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The extent by which early postnatal lung injury contributes to the
development of chronic obstructive pulmonary disease (COPD) in
the adult is unclear. We hypothesized that exposure to hyperoxia
during early postnatal life can augment lung changes caused by
adult chronic cigarette smoke(CS) exposure.C57BL/6Jmice (1 d old)
were exposed to hyperoxia (O2) for 5 days. At 1 month of age, half of
the O2–exposed mice and half of the control mice were placed in a CS
chamber for 6 months. After exposure to CS, mice underwent quasi-
static pressure–volume curve and mean chord length measure-
ments; quantification of pro–Sp-c expression; and measurement of
lung IL-8/ KC, CXCR2/IL8Ra, TNF-a, and IL-6mRNAbyreal-time PCR.
Adult mice exposed to O21CS had significantly larger chord length
measurements (P , 0.02) and lung volumes at 35 cm H2O (P , 0.05)
compared with all other groups. They also had significantly less pro–
Sp-c protein and surfactant protein C mRNA expression (P , 0.003).
Mice exposed to O21CS and CS-only mice had significantly higher
lung resistance and longer mean time constants (P , 0.01), signif-
icantly more inflammatory cells in the bronchoalveolar lavage fluid
(P , 0.03), and significantly higher levels of lung CXCR2/IL8Ra
mRNA compared with mice not exposed to smoke (P , 0.02). We
conclude that exposure to early postnatal hyperoxia contributed
additively to CS-induced COPD changes in adult mice. These results
may be relevant to a growing population of preterm children who
sustained lung injury in the newborn period and may be exposed to
CS in later life.
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Exposure to hyperoxia, poor nutrition, or initiation of positive
pressure ventilation during early postnatal life can increase the
risk of chronic respiratory symptoms in adult life (1, 2). Peri-
natal stresses, such as hyperoxia, have been shown to induce p53
and p21. These genes act as checkpoint regulators in the cell
cycle and, when induced by stress, can lead to cell cycle growth
arrest (3). Induction of these genes during a critical period of
postnatal lung growth can cause alveolar growth inhibition,
resulting in enlarged, simplified, and fewer alveoli in the mature
lung. In contrast to the changes that occur in the lung with

smoke-induced chronic obstructive lung disease (COPD),
hyperoxia-induced alveolar growth inhibition has not been
associated with significant matrix breakdown or cell death (3–
5). Similar to the COPD lung, however, lung parenchymal
changes due to early postnatal hyperoxia exposure have been
shown to be associated with altered lung mechanics and de-
creased lung elastance in adult mice (6). Many preterm children
are exposed to hyperoxia during life-saving interventions at
birth, and a subgroup of these children develops chronic
respiratory symptoms in adult life (7, 8). It is not always
apparent why certain at-risk children develop COPD symptoms
as young adults. Environmental exposure to airborne pollution
or cigarette smoke (CS) may increase the likelihood of de-
veloping early-onset COPD in children who sustained lung
injury in early life. If children who are at increased risk for CS-
induced COPD can be identified, preventative strategies could
be used to attenuate respiratory morbidity in this vulnerable
subgroup of individuals.

As many as 25% of people in the United States are active
smokers (9). It is well known that exposure to CS can cause
COPD and lung cancer in adults. However, the lung disease
phenotype caused by CS exposure is variable, suggesting that
other factors can modify disease expression, including genetic
and environmental factors (10–14). Alpha-1 antitrypsin de-
ficiency has been shown to increase the risk of COPD in early
adulthood, and CS exposure can hasten disease onset in these
individuals (15). Alternatively, genetic polymorphisms in the
promoter sequence of MMP-12 have been shown to reduce the
risk of COPD in adults that smoke (16).

Our study is based on the premise that early postnatal insults
such as hyperoxia can increase the lung’s susceptibility toward
the development of CS-induced COPD (17). Few studies have
examined the impact of early postnatal lung insults on adult
lung exposed to chronic CS. We hypothesized that neonatal
hyperoxia can augment changes in the adult lung caused by
chronic CS exposure. To study this, we exposed newborn mice
to 5 days of hyperoxia. These mice were then subjected to 6
months of chronic CS exposure starting at 1 month of age. We
found that adult mice exposed to neonatal hyperoxia and
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chronic CS (O21CS) developed significant structural and
functional changes compared with control mice. This is the first
study to demonstrate the impact of an early postnatal lung
injury on the adult lung phenotype of mice exposed to chronic
CS. Our findings suggest that exposure to neonatal hyperoxia
may increase the severity of COPD changes in adults exposed
to chronic CS.

METHODS

Mice

Timed-pregnant C57BL/6J mice were obtained from the National
Cancer Institute (Bethesda, MD). Experiments were conducted in
accordance with the standards established by the United States Animal
Welfare Acts set forth in NIH guidelines and the Policy and Pro-
cedures Manual of the Johns Hopkins University Animal Care and Use
Committee.

Hyperoxia Exposure

Pups (24 h old) from six timed-pregnant mice were placed in an 85 to
90% FIO2

hyperoxia chamber for 5 days. Excess CO2 was absorbed
(#23001; Drierite, Xenia, OH). One-half of the pups were kept in room
air.

CS Exposure

At 1 month of age, one half of the hyperoxia-exposed mice and one
half of the room air–exposed mice were placed in a smoke chamber for
3 hours a day, 5 days a week for 6 months. The smoke machine (Model
TE-10; Teague Enterprises, Davis, CA) burned two cigarettes at one
time (2R4F reference cigarettes, 2.45 mg nicotine per cigarette;
Tobacco Health Research Institute, University of Kentucky, Lexington,
KY). The total particulate matter in the exposure chambers was
150 mg/m3.

Pulmonary Function Tests

Anesthetized animals (intraperitoneal ketamine/xylazine mixture; 100
and 15 mg/kg, respectively) were cannulated and ventilated with 100%
O2. Baseline resistance and elastance using inspiratory occlusion was
determined (18). The cannula was then occluded for 4 minutes for lung
degassing. Complete degassing of the lung was based on previous visual
inspection of the open thorax and an oxygen consumption rate of
approximately 1 ml/min (19). Quasistatic pressure–volume curves were
performed as previously reported (20).

Bronchoalveolar Lavage

Bronchoalveolar lavage samples were collected with 2 3 1 ml of sterile
PBS through a tracheal cannula. Total cell counts were measured, and
the cell differential was determined with Diff-Quik (Andwin Scientific,
Tyron, NC).

Quantitative Real-Time PCR Analysis

RNA from total lung was processed with the SuperScript first-strand
synthesis system for RT-PCR (Invitrogen, Carlsbad, CA). Quantitative
RT-PCR was performed using the Applied Biosystems (Foster City,
CA) TaqMan assay system. PCR amplifications were performed on an
ABI Prism 7700 Sequence Detection System using a fluorogenic 59

nuclease assay (TaqMan probes). Probes and primers were synthesized
by Applied Biosystems. Relative gene expressions were calculated by
using the 22DDCt method (21). The GADPH gene was used an internal
endogenous control.

Lung Fixation

Lungs were inflated with 1% (50–558C) low-melt agarose at 30 cm H2O
(22). Lungs were fixed overnight in 4% paraformaldehyde, paraffin
embedded, cut, and stained with hematoxylin and eosin.

Lung Morphometry

Random lung sections were photographed with a 103 objective
(Nikon Instruments Inc., Melville, NY). Chord length measurements

(MCLs) were performed using an NIS-Elements AR (Nikon In-
struments Inc.).

Immunohistochemistry

Anti–prosurfactant protein C (pro–Sp-c) (Santa Cruz Biotechnology,
Santa Cruz, CA) and 4’,6-diamidino-2-phenylindole (DAPI) staining
were performed. Antibodies were visualized using a Nikon E-800
fluorescent microscope. Five fields per lung were obtained, and images
were digitally merged to identify pro–Sp-c staining cells. The pro–Sp-c
staining1 cells were normalized to the number of DAPI1 cells (%
dual-positive cells).

Statistics

Student’s t tests and ANOVA (STATA 11; Stata Corp., College
Station, TX) were used for statistical analysis. Statistical significance
was accepted at P , 0.05.

RESULTS

Weights by Sex and CS Exposure

Male mice exposed to chronic CS weighed significantly less
than male mice not exposed to CS (P , 0.0001), and female
mice exposed to chronic CS weighed significantly less than
female mice not exposed to CS (P , 0.001). Mice exposed
to neonatal hyperoxia and CS (O21CS) weighed less than
control (Ctr) mice (P , 0.04), but their weights were not
significantly different compared with the other groups of mice
(Table 1).

Increased Structural and Cellular Lung Changes in Mice

Exposed to Neonatal O2 and Chronic CS

Exposure to early postnatal hyperoxia has been shown to alter
alveolar growth, causing simplified and enlarged alveoli and
decreased lung surface area (4, 23). In our study, we found that
the lungs of adult O21CS mice had larger MCLs compared with
all other groups of mice (P , 0.02) (Figures 1A and 1B,). The
MCLs of mice exposed to neonatal O2 only were significantly
larger than the MCLs of CS-only mice and Ctr mice (P ,

0.002). The differences in MCL between the O21CS mice and
the O2-only and CS-only mice indicated an additive interaction
between hyperoxia and chronic CS exposure. A subanalysis of
female and male mice did not show a difference in MCL
between female and male mice in the O21CS group. The mean
MCL of the male mice was 49.48 6 4.3 (n 5 5), and the mean
MCL of the female mice was 50.58 6 3.48 (P , 0.72; n 5 3).
Because C57BL/6J mice were first exposed to CS at 4 weeks of

TABLE 1. MEAN WEIGHTS BY SEX AND CIGARETTE
SMOKE EXPOSURE

Population Groups n Female (%) Weight (g)

By Exposure Control 4 50 31 6 7.8*

O2 6 66 27 6 6.6

CS 5 60 23 6 2.5

O21CS 8 37.5 24 6 1.7†

By sex and

CS exposure

Non—CS-exposed

male mice

4 36.5 6 2.6

CS-exposed male mice 7 25 6 1.0‡

Non—CS-exposed

female mice

6 23.2 6 0.4

CS-exposed female mice 6 21.5 6 0.8x

Definition of abbreviations: CS, cigarette smoke; O2 hyperoxia.

* Mean 6 SEM.
† The O21CS mice weighed significantly less than the control mice (P , 0.04).
‡ The CS-exposed male mice weighed significantly less than the CS-exposed

male mice (P , 0.0001).
x The CS-exposed female mice weighed significantly less than the non–CS-

exposed female mice (P , 0.001).
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age, we were interested in determining if alveolar genesis was
complete at that time. We therefore calculated lung surface area
measurements from 4-week-old and 6-month-old control
C57BL/6J mice. We found no significant difference between
the lung surface areas of the 4-week-old mice and the 6-month-
old mice (P , 0.132), indicating that postnatal alveolar genesis
was complete by 4 weeks of age in the C57BL/6J mice (see
Table E1 in the online supplement).

Yee and colleagues reported that exposure to early post-
natal hyperoxia resulted in fewer pro–Sp-c1 type 2–expressing
epithelial cells in the adult lung (6). Using immunohisto-
chemistry, a semiquantitative technique, we measured pro–
Sp-c expression in the lungs of all groups of mice. We found
fewer pro–Sp-c1 cells in the lungs of O2-only, CS-only, and
O21CS mice compared with Ctr mice (P , 0.0001, P , 0.03,
and P , 0.0001, respectively) (Figures 2A and 2B). The
O21CS lungs had significantly less surfactant protein C
(SPC) mRNA by real-time PCR compared with all other
groups (P , 0.002). No difference in SPC mRNA levels was
found between the O2-only, CS–only, and Ctr mouse lungs
(Figure 2C).

Increased Lung Volumes and Compliance in Mice Exposed

to Neonatal O2 and Chronic CS

Quasistatic pressure–volume measurements were used to detect
changes in lung volumes at fixed pressures. Volumes were
recorded at pressures of 210, 0, 5, 10, 25, and 35 cm H2O in

all mice (Figure 3A). Volumes were significantly different
among all groups except for volumes at 210, 0, and 5 cm
H2O between the Ctr and O2 mice (Table 2). When corrected
for weight, compliance was significantly greater in the CS-only
and O21CS mice compared with Ctr mice at pressures of 0 to 5,
5 to 10, 10 to 20, and 20 to 35 cm H2O (P , 0.02). The O21CS
mice had greater compliance than the CS-only mice at 0 to 5
and 5 to 10 cm H2O (P , 0.005). The O21CS mice had greater
compliance than the O2-only mice at 10 to 20 and 20 to 35 cm
H2O (P , 0.005).

Mice exposed to neonatal hyperoxia (O2 and O21CS mice)
had significantly lower lung elastance compared with Ctr and
CS mice (O2 and O21CS versus Ctr mice: P , 0.02 and P ,

0.003, respectively; O2 and O21CS versus CS mice: P , 0.02
and P , 0.004, respectively) (Figure 3B). The CS and O21CS
mice had modest increases in lung resistance compared with
Ctr mice (P , 0.006 and P , 0.0002, respectively) and O2-only
mice (P , 0.001 and P , 0.0001, respectively) (Figure 3C). The
mean time constants of the CS and O21CS mice were signif-
icantly longer compared with O2-only and Ctr mice (Figure
3D). Statistical analyses for smoke and oxygen interactions
were performed to determine if the combination of neonatal O2

and CS was additive or multiplicative. The combination of
neonatal hyperoxia and chronic CS exposure was found to be
additive when analyzed against elastance, resistance, and lung
volume.

Chronic CS, but Not Neonatal Hyperoxia, Increased Lung

Inflammation in Mice

More inflammatory cells were found in the bronchoalveolar
lavage fluid (BALF) of mice exposed to chronic CS than in mice
not exposed to CS (Figures 4A–4C). The cell differentials were
similar between the groups except for mice exposed to O21CS.
The O21CS mice had a significantly lower percentage of
lymphocytes (1.0 6 0.3%) compared with Ctr mice (4.5 6

2.3%) and O2 mice (7.2 6 1.2%) (P , 0.03 and P , 0.001,
respectively).

Real-time PCR was used to determine if inflammatory
mediators were increased in the lung homogenate of mice
exposed to O2 or CS. CXCR2/IL8Ra expression was signifi-
cantly increased in the CS-only and in the O21CS mice
compared with the O2-only and Ctr lungs (P , 0.02 and P ,

0.03 and P , 0.001 and P , 0.001, respectively) (Figure 5). No
difference in IL-8/KC expression was found between any of the
groups. We were also interested in determining if CS exposure
decreased IL-6 expression in the lung. Meuronen and colleagues
previously reported higher numbers of macrophages in the
BALF of smokers but decreased IL-6 expression in the macro-
phages of smokers compared with nonsmokers (24). We found
that IL-6 expression was 2.4-fold less in the O21CS lung
compared with Ctr lung (P , 0.01). No significant decrease in
IL-6 was found in the CS-only lung; however, when an outlier
was removed from analysis, a significant decrease in IL-6
expression was also found in the CS-only lung compared with
Ctr lung (P , 0.02).

DISCUSSION

In this study, we investigated the contribution of neonatal
hyperoxia exposure on the lung phenotype of adult mice
exposed to chronic CS. We found that exposure to neonatal
hyperoxia contributed additively to the structural and func-
tional changes found in adult mice exposed to chronic CS.
These findings suggest that the consequences of a neonatal lung
injury may be long term and that children who sustain an early

Figure 1. (A) Representative lung sections from control (Ctr), O2,
cigarette smoke (CS), and O21CS exposed mice. (B) Mean chord

length measurements of Ctr, O2, CS, and O21CS mice. O2 was

significantly larger than CS and Ctr (*P , 0.002). CS was significantly

larger than Ctr (**P , 0.05). O21CS was significantly larger than all
other groups (***P , 0.02) by one-way ANOVA. Error bars represent

SEM (n 5 3–8 per group).
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postnatal lung injury may be at increased risk for early-onset
and severe CS-induced COPD changes in adult life.

Similar to our findings, a previous study found that lung
parenchymal changes from neonatal hyperoxia were not com-
pletely reversible with age (6). In the adult mouse, Yee and
colleagues reported a positive correlation between airspace
abnormalities and percentage of oxygen exposure in the peri-
natal period. Comparable to our study, adult mice exposed to
high concentrations of oxygen during early postnatal life de-
veloped simplified, enlarged alveoli and decreased lung ela-
stance in the absence of significant parenchymal destruction.
Features of this lung phenotype resembled that of the aging
lung. Mouse models of accelerated aging (including the SAMP8,
SAMP2, and SMAP1 mice) have been shown to exhibit loss
of lung elastic recoil, enlarged mean linear intercepts, and
sensitivity to CS exposure (25). From these genetic models, it
has been suggested that accelerated aging may be a significant
risk factor for the development of COPD but that aging alone
does not cause COPD changes (25). In our study, adult mice
exposed to neonatal hyperoxia and chronic CS developed
additive changes with respect to MCL and lung volume changes.
Although the combination of the two exposures was additive, our
findings suggest that a previous exposure to neonatal hyperoxia
may, in part, influence severity and onset of CS-induced COPD
changes in the adult.

In this study, we found that lungs from mice exposed to
neonatal hyperoxia and chronic CS had fewer pro–Sp-c1

expressing type 2 epithelial cells. This finding indicates that
environmental exposures, such as hyperoxia or CS, may alter
the percentage of alveolar cell type in the lung. Yee and
colleagues also found a decreased percentage of pro–Sp-c1

expressing type 2 epithelial cells in adult mice exposed to
perinatal hyperoxia. Although their mice had fewer pro–Sp-c1

expressing type 2 epithelial cells, surfactant composition and
activity were normal (6). This suggests that the changes in lung
mechanics observed in our model are likely due to structural
changes rather than surfactant dysfunction. This is in contrast to
acute lung injury models, in which surfactant dysfunction is
commonly found (26, 27). Surfactant dysfunction would also be
expected to cause a more restrictive lung phenotype, whereas in
our study the O21CS mice had increased lung compliance,
higher lung volumes, and decreased lung elastance, consistent
with parenchymal changes rather than surfactant deficiency.
Although fewer pro–Sp-c1 expressing cells correlate with the
COPD changes in the O21CS lung, the mechanism linking
these two observations has not been elucidated. We speculate
that a decrease in pro–Sp-c1 expressing type 2 epithelial cells
may adversely influence lung reserve and response to environ-
mental insults. Alternatively, a lower percentage of pro–Sp-c1

expressing type 2 epithelial cells may negatively affect the lung’s
ability to recover from an insult. Further studies are needed to
address these issues.

Oxidative stress and inflammation have been shown to
contribute to COPD lung changes in the adult (28). Recently,
Vecchio and colleagues reported a decrease in HDAC2
expression and an increase in NF-kB activation in C57BL/6J
macrophages exposed to CS extract (29). Our study supports
an association between chronic CS exposure, inflammation,
and COPD lung changes. In the CS-only and O21CS mice, we
found increased numbers of inflammatory cells in the BALF
and increased expression of CXCR2/IL8Ra lung mRNA,
suggesting a correlation between chronic CS exposure and

Figure 2. (A) Representative

examples of pro–Sp-c (pink

staining, white arrows) and
DAPI (blue) staining in adult

lungs (original magnification:

320). (B) Ctr lung had signif-

icantly more pro–Sp-c protein
than O2, CS, and O21CS lung

(*P , 0.0001; **P , 0.005;

***P , 0.0001). O2 lung had

significantly more pro–Sp-c
protein than O21CS lung

(†P , 0.003), and CS lung

had significantly more than

O21CS lung (‡P , 0.001).
n 5 3 for each group. (C )

Surfactant protein C mRNA

was significantly decreased in
O21CS lung compared with

lung from Ctr, O2, and CS mice

using real-time PCR from lung

homogenates (*P , 0.002).
Error bars represent SEM (n 5

3–8 per group).
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increased lung inflammation. Induction of CXCR2/IL8Ra

has previously been demonstrated in animal models of CS-
induced COPD, Streptococcus pneumoniae, and rhinovirus-
induced airway inflammation (30–33). We did not find an
association between early postnatal hyperoxia exposure and
increased inflammation in the adult lung. Furthermore, we
did not find that prior exposure to hyperoxia potentiated CS-
induced lung inflammation. This was surprising because a
proinflammatory lung phenotype had been previously described
in the preterm infant with bronchopulmonary dysplasia (34).

Taken together, our results show that although neonatal
hyperoxia exposure contributed to structural and functional
lung changes in the adult O21CS mice, these changes were
not associated with lung inflammation. These findings further
suggest that early postnatal hyperoxia and CS exposure
contribute additively but separately to the COPD lung pheno-
type in adult mice.

There are limitations to our study. The C57BL/6J mice
developed only mild lung changes in response to O2 and CS
exposures. These mild changes, however, allowed us to discern

Figure 3. (A) Expiratory limbs from pressure–volume
curves were obtained from mice that underwent

quasistatic pressure–volume pulmonary function

tests. Significant differences were found between

groups at all pressures, except at 210, 0, and 5 cm
H2O between Ctr and O2 mice. (B ) Mean lung

elastance was significantly decreased in the O2 and

O21CS mice compared with Ctr and CS mice (*P ,

0.02 and **P , 0.02, respectively). (C ) Mean lung
resistance was greater in the CS and O21CS mice

compared with Ctr and O2 mice (*P , 0.01 and

**P , 0.0001, respectively). (D) Time constants
were significantly longer in the CS and O21CS

mice compared with Ctr and O2 mice (*P , 0.01

and **P , 0.0001, respectively). Error bars repre-

sent SEM (n 5 4–8 per group).

TABLE 2. LUNG VOLUMES AT FIXED PRESSURES*

Groups

Volume at 210 cm

H2O (ml )

Volume at 0 cm

H2O (ml )

Volume at 5 cm

H2O (ml )

Volume at 10 cm

H2O (ml )

Volume at 20 cm

H2O (ml )

Volume at 35 cm

H2O (ml )

Ctr 0.04 6 0.01 0.21 6 0.04 0.57 6 0.04 0.95 6 0.04 1.07 6 0.05 1.17 6 0.05

O2 0.09 6 0.02 0.18 6 0.03 0.65 6 0.03 1.08 6 0.05† 1.27 6 0.05† 1.38 6 0.05†

CS 0.17 6 0.01‡x 0.44 6 0.02‡x 0.87 6 0.03‡x 1.25 6 0.03‡x 1.54 6 0.03‡x 1.67 6 0.03‡x

O21CS 0.22 6 0.01‡{ 0.53 6 0.02‡{ 0.99 6 0.04‡{ 1.44 6 0.05‡{ 1.72 6 0.06‡{ 1.85 6 0.06‡{

Definition of abbreviations: CS, cigarette smoke; Ctr, control; O2, hyperoxia.

* Quasi-static pressure volume curves were performed, and volumes were measured at 210, 0, 5, 10, 20, and 35 cm H2O (6 SEM).
† Significant difference compared with control group (P , 0.05).
‡ Significant difference compared with control group (P , 0.001).
x Significant difference compared with O2 (P , 0.02).
{ Significant difference compared with O2 and CS (P , 0.05).
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differences in lung structure and function between mice
exposed to O21CS and mice exposed to early postnatal O2

and chronic CS alone. Alternatively, a shorter perinatal O2

exposure that had no effect on airspace development would
have allowed us to determine if brief perinatal O2 exposure

could affect lung phenotype in adult CS-exposed mice. Strain
specificity may also determine the injury response to early
postnatal hyperoxia or chronic CS exposure. If exposures
had been performed in the CS-sensitive AKR/J mice, more
pronounced changes in lung structure and function may have
been appreciated. We also used male and female mice in our
analysis, and gender differences may be a factor in COPD
susceptibility. In our study, female and male mice had similar
abnormalities in lung structure and function when exposed to
neonatal O2 and chronic CS; however, a larger sample size
may have uncovered more subtle differences. Our study also
did not address whether decreased body weight and COPD
lung changes in the CS-exposed mice had a common mecha-
nism. Although mechanistic links between CS exposure,
weight loss, and COPD changes have been suggested, calorie
restriction alone may not contribute to COPD changes in the
mouse lung. A recent study found that calorie restriction was
not associated with COPD changes in mice. In their study,
Bishai and colleagues found no evidence of COPD changes in
calorie-restricted C57BL/6J and C3H/HeJ mice (not exposed
to CS) (35). Additional studies are needed to identify other
early life factors that may contribute to the adult COPD phe-
notype and to understand the link between pulmonary inflam-
mation, early senescence, impaired alveolar growth, chronic CS
exposure, and the COPD phenotype.

In summary, we found that neonatal hyperoxia caused
additive structural and functional changes in adult mice exposed
to chronic CS. This is the first study to describe the impact of
neonatal hyperoxia on the lung phenotype of adult mice
exposed to chronic CS. The results from our study indicate that
exposure to early postnatal hyperoxia may increase the severity
of COPD changes in adults exposed to CS.

Author Disclosure: None of the authors has a financial relationship with a
commercial entity that has an interest in the subject of this manuscript.
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insights regarding postnatal lung growth and development in mice.

Figure 4. (A) Enlarged macro-

phages were found in the air-

spaces of CS and O21CS mice.
Black arrows point to macro-

phages. (B) Cell differentials from

BALF. (C ) Total cell counts from

CS and O21CS BALF were sig-
nificantly higher than O2 alone

and control BALF (*P , 0.03 and

**P , 0.01, respectively). Error

bars represent SEM (n 5 4–8 per
group).

Figure 5. Differences in lung cytokine/chemokine mRNA levels be-
tween the different exposure groups. (A) CXCR2/IL8Ra mRNA expres-

sion was significantly increased in CS and O21CS lung compared with

control and O2 lung (*P , 0.02 and **P , 0.01, respectively). (B) IL-6

mRNA expression was significantly decreased in the O21CS lung
compared with control lung (*P , 0.02)., Error bars represent SEM

(n 5 3–6 per group).
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