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ABSTRACT. Lung elastin is an important extracellular
structural protein and it has been postulated that it plays
a regulatory role in alveolar formation. To study the devel-
opmental regulation of elastin gene expression, we exam-
ined the tropoelastin (TE) production in primary culture of
rat pulmonary fibroblasts (RPF). We found that develop-
mental changes in elastin production as assessed by TE
synthesis and 3.6-kb TE mRINA levels were similar for
RPF and whole tissue except those results from late ges-
tation animals, with peak elastin expression occurring 7 d
postnatally with a decline out to 21 d. At late gestation (20
d), TE mRNA was barely detectable in RPF but clearly
detectable TE mRNA in the whole tissue, indicating that
there are elastogenic cells other than RPF in the tissue at
this age. When TE-producing cells were treated with dex-
amethasone, there was a dose-dependent stimulation of TE
synthesis with the maximum response at 10~° to 10~7 M.
Interestingly, dexamethasone had no stimulatory effect on
cells from late gestation animals. The developmental win-
dow of elastin synthesis in this RPF model between late
gestation and 21 d postnatal seems to correlate with the
reported period of secondary alveolar formation, and thus
we speculate that RPF elastogenic activity reflects that of
the alveolar wall. (Pediatr Res 28: 379-382, 1990)

Abbreviations

RPF, rat pulmonary fibroblast

TE, tropoelastin

SSC, sodium chloride sodium citrate buffer
RT, room temperature

TCA, trichloroacetic acid

Elastin is an important extracellular protein component that
forms a resilient fibrous network in the lung. It gives structural
compliance to the tissues and may play an important role in the
formation of terminal airsacs/alveoli during perinatal stages in
various animals, including humans (1-8). This hypothesis is
largely based on morphologic observations of elastin deposition
in the lung parenchyma and its timely appearance associated
with terminal airsac formation.

Elastin is a cross-linked mature form of the protein and
proform is secreted as TE, a soluble protein of approximately
72 000-75 000 mol wt (9, 10). Regulation of TE synthesis is
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poorly understood, partly because the regulatory elements of the
gene have not been clearly identified. Recent reports indicate
that cultured RPF are elastogenic in contrast to lung fibroblasts
from larger animals and thus provide a good model for studying
lung elastin metabolism (10). However, ontogeny of TE expres-
sion in vitro in relation to the onginal lung tissues has not been
described. It is important, therefore, to better characterize the in
vitro phenotype so that RPF can be used to investigate the TE
gene expression in the lung.

In our study, RPF were isolated from rat tissues of various
ages and TE expression was examined at the mRNA and protein
levels and compared with the steady-state TE mRNA levels of
the original tissues to determine if the TE phenotype is main-
tained in vitro. We also examined whether dexamethasone mod-
ulates TE synthesis of the cultured rat lung cell, inasmuch as
glucocorticoids have been shown to stimulate TE synthesis in
various other tissues and the effect on the lung might have clinical
implications.

MATERIALS AND METHODS

Cell culture. Timed pregnant rats (20 d gestation) or postnatal
rats at 7 or 21 d, and 250 g body wt adult nonpregnant female
rats were killed by intraperitoneal injection of Nembutal (50 mg/
100 g body wt). Selection of the ages was dependent on the
previous report that TE synthesis is low at birth, is at the
maximum rate around 7 d, and declines significantly by 21 d in
the rat lung in vivo (11). For gestation and 7-d studies, pups from
2-3 litters were combined, and for 21-d studies, a combination
of five pups was used for each sample. Approximately half of the
tissue was used for extraction of total RNA and the rest was
minced by a tissue chopper (Brinkman Instrument, Westbury,
NY) and incubated in RPMI-1640 medium containing collagen-
ase (0.5 mg/mL, type I, Sigma Chemical Co., St. Louis, MO);
pulmonary fibroblasts were isolated by the differential adhesion
method (12). The cells were maintained in RPMI-1640 medium
supplemented with 10% FCS and cells of primary culture and
subsequent passages were harvested at confluence by trypsin
treatment and processed for extraction of total RNA. Cell counts
were determined simultaneously using a hematocytometer. TE
levels in conditioned media were determined by ELISA.

Steroid treatment. Cells were treated in serum containing
medium with 107!" to 107> M concentrations of dexamethasone
for 40 h. After the first 24-h treatment period, the medium was
changed to RPMI-1640 containing 30 mM N-2-hydroxyethylpi-
perazine-N’-2-ethanesulfonic acid, pH 7.4, and the same concen-
trations of dexamethasone. Medium was collected after the next
16 h for analysis of TE content by ELISA and total RNA was
extracted from the cell layer.

Total protein synthesis. The protein synthesis was estimated
by incubating cells in leucine-deficient medium containing 5 uLL
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of *H-leucine (60 Ci/mmol, | mCi/mL) for the last 16-h period
in a culture dish. Medium aliquots of 100 uL were precipitated
with 200 uL of cold 20% TCA and the pellet was collected by
centrifugation. After washing with cold 10% TCA once, the
pellet was dissolved in 100 xL of 1 M NaOH overnight at RT
and counted in a scintillation counter (Hewlett-Packard Co.,
Palo Alto, CA).

ELISA. Medium samples were frozen at —=70°C, lyophilyzed,
and dissolved in Yio original volume of PBS containing 0.05%
Tween 20. Ninety-six-well dishes were coated with rat a-elastin
(40 ng/100 uL/well) purified from rat aortas by the method of
Partridge et al. (13). Coated dishes were then incubated overnight
at 4°C with 0.1% BSA in PBS (pH 7.4) containing 0.05% Tween
20. TE samples or rat a-elastin standard (1-256 ng/100 xL)
solutions dissolved in the above PBS buffer were reacted with
_ chicken antirat elastin antibody (1:2000) in glass test tubes at
4°C overnight and 100-uL aliquots of triplicate samples were
transferred to a 96-well dish and incubated for 16 h at 4°C.
Washed wells were then incubated with peroxidase conjugated
goat antichicken antibody for 2 h at 37°C. TE content was
calculated from the standard curve of the colorimetric reading
using Minireader 2 (Dynatech, Alexandria, VA). The back-
ground in unconditioned medium containing 10% FCS was
subtracted from each value.

Northern blot analysis. Lung tissues of different ages were
separated from the major airways and blood vessels and homog-
enized in 4 M guanidine isothiocyanate buffer. Cultured cells at
confluency were trypsinized and the cell pellet was washed twice
with PBS before homogenization in the guanidine isothiocyanate
buffer. Extracted total RNA by the standard centrifugation
method (14) in the amount of 10 ug per lane determined from
the spectrophotometric reading at 260 nm (14) was fractionated
by 1% agarose gel containing 6% formaldehyde, and gels were
stained with ethidium bromide to visualize the 28S and 18S
ribosomal RNA bands to assess recovery and degradation of
RNA. Gels were then blotted onto a Nytran filter paper after
hydrolysis with a solution containing 50 mM NaOH and 10 mM
NaCl. The dried filter was exposed to UV light for 5 min.
Hybridization was performed with nick-translated rat elastin
cDNA *?P-RE2 at 42°C in a buffer containing 50% formamide,
10 X SSC, 100 mM Na phosphate, pH 6.5, 10 X Denhardt’s
solution (15), and 1 mg/mL salmon sperm DNA. After washes
in 2 X SSC containing 0.1% SDS three times at RT, each 5 min,
the sheet was washed again three times at 50°C in 1 X SSC
containing 0.1% SDS. The dried filter was exposed to Kodak
XAR film at —70°C. Later, the same filter was hybridized with
nick-translated chicken **P-B-actin cDNA (16) in pGEM 4Z and
processed similarly to the above except the second series of
washes after the washes at RT were in 2 X SSC containing 0.1%
SDS at 42°C four times, 5 min each. 8-Actin probe was used as
the control probe to make a comparison with the TE mRNA.
Densitometric analysis of the autoradiographs was performed
using a model 620 video densitometer (Bio-Rad Laboratories,
Richmond, CA)

Materials. Chicken antirat a-elastin serum and RE2 cDNA
were gifts of Dr. Judith Foster (Syracuse University). The anti-
serum was further purified by rat «-elastin-Sepharose affinity
chromatography prepared according to the manufacturer’s in-
structions (Pharmacia Inc., Piscataway, NJ). The plasmid con-
taining RE2 insert was propagated by the standard method in
Escherichia coli and purified by agarose gel electrophoresis before
nick translation. Restriction enzymes were obtained from Be-
thesda Research Laboratories (Gaithersburg, MD). 3?P-nucleo-
tide and *H-leucine was purchased from New England Nuclear
(Boston, MA). Nytran filter was from Schuell Inc. (Keene, NJ).
All of the other chemicals were purchased from Sigma Chemical
Co.

Statistical analysis. Analysis of variance was used to compare
the different groups.
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RESULTS

- Steady-state TE mRNA in lung tissues and cells. TE mRNA,
3.6 kb, was detectable in lung tissues at all ages examined with
maximum hybridization signal occurring at 7 d of age (Fig. 1).
The message was slightly larger than the bovine TE mRNA when
run side by side (not shown). In cultured RPF, TE mRNA was
barely detectable at 20 d gestation and adult, but the maximum
concentration was observed at 7 d (Fig. 2), similar to the original
tissue. There was a significant decline of the message by 21
postnatal d. We used constituitive 8-actin probe as the control
probe. When the TE mRNA/B-actin mRNA ratio was obtained
from the densitometry for tissues and cells, peak was at 7 d of
age for both. .
TE in medium. TE protein levels in culture media corre-
sponded generally with RNA levels determined by Northern
analysis with maximum levels detected in cells from 7-d animals
(Fig. 3). At 21 postnatal d, TE levels returned almost to the
background level. TE was at the background level at 20 d
gestation in the rat lung. Although total protein synthesis was
highest at 7 d gestation, the magnitude of difference from the
other age groups was less than that of TE synthesis (Fig. 3).
Dexamethasone treatment in culture. Exposure of cultured
cells to dexamethasone increased the steady-state TE mRNA
(Fig. 4) in a dose-related manner. The response of the adult and
21-d cells was qualitatively similar to that of the 7-d cells. In
contrast, there was no stimulation on TE mRNA detected at 20
d gestation with exposure to dexamethasone (data not shown).
Densitometric analysis of the autoradiographs of 7-d RPF indi-
cated that there were 35 = 10, 83 £ 15, 79 + 16, and 52 + 10%
(n = 4 each) increases of the steady-state TE mRNA/B-actin
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Fig. 1. Northern blot analysis of rat lung tissue. Total RNA was
extracted as described in Methods and 10 ug per lane were separated and
hybridized with rat TE (upper panel) and chicken B-actin (lower panel)
cDNA probes. Representative autoradiograph of the TE message was
estimated to be 3.6 kb. The markers on the lefi side indicate the 28S and
18S ribosomal RNA positions. 8-actin mRNA was slightly larger than
18S and 2.0 kb. Lanes 1, 20 d gestation; /ane 2, 7 postnatal d; lane 3, 21
postnatal d; and /ane 4, adult.
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Fig. 2. Representative Northern blot analysis of RPF. Ten g of total
mRNA was placed in each lane and hybridized similarly to the samples
in Figure 1. Lane 1, 20 d gestation; lane 2, 7 postnatal d; lanes 3 and 4,
21 postnatal d (two different samples) and Janes 5 and 6, adult (two
different samples). Lower panel shows S-actin mRNA.
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Fig. 3. TE and total protein synthesis by RPF from different ages.
Conditioned medium was analyzed for TE concentration by ELISA
using rat a-elastin as standard. Total protein synthesis was estimated
from the *H-TCA precipitable protein in the conditioned medium from
a separate dish as described in Methods. n = 4 for each sample. The bars
represent the means and the SEM of four separate samples. *Different
from the other three ages, p < 0.001, ** Different from 20 d gestation, p
< 0.05 by analysis of variance.

mRNA ratio at 107", 107, 1077, and 10~ M concentrations,
respectively, compared with the control, and the values at 10~°
and 107" M were significantly higher than the control (p <
0.05). When secreted protein TE was examined by ELISA, the
dose-response curve was similar to the mRNA changes, with the
maximum at 1077 to 10 M with no differences between 7-d
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Fig. 4. Northern blot analysis on RPF treated with dexamethasone.
Representative autoradiographs of 7-d Ist passage cells. Lane I, control;
lane 2, 107"; lane 3, 107°; lane 4, 1077, and lane 5, 10~° M concentrations.
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Fig. 5. Dexamethasone stimulation of TE synthesis by RPF. TE was
determined at passage | cells as in Figure 3 and the conditioned medium
after the treatment was analyzed as in Methods. The data were expressed
as percentage increase from the untreated control RPF at 100%. For 7
d,n=4and =21d, n=6.

and 21-d or older rats (Fig. 5). Although statistically insignificant,
there was a tendency to decrease in the responses at 1075 M in
the TE and TE mRNA levels. There were no differences in the
*H-leucine incorporation into the TCA-precipitable protein with
or without dexamethasone treatment and values for protein
synthesis were 95 £+ 11, 102 = 8, 101 = 8, and 93 = 7% of the
control protein synthesis at 107!, 107°, 1077, 10~ M concentra-
tions, respectively.

DISCUSSION

In our study, we have shown that cultured RPF express TE,
which is similar to the developmental regulation that has been
characterized in the rat lung. Our studies confirm the finding of
TE synthesis by neonatal RPF by Campagnone et al. (10) and
Powell (17). TE levels determined by ELISA were in good
correlation with TE mRNA, indicating transcription as the main
mechanism regulating elastin gene expression like other elasto-
genic cells and tissues. The highest rate of elastin production
observed in the 7-d animal is similar to that in the recent report
by Powell (17), who examined the TE synthesis in 3rd-passage
RPF grown in 2% FCS. Total TE synthesis by RPF in our study
was greater than that observed by Powell and might be related
to the different concentrations in the culture media or different
generations of passage. The increase in TE synthesis by RPF was
a specific, developmentally regulated event that cannot be totally
related to the overall increase in the protein synthesis because
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the magnitude of increase in TE production was greater than
that for total protein. Signals for rapid decline of TE synthesis
postnatally are unclear but developmental windows of the syn-
thetic period have been described in various elastogenic cells/
tissues examined (18-22). Shibahara et al. (22) have shown that
in fetal sheep lung tissue, the period of rapid TE synthesis starts
in the latter half of gestation, which is similar to bovine lung
tissue (23) but distinct from rat lung, where elastin accumulation
occurs mainly in the first 2 postnatal wk and becomes quiescent
by 3 wk (11). Thus, the developmental increases in TE gene
expression in tissue and RPF during the first 7 d in this study
agree with the increase in elastin content in the rat lung tissue
reported by Myers et al. (11), implying that RPF among more
than 40 different heterogeneous cell types (24) is indeed a con-
tributor to the developmental increase in elastin in the rat lung
at 7 d. What are RPF cells? The RPF in our study have been
isolated by the standard differential adhesion method, and are
identical to those fibroblasts reported by other investigators (25).
A high percentage of perinatal RPF in our study contained
vesicles that were stained for lipid (not shown) as described
previously in lung alveolar fibroblasts in vivo (2, 3, 26) and in
vitro (25); these vesicles are mesenchymal cells that are different
from smooth muscle cells. They are also distinct morphologically
from other potentially elastogenic endothelial cells, mesothelial
cells, or chondrocytes. Nonetheless, RPF cells have not been
fully characterized and might be a heterogeneous mixture of
fibroblast subtypes. The presence of elastogenic cells different
than RPF would explain the detectable TE mRNA in the gesta-
tional lung tissue and lack of elastogenic activity in isolated RPF.
Presence of desmosine—a specific cross-link of amino acid of
elastin—in rat lung tissues of late gestation (27) also supports
this contention. Elastin deposition has been seen at smooth
muscle sites surrounding airways earlier than the fibroblasts in
the rat lung at this age under an electron microscope (26). The
ontogeny of elastogenesis by RPF in this study seems to correlate
with the period of rapid secondary alveolar septal formation (2)
and thus may indeed reflect the elastogenesis of alveolar wall.
The relatively narrow developmental window from the lack of
TE synthesis in late gestation to the high synthesis at 7 d postnatal
RPF may provide a useful model for examining the TE gene
expression in the lung cells in vitro. Brody and associates (3, 8,
25) classified neonatal RPF into lipid-filled and nonlipid-filled
subtypes, suggesting differentiation of fibroblast subtypes during
lung maturation. It is not clear whether all or a single subtype of
RPF is expressing TE from our study.

Reports on glucocorticoid effects in the perinatal lung in
relationship to extracellular matrix protein are scarce.

Schellenberg er al. (27) demonstrated that administration of
dexamethasone at 18 d gestation in rats caused decreased des-
mosine but normal concentrations of collagen in these animal
lungs compared with the control when examined at 10 to 20
postnatal d (27). The effects on isolated cells at different devel-
opmental stages had not been examined to our knowledge. Such
information is useful for understanding the potential effects on
the perinatal lung mechanics of glucocorticoids, which are widely
used in perinatal medicine. Our finding of the stimulatory effects
on elastin synthesis is not unique to RPF but has been demon-
strated in cell types of diverse animal species (28-30). However,
our finding seems contrary to the finding of Foster et al. (31),
who, examining the explant culture of the 10-d chick embryo
lung, did not detect TE stimulation by glucocorticoids (31). The
hormonal response of TE synthesis by the lung cells in the chick
embryo thus may not be comparable to that of the early postnatal
rat. The lack of stimulation at gestational RPF in rat lung may
indicate that the drug does not induce TE expression prematurely
in pre-elastin stage cells.
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