Macrophages (M2)
TGFB1
TGF-β
19q13.2
Reverse
7/6
					
					

Regulates cell proliferation, differentiation and growth, and can modulate
expression of other growth factors, including interferon gamma and tumor
necrosis factor.

IL10
IL-10
1q32.1
Reverse
5/4
					
					

Down-regulates the expression of Th1 cytokines, MHC class ll, and
costimulatory molecules on macrophages. It also enhances B cell survival,
proliferation and antibody production.

VEGFA VEGF-A 6p21.1
Forward
9/8
					

Induces proliferation and migration of vascular endothelial cells, and is
essential for both physiological and pathological angiogenesis.

PPARG
PPAR-α 22.q13.31
Forward
14/13
					

For the acquisition and long-term maintenance of M2 phenotype this
protein is requires. *

CHI3L1

Chitinase
1q32.1
Reverse
10/9
3-like 1				
					
					

Chitinases catalyze the hydrolysis of chitin, which is an abundant
glycopolymer found in insect exoskeletons and fungal cell walls. The
protein is secreted by activated macrophages and plays a key role in
inflammation and tissue remodeling.

CD163
CD163 12p13.31
Reverse
17/16
					
					
					

Member of the scavenger receptor cysteine-rich (SRCR) superfamily,
and is exclusively expressed in monocytes and macrophages. It functions
as an acute phase-regulated receptor involved in the clearance and
endocytosis of hemoglobin/haptoglobin complexes by macrophages.

MRC1
MRC-1 10p12.33
Forward
30/29
					

The protein encoded by this gene is a type I membrane receptor that
mediates the endocytosis of glycoproteins by macrophages.

CD200
CD200
3q13.2
Forward
8/7
					

The encoded protein plays an important role in immunosuppression and
regulation of anti-tumor activity.

TGM2
TGM-2 20q11.23
Reverse
14/13
					

The protein encoded by this gene acts as a monomer, is induced by retinoic
acid, and appears to be involved in apoptosis.

ITGAM

Mac-1;
16p11.2
Forward
30/29
This gene encodes the integrin alpha M chain and is necessary to form
CD11b				
a leukocyte-specific integrin referred to as macrophage receptor 1
					
(Mac-1). It’s important in the adherence of monocytes to stimulated
					endothelium.
CD209
CD209
19p13.2
Reverse
7/6
					
					

It’s expressed in dendritic cells and macrophages. The encoded protein is
involved in the innate immune system and recognizes numerous
pathogens ranging to parasites to viruses.

IL1R1
IL-1R 2q11.2-q12.1 Forward
21/20
					
					
ARG1
Arginase-1 6q32.2
Forward
8/7
					
					

This gene encodes a cytokine receptor for IL-1 alpha, IL-1 beta and IL-1
receptor antagonist. It’s an important mediator involved in many
cytokine-induced immune and inflammatory responses.
Arginase-1 is an enzyme of the urea cycle. Initial studies on the function
of M2, have emphasized that eventually this enzyme can promote fibrosis
and tissue healing. †
Th2 CD4+

IL4
IL-4
5q31.1
Forward
4/3
					
					

IL-4 has many biological roles, including the stimulation of activated
B-cell and T-cell proliferation, and the differentiation of B cells
into plasma cells, and it’s an important factor to M2 differentiation.

IL13
IL-13
5q31.1
Forward
4/3
					
					
					

This cytokine is involved in several stages of B-cell maturation and
differentiation. It up-regulates CD23 and MHC class II expression, and
promotes IgE isotype switching of B cells. Also, this cytokine downregulates macrophage activity.

GATA3
GATA-3
10p14
Forward
8/7
					

This gene is an important regulator of Th2 development and plays an
important role in endothelial cell biology.

Data from Ensembl (48) and National Center for Biotechnology Information (49). *Macrophage-specific PPARgamma controls alternative
activation and improves insulin resistance (50)
† Arginase: an emerging key player in the mammalian immune system (51)
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Fig. 2. The polarization of type 2 macrophages is a process involving several molecules. The involvement of Th2 cells are critical for the activation of M2, through the secretion of IL-4, IL-13.
Note: Activated type 2 macrophages secrete molecules that have various functions in the human body such as resolution of the immune
response, angiogenesis, scar formation. There are several cell markers to identify M2, which are shown in the table upper in figure.
Abbreviation: M-CSF, monocyte colony stimulating factor; M1, type 1 macrophages; M2, type 2 macrophages; M0, monocyte.

cells from healthy donors. Authors concluded that
there is evidence for M2 polarization in fibrotic lung
diseases. In addition, they showed that alveolar macrophages express markers related to M2, whereby
they strongly support that alternative activation of
macrophages is a pathologic mechanism in pulmonary fibrosis and that the potential manipulation of
the M2 polarization process in alveolar macrophages
is a highly interesting novel therapeutic approach to
be analyzed (68). Otherwise, Paweł-Wojtan et al described that in BALF of patients with different ILDs
there is no evidence of defined polarization of alveolar macrophages (AM). However, there is evidence
of the important role of CD40+ cells in sarcoidosis
and the role of CD163 positive cells in fibrotic diffuse lung diseases (M2 phenotype) (69).
In the healthy lung, at least two macrophage
populations are present; AM and interstitial macrophages (IM). AM are located in the airway space
and express high levels of CD11c and low levels of
CD11b. These play a central role in recycling surfactant molecules produced by alveolar epithelial
cells. IMs reside in the lung parenchyma, highly
express CD11b, and have low surface expression of
CD11c. IM are in the parenchyma to influence pulmonary fibrotic processes. However, there is a little

of information regarding their role in human lung
fibrosis. Experimental model in mice, using bleomycin model, induces the fibrotic phase, IMs have been
shown to acquire a pro-fibrotic phenotype, characterized by elevated expression of the M2 marker,
CD206 (also known as mannose receptor) (70).
Likewise, in the normal injury-repair response
macrophages readily acquire a phenotype which promotes fibroproliferation. AM in particular have been
shown to be involved in extracellular matrix (ECM)
processing through secretion of matrix metalloproteases or by direct uptake of collagen. (71) Besides
the role of M2 in tissue repair and ECM remodeling, activated fibroblasts summon and stimulate
macrophages by producing MCP-1, M-CSF and
other chemokines, as well as activated macrophages
secrete cytokines that attract and stimulate proliferation, survival and migration of fibroblast mediated by
platelet-derived growth factor (PDGF). It has been
demonstrated that AM recovered from idiopathic
pulmonary fibrosis (IPF) patients spontaneously
produce PDGF, which contribute to fibrotic process.
(72, 73)
Studies realized with the administration of
drugs in animal models have been helpful to elucidate pathologic mechanisms of fibrosis. For exam-
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ple, Gibbons MA et al performed a study where they
observed depletion of Ly6Chi circulating monocytes
by systemic administration of Liposomal Clodronate
(biphosphonate), after 5 days of Bleomycin administration, which resulted in reduced fibrotic responses in mice, as well as a lower number of M2 macrophages. These findings strongly suggest that the
macrophages play an important role in the fibrosis
process (74).
Zhou et al revealed in their study that Chitinase
3-Like 1 (CHI3L1) is elevated in the BAL of IPF
patients and is expressed in pulmonary macrophages,
concomitant with CCL18 and iNOS. In the murine
model, Chi3l1 has been shown to play a protective
role during the establishment of disease injury by reducing inflammatory responses and a profibrotic role
in the tissue repair phase, characterized by M2 macrophage activation, fibroblast proliferation, and lung
matrix deposition. (75)
In a study realized by Schupp JC et al, the results suggest that acute exacerbation in idiopathic
pulmonary fibrosis is not an incidental event but
rather driven by cellular mechanisms including M2
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macrophage activation. Also, in patients with acute
exacerbation of IPF levels of Chi3l1 are increased,
which suggest a pathological role of M2 (75, 76).
Other studies realized in TGF-b reported elevated BAL levels during pulmonary fibrosis, including in patients with IPF, sarcoidosis and in silicosis.
The Overexpression of active TGF-b in murine lungs
originates pulmonary fibrosis, whence pulmonary
macrophages appear to be crucial for the development of this process, because macrophage diminution ameliorates the disease pulmonary fibrosis (77,
78). Also, patients with Hermansky-Pudlak syndrome type 1 ([HPS-1] an autosomal recessive disorder), who have defective biogenesis of lysosomerelated organelles, develop and accelerated form of
progressive fibrotic lung disease, that is associated
with increased alveolar macrophage activity. This is
supported for a study realized by Rouhani et al who
found higher levels of MCP-1, MIP-1a, GM-CSF,
and M-CSF in epithelial lining fluid (ELF) in patients with HPS-1 than healthy subjects (79). Figure
3 shows the pathogenic mechanisms in fibrotic lung
diseases, mediated by Th2 CD4+ cells and M2.

Fig. 2. Figure 3. M2 play an important role in the pathophysiology of ILDs, due to the secretion of certain molecules that induce changes
at the lung level.
Note. The M2 are activated by IL-4 and IL-13. STAT6 is involved in the transcription of certain genes that induce the formation of molecules, especially PDGF that stimulates the proliferation of fibroblasts that cause a process of tissue remodeling and fibrosis in the lungs.
MCP-1 and M-CSF induce a new cycle, stimulating the polarization of M2.
Abbreviation: M-CSF, monocyte colony stimulating factor; MCP-1, monocyte chemoattractant protein 1; PDGF platelet-derived growth
factor; VEGF, vascular endothelial growth factor; MMPs, matrix metalloproteinases; TGF-β, transforming growth factor beta.
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Conclusions
There are many studies that show an active role
of type 2 macrophages in the pathogenesis of fibrotic
diseases, including ILDs. However, as well as there
are promising results, other studies do not have concrete results about this, becoming controversial results. Fibrotic process involves diverse types of cells,
including Th2 CD4+, fibroblasts, Tregs CD4+ and
activated macrophages by the alternative pathway,
which have an anti-inflammatory function and profibrotic phenotype. Also, there are evidence that alveolar and interstitial macrophages, in fibrotic ILDs,
has polarization to M2 and its products (TGF-b,
VEGF, Arg1, among others) play a key role in diseases development. Furthermore, functional studies
are required to stablish the role in normal conditions
and in ILDs of M2 and Th2 CD4+ cells.
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