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Abstract
Intrauterine growth restriction (IUGR) increases the risk of respiratory compromise throughout
postnatal life. However, the molecular mechanism(s) underlying the respiratory compromise in
offspring following IUGR is not known. We hypothesized that IUGR following maternal food
restriction (MFR) would affect extracellular matrix deposition in the lung, explaining the long-
term impairment in pulmonary function in the IUGR offspring. Using a well-established rat model
of MFR during gestation to produce IUGR pups, we found that at postnatal day 21, and at 9
months of age the expression and abundance of elastin and alpha smooth muscle actin (αSMA),
two key extracellular matrix proteins, were increased in IUGR lungs when compared to controls
(p<0.05, n = 6), as determined by both Western and immunohistochemistry analyses. Compared to
controls, the MFR group showed no significant change in pulmonary resistance at baseline, but
did have significantly decreased pulmonary compliance at 9 months (p<0.05 vs control, n=5). In
addition, MFR lungs exhibited increased responsiveness to methacholine challenge. Furthermore,
exposing cultured fetal rat lung fibroblasts to serum deprivation increased the expression of elastin
and elastin-related genes, which was blocked by serum albumin supplementation, suggesting
protein deficiency as the predominant mechanism for increased pulmonary elastin deposition in
IUGR lungs. We conclude that accompanying the changes in lung function, consistent with
bronchial hyperresponsiveness, expression of the key alveolar extracellular matrix proteins elastin
and αSMA increased in the IUGR lung, thus providing a potential explanation for the
compromised lung function in IUGR offspring.

Keywords
intrauterine growth restriction; maternal food restriction; extracellular matrix; elastin; α smooth
muscle actin; pulmonary function

INTRODUCTION
Epidemiologic studies of infants, children and adults indicate that prenatal compromises that
restrict feto-placental growth, causing intrauterine growth restriction (IUGR), affect the
postnatal development and function of many organs.1–3 There is only limited information on
the effect of this phenomenon, termed “fetal programming”, on the lungs of the offspring.
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However, in general, IUGR increases the risk of respiratory compromise throughout
postnatal life. Although the molecular mechanisms underlying this respiratory compromise
are not well established, general cellular and molecular effects of IUGR on the developing
lung have been described.4–15 These include an overall reduction in lung weight, DNA, and
protein content,4–6 reduced surfactant content and activity,7–9 impaired maturation of the
alveolar type II (ATII) cell,10 decreased alveolar formation,11–13,15 reduced alveolar surface
area for gas exchange,11,14 an immature and thicker air-blood barrier, and a thicker alveolar
wall.10,14

In this study, we hypothesized that IUGR would affect deposition of key lung extracellular
matrix proteins such as elastin and alpha smooth muscle actin (αSMA), explaining the long-
term impairment of pulmonary function in IUGR offspring. Elastin is an important structural
protein that is a key component of the extracellular matrix (ECM) of the lung. Elastin is
intimately involved in the process of alveolarization, as indicated by the finding that alveoli
cannot form in the absence of tropoelastin expression and elastin deposition in the alveolar
septa.16 In humans, elastin is laid down in the lung parenchyma, predominantly during late
fetal and early postnatal life when the alveoli are forming.17 Elastin deposition occurs at the
apex of the secondary septal crests during the process of alveolarization.18 The synthesis of
elastin in the developing lung can be influenced by a number of factors, including
hypoxia,19 corticosteroids,20,21 growth factors,22,23 retinoic acid,24 and nutrient
restriction.5,25

To test the hypothesis that IUGR affects lung extracellular matrix deposition, we utilized a
well established rat model of maternal food restriction (MFR) during gestation to produce
IUGR. This model is associated with neonatal growth restriction and adult-onset obesity,
diabetes, and hypertension.26,27

MATERIALS AND METHODS
Rat Model of Maternal Food Restriction

All studies were approved by the Animal Research Committee of the Los Angeles
Biomedical Research Institute at Harbor-UCLA Medical Center, in accordance with the
American Association for the Accreditation of Laboratory Animal Care and the National
Institutes of Health guidelines. First-time-pregnant Sprague Dawley rat dams (Charles River
Laboratories, Inc., Hollister, CA) were housed in a facility with constant temperature and
humidity, in a controlled 12 h light-12 h dark cycle. At 10 days of gestation, the dams were
provided either an ad libitum diet of standard laboratory chow (LabDiet 5001, Brentwood,
MO, USA: protein 23%, fat 4.5%, metabolizable energy 3030 kcal/kg) or a 50% food
restricted diet, as determined by the quantification of the normal intake in the ad libitum fed
rats. Following delivery, the pups were allowed to breast feed ad libitum. In order to
eliminate the effect of MFR on lactation, offspring from food restricted dams were cross-
fostered to rat dams fed ad libitum during pregnancy. The control group, i.e., those fed ad
libitum during pregnancy, offspring were also cross fostered to control for the study design.
In all studies, the number of pups/dam (=8) was kept similar between the experimental
groups. At postnatal day 21 (PND21), all the offspring were weaned to an ad libitum diet
and housed individually. Animals were killed and their lungs collected for further processing
at PND21 and 9 months (9M).

Tissue Preparation Protocol
Rat lungs were inflated in situ with 4% paraformaldehyde (PFA) in phosphate buffer (PBS)
at a standard inflation pressure of 20 cm of H2O. The trachea was ligated and the lungs were
removed and placed in 4% PFA for approximately 4 hours at 4°C. The lungs were
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subsequently transferred to PBS containing 30% sucrose (w/v) until equilibrated (4°C). The
lung tissue was frozen in Optimal Cutting Temperature compound (Sakura Finetek,
Torrance, CA) and cut at 8-µm thickness.

Protein Abundance by Western Blotting
In brief, tissue samples (100 mgs or less) were collected in T-PER lysis buffer (Pierce
Protein Research Products, Rockford, IL), containing protease inhibitors. Samples were
homogenized, and the resulting lysates were clarified by centrifugation. Protein
concentration was determined by BCA Protein Assay (Pierce Protein Research Products,
Rockford, IL). Twenty µgs of protein lysate from each sample were resolved by SDS-PAGE
gel electrophoresis, and electro-transferred to polyvinylidene difluoride membranes. A
lysate-positive control was used for each gel. Non-specific antibody binding was blocked
with blocking buffer for 1 hour at room temperature. Membranes were washed twice with
Tris buffered saline (TBS) wash buffer. The membranes were incubated with the appropriate
primary antibody in blocking buffer, washed in TBS buffer, and incubated with secondary
antibody goat anti-rabbit IgG conjugated to horse-radish peroxidase for 1 h. The membranes
were washed 3 times with TBS wash buffer, developed with Super Signal West Pico
reagents (Pierce Protein Research Products, Rockford, IL), and exposed to X-ray film. The
blots were subsequently stripped and reprobed with antiGAPDH antibody (1:10,000,
Chemicon, Temecula, CA), and protein values were normalized to GAPDH. The densities of
the specific protein bands were quantified using a scanning densitometer (Eagle Eye II still
video system, Stratagene, La Jolla, CA). Results are expressed as the normalized mean +/−
SE, and considered significant at p < 0.05. The specific primary antibodies used included
elastin (1:200, cataglog # Sc-17581, Santa Cruz, CA), and αSMA (1:10,000, catalog #
A2547, Sigma, St. Louis, MO).

Real Time RT-PCR
In brief, samples were collected, treated with RNA later preservative (Ambion/Applied
Biosystems, Foster City, CA), and total RNA was isolated using the RNAqueous-4PCR kit
(Ambion/Applied Biosystems, Foster City, CA). RNA was DNase-treated and quantitated
by absorbance spectrometry using a nanodrop spectrophotometer (Nanodrop Instruments,
Wilmington, DE). The purity of the RNA was assessed based on the visual appearance of
the ethidium bromide-stained ribosomal bands following fractionation on a 1.2% (wt/vol)
agarose-formaldehyde gel, and quantitated by absorbance at 260 nm.

One µg of total RNA was reverse-transcribed into single-stranded cDNA using the TaqMan
Gold RT-PCR Kit (Applied Biosystems, Life Technologies Corp., Carlsbad, CA) at 50°C
for 30 min in a total volume of 20 µls. The PCR reaction mixture consisted of 1 µl of 10-
fold diluted cDNA, PCR Gold DNA polymerase reagent mix, and optimized forward and
reverse gene-specific primers (900 nMs each) with a gene-specific probe (250 nM, FAM
dye label). All primer and probe sets were purchased as pre-designed or, if needed, custom-
designed TaqMan Gene Expression Assays (Applied Biosystems, Life Technologies Corp.,
Carlsbad, CA). Real-Time PCR reactions were run in triplicate in 384 well plates using an
ABI PRISM 7900 HT Sequence Detection System (Applied Biosystems, Life Technologies
Corp., Carlsbad, CA). Reactions proceeded by activation of DNA polymerase at 95°C for 10
min, followed by 38 PCR cycles of denaturing at 95°C for 15 sec, and annealing/extension
at 60°C for 1 min. The normalization control was the 18S ribosomal RNA TaqMan Gene
Expression Assay (Applied Biosystems, Life Technologies Corp., Carlsbad, CA). Data were
analyzed to select a threshold level of fluorescence that was in the linear phase of the PCR
product accumulation [the threshold cycle (CT) for that reaction]. The CT value for 18S
ribosomal RNA was subtracted from the CT value of the gene to obtain a delta CT (ΔCT)
value. The relative fold-change for each gene was calculated using the ΔΔCT method (21).
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Results were expressed as the mean +/− SE, and considered significant at p < 0.05. RT PCR
probes used included- Rat lox, F5’-AAACGGAAAAACAACAAAGAAGGT-3’; R5’-
TGCTGATTTAAACACTCAAAATCCA-3’ (product 83 bp); rat lox1-1, 5F’-
AGGGAGTGAACATGGACCAAAC-3’; R5’-
TTAAAACCAACAACAGACAAAATGG-3’ (102 bp); rat fibrillin 1, F5’-
ACCTGGAACCTGCTACAACACTCT-3’; R5’-
CCGTTATAGCTTCTGTAGCAAAAGC-3’ (126 bp); rat fibulin 5, F5’-
TCCTCTATCTCTTGCTGCATTGC-3’; R5’-ACGTGTTCCCATAGCCTTCTCA-3’ (113
bp); rat tropoelastin, F5’-AGAAGCCTCGACATTAGATTTGGT-3’; R5’-
GGAGCTATTCCCAGTGTGAGAAGT-3’ (139 bp).

Immunohistochemistry (IHC) for Elastin and αSMA
In situ protein expression was assessed by IHC performed with a UniTect ABC Kit
(Calbiochem-EMD Biosciences, Gibbstown, NJ). Five-micrometer paraffin sections were
deparaffinized in xylene, and rehydrated by a sequential ethanol wash. Endogenous avidin
and biotin activities and nonspecific antibody binding to tissue were inhibited as per the
manufacturer's instructions. Tissue was incubated with primary antibody overnight at 4°C in
a humidified chamber. For elastin staining, rabbit anti-elastin antibody (1: 100, Santa Cruz
Biotechnology, Santa Cruz, CA), and for α-SMA staining (1:100, Sigma- Aldrich, St. Louis,
MO) antibody were used as primary antibodies. The next day, following PBS washes at
room temperature, the tissues were incubated sequentially with appropriate biotinylated
secondary antibody, ABC reagent, diaminobenzidine substrate (DAB; Sigma- Aldrich, St.
Louis, MO), in the dark. Sections were rinsed with water and counterstained with
hematoxylin. Finally, tissue slices were dehydrated in xylene and permanently mounted with
VectaMount (Vector Laboratories, Inc., Burlingame, CA). Immunostained sections were
examined under a microscope (Axioskop 40; Carl Zeiss Microimaging LLC, Thornwood,
NY) at 20× magnification.

Pulmonary Function Testing
For evaulating pulmonary function, we studied pulmonary mechanics [toal pulmonary
resistance (Rrs) and compliance (Cdyn)] at baseline, and following methacholine challenge
in control and MFR offspring at PND21 and 9M. Rats were anesthetized, tracheas were
cannulated, and the animals, in the supine position, were ventilated at 8 ml/kg tidal volume
in a whole-body plethysmograph for restrained animals ((Buxco Inc., Troy, NY) using a
MiniVent (Harvard Apparatus, Holliston, MA) at a frequency of 150 breaths per minute for
the duration of the procedure. Total pulmonary dynamic compliance (Cdyn, as mL/cm of
H2O) and total pulmonary resistance (Rrs, as cm of H2O*s/mL) measurements were made at
baseline and following methacholine (MCh) challenge at 2.0 mg/mL. The percent change
(% decrease in Cdyn or % increase in Rrs) was calculated as the difference between the
physiologic parameter (Cdyn or Rrs) measured at baseline and after MCh bronchial
challenge, divided by the baseline value (for % decrease in Cdyn or % increase in Rrs).

Isolation of pulmonary fibroblasts
Neonatal rat lung fibroblasts were cultured according to our previously described method.28

Briefly, the lungs were trimmed to remove major airways, and rinsed with calcium- and
magnesium-free Hanks' balanced salt solution (HBSS). Pooled lung tissue from 3 to 5 pups
was minced into 1 to 2-mm3 pieces and was suspended in pre-warmed (37°C) digestion
buffer containing 2.5 ml of heat-inactivated chicken serum (2.5 ml), Hepes (1.25 ml of 500
mM, pH 7.4), collagenase I (12.5 mg, Sigma), Collagenase 1A (12.5 mg, Sigma) in
Waymouth's medium (final volume 25 ml). The tissue was triturated 100 times with a 10 ml
pipette, 100 times with a 5 ml pipette, and 100 times with a 9” Pasteur pipette. The tissue
was further dissociated in a 37°C water bath using a Teflon™ stirring bar to disrupt the
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tissue mechanically. Once the tissue was dispersed into a unicellular suspension, the cells
were pelleted at 500 × g for 10 min at room temperature in a 50 ml polystyrene centrifuge
tube. The supernatant was decanted, and the pellet was resuspended in Minimal Essential
Medium (MEM) containing 20% fetal bovine serum (FBS) to yield a mixed cell suspension
of ca. 3 × 108 cells, as determined by Coulter particle counter (Beckman-Coulter, Hayaleah,
FL). The cell suspension was then added to culture flasks (75 cm2) for 30–60 min to allow
for differential adherence of the lung fibroblasts. These cells are greater than 95% pure
fibroblasts based upon their morphologic appearance when viewed at the light microscopic
level, and by immunohistochemical staining for vimentin.

At 80–90% confluence, the cells were cultured in DMEM for 24h with (1, 5, or 10%) or
without (0%) fetal bovine serum (FBS) supplementation. For some experiments cells were
cultured without FBS, but with 5% fetal bovine albumin supplementation.

Statistical analysis
Analysis of Variance for multiple comparisons was used to analyze the experimental data
and a p value of <0.05 was considered to indicate a statistically significant difference.

RESULTS
General

As reported previously, at postnatal day 1, MFR pups were significantly lighter (6.1 ± 0.3 g,
p<0.05, n=6) compared to control pups (7.0 ± 0.3 g, n=6). However, at PND21 (49 ± 3 vs..
41 vs. ± 3 g, p<0.05, MFR vs. control, n=6) and 9M (410 ± 18 vs.. 340 vs.. ± 20 g, p<0.05,
MFR vs. control, n=6), the MFR pups weighed significantly more. The wet lung weights of
the MFR offspring were higher at PND21 (0.48 ± 0.03 vs. 0.37 ± 0.02, MFR vs. control,
p<0.05, n=6) and 9M (1.58 ± 0.07 vs. 1.39 ± 0.06 g, p<0.05, MFR vs. control, n=6).
However, the lung weights, expressed as a percentage of body weight between the two
groups, were not different at both time-points examined (p>0.05, n=6).

Pulmonary function
We found that MFR altered lung function in the offspring (Figures 1a–1d). Measurement of
pulmonary mechanics [total airway resistance (Rrs) and compliance (Cdyn)] at PND21 and
9M showed that, compared to control animals, in the MFR offspring, although there were no
significant differences in Rrs at baseline, at either PND21 or 9M (Fig. 1a), Cdyn was
significantly decreased in the MFR group at 9M (Fig. 1b) (p<0.05 vs. control, n=5). In
response to a methacholine challenge, Rrs increased significantly (Fig. 1c) and Cdyn
decreased significantly (Fig 1d) in the MFR group at both time points examined (p<0.05 vs.
control, n=5). These results suggest that the lungs of the MFR offspring were both stiff and
hyperresponsive.

Alveolar extracellular matrix deposition
The expression of elastin (Tropoelastin) and elastin-assembly-related genes (Lox 1 and 2,
fibrillin 1 and fibulin 5) was clearly altered, with a significant increase in their expression at
9M (Fig. 2). Compared to controls, in MFR offspring there was a significant decrease in
elastin expression at PND21, and a significant increase at 9M (Real-Time PCR, p<0.05 vs.
control, n=4). The changes in elastin expression with an increase at 9M was corroborated by
Western hybridization (Fig. 3) (p<0.05 vs. control, n=4). We also examined the expression
of α-smooth muscle actin (αSMA), another key marker for chronic lung disease. Based on
Western hybridization data, αSMA protein levels were 30% higher at PND21, and 110%
higher at 9M (Fig. 4). To further evaluate the effects of MFR on the extracellular matrix,
lung tissue sections were probed with fluorescent antibodies against elastin and αSMA (Fig.
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5 A and B). Both the distribution and intensity of elastin and αSMA were increased at
PND21 and 9M. It is interesting to note that although elastic fibers are relatively sparse in
the distal portions of the alveolus (base/inter-septal region) in a normal adult lung, in the
MFR lung elastic fibers predominated, indicating their abnormal localization.

Finally, to determine the effect of nutrient deprivation on elastin gene expression by alveolar
interstitial fibroblasts, e19 fetal rat lung fibroblasts were cultured at 37° C for 24h in either
DMEM + 10% fetal bovine serum, or in DMEM with reduced (5, 1, or 0 %) fetal bovine
serum supplementation. Serum restriction increased elastin protein levels dose-dependently
(Fig. 6). Similarly, serum restriction increased the transcription of tropoelastin and fibroblast
growth factor receptors 3 and 4 (FGFR3 and FGFR4), the main receptors for elastin,
significantly (Fig. 7). Interestingly, protein supplementation, i.e., supplementation with 5%
fetal bovine albumin, blocked the serum deprivation-induced increases in the elastin and
FGFR4 mRNA (Fig. 8A) protein levels (Fig. 8B).

DISCUSSION
In a well established model of fetal programming, we examined the effect of MFR during
pregnancy on offspring lung alveolar extracellular matrix deposition and pulmonary
function. Consistent with the previous description of the model utilized in this study,15 MFR
altered lung function in the offspring. Measurement of pulmonary mechanics at PND21 and
9M showed that, compared to controls, in the MFR offspring there were no significant
differences in pulmonary resistance at baseline at either PND21 or 9M. In contrast,
compliance was significantly decreased in the MFR group at 9M. In response to a
methacholine challenge, pulmonary resistance increased significantly, whereas compliance
decreased significantly in the MFR group at both time-points examined. Fetal rat lung
fibroblasts, when subjected to nutrtional stress under in vitro conditions, increased elastin
expression, which was blocked by protein supplementation. These changes are consistent
with the finding of altered alveolar extracellular matrix deposition in the MFR offspring
lung, potentially explaining the altered lung structure and function observed in the IUGR
offspring, with relative protein deficiency as the principal underlying cause.

In a recently published study of the uterine artery ligation model of IUGR, Joss-Moore et al
also found changes in lung elastin expression and deposition between birth and post-natal
day 21.29 However, in that study elastin was found to decrease, accompanied by increased
lung compliance. Such differences between the effects of MFR and uterine artery ligation
are likely due to the cell-specific effects of these different perturbations. Once the
underlying molecular mechanism is determined, the reason for these seemingly disparate
results will become apparent. Furthermore, it is important to point out that though a number
of investigators have used protein restriction during pregnancy to study IUGR, to our
knowledge, none of these studies have assessed offspring lung structure and function in
detail, precluding the comparison of our findings with those of others.30, 31

Elastin is known to play a critical role in alveolarization during lung development. Cross-
linking of the soluble monomer tropoelastin (elastin) to numerous other microfibril-forming
minor glycoprotein components such as fibrillins, fibulins, and other matrix-associated
glycoproteins confers the elastic properties of elastin-containing tissues. Proper elastin
depostion in the lung is important in respiratory physiology, accounting for the orderly
elastic recoil of the lung during passive expiration. At the alveolar level, elastic
interdependence is mediated by optimal elastin expression, correct cross-linking, and the
proper orientation of the elastin and collagen fibers. In the absence of optimal elastin
deposition, and a correctly cross-linked and oriented elastin-containing matrix, there is
failure of alveolarization and the correct establishment of elastic interdependence.
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In the lung, normal deposition and arrangement of elastin fibers is particularly important in
the formation and maintenance of alveolar secondary crests. The necessity for optimal
elastin expression for proper alveolar formation is highlighted by numerous examples of
failed/abnormal alveoralization in mice that are deficient in many components of elastin
formation. For example, elastin-null mice die soon after birth from cardiorespiratory failure
in association with the lack of lung septation to form alveoli, defective airway branching,
and smooth muscle overgrowth of pulmonary arteries.32,33 In these mice, strikingly, alveolar
secondary crests fail to form.33 Null mutation of lysyl oxidase, an enzyme necessary for
elastin cross-linking, prevents correct elastin cross-linking, and hence incomplete
alveolarization in affected mice.34 In mice with the PDGF-A null mutation, alveolar
myofibroblasts fail to differentiate and produce elastin; hence, alveolar secondary crests also
fail to form.35 Similarly, in mice with the Fgfr3/Fgfr4 double null mutation, excessive
dysmorphic elastin is laid down, which also disrupts the formation of alveolar secondary
crests.36 And lastly, mutations in several other genes known to affect elastin synthesis and
assembly, such as fibulin-5, fibrillin-1, and lysyl oxidase-like 1 also result in offspring that
exhibit abnormal lung development, which in some cases results in pulmonary pathology
resembling emphysema in mice surviving beyond the perinatal period.34,37–39 Therefore,
with the increased expressoin of elastin and other genes (such as Lox 1 and 2, fibrillin 1, and
fibulin 5) needed for normal elastogenesis, it is not surprising that MFR lungs are abnormal
structurally and functionally.

Factors such as hypoxia, undernutrition, and elevated corticosteroid levels have previously
been shown to affect elastin synthesis in the IUGR lung. However, Cook et al, using an in
vivo late-gestational sheep IUGR model secondary to uteroplacental embolization, did not
find abnormal elastin synthesis and deposition, suggesting that hypoxemia and
undernutrition associated with IUGR do not affect elastin synthesis and deposition, leading
them to conclude that the alterations in lung structure following IUGR must be due to causes
other than hypoxemia and undernutrition.40 The differences in the experimental models in
the two studies can account for these differences in the findings between this study and the
study by Cook et al.40 It is also important to note that in the current model we also saw
evidence of increased corticosterone levels in the MFR offspring (data not shown),
suggesting that any or all of the previously outlined factors (hypoxemia, undernutrition,
increased corticosterone levels) might contribute to abnormal elastin deposition in the lung
extracellular matrix of IUGR offspring. However, since alveolar interstitial fibroblasts
subjected to nutrient stress showed increased elastin expression, which was blocked by
protein supplementation, this suggests that nutrient deficiency, specifically protein
deficieny, alters lung programming resulting in increased elastin synthesis and deposition in
the long run.

Overall, we conclude that in addition to our previously reported abnormal structural and
molecular findings in the MFR offpring lung,15 there is altered lung extracellular matrix
deposition, accompanying altered lung function in the MFR offspring. It will be of interest
to determine the specific amino acid deficiency that leads to increased elastin expression,
and if supplementation of that specific amino acid (s), in the face of general MFR, will
prevent the lung molecular, structural, and functional changes in the MFR offspring
observed in the current study.
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Fig. 1.
(a–d) Effects of MFR on pulmonary resistance and compliance at PND21 and 9M both at
baseline (top panel) and in response to a methacholine challenge (bottom panel) are shown
here. There were no significant differences in pulmonary resistance at baseline at either
PND21 or 9M. However, pulmonary compliance was significantly decreased in the MFR
group at 9M. On methacholine challenge, pulmonary resistance increased, and pulmonary
compliance decreased significantly in the MFR group at both time points. (*p<0.05 vs.
control; n=5)
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Fig. 2.
In response to MFR, the mRNA levels of elastin and elastin-related genes such as Lox-1,
Loxl-2, Fibrillin-1, and Fibulin-5, were increased at 9M, as determined by Real-Time PCR.
(*p<0.05 vs. control; n=4).
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Fig. 3.
In response to MFR, the protein levels of pulmonary elastin was significantly increased at
9M, shown by Western blotting. (*p<0.05 vs. control; n=4).
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Fig. 4.
In response to MFR, the protein expression level of pulmonary α-SMA was significantly
increased at PND21 and 9M, shown by Western blotting. (*p<0.05 vs. control; n=3).
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Fig. 5.
In response to MFR, pulmonary elastin (5A, shown in red) and α-SMA (5B, shown in green)
protein levels were significantly increased at PND21 and 9M, shown by immuno-
histochemistry staining (n=4. representative sections are shown).
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Fig. 6.
Elastin protein levels in lysates of embryonic day 19 cultured fetal rat lung fibroblasts for
24h in either DMEM + 10% fetal bovine serum, or in DMEM with reduced (5, 1, or 0 %)
fetal bovine serum supplementation are shown. Serum restriction increased elastin protein
levels dose-dependently, shown by Western blotting. (*p<0.05 vs. 10% FBS; n=3).
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Fig. 7.
mRNA expression of elastin, tropoelastin, and main receptors for elastin [Fibroblast Growth
Factor Receptors 3 and 4 (FGFR3 and FGFR4)] by cultured embryonic day 19 fetal rat lung
fibroblasts following 24h in DMEM with or without + 10% fetal bovine serum
supplementation (determined by Real-Time PCR, *p<0.05 vs. 10% FBS; n=3).

Rehan et al. Page 18

Pediatr Pulmonol. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Rehan et al. Page 19

Pediatr Pulmonol. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 8.
A and B. The elastin and FGFR4 mRNA (Fig. 8A) and protein levels (Fig. 8B) expressed
by embryonic day 19 fetal rat lung fibroblasts following 24h culture in DMEM with or
without + 5% fetal bovine serum supplementation are shown. Fetal bovine serum
supplementation blocked the serum deprivation-induced increases in elastin and FGFR4
mRNA (Fig. 8A) and elastin protein levels (Fig. 8B) (determined by Real-Time PCR,
*p<0.05 vs. 10% FBS; n=3).
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