0031-3998/07/6202-0128
PEDIATRIC RESEARCH
Copyright © 2007 International Pediatric Research Foundation, Inc.

Vol. 62, No. 2, 2007
Printed in U.S.A.

Up-regulation of Connective Tissue Growth Factor in
Hyperoxia-Induced Lung Fibrosis

CHUNG-MING CHEN, LENG-FANG WANG, HSIU-CHU CHOU, YAW-DONG LANG, AND YI-PING LAI

Department of Pediatrics [C.-M.C.], Taipei Medical University Hospital; Department of Biochemistry [L.-F.W.], Department of Anatomy
[H.-C.C.], Graduate Institute of Medical Sciences [Y.-D.L.], College of Medicine; School of Nutrition and Health Science [Y.-P.L.], Taipei
Medical University, Taipei 110, Taiwan

ABSTRACT: Pulmonary oxygen toxicity plays an important role in
the lung injury process that leads to the development of bronchopul-
monary dysplasia. Connective tissue growth factor (CTGF) is a
fibroblast mitogen and promoter of collagen deposition. We investi-
gated the effects of postnatal hyperoxia on lung collagen and CTGF
expression in rats. Rat pups were exposed to 7 d of >95% O, and a
further 3 wk of 60% O,. CTGF mRNA and protein expression
increased after hyperoxia treatment, and the values were significantly
higher in hyperoxia-exposed rats on postnatal d 7 and 14. Lung
collagen levels increased as rats aged, and the values were comparable
between room air-exposed and hyperoxia-exposed rats on postnatal d 7
and 14 and were significantly higher in hyperoxia-exposed rats on
postnatal d 21 and 28. Increases in CTGF mRNA and protein expres-
sions preceded the onset of increased lung collagen. These data demon-
strate that CTGF is up-regulated at time points preceding the fibrotic
phase of the lung injury adding credence to the hypothesis that CTGF
seems to be involved in the pathogenesis of hyperoxia-induced lung
fibrosis and an anti-CTGF strategy might attenuate hyperoxia-induced
lung fibrosis. (Pediatr Res 62: 128-133, 2007)

he pathogenesis of BPD is multifactorial, and pulmo-

nary oxygen toxicity is considered to play an important
role in the lung injury process that leads to the development
of BPD (1). BPD is characterized by decreased alveolar and
capillary development and subsequent fibrosis (2). Despite
recent improvements in preventing respiratory distress syn-
drome in preterm infants, BPD remains a major cause of
morbidity and mortality during the first year of life, and
many infants experience significant respiratory morbidity,
including increased airway reactivity and development of
obstructive airway disease throughout childhood (3). Some
abnormal lung functions may persist into adulthood (4).
Pulmonary fibrosis is characterized by the excessive pro-
duction of ECM (5). Collagen is the major ECM component
of the lungs and is vital for maintaining the normal lung
architecture (6). The increase in collagen is correlated with
changes in the viscoelastic behavior and impaired lung
function in lung fibrosis (7,8). However, no effective ther-
apy is currently clinically available to prevent long-term
pulmonary sequelae of BPD.

Received November 2, 2006; accepted March 7, 2007.

Correspondence: Chung-Ming Chen, M.D., Ph.D., Department of Pediatrics, Taipei
Medical University Hospital, 252 Wu Hsing Street, Taipei 110, Taiwan; e-mail:
cmchen@tmu.edu.tw

128

The accumulation of connective tissue in lung tissue is con-
trolled by various growth factors. Much attention has previously
been focused on transforming growth factor-B1 (TGF-B1), a
known regulator of collagen synthesis (9). Recently, a new
growth factor, termed CTGF, which functions as a downstream
mediator of TGF-£1, was found (10). CTGF, a member of the
CCN (CTGF, Cyr61/Cef10, Nov) family, is a cysteine-rich,
heparin-binding, 349-amino acid polypeptide (11). CTGF was
originally identified in conditioned media from human umbilical
vein endothelial cells and mice fibroblasts; it is implicated in
fibroblast proliferation, cellular adhesion, angiogenesis, and
ECM synthesis. Since its discovery in 1991, accumulating evi-
dence has indicated that CTGF is an attractive target for antifi-
brotic therapy because inhibition of CTGF might block the
profibrotic effects of TGF-B1 (12). Prolonged exposure of neo-
natal mice to hyperoxia resulted in decreased alveolar septation,
increased terminal air space size, and increased lung fibrosis,
which are very similar to human BPD (13). We postulated that if
CTGF expression plays an important role in lung fibrogenesis, it
would increase during development of hyperoxia-induced lung
fibrosis. To test this hypothesis, we exposed neonatal rats to
hyperoxia at birth and examined CTGF expression at postnatal 4
wk. The aim of this study was to investigate the effects of
postnatal hyperoxic exposure on lung CTGF expression and lung
morphology.

MATERIALS AND METHODS

Animals. The study was performed in accordance with guide-
lines provided and approved by the Animal Care Use Committee
of Taipei Medical University. Time-dated pregnant Sprague-
Dawley rats were housed in individual cages with free access to
laboratory food and water ad libitum, kept on a 12:12-h light-dark
cycle, and allowed to deliver vaginally at term.

Exposure to hyperoxia. Within 12 h of birth, litters were
separated from their mothers, pooled before being randomly
redistributed to the newly delivered mother and exposed to
>95% O, or room air. Nursing mothers were rotated between
oxygen-exposed and room-air litters every 24 h to avoid
oxygen toxicity in the mothers and to eliminate maternal
effects between groups. Oxygen exposures was carried out in

Abbreviations: BPD, bronchopulmonary dysplasia; CT, threshold cycle;
CTGF, connective tissue growth factor; ECM, extracellular matrix
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a transparent 60 X 50 X 40-cm Plexiglas chamber into which
oxygen was continuously delivered at 4 L/min and oxygen
levels were monitored with a Pro:ox Model 110 monitor
(BioSpherix, Redfield, NY) and humidity was checked daily
and the value was 60-80%. Litters were exposed to 7 d of
>95% O, and then were allowed to recover from the acute
injury in a continuing environment of moderate hyperoxia
(60% O,) for a further 3 wk (4 wk of total hyperoxia). Body
and lung weights were recorded at the time of sacrifice. Lung
tissues from room air- and hyperoxia-exposed pups were
harvested on postnatal d 7, 14, 21, and 28.

CTGF mRNA expression by real-time PCR. Lung tissue
was ground into a powder in liquid nitrogen, and CTGF gene
expression was measured using a real-time PCR. Total RNA
was extracted using the TRIzol Reagent (Invitrogen Life
Technologies, Paisley, UK). Reverse transcription was per-
formed on 1 wg of RNA with oligo-dT primers and avian
myeloblastosis virus reverse transcriptase (Roche, Indianapo-
lis, IN). Primer sequences for sybr green real-time PCR
included: CTGF sense 5'-CCGACTGGAAGACACATTTG-
3’, antisense 5'-CCAGCCTGCAGAAGGTATTG-3"; 18S
rRNA sense 5'-CGCCGCTAGAGGTGAAATTC-3’, anti-
sense 5'-CCAGTCGGCATCGTTTATGG-3". Gene expres-
sion was quantitatively analyzed using the comparative CT
(ACT) method, in which CT is the threshold cycle number (the
minimum number of cycles needed before the product can be
detected). The arithmetic formula for the ACT method is the
difference in threshold cycles for a target (CTGF) and an
endogenous reference (the 18S rRNA housekeeping gene).
The amount of target normalized to an endogenous reference
and relative to a calibration normalized to an endogenous
reference is given by 2AACT.

Western blot analysis. Lung tissues were homogenized in
ice-cold buffer containing 50 mM Tris-HCI (pH 7.5), I mM
EGTA, 1 mM EDTA, and protease inhibitor cocktail (complete
minitablets; Roche, Mannheim, Germany). The samples were
sonicated and then centrifuged at 500 g for 20 min at 4°C to
remove cellular debris. Proteins (30 wg) were resolved on 12%
SDS-PAGE under reducing conditions and electroblotted to a
polyvinylidene diflouride membrane (Immobilon”, Millipore,
Bedford, MA). After blocking with 5% nonfat dry milk, the
membranes were incubated with anti-CTGF (1:2000, Abcam,
Cambridge, UK) or anti-B-actin (1:20,000; Sigma Chemical
Co.-Aldrich, St. Louis, MO) and subsequently with horseradish
peroxidase-conjugated goat anti-rabbit IgG or anti-mouse IgG
(Pierce Biotechnology, Rockford, IL). Protein bands were detected
using SuperSignal Substrate from Pierce. Densitometric analysis
was performed to measure the intensity of CTGF and B-actin
bands using AIDA software. (Advanced Image Data Analyzer,
2.11; Raytest Izotopenmessgeraete, Straubenhardt, Germany).

Measurement of collagen in lung tissue. Lung collagen
was determined by assaying total soluble collagen using the
Sircol collagen assay kit (Biocolor Ltd., Newton Abbey, UK)
according to the manufacturer’s instructions. Briefly, lungs
were homogenized in 5 mL of 0.5 M acetic acid containing 1
mg pepsin (Sigma Chemical Co., St. Louis, MO) per 10 mg
tissue residue. Each sample was incubated for 24 h at 4°C with
stirring. After centrifugation, 100 L of each supernatant was

assayed. One milliliter of Sircol dye reagent that specifically
binds to collagen was then added to each sample and mixed
for 30 min. After centrifugation, the pellet was suspended in 1
mL of alkali reagent (0.5 M NaOH) included in the kit, and the
OD was evaluated at 540 nm with a spectrophotometer.
Values in the test samples were compared with values ob-
tained with collagen standard solutions provided by the man-
ufacturer that were used to construct a standard curve.

Histologic examination. Animals were killed by an intra-
peritoneal injection of pentobarbital sodium and were exsan-
guinated by aortic transection. The lungs were placed in 4%
paraformaldehyde and washed in PBS and serially dehydrated
in increasing concentrations of ethanol before being embed-
ded in paraffin. To standardize the analyses, lung sections
were taken from central areas of the right lower lobe. Five-
micrometer tissue sections were stained with hematoxylin and
eosin (H&E), examined by light microscopy, and assessed for
the presence of hemorrhage, intra-alveolar edema, inflamma-
tory cell infiltration, and fibrosis.

Immunohistochemistry. Inmunohistochemical staining for
CTGF was performed on paraffin sections with immunoper-
oxidase visualization. After deparaffinization in xylene and
rehydration in an alcohol series, sections were first preincu-
bated for 1 h at room temperature in 0.1 M PBS containing
10% normal goat serum and 0.3% H,0, to block endogenous
peroxidase activity and nonspecific binding of antibody before
being incubated for 20 h at 4°C with a primary rabbit antibody
against CTGF (1:500, Abcam, Cambridge, UK). Sections
were then treated for 1 h at room temperature with biotinyl-
ated goat anti-rabbit IgG (1:200; Vector Laboratories, Burlin-
game, CA). This is followed by the reaction with the reagents
from an ABC kit (Avidin-Biotin Complex, Vector Laboratories)
as the manufacturer’s recommendations, and the reaction prod-
ucts were visualized by 3,3 diaminobenzidine and 0.003% H,0,
in 0.5 M Tris HCI before the sections were mounted on gelatin-
coated slides using Permount (Fisher Scientific, Pittsburgh, PA).

In situ detection of apoptotic cells in epithelial cells.
Terminal deoxynucleotidyl transferase (TdT)-mediated dUTP
nick end labeling (TUNEL) was carried out to detect apoptotic
DNA damage using the Apo-Brdu-IHC In Situ DNA fragmen-
tation assay kit (BioVision, Mountain View, CA). Positive
staining was indicated as brown and background staining was
blue-green. Apoptosis was semiquantitatively measured by
counting TUNEL-positive and -negative cells of the alveolar
wall. A pathologist who was blinded to the treatment group
systemically and randomly counted the cells until reaching a
total number of 8000 alveolar wall cells. Values were ex-
pressed as the percent of apoptotic cells.

Statistical analysis. Results are presented as the mean =
SEM. Analysis of difference among multiple groups was carried
out by one-way ANOVA and significance was determined using
Bonferroni’s correction for multiple comparisons and ¢ test for
two groups. Differences were considered significant at p < 0.05.

RESULTS

Body weight, lung weight, and the lung/body weight ratio
(%). Effects of hyperoxia on body weight, lung weight, and
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Table 1. Body weight, lung weight, and the lung/body weight ratio in room air- and hyperoxia-exposed rats

Treatment No. Postnatal age (d) Body weight (g) Lung weight (g) Lung/body weight (%)
Room air 8 7 13.34 £ 0.30 0.24 = 0.01 1.82 £ 0.05
Hyperoxia 6 7 8.71 = 0.58§ 0.14 £ 0.01§ 1.57 % 0.05%*
Room air 8 14 21.71 £ 1.02 0.30 = 0.02 1.38 £ 0.06
Hyperoxia 7 14 15.67 = 0.508 0.25 = 0.01 1.63 = 0.05%*
Room air 8 21 30.18 = 1.48 0.31 £0.01 1.00 £ 0.01
Hyperoxia 6 21 19.94 + 1.22§ 0.32 £ 0.02 1.49 + 0.10%*
Room air 8 28 43.66 * 2.49 0.43 = 0.02 0.99 = 0.06
Hyperoxia 7 28 36.29 = 2.37 0.37 = 0.02 1.01 £ 0.04

Values are the mean = SEM; ** p < 0.01, § p < 0.001, compared with room air-exposed rats at each time point.

the lung/body weight ratio (%) are presented in Table 1. Rats
exposed to hyperoxia exhibited significantly lower body
weights when compared with room-air controls on postnatal d
7, 14, and 21. Lung weights were significantly lower in
hyperoxia-exposed rats on postnatal d 7, and values were
comparable between room air- and hyperoxia-exposed rats on
postnatal d 14, 21, and 28. The lung/body weight ratio was
significantly smaller in hyperoxia-exposed rats on postnatal d
7, and the values became significantly greater in room air-
exposed rats on postnatal d 14 and 21.

CTGF mRNA expression. The time-course effects of hy-
peroxia on lung CTGF mRNA expression from postnatal d 7
to 28 are presented in Figure 1. CTGF mRNA expression sig-
nificantly increased 2-fold on postnatal d 7 and 14 in hyperoxia-
exposed rats relative to room air-exposed rats. CTGF mRNA
expression then decreased, and the values were comparable
between room air- and hyperoxia-exposed rats on postnatal d 21
and 28.

Western blot analysis of CTGF. CTGF protein levels in-
creased after hyperoxia treatment (Fig. 2), and the mean value
was significantly greater in hyperoxia-exposed rats on post-
natal d 7 when compared with rats on postnatal d 21 and 28,
then the mean value reached a peak and significantly greater in
hyperoxia-exposed rats on postnatal d 14 when compared with
all other groups.
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Figure 1. Time-course effects of hyperoxia on CTGF mRNA expression in
room air (open bars) and hyperoxia (solid bars) —exposed rats from postnatal
d 7 to 28. Total RNA from the lung was extracted, and the mRNA encoding
the CTGF gene was examined using real-time PCR. The expression levels
were normalized to 18S RNA and are reported as fold-change relative to room
air—exposed animals. Bars are means £ SEM (n = 5). CTGF mRNA
expression increased after hyperoxic treatment, and the values were signifi-
cantly higher in hyperoxia-exposed rats on postnatal d 7 and 14 when
compared with the room air—exposed group (*p < 0.05 and **p < 0.01), then
the value decreased after postnatal d 21.
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Lung collagen level. Lung collagen levels increased as rats
aged, and the values were comparable between room air- and
hyperoxia-exposed rats on postnatal d 7 and 14 and were
significantly higher in hyperoxia-exposed rats when compared
with room air—exposed rats on postnatal d 21 and 28 (Fig. 3).

Immunohistochemistry. The CTGF protein was localized
in fibroblasts in the alveolar interstitium (Fig. 4). The cells
contained CTGF immunoreactivity showed typical fibroblast
morphology, many being spindle-shaped. Low CTGF immu-
noreactivity was detected in room-air controls at all 4 postnatal
weeks. In hyperoxia-exposed rats, CTGF immunoreactivity in-
creased on postnatal d 7 and 14 when compared with room-air
controls. After 2 wk of hyperoxia, CTGF expression decreased
on postnatal d 21 and remained low on postnatal d 28.

Histology. Representative lung sections from room air- and
hyperoxia-exposed rats are presented in Figure 5. On postnatal
d 7, the lungs of hyperoxia-exposed rats contained large
thin-walled air spaces when compared with room air—exposed
rats. On postnatal d 14, the lungs of hyperoxia-exposed rats
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Figure 2. Representative Western blots and quantitative data determined by
densitometry for the CTGF protein in room air (RA, open bars) and hyperoxia
(solid bars) —exposed rat lungs. Data were normalized to B-actin for each
animal. Bars are means = SEM (n = 4). CTGF protein levels increased after
hyperoxia treatment, and the mean value was significantly greater in hyper-
oxia-exposed rats on postnatal d 7 when compared with rats on postnatal d 21
(**p < 0.01) and 28 (¥p < 0.05), then the mean value reached a peak and
significantly greater in hyperoxia-exposed rats on postnatal d 14 when com-
pared with all other groups (§p < 0.001).
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Figure 3. Lung collagen levels in room air (open bars) and hyperoxia (solid
bars) —exposed rats. Bars are means = SEM (n = 4). Lung collagen levels
increased as rats aged, and the values were comparable between room air— and
hyperoxia-exposed rats on postnatal d 7 and 14 and were significantly higher
in hyperoxia-exposed rats on postnatal d 21 and 28 when compared with room
air—exposed rats (**p < 0.01, §p < 0.001).

had larger air spaces, fewer secondary septa, and wide inter-
stitium with inflammatory cell recruitment. On postnatal d 21
and 28, the lungs of hyperoxia-exposed rats contained larger
air spaces and thicker interstitium with fibrosis. In the TUNEL
assay, hyperoxia-exposed rats exhibited higher apoptosis of al-
veolar wall cells, and most apoptosis occurred primarily along
the alveolar surface of the peripheral airways (Fig. 6); semi-
quantitative counting of TUNEL-positive and -negative cells
in the alveolar wall showed that the room-air controls had a
steady percentage of apoptotic cells during the study period,
whereas the hyperoxia-exposed groups had significantly
higher apoptotic cells than did the room air-exposed groups on
postnatal d 7, 14, 21, and 28 (Fig. 7). The percentage of
apoptotic cells decreased as rats aged in the hyperoxia-
exposed groups.

DISCUSSION

Our in vivo model showed that exposure of neonatal rats to
hyperoxia caused apoptosis of alveolar wall cells and reduced
alveolarization as demonstrated by the large thin-walled air
spaces and increased CTGF expression in the first 2 postnatal
weeks. Further prolonged exposure to a lower concentration of
oxygen caused lung fibrosis as confirmed by the increased
lung collagen levels in the third and fourth postnatal weeks.
These phenomena are consistent with hyperoxia-induced lung
injury (14,15). The main findings of this study are that the
development of hyperoxia-induced lung fibrosis was associated
with increases in lung CTGF mRNA and protein expressions and
that up-regulation of CTGF expression precedes the increase in
lung collagen levels. These results suggest that CTGF seems to
be involved in the pathogenesis of hyperoxia-induced lung fibro-
sis and an anti-CTGF strategy might attenuate lung fibrosis.
Further investigation of the role of CTGF may offer new treat-
ment strategies in hyperoxia-induced lung fibrosis.

Murine alveolar development begins on postnatal d 4 and
saccular division is completed by postnatal d 14 (16). Bonikos
and colleagues (17) demonstrated that neonatal mice exposed
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Figure 4. Immunohistochemical staining for CTGF in lung sections from
room air— and hyperoxia-exposed rats (X400). Positive staining is shown as
brown (arrow). Shown are photomicrographs from postnatal d 7 (A and B), 14
(C and D), 21 (E and F), and 28 (G and H) rats exposed to room air (A, C, E,
G) and hyperoxia (B, D, F, H). The CTGF protein was localized in fibroblasts
in the alveolar interstitium. Low CTGF immunoreactivity was detected in
room-air controls at all 4 postnatal weeks. In hyperoxia-exposed rats, CTGF
immunoreactivity increased on postnatal d 7 and 14 when compared with
room-air controls. After 2 wk of hyperoxia, CTGF expression decreased on
postnatal d 21 and remained low on postnatal d 28. Bar = 50 wm.

to prolonged hyperoxia develop chronic lung disease charac-
terized by alveolar dysplasia and fibrosis. The newborn rat is
particularly appropriate for studies of neonatal oxygen injury
(18,19). During the first 3-wk period of hyperoxia in this
study, the body weight of hyperoxia-exposed rats was reduced
to 70% of that of the room-air controls. Lung weight was
reduced to a lesser extent than body weight. In the present
study, we found that hyperoxia-exposed rats exhibited signif-
icantly lower lung weight and lung/body weight ratio on
postnatal d 7 and higher lung/body weight ratios on postnatal
d 14 and 21. We speculated that these findings were due to
arrested lung development on postnatal d 7 and increased lung
inflammation or lung water content on postnatal d 14 and 21.
Lung development and inflammation were further supported
by prominent histologic alterations and lung water content
could be estimated by the wet/dry lung weight ratio which is
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Figure 5. Morphology of representative lung sections from room air— and
hyperoxia-exposed rats (H&E, X100). Shown are photomicrographs from
postnatal d 7 (A and B), 14 (C and D), 21 (E and F), and 28 (G and H) rats
exposed to room air (A, C, E, G) and hyperoxia (B, D, F, H). While normal
development and alveolarization can be seen in the room-air control group,
the lungs of hyperoxia-exposed rats contained large thin-walled air spaces
when compared with room air-exposed rats on postnatal d 7. On postnatal d
14, hyperoxia-exposed rats contained larger air spaces, fewer secondary septa,
and wider interstitium with inflammatory cell recruitment. On postnatal d 21
and 28, hyperoxia-exposed rats contained larger air space and a thicker
interstitium with fibrosis. Bar = 200 wm.

a technique commonly used for assessment of pulmonary
edema (20).

Therapy with hyperoxia is often needed to treat newborns
with respiratory disorders. However, supplemental oxygen
administered to newborn infants with respiratory failure can
increase oxidant stress and lead to lung epithelial cell death. In
this study, we chose this sort of hyperoxic exposure because
our purpose was to establish a rat model of hyperoxia-induced
lung fibrosis. During recovery from sublethal hyperoxia, lung
cells may proliferate to replace terminally damaged cells and
failure to impede this proliferation is associated with fibrosis
(21,22). Cell death by apoptosis has essential importance in
both normal lung homeostasis and a variety of pathologic
processes. Apoptosis appears to be the major mode of cell
death when cells experience lethal oxidative insult from ex-
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Figure 6. TUNEL staining of lung sections from room air- and hyperoxia-
exposed rats (X200). Positive staining is indicated by brown (arrow), and the
background staining is blue-green. Shown are photomicrographs from postnatal
d7 (A and B), 14 (C and D), 21 (E and F), and 28 (G and H) rats exposed to room
air (A, C, E, G) and hyperoxia (B, D, F, H). Hyperoxia-exposed rats contained
more apoptotic cells when compared with room air-exposed rats on postnatal d 7,
14, 21, and 28. Bar = 100 pwm.
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Figure 7. Semiquantitative measurement of apoptosis by counting TUNEL-
positive and -negative cells of the alveolar wall in room air (open bars) and
hyperoxia (solid bars) —exposed rats. Bars are means = SEM (n = 6-8). Rats
exposed to hyperoxia had significantly higher percentages of apoptotic cells than
did the room air-exposed rats on postnatal d 7, 14, 21, and 28 (§p < 0.001).
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posure to oxidants (23,24). Alveolar epithelial cell apoptosis is
an important feature of hyperoxia-induced lung injury in vivo
and has been described in the early stages of BPD (25).
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Apoptosis of alveolar epithelial cells can interfere with the
synthesis of surfactants and cause denuding of the alveolar
capillary membrane, leading to the development of fibrosis
and parenchyma remodeling. A number of studies support the
concept that apoptosis of the alveolar epithelium initiates
fibrotic foci and contributes to the pathogenesis of lung fibro-
sis. Adamson et al. (26) found that severe hyperoxia injury
disturbs normal epithelial-fibroblast interactions and promotes
fibrotic processes in the culture of mouse lung explants. These
results were further supported by Hagimoto et al. (27), who
found that intratracheal instillation of an antibody to activate
the Fas receptor may induce apoptosis of alveolar epithelial
cells and initiate a fibrotic response that was detectable 1 wk
later in mice. In this study, apoptotic activity was assessed by
the TUNEL assay, which detects DNA fragmentation in tissue
sections in situ. This may be considered a limitation of this
study since TUNEL assay is not specific for apoptosis (28).
However, the trends of apoptosis are principally similar to the
results of Howlett er al. (29); therefore, this limitation is not
likely to affect the applicability of our results.

Pulmonary fibrosis is a common response to various inju-
ries to the lung and is characterized by abnormal lung phys-
iology and by the excessive production of ECM replacing
normal functional parenchyma (5). Collagen is the major
ECM component of the lungs and is vital for maintaining the
normal lung architecture (6). It is present in the adventitia of
pulmonary arteries, the interstitium of the bronchial tree, the
interlobular septa, the bronchial lamina propria, and the alve-
olar interstitium. The increase in collagen content is correlated
with changes in the viscoelastic behavior of bleomycin-
induced lung fibrosis and impaired lung function in irradia-
tion-induced lung fibrosis (7,8). CTGF is a fibroblast mitogen
and promoter of collagen deposition that acts downstream of
TGF-B1, particularly with respect to its profibrotic effects
(10,30). CTGF is an important player in the pathogenesis of
various fibrotic disorders, including lung fibrosis and idio-
pathic pulmonary fibrosis (31-33). In this study, we found that
increased CTGF mRNA and protein expression preceded the
increase in collagen levels of lung tissues. Therefore, it is
conceivable that inhibition of CTGF might block the profi-
brotic effects without affecting TGF-[3’s antiproliferative and
immunosuppressive effects (12). Because CTGF can enhance
collagen type I expression in fibroblasts (34), CTGF may be a
new target molecule in the pathogenesis and progression of
hyperoxia-induced lung fibrosis. A better understanding of
pathways leading to CTGF up-regulation may provide new
approaches to treating hyperoxia-induced lung fibrosis in pre-
mature infants and children.
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