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Abstract

The impact of early childhood cigarette smoke (CS) exposure on CS-induced chronic obstructive 

pulmonary disease (COPD) is unknown. This study was performed to evaluate the individual and 

combined effects of neonatal and adult CS exposure on lung structure, function, and gene 

expression in adult mice. To model a childhood CS exposure, neonatal C57/B6 mice were exposed 

to 14 days of CS (Neo CS). At 10 weeks of age, Neo CS and control mice were exposed to 4 

months of CS. Pulmonary function tests, bronchoalveolar lavage, and lung morphometry were 

measured and gene expression profiling was performed on lung tissue. Mean chord lengths and 

lung volumes were increased in neonatal and/or adult CS-exposed mice. Differences in immune, 

cornified envelope protein, muscle, and erythrocyte genes were found in CS-exposed lung. 

Neonatal CS exposure caused durable structural and functional changes in the adult lung but did 

not potentiate CS-induced COPD changes. Cornified envelope protein gene expression was 

decreased in all CS-exposed mice, whereas myosin and erythrocyte gene expression was increased 

in mice exposed to both neonatal and adult CS, suggesting an adaptive response. Additional 

studies may be warranted to determine the utility of these genes as biomarkers of respiratory 

outcomes.
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Early postnatal life is a time of rapid cell growth and development. Stresses and 

environmental exposures during early postnatal life can have lasting effects into adulthood. 

Recently it has been recognized that several adult chronic diseases are associated with in 

utero and/or early postnatal events or exposures [1]. Intrauterine growth retardation has been 

associated with obesity and cardiovascular disease in adult life [2, 3] and lower respiratory 

tract illnesses during early childhood have been linked to a more rapid decline in adult lung 

function [4, 5]. Decreased lung function in adult life has also been shown to be associated 

with exposure to airborne pollutants during childhood [6] and over the past several decades, 

mortality from adult-onset chronic obstructive pulmonary disease (COPD) has increased in 

the United States, accounting for 42 deaths per 100,000 in 2002 [7]. It has been recognized 

that exposure to cigarette smoke (CS) and air-borne pollutants are major contributing factors 

to the worldwide COPD epidemic [8]. It has also been postulated that children with 

underlying lung disease may be at increased risk for developing and/or having more severe 

adult-onset COPD. Older children with a history of bronchopulmonary dysplasia (BPD) 

often have persistent airway flow obstruction and exercise intolerance in later life [9, 10] and 

may be an “at risk” group for developing adult-onset COPD [11]. Identifying early life 

exposures that influence adult-onset COPD development may be useful in distinguishing 

individuals at increased risk for poorer respiratory outcomes.

The mechanisms by which early environmental events or exposures can influence lung 

phenotype and disease expression in adult-onset COPD are not well understood and are 

probably multifactorial. Gene and environmental interactions have been shown to influence 

susceptibility to CS-induced COPD [12, 13]. Increased expression of phase I metabolism 

and inflammatory pathway genes has been demonstrated in adult CS-exposed lung [14]. 

However, little is known regarding how age of CS exposure and cumulative effect of CS 

exposure influences gene expression in the lung. Identifying genes that are altered by an 

early childhood exposure to CS may help provide insight into how early life events/

exposures can alter adult lung phenotype. A recent study performed in neonatal mice found 

that exposure to CS caused persistent microRNA alterations in the lungs of these mice, 

which the authors speculated may be biomarkers of effect 15. Alternatively, cumulative 

exposures or re-exposure to a toxin or stress may induce stress resistance and an adaptive 

response [16]. It has been reported that respiratory muscle remodeling towards a more 

efficient and oxidative muscle response may be an adaptive response to chronic 

hyperinflation and COPD [17]. To this end we were interested in identifying genes that may 

be induced in the lungs of mice exposed to both neonatal and adult CS.

It is known that secondhand CS can have a detrimental impact on the health of infants and 

children by increasing the risk of middle ear infections, lower respiratory tract infections, 

and sudden infant death syndrome [18]. Based on our previous work in mice [19], we 

wanted to test whether CS exposure during neonatal life was a risk factor for adult-onset 

COPD changes in adult mice subsequently exposed to CS. We hypothesized that childhood 

and adult CS exposure would cause durable changes in lung function and structure and 

increase susceptibility to COPD lung changes through alterations in gene expression. We 

also wanted to determine if neonatal CS exposure, regardless of a second exposure in adult 

life, could induce durable effects on adult lung structure and function. To address these 
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questions, we used a mouse model in which mice were exposed to CS either as neonates, 

adults, or both. All treated and control groups then underwent quasistatic pressure-volume 

curves, bronchoalveolar lavage, lung morphometry, and gene expression profiling.

Methods

Mice

C57BL/6J mice were obtained from the National Cancer Institute (NCI; Bethesda, MD). The 

animals were maintained on an AIN 76A diet and water ad libitum and housed at a 

temperature range of 20°C to 23°C under 12-hour light/dark cycles. Experiments were 

conducted in accordance with the standards established by the United States Animal Welfare 

Acts, set forth in the National Insitutes of Health (NIH) guidelines and the Policy and 

Procedures Manual of the Johns Hopkins University Animal Care and Use Committee.

Cigarette smoke exposure

The smoke machine (Model TE-10; Teague Enterprises, Davis, CA) was adjusted to burn 2 

cigarettes (2R4F reference cigarettes—2.45 mg nicotine/cigarette; purchased from the 

Tobacco Health Research Institute, University of Kentucky, Lexington, KY) at one time. 

Cigarettes were smoked with standard puffs of 35 mL volume of 2-second duration. For the 

neonatal mice, the total particulate matter (TPM) in the exposure chambers was 90 mg/m3. 

At 1 day of age, newborn mice were placed in the smoke chamber for 1 h/day for 7 days 

followed by 2 h/day for 7 days. Neonatal mice were exposed to the smoke chamber for a 

total of 14 days (Neo CS), as previously described [19]. Mice were then removed and kept in 

room air. At 10 weeks of age, one half of these mice were placed in the smoke chamber and 

exposed to 150 mg/m3 of TPM for 3 hours a day, 5 days a week, for 4 months (Neo CS + 

Adult CS). A third group of mice of similar age, not previously exposed to neonatal smoke, 

were also placed in the smoke chamber for 4 months and received the same exposure (Adult 

CS). A fourth group of mice served as age-matched room air controls (Ctr).

Pulmonary function

Quasistatic pressure-volume curves were performed. Each animal was weighed and 

anesthetized with an intraperitoneal ketamine/xylazine mixture (100 mg/kg and 15 mg/kg, 

respectively). After anesthesia, the trachea was cannulated, connected to a ventilator, and the 

animal was ventilated with 100% O2 After determination of baseline resistance and 

elastance using an inspiratory occlusion [20], ventilation was stopped, and the tracheal 

cannula was occluded for 4 minutes, which led to complete degassing of the lungs by 

absorption atelectasis. Quasistatic pressure-volume (PV) curves were performed as 

previously reported [21]. Briefly, air was initially infused with syringe pump at a rate of 1 

mL/min, and airway pressure and volume were recorded on a PowerLab digital data 

acquisition system (ADInstruments, Castle Hill, Australia). Once a maximal pressure of 35 

cm H2O was reached, lungs were deflated to −10 cm H2O at a rate of 3 mL/min. Two 

sequential pressure-volume loops between −10 and 35 cm H2O, were then acquired at this 

rate. Residual volume (RV) was measured at a pressure of −10 cm H2O after the first 

deflation. Total lung capacity was defined as the volume of lung at 35 cm H2O.
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Bronchoalveolar lavage (BAL)

Samples were collected with 2 × 1 mL of sterile phosphate-buffered saline (PBS) through a 

tracheal cannula. Total cell counts were measured and cell differential determined with Diff-

Quik (Andwin Scientific, Tyron, NC).

Lung fixation and morphometry

Lungs were infused through the trachea with 0.5% low-melting agarose and then fixed 

overnight in 4% paraformaldehyde, paraffin-embedded, and cut into 5-μm sections. For 

morphometry, lung sections were stained with hematoxylin and eosin. Ten randomly chosen 

areas from each lung section were photographed with the 10× objective of a Nikon Eclipse 

80i microscope (Nikon Instruments, Melville, NY). Mean airspace chord length (MCL) was 

measured from each image using NIS-Elements AR (Nikon Instruments). The software 

allowed for manual identification and exclusion of large airways and vessels prior to MCL 

calculations.

Purification and preparation of RNA

Total RNA was obtained from lung of mice exposed to Neo CS only (n = 6), Adult CS only 

(n = 4), Neo CS + Adult CS (n = 4), and age-matched control lung (n = 5). Total RNA was 

extracted using the Trizol Reagent method (Invitrogen, Carlsbad, CA; catalog no. 15596–

026). Additional purification was performed on RNeasy columns (Qiagen, Valencia, CA; 

catalog no. 74104). The quality of total RNA samples as assessed using an Agilent 2100 

Bioanalyzer (Agilent Technologies, Palo Alto, CA). RNA samples were labeled according to 

the chip manufacturer's recommended protocols. In brief, for Illumina, 0.5 μg of total RNA 

from each sample was labeled by using the Illumina TotalPrep RNA Amplification Kit 

(Ambion, Austin, TX; catalog no. IL1791) in a 2-step process of cDNA synthesis followed 

by in vitro RNA transcription. Single-stranded RNA (cRNA) was generated and labeled by 

incorporating biotin-16-UTP. Biotin-labeled cRNAs were hybridized (16 hours) to Illumina 

Sentrix Mouse Ref8_v2 Bead-Chips (Illumina, San Diego, CA; catalog no. BD-202–0202). 

The hybridized biotinylated cRNA was detected with streptavidin-Cy3 and quantified using 

Illumina's BeadStation 500GX Genetic Analysis Systems scanner.

Data analysis

Preliminary analysis of the scanned data was performed using Illumina BeadStudio 

software, which returns single intensity data values/gene following the computation of a 

trimmed mean average for each probe type represented by a variable number of bead probes/

gene on the array. Z-transformation for normalization was performed on each Illumina 

sample/array on a stand-alone basis [22], and significant changes in gene expression 

between class pairs was calculated by Z test [23]. Significant gene lists were calculated by 

selecting genes that satisfy the significance threshold criteria of Z test P values less than or 

equal to .001 (10−3), a false discovery rate less than or equal to 0.1, and a fold change ±1.5 

or greater.
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Quantitative reverse transcriptase–polymerase chain reaction (qRT-PCR) analysis

Reverse transcription was performed using total RNA isolated from lung and processed with 

the Super-Script III first-strand synthesis system according to the manufacturer's protocol 

(Invitrogen). qRT-PCR was performed on an ABI Prism 7700 Sequence Detection System 

using Applied Biosystems (Foster City, CA) TaqMan Gene Expression assay system. Probes 

and primers were designed and synthesized by Applied Biosystems. Relative gene 

expressions was calculated using the 2−ΔΔC
t method [24]. Glutaraldehyde-3-phosphate 

dehydrogenase (GADPH) was used an internal endogenous control.

Statistics

Statistical calculations were performed using the SPSS 8.0 statistical package for Windows 

(Chicago, IL) Differences in measured variables between experimental and control groups 

were determined using comparison of the means using 1-way analysis of variance (ANOVA) 

(Bonferroni and Tukey) and Student's t tests (2-tailed, equal variance).

Results

Effect of CS exposure on weight and airspace size

At 6 months of age, mice exposed to both Neo CS + Adult CS weighed significantly less 

than control mice (P < .04; Table 1). Total BAL cell counts were increased in all groups of 

mice that were exposed to CS (P < .04; Figure 1B). The percentage of macrophages in the 

BAL was 98% or greater in both CS-exposed and control mice.

To determine the effect of CS exposure on lung parenchyma, mean airspace chord lengths 

(MCLs) were measured in all groups of mice (representative lung sections from each group 

in Figure 1A, Table 2). Neo CS, Adult CS, and Neo CS +Adult CS mice had significantly 

larger MCLs compared to age-matched Ctr mice. Mice exposed to Neo CS alone and Neo 

CS +Adult CS had significantly larger MCLs than Adult CS mice but the mean MCLs of the 

Neo CS alone and Neo CS +Adult CS mice were not significantly different. In our model 

this finding suggested that a neonatal CS exposure, given during a period of postnatal lung 

development, had a greater influence on MCL size than a 4-month exposure to CS during 

adult life. TUNEL (terminal deoxynucleotidyl transferase-mediated dUDP nick-end 

labeling) staining was not significantly different in the lungs of any CS-treated mice at 6 

months of age compared to Ctr mice (data not shown).

Exposure to CS increased lung volumes

Quasistatic pressure-volume curves were measured in mice at 6 months of age. Lung 

volumes were measured at defined pressures along the expiratory curve (Figure 2A). 

Significantly larger lung volumes were found in Neo CS +Adult CS mice compared to Ctr 

and Neo CS mice, at all lung volumes except −10 cm H2O (Table 3). At pressures between 5 

and 35 cmH2O, the Neo CS mice had significantly larger lung volumes compared to Ctr 

mice (P < .04). Although the mean lung volumes were larger in the Neo CS + Adult CS mice 

at all pressures compared to the Adult CS mice, these differences did not reach significance. 

Lung elastance was significantly decreased in the Neo CS and Neo CS +Adult CS mice 

compared to Ctr mice (P < .002 and P < .004, respectively; Figure 2B). These findings 
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suggest that an early neonatal lung insult can alter lung elastance in adult mice. Decreased 

lung elastance has been reported in adult mice previously exposed to neonatal hyperoxia 

[25].

Gene expression influenced by CS exposure and age

Using gene expression profiling, we found significant induction of the cytochrome P450 

genes CYP2A5 and CYP1B1 in lungs of mice exposed to 4 months of CS as adults. 

PLUNC, a host defense airway gene, was also induced in the lungs of mice exposed to adult 

CS but not neonatal CS exposure alone [26] (Table 4). CXCR1, a receptor for interleukin-8 

(IL-8), a neutrophil chemoattractant, was found to be induced in the lungs of all groups of 

mice exposed to CS. Expression of both PLUNC and CXCR1 was validated by real-time 

PCR (Figure 3A, B).

In lungs of mice exposed to neonatal CS alone, we found significant induction of several 

genes reported to be induced in models of bronchopulmonary dysplasia by both gene 

expression profiling and real-time PCR. These genes included IL-1β [27, 28], CXCL1 [29], 

matrix metalloproteinase-9 (MMP-9), and thrombospondin-1 [30–32]. Using real-time PCR, 

we found that IL-1β was induced 9.4 ± 4.2-fold, P < .05, in Neo CS lung compared to 

control lung, but was not significantly induced above control in the other CS-exposed mice. 

These changes in gene expression, in addition to the structural and functional changes found 

in the Neo CS mice, suggest that exposure to CS in the neonatal period may cause durable 

changes in the adult lung similar to that found in lung models of BPD [25].

In humans, cigarette smoking can cause down-regulation of airway epithelial apical 

junctional complex genes in smokers with and without COPD [33]. In our study we found 

down-regulation of cornified envelope protein gene expression in the lungs of all groups of 

mice exposed to CS. This family of genes is part of the epithelial differentiation complex 

(EDC) and some of these genes have been associated with innate immune defense [34] 

(Table 5). Real-time PCR validated down-regulation of loricrin (LOR) and cysteine-rich C-

terminal 1 (CRCT1) expression, 2 genes located in the EDC of chromosome 3 (Figure 3C, 

D).

In the lungs of mice exposed to both neonatal and adult CS, expression of several genes 

involved in myosin and erythrocyte differentiation was found to be induced (Table 6). 

Expression of GYPA, a gene found on the erythrocyte surface [35], and MYH2, a gene 

essential for muscle contraction [36], was validated by real-time PCR (Figure 3E, F).

Discussion

In this study, we evaluated the impact of neonatal CS exposure and adult CS exposure, 

individually and in combination, on adult lung structure, function, and gene expression. We 

found that mice exposed to neonatal CS alone developed larger and more simplified alveoli 

and modest increases in lung volumes, findings similar to injury models of BPD [25]. Mice 

that were exposed only to adult CS had significantly larger lung volumes compared to Neo 

CS and Ctr mice, with a modest increase in MCL. Interestingly, we found that neonatal 

exposure to CS did not additively or synergistically contribute to CS-induced COPD changes 
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in the adult lung. However, differences in gene expression in the lung were found with 

different CS exposures, indicating that gene expression in the adult lung could be altered by 

a prior exposure to neonatal CS. The significance of these gene expression changes as 

biomarkers of respiratory outcomes in adult lung may warrant further investigation.

We previously reported that neonatal CS exposure inhibited alveolar growth in neonatal 

mice [19]. Impaired alveolar growth was associated with increased alveolar apoptosis and 

transforming growth factor-β (TGF-β) signaling. These mice also had increased mean linear 

intercepts and decreased lung surface areas at 8 weeks of age [19]. Taken together, our 

previous and current studies indicate that neonatal CS exposure can permanently alter lung 

structure and function in the adult mouse. It has been previously shown that prenatal and 

early postnatal CS exposures can also cause durable effects on adult lung function. A recent 

study by Wu and colleagues found that prenatal and early postnatal exposure to side stream 

smoke resulted in increased airway reactivity in adult mice [37].

We did not, however, find that exposure to neonatal CS augmented COPD changes in the 

lungs of adult mice exposed to CS. The Neo CS +Adult CS mice had airspace changes 

similar to the neonatal CS-exposed mice and pulmonary function changes similar to adult 

CS-exposed mice. However, the combination of both neonatal and adult CS exposures did 

not cause additive or multiplicative changes with respect to MCL or lung volumes. This is in 

contrast to what we recently found in adult mice previously exposed to neonatal hyperoxia. 

In that study, we found that neonatal hyperoxia exposure contributed additively to CS-

induced COPD-lung changes in the adult mouse [38]. Several reasons may explain the 

differences. First, it is possible that if the exposure to neonatal CS had been shorter or if the 

Neo CS mice had been subjected to a longer period of adult CS exposure, an additive or 

synergic effect may have been found in the adult lung. Alternatively, 4 months of cigarette 

smoke exposure in the adult mice may have caused a “ceiling effect,” preventing us from 

observing a dose-response that may have been discernible if a shorter duration of CS 

exposure was given.

We did find induction of several inflammatory genes in the lungs of mice exposed to 

neonatal CS alone. IL-1-β, MMP-9, and thrombospondin-1 were induced only in the lungs 

of mice exposed to neonatal CS alone, suggesting ongoing inflammation from a remote 

environmental exposure. MMP-9 and thrombospondin-1 genes have been shown to be 

induced in models of BPD, indicating that neonatal CS and neonatal hyperoxia may induce 

similar pathways in response to lung injury in the developing lung. Alternatively, expression 

of CXCR2/IL8Rα, a receptor for IL-8, was increased in all groups of mice exposed to CS. 

Induction of CXCR2/IL8Rα has previously been found in animal models of CS-induced 

COPD, and Streptococcus pneumoniae– and rhinovirus-induced airway inflammation [39–

42].

In this study, we also found that CS exposure in all CS treatments groups down-regulated the 

expression of several epithelial differentiation complex (EDC) genes. In humans, EDC genes 

are located on chromosome 1q21. An association between decreased expression of the EDC 

genes CRCT-1 and SPRR3 with eosinophilic esophagitis and chemoradiotherapy resistance 

has been reported [43–45]. Decreased expression of Cornified envelope protein genes 
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located in the EDC has also been associated with ultraviolet radiation exposure in the eye 

[46]. Furthermore, the Cornified envelope protein gene, SPRR2A, have been linked to innate 

immunity in the intestine, with differential expression depending on the type of colonizing 

bacteria in the intestines [34]. The decreased expression of these Cornified envelope protein 

genes in the lungs of CS-exposed mice may be markers of an impaired innate immune 

response and/or reflect a loss of epithelial cell differentiation by CS exposure.

In contrast to the lungs of mice exposed to only neonatal or adult CS, we found a marked 

increase in the expression of several muscle contraction and erythrocyte genes in the lungs 

of mice exposed to both early and late postnatal CS. These findings suggest that a neonatal 

CS exposure can cause a stress resistance response leading to induction of muscle 

contraction and erythrocyte differentiation genes with re-exposure or cumulative exposure to 

CS. Stress resistance induced by low-dose exposures has been previously described [16]. 

The increased expression of myosin genes in our mice exposed to both neonatal and adult 

CS may indicate respiratory muscle remodeling, which in turn may be an adaptive response 

of the adult lung to a second CS exposure.

There are limitations to our study. The C57BL/6J mice developed only mild lung changes in 

response to CS exposures. These mild changes, however, allowed us to discern differences in 

lung structure and function between different CS exposures. Strain specificity may also 

determine the injury response to neonatal CS and/or adult 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 both males and females in our 

analysis and gender differences may be a factor in COPD susceptibility.

In conclusion, our study demonstrated that CS exposure during neonatal life can cause 

durable changes in airspace structure and lung function in the adult lung but does not 

potentiate CS-induced COPD changes in later life. Down-regulation of Cornified envelope 

protein gene expression in all groups of mice exposed to CS may indicate an altered innate 

immune response and/or loss of epithelial cell differentiation from CS exposure, whereas 

increased expression of myosin and erythrocyte genes in mice exposed to both neonatal and 

adult CS may indicate an adaptive response to CS and respiratory muscle remodeling. The 

impact of neonatal CS exposure on gene expression and its influence on adult lung 

phenotype requires further elucidation but additional studies may be warranted to determine 

the utility of these genes as biomarkers of respiratory outcomes in adult lung.
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Figure 1. 
(A) Representative lung sections from Control, Neo CS, Adult CS, Neo CS + Adult CS 

mice. Black arrows illustrate areas of airspace enlargement in the adult lungs of mice 

exposed to neonatal CS (Neo CS) and both a neonatal and adult CS exposure (Neo CS 

+Adult CS). (B) Control lung had significantly fewer BAL cells compared to the CS-

exposed groups (*P < .04), n = 5–8. (Color figure available online.)
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Figure 2. 
(A) Expiratory limbs from PV curves obtained from mice that underwent quasistatic 

pressure-volume pulmonary function tests, n = 6–8. (B) Lung elastance was significantly 

decreased in the Neo CS and Neo CS +Adult CS mice compared to Ctr mice (*P < .002, **P 
< .004). n = 5–6 (error bars represent SEM).
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Figure 3. 
Gene expression by real-time PCR reported as log fold changes above/below control lung. 

(A) PLUNC gene expression of Adult CS and Neo CS +Adult CS compared to control lung, 

*P < .0001, **P < .005; Adult CS compared to Neo CS, †P < .01. (B) CXCR1 gene 

expression compared to control lung, *P < .02, **P < .0001, ***P < .0001. (C) LOR gene 

expression compared to control lung, *P < .001, **P < .002, ***P < .05. (D) CRCT1 gene 

expression compared to control lung, *P < .004, **P < .003, ***P < .03. (E) MYH2 gene 

expression compared to control lung, *P < .05, **P < .001, ***P < .02, and Neo CS +Adult 

CS compared to Neo CS only and Adult CS only, †P < .01. (F) GYPA gene expression 

compared to control lung, *P < .005, **P < .0001. n = 4–6 (error bars represent SEM).
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Table 1
Mean Weights by CS Exposure

Groups n Weight (g) Mean ± SD

Population by exposure Control 14 28.1 ± 5.7*

Neo CS 13 28.5± 2.1

Adult CS 14 25.6± 3.7

Neo CS + Adult CS 13 24.2± 3.0

*Weights of control mice were significantly greater than Neo CS +Adult CS (P < .04).
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Table 2
Mean Chord Length by CS Exposure

Groups n MCL (microns) Mean ± SD

Population by exposure Control 14 34.5 ± 3.3*

Neo CS 13 41.0 ± 5.0

Adult CS 14 37.5 ± 4.5†

Neo CS + Adult CS 13 41.3 ± 3.6

*Mean chord length of control mice were significantly less than Neo CS, Adult CS, and Neo CS +Adult CS (P < .05).

†Mean chord length of Adult CS were significantly less than Neo CS + Adult CS (P < .02).
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Table 4
Genes That Are Differentially by Cigarette Smoke Exposure Compared to Control Mice

Name Gene Neo CS only Adult CS only Neo CS + Adult CS

Cytochrome P450, family 2, subfamily a CYP2A5 1.04 3.64 4.15

Cytochrome P450, family 1, subfamily b, polypeptide 1 CYP1B1 −1.17 1.84 2.11

Palate lung and nasal epithelium associated PLUNC −1.85 3.51 1.85

Macrophage receptor with collagenous structure MARCO −1.23 2.43 2.83

Chemokine (C-X-C motif) receptor 1 CXCR-1 2.78 3.21 3.9

Interleukin-1β IL1- β 2.84 −1.46 −1.25

Thrombospondin 1 THBS1 3.04 −1.36 1.15

Matrix metallopeptidase 9 MMP9 2.33 −1.44 −1.44

Chemokine (C-X-C motif) ligand 1 CXCL1 1.67 1.26 1.31

Note. Numbers indicate fold change compared to control lung. Fold changes of 1.5 and above/below are considered signifcant.
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Table 5
Epidermal Differentiation Complex Genes Down-regulated in All Groups of Mice 
Exposed to CS

Name Gene Neo CS only Adult CS only Neo CS + Adult CS

Loricrin LOR −3.27 −247.44 −1.9

Late Cornified envelope 3f LCE3F −4.47 −126.43 −3.63

Cystein rich C-terminal 1 CRCT1 −3.85 −119.32 −3.22

Repetin RPTN −4.65 56.87 −3.95

Late Cornified envelope 3C LCE3c (SPRRL1) −4.53 −55.32 −2.99

Late Cornified envelope 3B SPRRLA6 −4.2 −53.37 −2.81

Late Cornified envelope 1B SPRRLA −3.82 −30.47 −2.61

Esophagin (small proline-rich protein 3) SPRR3 −4.45 −29.35 −3.4

Late Cornified envelope 1D LCE1D (SPRRL7) −3.76 −24.45 −2.5

Late Cornified envelope 1A1 SPRRL3 (LCE1A1) −3.91 −16.1 −2.8

Late Cornified envelope 1F LCE1F −2.94 −15.28 −2.16

Late Cornified envelope 1A2 SPRRL2 (LCE1A2) −3.02 −12.2 −2.32

Late Cornified envelope 1G LCE1G −3.57 −11.83 −2.16

Late Cornified envelope 3A LCE3A −3.74 −11.71 −3.85

Note. Numbers indicate fold change compared to control lung. Fold changes of 1.5 and above/below are considered significant.
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Table 6
Muscle and Erythrocyte Genes Up-regulated by a Combination of Neonatal and Adult CS

Name Gene Neo CS only Adult CS only Neo CS + Adult CS

Myosin heavy polpeptide 2 MYH2 −1.62 −2.71 35.7

Myosin, light chain 2, regulatory, cardiac, slow MYL2 1.24 −1.33 19.51

Creatine kinase, mitochondrial 2 CKMT2 1.19 −1.43 5.64

Troponin T type 1 TNNT1 1.11 1.13 5.48

Myosin MYL1 −1.79 −3.65 3.24

Parvalbumin P VALB −2.25 −11.09 2.9

Tropomyosin 3 TPM3 −1.32 −1.74 2.86

Tropomodulin 4 TMOD4 −1.27 −2.17 2.38

Alpha hemoglobin stabilizing protein ERAF 1.01 1.49 8.54

Solute carrier family 4, anion exchanger, member 1 SLC4A1 1.73 −4.75 7.1

Glycophorin A GYPA 1.55 −2.97 5.26

Tripartite motif-containing 10 Trim 10 1.24 −2.39 5.1

Numbers indicate fold change compared to control lung. Fold changes of 1.5 and above/below are considered significant.
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