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Abstract

Alveolar type II cells are main target of hyper-
oxia-induced lung injury. The authors investigated 
whether lysosomal protease, cathepsin B (CB), is acti-
vated in fetal alveolar type II cells in the transitional peri-
od from the canalicular to saccular stages during 
65%-hyperoxia and whether CB is related to fetal alveo-
lar type II cell (FATIIC) death secondary to hyperoxia. 
FATIICs were isolated from embryonic day 19 rats and 
exposed to 65%-oxygen for 24 h and 36 h. The cells ex-
posed to room air were used as controls. Cell cytotox-
icity was assessed by lactate dehydrogenase-release 
and flow cytometry, and apoptosis was analyzed by 
TUNEL assay and flow cytometry. CB activity was as-
sessed by colorimetric assay, qRT-PCR and western 
blots. 65%-hyperoxia induced FATIIC death via ne-
crosis and apoptosis. Interestingly, caspase-3 activ-
ities were not enhanced in FATIICs during 65%-hyper-
oxia, whereas CB activities were greatly increased dur-
ing 65%-hyperoxia in a time-dependent manner, and 
similar findings were observed with qRT-PCR and 
western blots. In addition, the preincubation of CB in-
hibitor prior to 65%-hyperoxia reduced FATIIC death 
significantly. Our studies suggest that CB activation 

secondary to hyperoxia might have a relevant role in 
executing the cell death program in FATIICs during the 
acute stage of 65%-hyperoxia.
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Introduction

A high concentration of oxygen is a main stay in 
preterm infants with respiratory distress since birth. 
However, exposure to a high concentration of 
oxygen (＞ 40%) for prolonged periods causes 
lung injuries, which is a major contributing factor to 
the development of bronchopulmonary dysplasia 
(Barazzone et al., 2000; O’Reilly et al., 2000; Ward 
et al., 2000). 
    Alveolar type II cells act as stem cells for 
alveolar epithelial restoration after lung injuries and 
during normal tissue turnover (Rama et al., 1997) 
and must be the critical target of hyperoxia-induced 
lung injury. Moreover, hyperoxia has the major 
biological effect of cell death, which contributes to 
the genesis of hyperoxia-induced lung injuries (Lee 
and Choi, 2003). 
    For many years, apoptosis of alveolar type II 
cells has been regarded as a critical event in the 
development of lung injuries (Perl et al., 2005). 
However, there have been some evidences that 
showed the morphological changes of alveolar 
epithelial cells during hyperoxia generally presented 
necrotic (Kroemer et al., 1998; Barazzone et al., 
1999; Mantel and Lee, 2000; Saraste and Pulkki, 
2000; Strasser et al., 2000; Martin et al., 2003, 
2005) or overlapping features of apoptosis (Warner 
et al., 1998). Therefore, more attention is required 
to define the mechanisms that induce alveolar type 
II cell death during hyperoxia.
    Currently there has been a growing concern of 
caspase-independent cell death via non-caspase 
protease released through lysosomal permeabili-
zation. In particular, the role of CB in inducing cell 
death has been revealed in other cell lines and 
conditions (Layton et al., 2001; Bröker et al., 2004; 
Tang et al., 2006). Although oxygen radical species 
generated by hyperoxia is a stimulus for lysosomal 
permeabilization, whether FATIIC death is mediated 
by the non-caspase protease, CB, has never been 
explored yet.
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Figure 1. Effect of 65%-hyperoxia on FATIIC cytotoxicity. (A) Graphical depiction showing LDH-release expressed 
as experimental minus background LDH-release divided by the maximum LDH-release in hyperoxic and normoxic 
cells. Results are means ± SD from 3 different experiments. (B) Graphical depiction showing distribution of ne-
crosis and apoptosis evaluated by AV and PI staining in hyperoxic and normoxic cells. (C) Graphical depiction 
showing pure necrosis (PI-positive, AV-negative) as a percentage of the total cell number in hyperoxic and nor-
moxic cells. Results are mean ± SD from 3 different experiments. 

Figure 2. Effect of 65%-hyperoxia on FATIIC apoptosis. (A) Graphical 
depiction showing detection and quantification of DNA fragmentation an-
alyzed by TUNEL assay in hyperoxic and normoxic cells. Results are 
mean ± SD from 3 different experiments. (B) Graphical depiction show-
ing apoptotic cells (AV-positive) as a percentage of the total cell number 
in hyperoxic and normoxic cells. Results are mean ± SD from 3 differ-
ent experiments.

    In this study, the authors investigated whether 
CB was activated in FATIICs on day E19 of 
gestation (transition from canalicular to saccular 
stages of lung development) during hyperoxia and 
whether CB was related to FATIIC death using an 
in vitro model system.

Results

Effect of 65%-hyperoxia on FATIIC cytotoxicity

Cell lysis analyzed by LDH-release into the 
supernatant significantly increased 1.8-fold after 24 
h of hyperoxia (control = 19.8 ± 1.2 vs. hyperoxia 
= 34.9 ± 4.8; P ＜ 0.01) and 2.8-fold after 36 h of 
hyperoxia (control = 20.0 ± 0.3 vs. hyperoxia = 
56.2 ± 3.0; P ＜ 0.01) when compared to the 
controls (Figure 1A). As shown in Figure 1B, 65%- 
hyperoxia caused a modest increase in cellular 
necrosis, as measured by the selective increase in 
propidium iodide (PI) staining (Bhandari et al., 
2006) after 24 h and 36 h (Figure 1B), and the 
percentage of cells undergoing pure necrosis 
[PI-positive and Annexin V(AV)-negative] (Bhandari 
et al., 2006) significantly increased in hyperoxic 
cells (24 h-control = 1.7 ± 0.11 vs. 24 h-hyperoxia 
= 6.2 ± 0.06; P ＜ 0.01; 36 h-control = 2.2 ± 0.03 
vs. 36 h-hyperoxia = 8.4 ± 0.10; P ＜ 0.01) when 
compared to the control samples (Figure 1C). 

Effect of 65%-hyperoxia on FATIIC apoptosis

DNA fragmentation assessed by TUNEL assay 
showed that 65%-hyperoxia increased the apop-

tosis index 1.7-fold after 24 h (control = 1.9 ± 0.12 
vs. hyperoxia = 3.3 ± 0.10; P ＜ 0.01) and 1.8-fold 
after 36 h (control = 2.0 ± 0.12 vs. hyperoxia = 3.6
± 0.12; P ＜ 0.01) when compared to the controls 
(Figure 2A). As shown in Figure 2B, the per-
centage of cells undergoing early apoptosis [AV- 
positive] during 65%-hyperoxia did not increase 
greatly (24 h-control = 0.3 ± 0.04 vs. 24 h-hyper-
oxia = 0.6 ± 0.13, P ＜ 0.05; 36 h-control = 0.5 ±
0.06 vs. 36 h-hyperoxia = 0.8 ± 0.69) (Figure 2B).

Effect of 65%-hyperoxia on caspase-3 activity in 
FATIICs

Cleaved caspase-3 is a key executioner protein in 
apoptosis. Caspase-3 activity was analyzed by 
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Figure 3. Effect of 65%-hyperoxia on caspase-3 activity in FATIICs. (A) 
Graphical depiction showing that 65%-hyperoxia for 24 h and 36 h does 
not increase caspase-3 activity in FATIIs compared to the control 
samples. Results are the mean ± SD from 3 different experiments. (B) 
Western blots showing that the exposure of E19 cells to 65%-hyperoxia 
for 24 h and 36 h does not increase the levels of active (cleaved) cas-
pase-3 and concomitantly does not decrease the abundance of 
full-length procaspase-3 compared to the control samples.

Figure 4. Effect of 65%-hyperoxia on CB activity in FATIICs. (A) 
Graphical depiction showing that 65%-hyperoxia for 24 h and 36 h in-
creases CB activity significantly compared to the control samples. 
Results are the mean ± SD from 3 different experiments. (B) Graphical 
depiction showing that 65%-hyperoxia for 24 h and 36 h upregulates CB 
gene expression significantly compared to the control samples. Results 
are mean ± SD from 3 different experiments. (C) Western blots show-
ing that 65%-hyperoxia for 24 h and 36 h enhances the levels of CB 
compared to the control samples. 

colorimetric activity assay upon cell lysis. 65%- 
hyperoxia did not increase cleaved caspase-3 in 
FATIICs at 24 h (Control = 0.12 Abs/mg protein/h
± 0.12 vs. Hyperoxia = 0.10 Abs/mg protein/h ±
0.01) and 36 h (Control = 0.20 Abs/mg protein/h ±
0.07 vs. Hyperoxia = 0.21 Abs/mg protein/h ±
0.01) compared to the controls (Figure 3A). The 
positive criterion in these experiments was 1.2 
Abs/mg protein/h. In addition, western blots were 
done for the two different experimental sets. The 
western blots for caspase-3 showed that 65%- 
hyperoxia did not enhance the level of cleaved 
caspase-3 compared to the control samples and 
concomitantly did not decrease the abundance of 
full-length procaspase-3 (Figure 3B).

Effect of 65%-hyperoxia on CB activity in FATIICs

Activity of CB was analyzed by fluorescence-based 
assay upon cell lysis. The results showed that 
65%-hyperoxia increased the CB activity 1.8-fold at 
24 h (Control = 5336 ± 960 vs. Hyperoxia = 9611
± 1691, P ＜ 0.05) and 2.6-fold at 36 h (Control = 
6334 ± 716 vs. Hyperoxia = 16612 ± 2252, P ＜
0.05), respectively in FATIICs compared to the 
controls (Figure 4A). As shown in Figure 4B, 
65%-hyperoxia increased the CB mRNA expre-
ssion 1.3-fold at 24 h (Control = 1.08 ± 0.04 vs. 
Hyperoxia = 1.41 ± 0.01, P ＜ 0.05) and 1.8-fold at 
36 h (Control = 0.92 ± 0.04 vs. Hyperoxia = 1.64
± 0.06, P ＜ 0.05) in FATIICs compared to the 
controls (Figure 4B). Western blots done for the 
two different experimental sets showed that CB 
was enhanced greatly in a time-dependant manner 
in FATIICs during 65%-hyperoxia compared to the 
controls (Figure 4C).

Effect of preincubating FATIICs with CB inhibitor 
(CBI)

Based on previous findings which showed that 
65%-hyperoxia increased cell death and CB 
activity, the authors evaluated whether preincu-
bation of CBI prior to hyperoxia inhibits FATIIC 
death. E19 FATIICs were incubated with specific 
inhibitor of CB, CA074Me (Calbiochem, San Diego, 
CA), at a concentration of 100 μM for 1 h (Bröker 
et al., 2004) prior to exposure to 65%-hyperoxia. 
As shown in Figure 5A, preincubated FATIICs 
using CBI had a decreased cell cytotoxicity (as 
measured by LDH-release) of 34% at 24 h 
compared to the untreated cells (Untreated = 
34.9% ± 4.78 vs. Treated = 23.0% ± 4.58, P ＜
0.05) and 37% at 36 h compared to the cells 
without CBI treatment (Untreated = 56.2% ± 3.05 
vs. Treated = 35.3% ± 2.52, P ＜ 0.01). Additionally, 
as shown in Figure 5B, TUNEL-positive cells de-
creased by 15% at 24 h in the treated cells 
compared to the untreated cells (Untreated = 3.4%
± 0.42 vs. Treated = 2.9% ± 0.21, P ＜ 0.05), and 
decreased by 18% at 36 h in the treated cells 
compared to the untreated cells (Untreated = 3.6%
± 0.42 vs. Treated = 3.0% ± 0.14, P ＜ 0.05).
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Figure 5. Effect of preincubating FATIICs with CBI prior to 65%- 
hyperoxia. E19 type II cells were preincubated with a specific inhibitor of 
CB, CA074Me at a concentration of 100 μM for 1 h before applying 
65%-hyperoxia. Samples in hyperoxic and normoxic conditions were 
processed to assess LDH-release into the supernatant (A) and TUNEL 
positive index (B). Results with CBI were compared to samples without 
the inhibitor. Results are mean ± SD from 3 different experiments.

Discussion 

The main findings of the present study is that 
FATIIC death was induced via necrosis and 
apoptosis during the acute stage of 65%-hyperoxia, 
and only CB, not caspase-3, was enhanced re-
markably in a time-dependent manner in FATIICs 
during 65%-hyperoxia, and preincubaiton of FATIICs 
with CBI prior to hyperoxia attenuated FATIIC 
death significantly. Therefore, these results suggest 
that CB might have a relevant role in executing cell 
death in FATIICs during the acute stage of 65%- 
hyperoxia.
    In our investigations, we selected 65%-hyperoxia, 
based on previous observation showing that 65%- 
hyperoxia exposure to newborn mice caused 
impairment of lung architecture in adult mice 
(Dauger et al., 2003). Therefore, in the current 
study, we investigated whether 65%-hyperoxia 
induces any injurious effect to FATIICs that are key 
components of the alveolar structure. 
    The important feature of hyperoxia-induced lung 
injury is alveolar cell death (Lee and Choi, 2003). 
Our investigations showed that 65%-hyperoxia 
induced FATIIC death via necrosis and apoptosis. 
However, cell cytotoxicity analyzed by LDH-release 
was significantly increased in a time-dependent 
fashion, and similar findings were observed with 
the FACS analysis, whereas TUNEL-positive cells 
observed during 65%-hyperoxia ranged from 
3.3-3.6%, and early apoptotic cells assessed by 
FACscan were ＜ 1% during 65%-hyperoxia, which 
was not significantly different from the values 
observed in the control samples. Based on the fact 
that apoptosis in the range 0-3% is a physiological 
event (Scavo et al., 1998; Sanchez-Esteban et al., 
2002), in the recent observation, apoptotic cells did 

not increase remarkably in FATIICs during 65%- 
hyperoxia for 36 h. The present data in terms of 
cell cytotoxicity and apoptosis are similar to 
previous observations showing that LDH-release 
was increased by around 4-fold at 12 h in A549 
cells exposed to 95%-hyperoxia compared to nor-
moxic cells (Rhaman et al., 2001), while apoptosis 
index assessed by TUNEL assay was decreased 
by 50% in human fetal epithelial cells exposed to 
95%-hyperoxia compared to normoxic cells (Bustani 
et al., 2006). On the other hand, TUNEL-positive 
cells observed in the current study had some 
discrepancies compared to observations in other 
studies, where a high TUNEL-positive index (70- 
85%) were seen in cultured rat type II cells at day 
19.5E or E21 exposed to lethal hyperoxia (85-95% 
oxygen) (Haaften et al., 2009; Huang et al., 2009). 
In addition, according to previously published data, 
apoptotic activities showed an oxygen dose depen-
dency proportional to the amount of oxidants 
generated, and lower concentrations of H2O2 did 
not induce TUNEL-positive apoptosis, only cell 
swelling, while intermediate doses of oxidants 
induce mixed modes of cell death with some dying 
by apoptosis and some by cell swelling (Ueda and 
Shah, 1992; Iwata et al., 1994; Slater et al., 1995). 
In addition, these discrepancies may be partly due 
to the different doses of oxygen exposure and 
different experimental conditions including the 
plates used and cellular confluency obtained. 
    Up until now, it has not been clearly defined 
whether hyperoxia induces primarily apoptotic or 
non-apoptotic death in vivo and in vitro. Taking into 
consideration of the present data, FATIICs are 
presumed to undergo cell death generally via 
necrosis rather than apoptosis during the acute 
stage of 65%-hyperoxia, and apoptosis might affect 
just a minority of the cell population. Our observa-
tions are partly supported by previous observation 
showing that epithelial cells generally show 
necrotic feature during hyperoxia (Kroemer et al., 
1998; Barazzone et al., 1999; Mantel and Lee, 
2000; Saraste and Pulkki, 2000; Strasser et al., 
2000; Martin et al., 2003, 2005). 
    Our results showed that caspase-3 was not 
enhanced in FATIICs during 65%-hyperoxia. Pre-
viously, similar findings were found in human fetal 
alveolar epithelial cells exposed to 95%-hyperoxia 
(Bustani et al., 2006) and in human lung epithelial 
cells stimulated by lipopolysaccharide (Tang et al., 
2006). Although, for many years, injury of alveolar 
epithelial cells has mainly focused on the caspases 
as the executioners of apoptosis (Guicciard et al., 
2004), the current observation regarding caspase-3 
suggests that during 65%-hyperoxia, caspases 
could prevent their own activation resulting in 
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apoptosis in FATIICs so it could be possible that 
65%-hyperoxia might trigger a caspase-independent 
apoptotic pathway.
    In a recent study, non-caspase proteolytic enzyme, 
CB, was enhanced greatly in a time-dependant 
manner in FATIICs during 65%-hyperoxia, and its 
increases were　 proportional to the increases in 
FATIIC death. Since previously published reports 
address that CB mediates human lung epithelial 
cell death stimulated by lipopolysaccharides (Tang 
et al., 2006) or human lung endothelial cell death in 
allergic lung inflammation (Layton et al., 2001) or 
cell death in tumor cell lines (Bröker et al., 2004), 
our investigation implicates that CB may play a 
dominant role in executing FATIIC death under the 
condition of hyperoxia as well.
    Lysosomal permeabilization is a critical step in 
caspase-independent cell death, which can be 
induced by reactive oxygen radicals generated by 
hyperoxia (Guicciard et al., 2004). CB, which is 
ubiquitously expressed and most abundant in 
lysosomes (Guicciard et al., 2004), is released 
through lysosomal permeabilization. Hence, it is 
presumed that CB released through lysosomal 
permeabilization may induce cellular necrosis and 
apoptosis depending on the magnitude of lyso-
somal permeabilization.
    Moreover, in the current study, preincubation 
with CBI prior to 65%-hyperoxia did attenuate 
FATIIC death significantly. These results indicate 
that CB is related to FATIIC death secondary to 
65%-hyperoxia.
    Our study has the limitations inherent to an in 
vitro experimental system in which E19 type II cells 
were isolated from their environment. Hence, 
further exploration is required in an in vivo model of 
bronchopulmonary dysplasia. 
    In summary, our in vitro results suggest that 
65%-hyperoxia induces FATIIC death via necrosis 
and apoptosis with a higher magnitude of necrosis, 
and CB, not caspase-3, is enhanced greatly pro-
portionally to the increase in FATIIC death during 
65%-hyperoxia for 36 h, which implies that a 
caspase-independent pathway mediated by CB 
might be a potential mechanism to induce FATIIC 
death during the acute stage of 65%-hyperoxia. In 
addition, such better understanding of the mecha-
nisms to induce FATIIC death during hyperoxia 
may lead to the development of novel therapeutic 
strategies for augmenting lung injury in preterm 
lungs.

Methods

Cell isolation, hyperoxia and treatment procedure 

Fetal rat lungs were obtained from time-pregnant Sprague- 
Dawley rats (Daehan Biolink, Eumsung, South Korea) on 
E19 (term = 22 days), and E19 type II cells were isolated 
as previously described (Sanchez-Eesteban et al., 2006). 
Briefly, after collagenase digestion, cell suspensions were 
sequentially filtered through 100-, 30-, and 20-μm nylon 
meshes using screen cups (Sigma Chemical Co., St. 
Louis, MO). The filtrate from 20-μm nylon mesh, containing 
mostly fibroblasts, was discarded. Clumped non-filtered 
cells from the 30- and 20-μm nylon meshes were collected 
with DMEM (Dulbecco’s Modified Eagle Medium) to 
facilitate filtration of non-epithelial cells. Further FATIIC 
purification was achieved by incubating cells in 75-cm2 
flasks for 30 min. Non-adherent cells were collected and 
cultured overnight. Purity of the FATIIC fraction was deter-
mined to be 90 ± 5% by microscopic analysis of epithelial 
cell morphology and immune-blotting for cytokeratin/ 
surfactant protein-C and vimentin as markers of epithelial 
cells and fibroblasts respectively (Sanchez-Esteban et al., 
2004). After overnight culture, FATIICs were harvested with 
trypsin and plated at a density of 10 × 105 cells/well on 
6-well plates precoated with laminin [10 μg/ml]. Plates 
were incubated in a culture chamber with ProOx Oxygen 
Controller with Low profile right angle sensor (BioSpherix, 
Redfiled, NY) under 65%-hyperoxia for 24 h and 36 h. 
Cells grown in normoxia (5%-CO2) were treated in an 
identical manner and served as controls. For inhibition 
studies, the cells in one group were preincubated with 
specific inhibitor of CB, CA074Me (Calbiochem, San Diego, 
CA), at a concentration of 100 μM (20) for 1 h prior to 
65%-hyperoxia, and the cells in another group were 
exposed to 65%-hyeproxia without the inhibitor. 

Lactate dehydrogenase assay 

LDH-release into the supernatant upon cell lysis was 
measured using a CytoTox 96Ⓡ non-radioactive cytotoxicity 
assay (Promega, Madison, WI), according to the manu-
facturer’s protocol. The cytotoxicity was measured as % 
cytotoxicity [experimental LDH-release (OD490) per maxi-
mal LDH-release (OD490)]. Absorbance at wavelength 490 
nm was collected using a 96-well plate reader (Ultraspec 
2100 pro, Amersham Pharmacia Biotech, Amersham, UK). 

FACS analysis 

FACS analysis was performed using an Annexin V-FITC 
apoptosis kit (BD Pharmingen, Franklin Lakes, NJ). Cells 
in trypsin were resuspended in 1× Binding Buffer, and 5 μl 
of FITC Annexin V and propidium iodide were added. After 
incubation in the dark, 400 μl of 1× binding buffer was 
added, and the cells were analyzed by flow cytometry 
(Becton Dickinson, Franklin Lakes, NJ).

TUNEL assay

Detection and quantification of apoptotic cells were per-
formed using terminal deoxynucleotidyl transferase-mediated 
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dUTP-FITC nick-end labeling (TUNEL) by a fluorescein 
lable apoptosis detection system (Promega, Madison, WI) 
according to the manufacturer’s instructions. E19 mono-
layers fixed in 4% paraformaldehyde in PBS were per-
meabilized by immersion in 2.0% Triton X-100 in PBS. 
Monolayers were incubated in equilibration buffer, 2- 
deoxynucleotide 5’-triphosphate, and terminal deoxynucleo-
tidyltransferase (TdT) enzyme. A control was prepared by 
omitting the TdT enzyme. After washing with 1×PBS, 
samples were mounted with Vectashield mounting medium 
with PI (Vector Laboratories, Burlington, CA) and analyzed 
by fluorescence microscopy. For quantification of apoptotic 
cells, 50 high-power fields per sample were analyzed. 
Results were expressed as TUNEL positive index (number 
of TUNEL positive cells per number of total cells).

Caspase-3 activity assay

Caspase-3 activity was analyzed by colorimetric activity 
assay (ChemiconⓇ International, Temecula, USA) upon cell 
lysis. The cells in 1× lysis buffer were incubated, and the 
supernatant was obtained. Caspase-3 activity was evalu-
ated by measuring proteolytic cleavage of chromogenic 
substrate Ac-DEVD-pNA used as the substrates for 
caspase-3-like proteases (Kim et al., 2000). Cell lysate (60 
μg of protein) was added into buffer A containing 150 
mmol/L Ac-DEVD-pNA in a final volume of 150 μl. After 
incubation, the increase in absorbance of enzymatically 
released pNA was measured at 405 nm in a microplate 
reader every 10 min for 2 h.

Western blot of caspase-3 and CB 

Monolayers were lysed in RIPA buffer (20 mM Tris-HCl [pH 
8.0], 137 mM NaCl, 1% Triton X-100, 10% glycerol, 2 mM 
EDTA, 1 mM sodium vanadate, 1M β-glycerophosphate, 
0.5 M sodium fluoride, 1 mM phenylmethylsulfonyl fluoride). 
Lysates were centrifuged and total contents were deter-
mined using BCA protein assay kit. 50 μg of protein were 
separated by SDS-PAGE and transferred to polyviny-
lidene difluoride membranes. Blots were hybridized with 
polyclonal antibody against the 11/17/20-kDa cleaved 
caspase-3 and 32-kDa full-length procaspase-3 (Santa 
Cruz Biotechnology, Santa Cruz, CA), or against the 
25-kDa activated CB (Santa Cruz Biotechnology, Santa 
Cruz, CA). Secondary antibody was conjugated with horse-
radish peroxidase, and blots were developed by exposing 
them to X-ray film. Membranes were then stripped and 
reprobed with actin antibody, and processed as described 
previously in this manuscript.

CB activity assay

CB activity was measured using CB Assay Kit (BioVision, 
Mountain View, CA), according to the manufacturer’s 
protocol. Supernatant was obtained from the cells in CB 
lysis buffer. 50 μl of CB reaction buffer and 2 μl of 10 mM 
CB substrate were added. After incubation, the mixture 
was read in a fluorometer at 400-nm excitation and 505- 
nm emission. CB activity was determined by comparing the 
relative fluorescence units (RFU) with the level of the 
control samples.

Real-time PCR (qRT-PCR) of CB

Total RNA was extracted from E19 FATIICs exposed to 
65%-hyperoxia for 24 h and 36 h or parallel normoxic 
samples by a single-step method, as previously described 
(Sanchez-esteban et al., 1998) and purified further with the 
Rneasy Mini Kit (Invitrogen, Carlsbad, CA). Fold expre-
ssions of hyperoxic samples relative to controls were 
calculated using the ΔΔCT method for relative quantifi-
cation (RQ). As previously described (Wang et al., 2006). 
Samples were normalized to the 18S rRNA. TaqMan 
primers from Assays-on-DemandTM Gene Expression Pro-
ducts (Applied Biosystems, Carlsbad, CA) and the follow-
ing primers were used: CB (cat. #: Rn00575030_m1) and 
18S (cat. #: Hs99999901_s1). 5 μg of total RNA were 
reverse-transcribed into cDNA by the Superscript Double 
Stranded cDNA Synthesis kit (Invitrogen, Carlsbad, CA). 
To amplify the cDNA by qRT-PCR, 5 μl of cDNA were 
added to a mixture of 25 μl of TaqMan Universal PCR 
Master Mix (Applied Biosystems, Carlsbad, CA) and 2.5 μl 
of 20 x Assays-on-DemandTM Gene Expression Assay Mix 
containing forward and reverse primers and TaqMan- 
labeled probe (Applied Biosystems, Carlsbad, CA). Reac-
tions were performed in an ABI Prism 7000 Sequence 
Detection System (Applied Biosystems, Carlsbad, CA). 

Statistical analysis

Results are expressed as means ± SD from three experi-
ments, using different litters for each experiment. For 
intergroup comparisons, data were analyzed with unpaired 
Student’s t-test. A P-value ＜ 0.05 was considered statis-
tically significant.
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