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The mononuclear phagocyte system, including circulating monocytes and tissue resident
macrophages, plays an important role in acute lung injury and fibrosis. The detailed dynamic
changes of mononuclear phagocytes in the circulating, lung alveolar and interstitial compart-
ments in bleomycin-induced pulmonary injury model have not been fully characterized. The
present study was designed to address this issue and analyzed their relationships with
pulmonary pathological evolution after bleomycin challenge. A total of 100 male C57BL/6 mice
were randomly divided to receive bleomycin (2.5 mg/kg, n = 50) or normal saline (n = 50) via
oropharyngeal approach, and were sacrificed on days 1, 3, 7, 14 and 21. Circulating monocyte
subsets, polarization state of bronchoalveolar lavage fluid (BALF)-derived alveolar macrophages
(AMφ) and lung interstitial macrophages (IMφ, derived from enzymatically digested lung tissue)
were analyzed by flow cytometry. There was a rapid expansion of circulating Ly6Chi monocytes
which peaked on day 3, and its magnitude was positively associated with pulmonary
inflammatory response. Moreover, an expansion of M2-like AMφ (F4/80+CD11c+CD206+)
peaked on day 14, and was positively correlated with the magnitude of lung fibrosis. The
polarization state of IMφ remained relatively stable in the early- and mid-stage after bleomycin
challenge, expect for an increase of M2-like (F4/80+CD11c−CD206+) IMφ on day 21. These
results support the notion that there is a Ly6Chi-monocyte-directed pulmonary AMφ alternative
activation. Our result provides a dynamic view of mononuclear phagocyte change in three
compartments after bleomycin challenge, which is relevant for designing new treatment
strategies targeting mononuclear phagocytes in this model.
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1. Introduction

The mononuclear phagocytes are originated from bone-
marrow-derived myeloid cells, which then circulate in the
blood asmonocytes and populate tissues asmacrophages (Mφ)
in the steady state and during inflammation (Geissmann et al.,
2010). It is generally acknowledged that mousemonocytes can
be divided into two subpopulations: the inflammatory mono-
cytes (Ly6Chi) exhibiting a strong capacity of phagocytosis and
chemotaxis, and the anti-inflammatory monocytes (Ly6Clo)
participating in extracellular matrix remodeling and tissue
repair (Gordon and Taylor, 2005;Wynn et al., 2013). Mounting
evidence revealed that during inflammation, Ly6Chi monocytes
are recruited and differentiate into Mφ with functional diver-
sity at the site of the inflammatory lesion.

Tissue Mφ plays an essential role in the innate immune
response in the lung (Misharin et al., 2011; Schneberger et
al., 2011). Based on the anatomical locations in the lung,
there are two broad subpopulations of Mφ, i.e., alveolar Mφ
(AMφ) and interstitial Mφ (IMφ). The function of AMφ is to
remove particulates and microorganisms from the alveolar
space, and interstitial Mφ (IMφ) might have a role in limiting
inflammation, fibrosis and antigen presentation (Tschernig
and Pabst, 2009; Schneberger et al., 2011). Furthermore, the
activation state of Mφ can be generally characterized as
classically activated Mφ (M1 polarization) that are associated
with a Th1 immune response, or alternatively activated Mφ
(M2 polarization) that are associated with Th2 immune
response. In lung tissue, M1-like Mφ are the first to respond
to lung injury and are later replaced by M2-like Mφ that
contribute to tissue repair and fibrosis (Misharin et al., 2011).

Mice challenged with bleomycin are the most widely used
pulmonary injury and fibrosis model and can provide useful
insights into the biology of lung injury and fibrosis (Moore
and Hogaboam, 2008). Up to now, the detailed kinetics of
mononuclear phagocytes in the circulating, lung alveolar and
interstitial compartments has not been fully characterized in
this model. Therefore, in the present study, we sought to
address this issue by serial flow cytometry analyses and
explored their relationships with pulmonary pathological
evolution.

2. Materials and methods

2.1. Reagents

Bleomycin A5 (BLM) was obtained from Taihe Pharmaceu-
tical Co. Ltd (Tianjin, China). Fluorescein isothiocyanate
(FITC)-conjugated anti-mouse Ly6C (clone HK1.4), phycoery-
thrin (PE)-conjugated anti-mouse CD11b (clone M1/70) and
CD206 (clone C068C2), PE/Cy5-conjugated anti-mouse F4/80
(clone BM8), PE/Cy7-conjugated anti-mouse CD11c (clone
N418), and their respective isotype controls (Rat IgG2c-FITC,
Rat IgG2b-PE, Rat IgG2a-PE, Rat IgG2a-PE/Cy5, Armenian
Hamster IgG-PE/Cy7) were purchased from Biolegend (San
Diego, CA, USA).

2.2. Animals

C57BL/6 male mice (8–10 weeks, 18–20 g) were pur-
chased from the Laboratory Animal Center of the Academy of

Military Medical Sciences (Beijing, China). Animals received
humane care in compliance with the Regulations for Manage-
ment of Experimental Animals (Tianjin Municipal Science and
Technology Commission, revised June 2004) which was in
accordance with Guide for the Care and Use of Laboratory
Animals published by the National Institutes of Health (NIH
Pub. no. 85-23, revised 1996). All experimental procedures
were performed with the authorization of the Animal Use and
Care Committee of the Logistics University of the Chinese
People's Armed Police Forces.

2.3. Model of bleomycin-induced lung injury

A total of 100 mice were used in the present work. Mice
were lightly anesthetized with ether (inhalation for 30 s to
1 min) and followed by oropharyngeal installation of BLM
40 μL (2.5 mg/kg, BLM group, n = 50) or sterile saline 40 μL
(normal saline, NS group, n = 50) as described previously
(Lakatos et al., 2006). On days 1 (1 day after operation), 3, 7,
14 and 21 after bleomycin/saline treatment, animals were
euthanized by exsanguinations while under an overdose
of pentobarbital sodium (100 mg/kg, n = 10 for each group
at each time point). Their blood, bronchoalveolar lavage fluid
(BALF) and lung tissue were collected for the following
assays.

2.4. Pathological examinations of lung

The left lobe from non-lavaged lung was fixed with 4%
paraformaldehyde in phosphate-buffered saline (pH 7.2–7.4)
for 24 h. Fixed lungs were embedded in paraffin, and
sequential 5 μm sections were stained with hematoxylin
eosin (HE) and Masson's trichrome. The severity of alveolitis
was blindly determined using the HE-stained sections accord-
ing to previously published criteria (Szapiel et al., 1979).
Briefly, each lung section was systematically scanned under a
magnification of ×100; five successive fields were graded
according to the degree of inflammatory infiltration and the
area of involved lesions: grade 0, normal tissue; grades 1–3,
the presence of pulmonary inflammation with the extent of
pathology graded as 1 (b20% of the slide), 2 (20% to 50% of the
slide) or 3 (N50% of the slide). After examination of the entire
section, the mean score from all examined fields was calculated
as the inflammation score (IS). A semi-quantitative assessment
for pulmonary fibrosis was performed by calculating collagen
volume fraction (CVF) using Masson-stained sections by the
Image Pro Plus 4.5 software (Media Cybernetics, Silver Spring,
MD, USA). Five fields were randomly selected from each section
under a magnification of ×200.

2.5. BALF analysis

The BALF was collected through an intratracheal cannula
with three sequential 1 mL of 0.9% sterile saline and centrifuged
at 300 g for 10 min at 4 °C. The cell-free supernatant was
stored at −80 °C for analysis of cytokines. The cell pellet was
resuspended in 0.9% sterile saline for total cell counts,
differential cell counts and flow cytometry analysis.
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