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Inflammation and pathological damage to the lungs of
mice are only partially reversed following smoking
cessation on subacute exposure to cigarette smoke
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Abstract. The present study aimed to observe the level of
inflammation and the number of lesions in the airways and
parenchyma of mouse lungs subsequent to smoking cessation
following 4 weeks exposure to cigarette smoke. Enlargement
of the regional airspaces, deposition of peribronchial collagen
fibers and macrophage infiltration were assessed. In addition,
the expression levels of matrix metalloproteinase (MMP)-12
and transforming growth factor (TGF)-f}1 were detected in the
airways and lung parenchyma of C57BL/6 J mice. Mice, which
were exposed to filtered air for 4 weeks or cigarette smoke
for 8 weeks were used as control groups. A 4 week duration
of smoke exposure induced the expansion of alveolar spaces
~100 pm from the terminal bronchioles, but without increased
deposition of collagen around the small airways, which was not
reversed following smoking cessation. Pulmonary infiltration
of macrophages and the protein expression levels of MMP-12
and TGF-f1 increased in the airways following 4 weeks smoke
exposure, however, there was no further increase at 8 weeks,
and the expression levels of TGF-f1 in the lung parenchyma
decreased. At 4 weeks post-smoking cessation, the expression
levels of TGF-f1 in the airways and lung parenchyma returned
to normal; whereas, 1 week after smoking cessation, the
expression levels of MMP-12 were higher compared with the
normal control group. Subacute exposure to cigarette smoke
induced an inflammatory response and regional damage to the
lung parenchyma, prior to deposition of collagen around the
airways. Following smoking cessation, the pulmonary inflam-
matory reaction was partially reversed, however, macrophage
infiltration and the expression levels of MMP-12 remained
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significantly higher compared with the control mice. These
results suggested that regulation of the expression of MMP-12
and TGF-p1, particularly in the distribution in the airways and
lung parenchyma, may be a strategy for the early treatment of
chronic obstructive pulmonary disease.

Introduction

Chronic obstructive pulmonary disease (COPD) is
characterized by the progressive obstruction of airflow,
which is accompanied by an increased chronic inflammatory
response in the airway and lung parenchyma (1). The inflam-
matory response is induced by deleterious particles or gases (1).
Airway inflammation and remodeling induced by cigarette
smoke, particularly the enlargement of alveolar airspaces and
remodeling of small airways, are the pathological basis of
airflow obstruction (2-4). However, the inflammatory response
in the airway precedes typical pathological changes (5).
Therefore, investigation of the cellular and molecular mecha-
nisms underlying the early involvement of chronic smoking
on the inflammatory response and its pathological damage to
lung tissue is important for understanding the pathogenesis of
COPD and for providing novel treatment strategies for early
intervention.

Smoking cessation relieves airflow obstruction and the
inflammatory response (6,7). However, previous human
and animal experiments have demonstrated that, once
COPD is initiated, the pulmonary inflammatory response
continues (8-10) and the enlarged alveolar airspace cannot be
reversed following smoking cessation (11). The outcome of
collagen deposition in the walls of the small airways remains
to be elucidated. Furthermore, the pathological and inflam-
matory outcomes in the lung following cessation in the early
stages of chronic smoking, prior to the complete development
of emphysema, remain unclear.

The present study observed the levels of inflammation
and lesions in the lungs of mice exposed to cigarette smoke,
and the changes following smoking cessation. The study also
aimed to investigate the effects of early smoking cessation,
and to examine the pathogenic mechanisms occurring at a
stage when COPD may have an increased possibility of being
reversed.
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Materials and methods

Ethics. The present study was approved by the Ethics
Committee of Shengjing First Affiliated Hospital of China
Medical University (Shenyang, China).

Animals and study procedures. A total of 25 (5 in each
group) female specific pathogen-free (SPF) C57BL/6 J mice
(8-12-weeks-old; 20.2+2.1 g) were purchased from the
Experimental Animal Centre, Shengjing Hospital of China
Medical University. The mice were bred in SPF conditions and
were maintained at a constant temperature and humidity, with
ad libitum access to food and water.

The mice were randomized into five groups. In the
subacute smoking group, the mice were exposed to cigarette
smoke for 4 weeks. In the 1-week smoking cessation group, the
mice were exposed to cigarette smoke for 4 weeks followed by
1 week exposure to room air. In the 4-week smoking cessation
group, the mice were exposed to cigarette smoke for 4 weeks
followed by 4 week exposure to room air. In the normal control
group, the mice were exposed to room air for 4 weeks. In the
chronic smoking control group, the mice were exposed to
cigarette smoke for 8 weeks (5). The mice were sacrificed
within 24 h following the final exposure to air or smoke.

Exposure to cigarette smoke. As described previously (12,13),
exposure to cigarette smoke was performed in a chamber
(160x50x50 cm; 20-24°C; 12-h light/dark cycle) attached to
a cigarette-smoke generator, which was constructed for the
present study by burning a cigarette in a sterile bottle, then
blowing the smoke into the chamber with an electromagnetic
air pump. The smoke from 10 sequentially ignited cigarettes
(Red Dragon™; Wuhan Red Dragon Co. Ltd., Wuhan, China),
each containingl3 mg tar and 1.3 mg nicotine, and fresh
air were introduced simultaneously into the chamber. Each
session of cigarette smoke exposure lasted ~90 min, twice
daily for five days each week (Monday to Friday).

Histological and morphometric analyses. The mice (n=8),
used for morphometric analyses were anesthetized with 10%
chloral hydrate (0.03 ml/10 g) and sacrificed by exsanguina-
tion of the abdominal aorta. The lungs were isolated and fixed
by infusion with 4% paraformaldehyde (Sinopharm Chemical
Reagent Co., Ltd., Shanghai, China) through a tracheal cannula
at a constant pressure of 25 cm H,0O, part of the left lung was
frozen and embedded in OCT Compound (#4583; Sakura
Finetek USA, Inc., Torrance, CA, USA), and other parts
were then immersed in paraformaldehyde. Between 24 and
48 h later, a mid-sagittal slice of the left lung was embedded
in paraffin (Kangtai Clinical Reagent Co., Ltd., Beijing,
China), and 5 pm sections were dewaxed and hydrated prior
to histological analyses. The sections were then stained with
hematoxylin and eosin and Sirius Red (Sigma-Aldrich China,
Inc., Shanghai, China) for detection of collagen fibers.

Airspace enlargement. Airspace enlargement was evalu-
ated, as previously described by Biselli er al (14). Briefly,
the sections were placed under an Eclipse E800 light micro-
scope (Nikon Corporation, Tokyo, Japan) connected to a
R1 Wireless Close-Up Speedlight System video camera (Nikon
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Corporation) at x400 magnification. Images were captured and
displayed on a monitor. A frame of five concentric semi-circles,
with radii of 50, 100, 150, 200 and 250 ym, was attached to
the monitor screen with the center of the semi-circles placed
over a terminal bronchiole, thereby allowing the semi-circle
lines to lie over the lung parenchyma. The length of each of
the five semi-circles was divided by the number of intersec-
tions between the line and the lung tissue. A total of 10 fields
per slide were selected according to methods described by
Biselli ez al (14) then analyzed, producing one measurement of
the degree of airspace enlargement at each of the five distances
from the terminal bronchiole.

Collagen measurement. The collagen in the airway walls was
stained using Sirius Red and scored quantitatively. A ttoal of
three lung sections in each mouse were examined. Referring
to the method of Bracke et al (15), the length of the basement
membrane (Pbm) and the area in the airway wall covered
by the stain were determined using Image-Pro Plus 6.0 soft-
ware (Media Cybernetics, Inc., Rockville, MD, USA). The
area of collagen was normalized to Pbm. All airways with a
Pbm <2,000 mm and cut at reasonable cross-sections, defined
by a ratio of minimal-to-maximal internal diameter of 0.5,
were included.

Immunohistochemistry. For immunohistochemical analyses,
the lung sections were deparaffinized and hydrated and
endogenous peroxidase was blocked by 3% hydrogen peroxide
(Jiutian Pharmaceutical Co., Ltd., Anshan, China). Antigen
retrieval was performed as follows: Slices were dipped
in 0.01 M citrate buffer (pH 6.0) and microwave heated
to boiling for 10 min, then this was repeated twice further.
The sections were then blocked with rabbit serum blocking
reagent (Boster Biological Technology, Ltd., Wuhan, China)
at room temperature for 20 min, and were incubated overnight
at 4°C with rat anti-mouse Mac-3 monoclonal antibody (clone
M3/84; 1:150 dilution; #553322; BD Biosciences, San Jose,
CA, USA), or rabbit anti-mouse transforming growth factor
(TGF)-p1 polyclonal antibody (1:100 dilution; sc-146; Santa
Cruz Biotechnology, Inc., Dallas, TX, USA). The sections
were then incubated with goat anti-rat (1:300 dilution; sc-2041)
or goat anti-rabbit (1:300 dilution; sc-2040) biotin-conjugated
secondary antibodies (Santa Cruz Biotechnology, Inc.) at 37°C
for 2 h. Diaminobenzidine (Boster Biological Technology,
Ltd.)was used as a chromogen, and the nuclei were stained
with hematoxylin. Negative controls were obtained by omit-
ting the primary antibody.

Analyses of alveolar macrophages (AMs) were performed
by counting the number of cells and dividing this number
by the tissue area in the same visual field. Analyses of the
expression levels of TGF-B1 were performed in the airways
and lung parenchyma. Images were captured of 10 fields of
parenchyma and five airways in each mouse. The stained area
was calculated using Image-Pro Plus software and divided by
the tissue area.

Western blotting. Lung tissues were homogenized on ice by
cytoplasmic protein extraction using a Vibra-Cell VCX130
ultrasonic processor (Sonics & Materials, Inc., Newtown,
CT, USA). Protein samples were extracted from lung-tissue
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homogenates using a Total Cytoplasm-Nuclei Protein
Extract kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA),
according to the manufacturer's instructions. The samples
were normalized for total lung protein content using a BCA
Protein Assay kit (Beyotime Institute of Biotechnology,
Jiangsu, China) prior to further analyses. A total of 60 ug
protein samples were separated by 10% SDS-PAGE and trans-
ferred to polyvinylidene difluoride membranes (Beyotime
Institute of Biotechnology). The membranes were then incu-
bated for 2 h in a blocking solution (1X TBS with 5% defatted
milk powder and 0.1% Tween-20), followed by incubation
overnight at 4°C with rabbit anti-mouse matrix metallo-
proteinase (MMP)-12 polyclonal antibody (1:400 dilution;
sc-30072) and rabbit anti-mouse [3-actin polyclonal antibody
(1:400 dilution; sc-130656) (Santa Cruz Biotechnology, Inc.).
Following washing with Tris-buffered saline with 0.1%
Tween-20 (TBST), the membranes were incubated with goat
anti-rabbit horseradish peroxidase conjugated secondary
antibodies (1:5,000 dilution; Santa Cruz Biotechnology, Inc.)
for 2 h at room temperature. Each step was concluded by
three rinses with TBST. BeyoECL Plus electrochemilumi-
nescence substrate (Beyotime Institute of Biotechnology)
was used for photographic development and fixation of the
blots. Following light exposure, the membranes were chemi-
cally stripped to remove the antibodies and then reprocessed,
but with antibodies targeting the internal control, -actin.
Images were captured and gray values calculated using
Quantity One software, version 4.6.2 (Bio-Rad Laboratories,
Inc.). The quantities of target protein were normalized to the
value for f-actin in that sample.

Immunofluorescence. To confirm the activation and
expression of MMP-12 in the macrophages, double immu-
nofluorescent staining was performed in the frozen lung
sections. A combination of the rat anti-mouse Mac-3 and
rabbit anti-mouse MMP-12 primary antibodies was used, and
phosphate-buffered saline (PBS) was used as the negative
control. The working dilutions of the Mac-3 and MMP-12
antibodies were 1:50 and 1:100, respectively. Working
concentrations of goat anti-rat fluorescein isothiocyanate
(FITC)-conjugated IgG (bsF-0293G) and goat anti-rabbit
tetramethylrhodamine (TRITC)-conjugated IgG (bsf-0295G)
(BIOSS, Beijing, China) were 1:100. The sections were incu-
bated with primary antibodies at 4°C overnight, followed
by incubation with the goat anti-rabbit horseradish perox-
idase-conjugated secondary antibodies (1:5,000 dilution;
sc-2004; Santa Cruz Biotechnology, Inc.) for 2 h at room
temperature in the dark. Following primary and secondary
antibody incubation, the sections were washed with PBS
twice then incubated with 4',6-diamidino-2-phenylindole
dihydrochloride (DAPI; BIOSS) for 20 min at room tempera-
ture in the dark. Microscopic red fluorescence indicated the
expression of MMP-12 antigen, labeled by TRITC; green
fluorescence indicated macrophages, labeled by FITC; and
blue fluorescence indicated DAPI-stained nuclei. Images
of the three fluorescence channels were superimposed
using Nikon EZ-CI1 FreeViewer image analysis software,
version 3.0 (Nikon Corporation), with yellow fluorescence
indicating colocalization of the MMP-12 antigen and macro-
phages.
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Table I. Comparison of the number of alveolar airspaces at a
distance of ~100 ym from the terminal bronchioles in each

group.

Group Number Mean STD
Control 5 25.60 1.97
S4w 5 31.62° 2.65
SClw 5 29.24° 142
SC4w 5 29.88* 2.66
S8w 5 32.94° 2.74

S4w, mice exposed to cigarette smoke for 4 weeks; SC1lw, mice
exposed to cigarette smoke for 4 weeks followed by 1 week exposure
to room air; SC4w, mice exposed to cigarette smoke for 4 weeks
followed by 4 weeks exposure to room air; S8w, mice exposed to
cigarette smoke for 8 weeks; STD, standard deviation. ‘P<0.05 vs. the
control mice; "P<0.01 vs. the control mice.

Statistical analyses. Statistical analyses were performed
using SPSS 11.5 (SPSS, Inc., Chicago, IL, USA). The data are
presented as the mean + standard error of the mean. The results
were analyzed by one-way analysis of variance. A least signifi-
cant difference post hoc test was used to determine significant
differences between the groups. P<0.05 was considered to
indicate a statistically significant difference.

Results

Enlargement of alveolar airspaces. The alveolar airspaces
~100 ym from the terminal bronchioles were significantly
enlarged in the mice exposed to cigarette smoke for 4 weeks
compared with the control mice (P=0.004). This enlargement
was not reversed following smoking cessation, however, expo-
sure to cigarette smoke for 8 weeks did not result in further
enlargement of the alveolar airspaces (Table I). Sizes of the
alveolar airspaces ~50, 150, 200 and 250 ym from the terminal
bronchioles were not significantly different between the groups
of mice.

Collagen deposition around the small airways. The deposi-
tion of collagen around the small airways was not significantly
increased in the mice exposed to cigarette smoke for 4 or
8 weeks compared with the normal control group. In addition,
no significant difference was observed in the collagen deposi-
tion prior to or following smoking cessation (Fig. 1).

Macrophage infiltration. Macrophage infiltration into the
lungs was significantly increased in the mice exposed to
cigarette smoke for 4 weeks compared with the normal
control group (P=0.001). The increased pulmonary infiltration
of macrophages was significantly decreased after 4 weeks
of smoking cessation (SC4w, vs. S4w; P=0.022); however,
the levels did not return completely to the those observed
in the normal control group (SC4w vs. control; P=0.015).
Furthermore, mice exposed to cigarette smoke for 8 weeks did
not exhibit increased macrophage infiltration compared with
the mice exposed to cigarette smoke for 4 weeks (Fig. 2).
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Figure 1. View of each group at 400x magnification. Red indicates staining of collagen by Sirius red. in the (A) control; (B) mice exposed to cigarette smoke
for 4 weeks (S4w); (C) mice exposed to cigarette smoke for 8 weeks (S8w); (D) mice exposed to cigarette smoke for 4 weeks and room air for 1 week (SClw);
(E) mice exposed to cigarette smoke for 4 weeks and room air for 4 weeks (SC4w). (F) Analysis of collagen deposition around the small airways. The area of
collagen was normalized to the length of the basement membrane (Pbm). No significant differences were detected between the groups. Data are presented as
the mean + standard error.
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Figure 2. AM immunohistochemical staining from each group at 400x magnification. Brown was considered a positive result. (A) Control; (B) mice exposed
to cigarette smoke for 4 weeks (S4w); (C) mice exposed to cigarette smoke for 8 weeks (S8w); (D) mice exposed to cigarette smoke for 4 weeks and room air
for 1 week (SClw); (E) mice exposed to cigarette smoke for 4 weeks and room air for 4 weeks (SC4w). (F) Analysis of number of macrophages per 0.01 mm?
alveolar area. Data are presented as the mean + standard error. ‘P<0.05 and ““P<0.001 vs. the control mice; “P<0.05 vs. the S4w mice. AM, alveolar macrophage.

Expression and distribution of MMP-12 protein. The protein ~ were observed between the mice exposed to cigarette smoke
expression of MMP-12 was upregulated in the lungs of the for 4 weeks and those exposed for 8 weeks (P=0.92). The
mice exposed to cigarette smoke for 4 weeks compared with ~ protein expression levels of MMP-12 were significantly higher
the control mice (P=0.014); however, no significant differences  in the mice 1 week following smoking cessation compared
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Figure 3. Western blot analysis of MMP-12 and (3-actin protein expression. Comparison of the protein expression levels of MMP-12 between the various groups
S4w, mice exposed to cigarette smoke for 4 weeks; SClw, mice exposed to cigarette smoke for 4 weeks followed by 1 week exposure to room air; SC4w, mice
exposed to cigarette smoke for 4 weeks followed by four weeks exposure to room air; S8w, mice exposed to cigarette smoke for 8 weeks. Data are presented
as the mean + standard error. "P<0.05 and “"P<0.01 vs. the control mice. MMP, matrix metalloproteinase.

with the control group (P=0.009; Fig. 3). Double immuno-
fluorescence labeling demonstrated that exposure to cigarette
smoke induced macrophages to secrete MMP-12 and increased
their recruitment into the lung parenchyma and airways.
However, macrophages, which secreted MMP-12 following
smoking cessation were rarely seen in the lung parenchyma
and were located predominantly around the bronchial walls
(Fig. 4). MMP-12 antigens (red fluorescence) were located in
the cytoplasm and Mac-3 (green fluorescence) was distributed
predominantly in the cytomembrane and cytoplasm. DAPI
staining (blue fluorescence) was used to stain the cell nuclei.
In the three-channel composite images, yellow fluorescence
represented the colocalization of MMP-12 and Mac-3.

Expression and distribution of TGF-f1 protein. The protein
expression of TGF-f1 was upregulated in the airways and
lung parenchyma of the mice exposed to cigarette smoke for
4 weeks compared with the control mice (P<0.001). No further
increase was observed in the protein expression of TGF-f1
in the airways (P=0.077), but the levels were significantly
decreased in the lung parenchyma (P=0.000) of the mice
exposed to cigarette smoke for 8 weeks compared with those
exposed for 4 weeks. Following smoking cessation for 4 weeks
and 1 week, respectively, the protein expression levels of
TGF-p1 were returned to those observed in the normal control
group in the airways and lung parenchyma (Figs. 5 and 6).

Discussion

COPD is a chronic inflammatory airway disease, which is
characterized by airflow limitations that are not fully revers-
ible. The typical pathological changes associated with COPD
are enlargement of the alveolar airspaces and remodeling of
the small airways, which are closely associated with airflow
obstruction (2-4). Smoking cessation is an effective way of
relieving the inflammation and airflow obstruction associated

with COPD, and has been advocated worldwide (1). However,
investigation of the benefits of smoking cessation on lung
tissue is predominantly based on patients in whom COPD has
developed (18,17). Therefore, the impact of smoking cessation
on the inflammatory response and lung lesions prior to the
establishment of typical pathological changes remains to be
elucidated.

Establishment of emphysema in the majority of
murine models requires exposure to cigarette smoke for
=24 weeks (14,15). The present study established a group of
mice subjected to subacute exposure to cigarette smoke for
4 weeks (18), an early cessation group, in which smoking was
terminated after 4 weeks, and control groups, in which the
mice were exposed to filtered air for 4 weeks and to cigarette
smoke for 8 weeks. These groups were established to observe
the impact of early cessation of smoking on the pathological
changes and inflammatory responses in the lung.

AMs are considered the main inflammatory cells of the
lower respiratory tract and the first line of defense against
invasion of the lungs by foreign microorganisms (19,20).
AMs ingest, transport and remove exogenous particulate
substances and pathogenic microorganisms through phago-
cytosis, pinocytosis and digestion. AMs are also involved in
antigen presentation and the regulation of inflammatory reac-
tions (19,21-23).

There is evidence that AMs activate and release proteo-
lytic enzymes, an action that is closely associated with
the development of emphysema (19,24,21). There is also a
correlation between the severity of COPD and the number
of AMs (20,25,26). MMP-12 is predominantly derived from
AMs. MMP-12 was first identified in the AMs of smokers (27),
and degrades the protein components of the extracellular
matrix (ECM), including elastin, fibronectin, laminin and
gelatin (28,29). Furthermore, MMP-12 is involved in the
metabolism, cell migration, tissue repair and remodeling of
the ECM and high expression levels of MMP-12 can lead to
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Figure 4. Double immunofluorescent staining for Mac-3 and MMP-12 in frozen lung sections at 400x magnification. Mac-3 staining indicates the positioning
of macrophages in the (A) control, (B) mice exposed to cigarette smoke for 4 weeks (S4w); (C) mice exposed to cigarette smoke for 8 weeks (S8w); (D) mice
exposed to cigarette smoke for 4 weeks and room air for 1 week (SClw); (E) mice exposed to cigarette smoke for 4 weeks and room air for 4 weeks (SC4w).
1, Mac-3 antigen indicated as green fluorescence; 2, MMP-12 antigen indicated as red fluorescence; 3, nucleus staining indicated as blue fluorescence; 4, merged
image, in which yellow fluorescence indicates the colocalization of MMP-12 antigen and macrophages. MMP, matrix metalloproteinase.

degradation of pathological proteins in the ECM (30). Previous
studies have demonstrated that MMP-12 is important in the
establishment of a cigarette smoke-induced murine model of
emphysema, and that MMP-12 gene knockout can result in the
avoidance of emphysema (19,28).

Quantitative analyses of the size of alveolar airspaces
in experimental animal models usually involve the mean
linear intercept (31-33). However, due to the heterogeneity
of pulmonary lesions and the early stage of lung damage,
the mean linear intercept may not be sufficiently sensitive
to reveal localized enlargements of alveolar airspaces (14).
The present study calculated the sizes of the alveolar
airspaces at different distances from the terminal bronchiole,
according to the method of Biselli et al (14). The present
study observed, similar to Biselli et al, that the alveolar
septum 100 pgm from the terminal bronchiole was enlarged
in mice following subacute exposure to cigarette smoke.
Furthermore, infiltration of AMs was increased and the
protein expression of MMP-12 was upregulated. Increased
infiltration of AMs during exposure to cigarette smoke is
a normal defense mechanism of the body, but an excessive
increase and release of proteolytic enzymes induces local
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damage to the lung parenchyma (19,20,24,25). However,
the alveolar airspaces, pulmonary infiltration of AMs
and protein expression of MMP-12 were not significantly
different between the 8 and 4 week smoke-exposure groups.
Therefore, the inflammatory response appeared to decrease
over time. Similar to emphysema, locally enlarged alveolar
airspaces did not recover following smoking cessation and,
although the infiltration of AMs and expression of MMP-12
improved, they remained higher compared with the normal
control group. It has been reported that degraded fragments
of elastin are a powerful type of chemokine, which recruits
AMs to lesions (34). Immunofluorescent localization demon-
strated that, following smoking cessation, the AMs secreting
MMP-12 were predominantly distributed in the walls of the
small airways. However, the correlation between the expres-
sion of MMP-12 and the generation of locally degraded
fragments of elastin requires further investigation.
Remodeling of the small airways is associated with
damage and abnormal repair of the ECM (35,36), however,
the pathogenesis remains to be elucidated. TGF-f1 promotes
tissue repair by improving the expression of protein compo-
nents of the ECM, including collagen and fibronectin,
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Figure 5. Immunohistochemical staining for TGF-B1 around the small airways of each group at 400x magnification. Brown indicates a positive result. (A) Control;
(B) mice exposed to cigarette smoke for 4 weeks (S4w); (C) mice exposed to cigarette smoke for 8 weeks (S8w); (D) mice exposed to cigarette smoke for
4 weeks and room air for 1 week (SClw); (E) mice exposed to cigarette smoke for 4 weeks and room air for 4 weeks (SC4w). (F) Comparison of the protein
expression of TGF-B1 between the groups. Data are presented as the mean + standard error. "P<0.05 and “P<0.001 vs. the control mice; “P<0.001 vs. the S4w
mice. TGF, transforming growth factor.
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Figure 6. Immunohistochemical staining for TGF-f1 in the lung parenchyma from each group (magnification, x400). Brown indicates a positive result.
(A) Control; (B) mice exposed to cigarette smoke for 4 weeks (S4w); (C) mice exposed to cigarette smoke for 8 weeks (S8w); (D) mice exposed to cigarette
smoke for 4 weeks and room air for 1 week (SC1w); (E) mice exposed to cigarette smoke for 4 weeks and room air for 4 weeks (SC4w). (F) Protein expression
of TGF-B1 between the groups. Data are presented as the mean + standard error. “P<0.001 vs. the control mice; "P<0.001 vs. the S4w mice. TGF, transforming
growth factor.
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and inhibiting degradation of the ECM (37). MMP-12
degrades the ECM or inhibits TGF-B1 directly, indirectly
downregulates the synthesis of the ECM (30) and prevents
excessive repair of fibrosis. Interactions between TGF-f31
and MMP-12 are closely associated with the remodeling of
small airways (30). Cigarette smoke-induced inflammation
has previously been shown to promote the production and
release of TGF-f1, and the expression of TGF-f1 is increased
in the airway epithelial cells from smokers and patients with
COPD (35). Increased expression of TGF-$1 have been corre-
lated with the dysfunction of bronchial basal membranes and
the number of peribronchiolar fibroblasts (38). The present
study demonstrated that the expression levels of TGF-$1 in
the small airways and lung parenchyma were upregulated
after 4 weeks of smoking exposure and returned to normal
1 week after smoking cessation; however, abnormally
increased collagen deposition was not observed, which may
be due to the early stage of disease or upregulation in the
expression of MMP-12. Compared with the mice exposed to
cigarette smoke for 4 weeks, the expression levels of TGF-f1
in the small airways of the mice exposed to cigarette smoke
for 8 weeks exhibited no further increase. Furthermore, no
abnormally increased deposition of collagen around the small
airways was observed and the expression of TGF-f1 in the
lung parenchyma was decreased. These results are concor-
dant with those of Churg et al (36), which suggested that
distinctly different mechanisms regulate ECM metabolism
in the airway wall and lung parenchyma. High expression
levels of TGF-B1 and abnormal repair may lead to remod-
eling of the small airways and airway obstruction, whereas
reduced expression levels of TGF-f1 and insufficient repair
of tissue may contribute to the development of emphysema.
Therefore, TGF-P1 is an important regulator of inflammation
and remodeling, and may offer a novel potential therapeutic
strategy for COPD.

In conclusion, the inflammatory reaction and damage
to the lung parenchyma, induced by subacute exposure to
cigarette smoke, occurred prior to remodeling of the walls of
the small airways. Lung tissue has a self-limiting ability in
response to chronic exposure to smoke, and the pulmonary
inflammatory reaction and pathological damage were not
increased by prolonging the exposure to cigarette smoke for a
certain period of time. Local damage to the lung parenchyma
was not reversed by early cessation of smoking, whereas the
pulmonary inflammatory response was partially downregu-
lated. In addition, macrophage infiltration and the expression
of MMP-12 did not return to normal following smoking
cessation. Following smoking cessation, the expression
of MMP-12 was distributed predominantly in the airways,
which may prevent the excessive deposition of collagen
or may be due to excessive locally degraded fragments of
elastin. Regulation of the expression levels of MMP-12 and
TGF-f1, particularly regulation of the distribution in the
airways and lung parenchyma, may be a potential strategy
for the early treatment of COPD.
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