| Original Article |

http://dx.doi.org/10.3349/ymj.2013.54.2.445
pISSN: 0513-5796, elSSN: 1976-2437

| Yonsei Med J 54(2):445-452, 2013

YM)

Interleukin-10 Down-Regulates Cathepsin B Expression in Fetal
Rat Alveolar Type II Cells Exposed to Hyperoxia

Hyeon-Soo Lee'” and Chun-Ki Kim**

'Department of Pediatrics, Kangwon National University Hospital, ?Institute of Medical Sciences, *Medical and Bio-Materials Research Center,

“Department of Molecular and Cellular Biochemistry, Kangwon National University School of Medicine, Chuncheon, Korea.

Received: July 19,2012

Revised: November 27, 2012
Accepted: November 27, 2012
Corresponding author: Dr. Hyeon-Soo Lee,
Department of Pediatrics,

Kangwon National University Hospital,
Kangwon National University School
of Medicine, 156 Baengnyeong-ro,
Chuncheon 200-722, Korea.

Tel: 82-33-258-2318, Fax: 82-33-258-2418
E-mail: premee@kangwon.ac.kr

List of where to be presented:

Annual Meeting of the Pediatric Academic
Societies (PAS), 2010.

Annual Meeting of the European Society for
Pediatric Research (ESPR), 2011.

Annual Meeting of the Korean Pediatric
Society, 2010.

- The authors have no financial conflicts of
interest.

© Copyright:
Yonsei University College of Medicine 2013

This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

Purpose: Hyperoxia has the chief biological effect of cell death. We have previ-
ously reported that cathepsin B (CB) is related to fetal alveolar type II cell (FATI-
IC) death and pretreatment of recombinant IL-10 (rIL-10) attenuates type II cell
death during 65%-hyperoixa. In this study, we investigated what kinds of changes
of CB expression are induced in FATIICs at different concentrations of hyperoxia
(65%- and 85%-hyperoxia) and whether pretreatment with rIL-10 reduces the ex-
pression of CB in FATIICs during hyperoxia. Materials and Methods: Isolated
embryonic day 19 fetal rat alveolar type II cells were cultured and exposed to
65%- and 85%-hyperoxia for 12 h and 24 h. Cells in room air were used as con-
trols. Cytotoxicity was assessed by lactate dehydrogenase (LDH) released into the
supernatant. Expression of CB was analyzed by fluorescence-based assay upon
cell lysis and western blotting, and LDH-release was re-analyzed after preincuba-
tion of cathepsin B-inhibitor (CBI). IL-10 production was analyzed by ELISA,
and LDH-release was re-assessed after preincubation with rIL-10 and CB expres-
sion was re-analyzed by western blotting and real-time PCR. Results: LDH-re-
lease and CB expression in FATIICs were enhanced significantly in an oxygen-
concentration-dependent manner during hyperoxia, whereas caspase-3 was not
activated. Preincubation of FATIICs with CBI significantly reduced LDH-release
during hyperoxia. IL-10-release decreased in an oxygen-concentration-dependent
fashion, and preincubation of the cells with rIL-10 significantly reduced cellular
necrosis and expression of CB in FATIICs which were exposed to 65%- and
85%-hyperoxia. Conclusion: Our study suggests that CB is enhanced in an oxy-
gen-concentration-dependent manner, and IL-10 has an inhibitory effect on CB
expression in FATIICs during hyperoxia.
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INTRODUCTION

Hyperoxia is a mainstay in the treatment of preterm infants with respiratory dis-
tress. However, hyperoixa has the major biological effects of inducing cell death
and the inflammatory response, through which lung injury is generated. Hyperox-
ia-induced lung injury is a major contributing factor to the evolution of broncho-
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pulmonary dysplasia in preterm infants.!

Excessive oxygen radicals generated by hyperoxia are
stimuli for lysosomal permeabilization, which allows the re-
lease of lysosomal proteases.” Recently, there have been
growing concerns regarding lysosome-mediated cell death
via non-caspase proteases released through lysosomal per-
meabilization,>> and cathepsins have gained the most atten-
tion among these proteases.®

Lung damage from increased intracellular oxygen radi-
cals is accompanied by a secondary inflammatory response
of the lungs.” These effects are orchestrated by cytokines
which amplify inflammatory cell influx into the lung.® Cur-
rently, there is growing concern that an inability to regulate
inflammation could be a factor in the susceptibility of pre-
term infants to bronchopulmonary dysplasia.’

Recently, “new” features of bronchopulmonary dysplasia
(BPD) has gained the greatest concern in preterm newborns.
“New‘BPD” is characterized by marked alveolar and cap-
illary hypoplasia,'® leading to developmental arrest of the
lungs,!! differently from the patterns of atelectasis, overinfla-
tion and extensive fibroproliferation observed in “old”
“BPD”." And there is a remarkable difference in clinical
features between “old” and “new”BPD” as well. “new”
“BPD” is evoluted with a few days’ supplementation of hy-
peroxia since birth, whereas “old”*“BPD” usually develops
in infants exposed to long term of hyperoxia more than 28
days."" These clinical natures indicate that lung injury may
be generated from the acute stage of hyperoxia, which may
play an important role in evoluting “new”*“BPD” in preterm
newborns.

We have previously shown that fetal alveolar type II cell
death is largely mediated by necrosis during the acute stage
of 65%-hyperoxia, and fetal alveolar type II cell necrosis is
mediated by cathepsin B, but not caspase-3, during the acute
stage of 65%-hyperoxia.'> Also we have previously defined
that an imbalance between the pro-inflammatory cytokine,
IL-8 and the anti-inflammatory cytokine, IL-10 is generated
in fetal alveolar type II cells exposed to 65%-hyperoxia,
and that preincubation of fetal alveolar type II cells with re-
combinant IL-10 (rIL-10) prior to hyperoxia reduces cell ne-
crosis and release of IL-8 in these cells during hyperoxia.®

Although there has been one report showing that IL-10
tends to decrease cathepsin B gene expression in adult lung
epithelial cells,'* there have been no studies performed to
investigate the relationship between IL-10 and cathepsin B
in fetal alveolar type II cells with the stimulus of hyperoxia.
Based on our previous studies and the findings of others’,

we hypothesized that IL-10 might inhibit cathepsin B ex-
pression in fetal alveolar type II cells exposed to hyperoxia.
In this study, we investigated the expressions of cathepsin
B at different concentrations of hyperoxia and the effect of
preincubation with rIL-10 on cathepsin B expression in fe-
tal alveolar type II cells exposed to different concentrations
of hyperoxia.

MATERIALS AND METHODS

Cell isolation, hyperoxia protocol and treatment
procedure

Fetal rat lungs were achieved from time-pregnant Sprague-
Dawley rats (Dachan Biolink, Eumseong, South Korea) on
embryonic day 19 (E19) (term=22 days). Animal care and
experimental procedures were carried out in accordance with
the Guidelines for Animal Experimentation of Kangwon Na-
tional University School of Medicine with the approval of
the Institutional Animal Care. After extraction of fetal lungs
and isolation of fetal type II cells as described previous-
ly,!2131316 type 11 epithelial cells were harvested with 0.25%
(wt/vol) trypsin in 0.4 mM EDTA and plated at a density of
10x10° cells/well on 6-well plates precoated with fibronectin
(4 pg/well). Plates containing cells were incubated for an ad-
ditional 24 h in serum-free DMEM and then incubated in a
culture chamber with ProOx Oxygen Controller with Low
profile right angle sensor (BioSpherix, Redfield, NY, USA).
65%- and 85%-hyperoxia was applied for 12 h and 24 h, and
cells grown in room air (5% CO,) were treated in an identical
manner and served as controls. For the study of preincuba-
tion of rIL-10, the cultured type II cells were treated with rIL-
10 (R&D Systems, Minneapolis, MN, USA), at a concentra-
tion of 250 ng/mL," for 1 h before hyperoxia exposure. And
for inhibition studies, the cells in an identical manner were
preincubated with specific inhibitor of cathepsin B,
CA074Me (Calbiochem, San Diego, CA, USA), at a concen-
tration of 100 uM?>!? for 1 h prior to 65%-hyperoxia. The
concentrations of 250 ng/mL of rIL-10"* and 100 uM cathep-
sin B-inhibitor*!? were chosen based on previous studies,
which showed that these concentrations greatly reduced cell
death in fetal alveolar type II cells.!>!?

Lactate dehydrogenase (LDH) assay

LDH-release into the supernatant upon cell lysis was mea-
sured using a CytoTox 96® non-radioactive cytotoxicity as-
say (Promega, Madison, W1, USA) as descried previously.'
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Cathepsin B activity assay

Cathepsin B activity was measured using Cathepsin B As-
say Kit (BioVision, Mountain View, CA, USA) as described
previously."

Western blot of cathepsin B and caspase-3
Western blottings of cathepsin B and caspase-3 were pro-

cessed as described previously.?

Real-time PCR (qQRT-PCR) of cathepsin B

Total RNA was extracted from E19 FATIICs exposed to
65%- and 85%-hyperoxia for 12 h and 24 h or parallel nor-
moxic samples by a single-step method and purified further
with the Rneasy Mini Kit (Invitrogen, Carlsbad, CA, USA)
as described previously.'

Statistical analysis

Results are expressed as means+SD from three experiments,
using different litters for each experiment. Unpaired Stu-
dent’s t-test was used to analyze the intergroup comparisons,
and analysis of variance was used to compare for LDH-re-
lease, IL-10 production and activity of cathepsin B between
time points within each oxygen concentration. p-value <0.05
was considered statistically significant.

RESULTS

Effect of hyperoxia on cellular necrosis, cathepsin B
activity and IL-10 production
As shown in Fig. 1A, cellular necrosis increased in an oxy-

gen-concentration-dependent manner during 65%- and
85%-hyperoxia (Fig. 1A). Cell lysis analyzed by LDH-re-
lease into the supernatant significantly increased 1.6-fold
and 2.1-fold after 12 h of 65%- and 85%-hyperoxia, respec-
tively (control=11.140.57 vs. 65%-hyperoxia=18.0+1.50
vs. 85%-hyperoxia=24.5+1.73; p<0.01), and increased 2.4-
fold and 3.2-fold after 24 h of 65%- and 85%-hyperoxia,
respectively compared to controls (control=13.8+0.25 vs.
65%-hyperoxia=32.7+2.95 vs. 85%-hyperoxia=42.7+1.87,
p<0.01) (Fig. 1A). Activity of cathepsin B was analyzed by
fluorescence-based assay upon cell lysis, and found to de-
crease in an oxygen-concentration-dependent manner (Fig.
1B). Fig. 1B shows that the activity of cathepsin B signifi-
cantly increased: 1.8-fold and 2.8-fold after 12 h of 65%-
and 85%-hyperoxia, respectively (control=2609.0+£361.1 vs.
65%-hyperoxia=4703.34+252.7 vs. 85%-hyperox-
1a=7284.14384.7; p<0.01), and increased 1.7-fold and 3.7-
fold after 24 h of 65%- and 85%-hyperioxia, respectively
compared to controls (control=5423.7+695.8 vs. 65%-hy-
peroxia=9371.3+1265.9 vs. 85%-hyperoxia=19952.3+
165.9; p<0.01). IL-10 released into the supernatant was an-
alyzed by ELISA. In contrast to the results of LDH-release
and cathepsin B activity, IL-10 production significantly de-
creased in an oxygen-concentration-dependent manner
(Fig. 1C). As shown in Fig. 1C, IL-10 decreased signifi-
cantly by 24% and 40% after 12 h of 65%- and 85%-hyper-
oxia, respectively (control=100.3+8.50 vs. 65%-hyperox-
1a=77.743.79 vs. 85%-hyperoxia=61.7+4.73; p<0.05), and
decreased by 46% and 75% after 24 h of 65%- and 85%-hy-
peroxia, respectively compared to controls (control=110.7+
10.50 vs. 65%-hyperoxia=59.3+2.52 vs. 85%-hyperox-
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Fig. 1. Effect of hyperoxia on cytotoxicity, cathepsin B activity and IL-10 production. E19 type Il cells exposed to 65%- and 85%-hyperoxia for the indicated
periods of time. Cells in room air were used as controls. (A) Graphical depiction showing LDH-release expressed as experimental minus background LDH-
release divided by maximum LDH-release in normoxia and 65%- and 85%-hyperoxic cells. The results are represented as mean+SD from 3 different experi-
ments. (B) Graphical depiction showing activity of cathepsin B analyzed by fluorescence-based assay upon cell lysis. The results are represented as
mean+SD from 3 different experiments. (C) Graphical depiction showing production of IL-10 in normoxia and 65%- and 85%-hyperoxic cells. The results are
represented as mean+SD from 3 different experiments. LDH, lactate dehydrogenase; IL, interleukin; SD, standard deviation.
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ia=27.7+2.08; p<0.01) (Fig. 1C).

Preincubation with cathepsin B-inhibitor reduces fetal
alveolar type II cell necrosis during hyperoxia

Based on the above findings showing that 65%- and 85%-
hyperoxia increased cell necrosis and cathepsin B activity
(Fig. 1B), we investigated whether preincubation of FATIICs
with cathepsin B-inhibitor inhibits type II cell necrosis. Thus,
E19 fetal type II cells were incubated with specific inhibitor
of cathepsin B, CA074Me (Calbiochem, San Diego, CA,
USA), at a concentration of 100 uM for 1 h"® prior to expo-
sure to 65%- and 85%-hyperoxia. As shown in Fig. 2, addi-
tion of cathepsin B-inhibitor significantly reduced cell cyto-
toxicity (as measured by LDH-release) by 32% and 37%
after 12 h of 65%- and 85%-hyperoxia, respectively (65%-
hyperoxia=18.0+£1.80 vs. inhibitor-treated=12.2+0.48;
p<0.01; 85%-hyperoxia=24.5+1.73 vs. inhibitor-treated=
16.7+0.56; p<0.01), and decreased by 44% and 37% after 24
h of 65%- and 85%-hyperoxia, respectively compared to un-
treated cells (65%-hyperoxia=32.7+2.95 vs. inhibitor-treat-
ed=18.3£0.45; p<0.01; 85%-hyperoxia=42.7+1.87 vs. inhib-
itor-treated=26.8+1.75; p<0.01) (Fig. 2).

Perincubation with rIL-10 reduces fetal alveolar type II
cell necrosis during hyperoxia

Based on above-described observations showing that 65%-
and 85%-hyperoxia decreased IL-10 production (Fig. 1C),
we then evaluated whether preincubation of the cells with
rIL-10 decreases type II cell necrosis. Thus, E19 fetal type
II cells were incubated 250 ng/mL rIL-10 for 1 h"* prior to
exposure to 65%- and 85%-hyperoxia. As shown in prein-
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preincubation of the cells with rIL-10 significantly reduced
cell cytotoxicity (as measured by LDH-release) by 21% and
28% after 12 h of 65%- and 85%-hyperoxia, respectively
(65%- hyperoxia=18.0+1.80 vs. rIL-10-treated=14.4+0.76;
p<0.05; 85%-hyperoxia=24.5+1.73 vs. rIL-10-treated=
17.7+0.53; p<0.05) and decreased by 37% and 30% after 24
h of 65%- and 85%-hyperoxia, respectively compared to un-
treated cells (65%-hyperoxia=32.7+2.95 vs. rIL10-treat-
ed=20.6+0.25; p<0.01; 85%-hyperoxia=42.7+2.29 vs. rIL10-
treated=29.7+1.06; p<0.01) (Fig. 2).

Cathepsin B expression is enhanced in an oxygen-
concentration-dependent manner

Western blots were performed in three experimental sets and
the result showed visibly increased expressions of cathepsin
B in fetal alveolar type II cells exposed to 65%- and 85%-hy-
peroxia for 12 h and 24 h when compared to controls (Fig.
3A). And relative intensities of the blots significantly in-
creased 4.4-fold and 6.0-fold after 12 h of 65%- and 85%-hy-
peroxia, respectively and increased 3.7-fold and 4.5-fold af-
ter 24 h of 65%- and 85%-hyperoxia, respectively (Fig. 3B).

Caspase-3 is not activated in fetal alveolar type II cells
exposed to 65%- and 85%-hyperoxia

Cleaved caspase-3 as a key executioner in apoptosis was
assessed by western blotting. Western blots for two experi-
mental sets showed that the level of caspase-3 was not en-
hanced during 65%- and 85%-hyperoxia compared to con-
trols, and the abundance of full-length procaspase-3 did not
concomitantly decrease in hyperoxic samples compared to
controls (Fig. 4).
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Fig. 2. Cytotoxicity of fetal type Il cells after preincubation of cathepsin B-inhibitor or rlL-10. E19 type Il cells exposed to 65%- and 85%-hyperoxia for the indi-
cated periods of time. Cells in room air were used as controls. Graphical depiction showing LDH-release expressed as experimental minus background
LDH-release divided by maximum LDH-release in cathepsin B-inhibitor- or rIL-10-untreated and treated cells. The results are represented as mean+SD from
3 different experiments. *p<0.01. CBI, cathepsin B-inhibitor; LDH, lactate dehydrogenase; rIL-10, recombinant IL-10; SD, standard deviation.
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Fig. 3. Expression of cathepsin B in fetal type Il cells exposed to hyperoxia. E19 type Il cells exposed to 65%- and 85%-hyperoxia for the indicated periods of
time. Cells in room air were used as controls. (A) Western blots showing that exposure to 65%- and 85%-hyperoxia for 12 h and 24 h increases the level of
cathepsin B compared to the control samples. (B) Graphical depiction showing the relative intensities of cathepsin B from 3 independent experiments.
Results are mean+SD from 3 different experiments. E19, embryonic day 19; SD, standard deviation.
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Fig. 4. Expression of caspase-3in fetal type Il cells exposed to 65%- and 85%-hyperoxia. E19 type Il cells exposed to 65%- and 85%-hyperoxia for the indicat-
ed periods of time. Cells in room air were used as controls. Western blots demonstrating that exposure of E19 cells to 65%- and 85%-hyperoxia for 12 h and
24 h does not increase the level of cleaved caspase-3 and does not concomitantly decrease the abundance of full-length procaspase-3 compared to con-
trol samples. Membranes were immunoblotted with anti-cleaved caspase-3 antibody, stripped, and reprobed with full-length procaspase-3 antibody. With

actin antibody to control for protein loading. E19, embryonic day 19.

IL-10 reduces cathepsin B expression in fetal alveolar
type II cells exposed to hyperoxia

We evaluated whether preincubation of the cells with rIL-10
prior to hyperoxia would attenuate cathepsin B expression in
fetal alveolar type II cells when subsequently exposed to
65%- and 85%-hyperoxia. Thus, E19 type Il cells were pre-
incubated with 250 ng/mL of rat rIL-10 for 1 h prior to hy-
peroxia.”® Fig. 5A shows that the expression of cathepsin B
was decreased visibly in treated cells compared to untreated
cells during 65%- and 85%-hyperoxia. The relative intensi-
ties decreased by 40% and 70% after 12 h and 24 h of
65%-hyperoxia, respectively, and decreased by 42% and
80% after 12 h and 24 h of 85%-hyperoxia, respectively in
treated cells compared to untreated cells (Fig. 5B). As shown
in Fig. 5C, the addition of IL-10 reduced gene expression
of cathepsin B by 9% and 16% after 12 h and 24 h of 65%-
hyperoxia, respectively, and reduced by 13% and 24% after
12 h and 24 h of 85%-hyperoxia, respectively compared to
untreated cells (Fig. 5C).

DISCUSSION

The main findings of the present study are that cathespin B
was enhanced in an oxygen-concentration-dependent man-
ner in fetal alveolar type II cells during the acute stage of
hyperoxia, and preincubation with rIL-10 prior to hyperox-
ia significantly reduced cathepsin-B expression induced in
fetal alveolar type II cells during hyperoxia.

In the current study, we utilized a 65%- and 85%-hyper-
oxia regimen, which was based on previous evidences show-
ing that exposure of newborn mice to 65%-hyperoxia led to
impairment of lung architectures in adult mice,'” and that
85%-hyperoxia arrested alveolar and pulmonary develop-
ment in neonatal rats.'®

In the present study, we observed that cytotoxicity in-
creased in an oxygen-concentration-dependent manner in
fetal alveolar type II cells during the acute stage of subleth-
al and lethal hyperoxia. Similarly, cathepsin B was strongly
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Fig. 5. IL-10 reduces cathepsin B expression in fetal type Il cells exposed to hyperoxia. E19 type Il cells exposed to 65%- and 85%-hyperoxia for the indicated
periods of time. Cells in room air were used as controls. E19 cells were preincubated with 250 ng/mL rat recombinant IL-10 (rIL-10) before exposure to 65%-
and 85%-hyperoxia. (A) Western blots showing that cathepsin B expression is reduced in rIL-10-treated cells compared to untreated cells. (B) Graphical de-
piction showing relative intensities of cathepsin B from 3 independent experiments in rlL-10-treated and untreated cells. (C) Graphical depiction showing
gene expression of cathepsin B from 3 different experiments in rlL-10-treated and untreated cells. E19, embryonic day 19.

activated in an oxygen-concentration-dependent fashion in
fetal alveolar type II cells and increased expressions of
cathespin B were in proportion to cell cytotoxicity during
hyperoxia, whereas IL-10 production showed an opposite
pattern. Furthermore, we found that preincubation of the
cells with cathepsin B-inhibitor or rIL-10 significantly re-
duced cell cytotoxicity in fetal alveolar type II cells exposed
to two different concentrations of hyperoxia. Taking togeth-
er, these findings imply that overexpression of cathespin B
is related to fetal type II cell death during hyperoxia, and
failure of maintaining optimal level of IL-10 secondary to
hyperoxia may affect fetal type II cell death during hyper-
oxia. In the present study, therefore, we evaluated whether
IL-10 has any effect on inhibiting cathepsin B expression in
fetal type II cells exposed to sublethal and lethal hyperoxia.
Currently, there has been growing concern regarding cas-
pase-independent cell death via non-caspase protease re-

leased through lysosomal permeabilization. In particular, evi-
dence is strongly accumulating for the involvement of an
alternative protease, cathepsin B, in inducing cell death in
other cell lines and conditions.>>!” Cathepsin B is ubiquitous-
ly expressed and most abundant in lysosomes and is released
through lysosomal permeabilization.® Our observation im-
plies that oxygen radical species generated by hyperoxia
should be a stimulus for lysososmal permeabilization as ad-
dressed in another report.® However, the molecular identity
of cathepsin B may vary depending on the type of cell and
the applied death stimulus.?® Up to now, cathepsin B has
been suggested to contribute to cell death in some systems
via induction of mitochondrial membrane permeabilization,
possibly via cleavage of Bid, thereby acting upsteam of the
caspase cascade,” whereas others have found that cathepsin
B can act as an effector protease, downstream of caspases.”’
Additionally, cathepsin B has been shown to be capable of
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executing cell death completely independent of the apoptot-
ic machinery in fibrosarcoma cells.?’ In the present study,
caspase-3 was not activated at all in fetal alveolar type II cells
exposed to 65%- and 85%-hyperoxia, which indicates that
cathepsin B is a potential mediator of hyperoxia-induced
cell death in fetal alveolar type II cells, with no requirement
of the apoptotic cascade.

IL-10 is the most potent anti-inflammatory cytokine de-
scribed to date?! with multifactorial anti-inflammatory prop-
erties including inhibition of pro-inflammatory transcription
factor-kB, leading to suppressed cytokine production.”> We
have previously reported that an imbalance between the
pro-inflammatory chemokine, IL-8 and the anti-inflamma-
tory cytokine, IL-10 is generated in fetal alveolar type II
cells exposed to 65%-hyperoxia,'* and we observed in the
current study that IL-10 failed to optimize its protective ef-
fect in an oxygen-concentration-dependent manner under
hyperoxic conditions. In addition, we confirmed that pre-
treatment of the cells with rIL-10 had beneficial effects of
augmenting cell cytotoxicity in fetal alveolar type II cells
exposed to sublethal or lethal hyperoxia.

Although not statistically significant, there has been only
one study so far published, showing that IL-10 at a concen-
tration of 5 ng/mL tends to inhibit gene expression of ca-
thepsin B in adult alveolar type II cells.'* The present study
showed that IL-10 significantly attenuated the expression of
cathepsin B in fetal alveolar type II cells exposed to 65%-
and 85%-hyperoxia. With these results in mind, some po-
tential mechanisms by which IL-10 leads to reduce cathep-
sin B expression induced by hyperoxia can be postulated.
First, IL-10’s inhibitory effect on nuclear factor-kB activat-
ed during hyperoxia may result in down-regulation of ca-
thepsin B, since inhibition of nuclear factor-kB leads to a
reduction of cathepsin B in human macrophages.” Second-
ly, cathepsin B may be inhibited through IL-10’s inhibitory
effect on IL-8, because recombinant IL-8 increases activa-
tion of cathepsin B in synovial fluid in rabbits.?* Finally, in-
hibition of cathepsin B activity may partly be due to the fact
that IL-10 may reduce the phospholipase A2 activated sec-
ondary to low doses of oxygen radical species generated by
hyperoxia. As reported previously, low doses of oxygen
radical species activate phospholipase A2 first and conse-
quently lysosomal rupture indirectly through destabilization
of lysosomes.® Furthermore, in human tracheal smooth mus-
cle cells, IL-1pB-induced cytosolic phospholipase A2 expres-
sion is inhibited by pretreatment of the cells with nuclear
factor kB-inhibitor.* Consequently, it can be assumed that

IL-10’s inhibitory effect of nuclear factor kB might reduce
phospholipase A2 expression.

In recent years, the features of “new”“BPD” have been es-
tablished, and “new”“BPD” developes in preterm newborns
exposed to low dose of high oxygen only for a few days after
birth. Moreover, it has been demonstrated that failure of
type II cells to proliferate during the first week of life may
permanently alter postnatal lung growth,” Hence, it is prom-
ising to define the mechanisms whereby hyperoxia on fetal
type II cells contributes to the genesis of acute lung injury
and to develop protective strategy to minimize acute lung
injury induced from the early stage of hyperoxia.

Although the present study has the limitations of an in vi-
tro experimental system in which E19 alveolar type II cells
were isolated from their environment, the contribution of
our study to the field is that the study showed that 65%- and
85%-hyperoxia could induce cell death by up-regulating ca-
thepsin B expression in fetal alveolar type II cells from the
carly stage of hyperoxia, and that pretreatment with IL-10
prior to hyperoxia down-regulated the expression of ca-
thepsin B induced in fetal alveolar type II cells exposed to
65%- and 85%-hyperoxia.

Collectively, our findings suggest that activation of cathes-
pin B may contribute to fetal type II cell death from the early
stage of sublethal and lethal hyperoxia, and cathepsin B-de-
pendent cell death may be prevented by IL-10 in fetal alveo-
lar type II cells from the acute stage of sublethal and lethal
hyperoxia. These investigations imply that IL-10 may be a
novel therapeutic strategy for preventing or limiting the ex-
tent of lung injury induced by short-term exposure of hy-
peroxia by inhibiting cathepsin B expression in preterm
lungs susceptible to “new’” bronchopulmonary dysplasia.
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