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Abstract \
Background: Premature infants often require oxygen (O,) therapy for respiratory distress syndrome; however, excessive use of O,
can cause clinical conditions such as bronchopulmonary dysplasia. Although many treatment methods are currently available, they
are not effective in preventing bronchopulmonary dysplasia. Herein, we explored the role of tripartite motif protein 72 (TRIM72), a
factor involved in repairing alveolar epithelial wounds, in regulating alveolar cells upon hyperoxia exposure.

Methods: In this in vivo study, we used Sprague-Dawley rat pups that were reared in room air or 85% O, for 2 weeks after birth.
The lungs were excised for histological analyses, and TRIM72 expression was assessed on postnatal days 7 and 14. For in vitro
experiments, RLE-6TN cells (i.e., rat alveolar type Il epithelial cells) and A549 cells (i.e., human lung carcinoma epithelial cells) were
exposed to 85% O, for 5 days. The cells were then analyzed for cell viability, and TRIM72 expression was determined.

Results: Exposure to hyperoxia reduced body and lung weight, increased mean linear intercept values, and upregulated TRIM72
expression. In vitro study results revealed increased or decreased lung cell viability upon hyperoxia exposure depending on the
suppression or overexpression of TRIM72, respectively.

Conclusion: Hyperoxia upregulates TRIM72 expression in neonatal rat lung tissue; moreover, it initiates TRIM72-dependent alveo-
lar epithelial cell death, leading to hyperoxia-induced lung injury.
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1. INTRODUCTION

Respiratory distress syndrome is a major cause of morbidity and
mortality in preterm neonates.! During respiratory distress syn-
drome and respiratory failure, oxygen (O,) supplementation is
mostly indicated to sustain tissue oxygenation. However, pre-
term infants who have received prolonged O, therapy may expe-
rience several complications, such as retinopathy of prematurity
and bronchopulmonary dysplasia (BPD). BPD continues to be a
major cause of morbidity and mortality during the first year of
life, and many infants frequently experience more respiratory
morbidities, including a decreased response to acute hypoxia
and development of obstructive airway diseases throughout
childhood.** At present, no effective clinical therapies are avail-
able to prevent the long-term pulmonary sequelae of BPD.
Advancements in surfactant and steroid therapy and ventilation

*Address correspondence. Dr. Chung-Ming Chen, Department of Pediatrics,
School of Medicine, College of Medicine, Taipei Medical University, 250,
Wu-Hsing Street, Taipei 110, Taiwan, ROC. E-mail address: cmchen@tmu.edu.tw
(C.-M. Chen).

Confiicts of interest: The authors declare that they have no conflicts of interest
related to the subject matter or materials discussed in this article.

Journal of Chinese Medical Association. (2021) 84 79-86.

Received April 15, 2020; accepted June 22, 2020.

doi: 10.1097/JCMA.0000000000000413.

Copyright © 2020, the Chinese Medical Association. This is an open access

article under the CC BY-NC-ND license (http.//creativecommons.org/licenses/
by-nc-nd/4.0/)

www.ejcma.org

strategies have changed the pathological landscape from “clas-
sic BPD” to “new BPD.” “New BPD,” a chronic lung disorder in
extremely premature infants, is characterized by lung injury that
results in abnormal lung architecture marked more by alveo-
lar and capillary hypoplasia and less by fibroproliferative air-
way damage and parenchymal fibrosis.* Lung injury in animal
models has been shown to be similar to pulmonary injury in
infants receiving supplemental O, therapy.®* The lungs of neo-
natal rats exposed to a hyperoxic environment were found to
have decreased alveolar septation and increased terminal air
space size, similar to that observed in classic BPD in humans.>!°
Hyperoxic injury is believed to disrupt critical signaling path-
ways that direct lung development, including branching and sep-
tation.>!'2 Although aberrant regulation of lung development is
one of the causative factors of hyperoxia-induced lung injury,
the underlying molecular mechanisms remain to be elucidated.
Tripartite motif protein 72 (TRIM72, also known as mitsu-
gumin 53) is abundantly expressed in striated muscle tissues and
has been shown to function as a mediator for degradation of
the insulin receptor and insulin receptor substrate 1, which is a
leading factor in metabolic syndrome.!* A study reported that
S-nitrosylation of TRIM72 at C144 prevented the oxidation-
induced degradation of TRIM72 following oxidative insult,
consequently enhancing cardiomyocyte survival;!* another study
revealed that TRIM 72~ mice showed increased susceptibility to
ischemia-reperfusion and overventilation-induced injury to the
lung, concluding that targeting TRIM72-mediated membrane
repair in lung epithelial cells could be an effective, integrative
component of acute lung injury therapies.”> Some previous
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studies have also reported the detrimental effects of TRIM72 in
cardiac fibrosis and that it causes excessive deposition of extra-
cellular matrix through signaling pathway regulation in myo-
cardial infarction and aortic constriction.'®!” Thus, under stress
conditions, the effects of TRIM72 on experimental targets seem
to be both advantageous and disadvantageous. Considering that
the role of TRIM72 in lung cells under hyperoxic environments
remains unclear, in this study, we investigated the molecular
mechanisms responsible for O, toxicity, the role of TRIM72 in
neonatal murine lung development, and the response of lung tis-
sue cell lines to hyperoxia.

2. METHODS

2.1. Ethical approval

All experiments involving animals were performed in accord-
ance with the animal use protocol enacted by the Institutional
Animal Care and Use Committees of School of Medicine, Taipei
Medical University.

2.2. Antibodies

The rabbit polyclonal antibody against TRIM72 (GTX 118625)
was purchased from GeneTex International Corporation (Irvine,
CA, USA). B-Actin mouse mAb (sc-47778) was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Horseradish
peroxidase—conjugated antirabbit and antigoat antibodies were
obtained from Invitrogen (Carlsbad, CA, USA), and antimouse
antibody was obtained from Thermo Fisher Scientific Inc.
(Rockford, IL, USA). Biotinylated antirabbit IgG antibody was
purchased from Vector Laboratories (Burlingame, CA, USA).

2.3. Animal models

This study was performed in accordance with the guidelines
provided by the Animal Care Use Committee of Taipei Medical
University (LAC-2016-0515). Time-dated pregnant Sprague—
Dawley rats were housed in individual cages under a 12:12-h
light—dark cycle and ad libitum access to laboratory food and
water. Delivery was performed naturally at term (22 d). Within
12 hours of birth, litters were pooled and randomly redistrib-
uted to newly delivered mothers; thereafter, the pups were
randomly assigned to room air (normoxia) and O, treatment
subgroups. The pups in the O, treatment subgroup were reared
in an atmosphere containing 85% O, during postnatal days 1
to 14, and those in the other subgroup were reared under nor-
moxia for 14 postnatal days. Mothers nursing the pups were
rotated every 24 hours between the two subgroups to safeguard
them from O, toxicity. Immediately after death, the lungs were
collected for histological analysis, immunohistochemistry, and
Western blotting.

2.4. Histological analysis

For standardization, sections from the right middle lobe of the
right lung were obtained. Subsequently, the lung tissues were
immersed in 4% paraformaldehyde in 0.1 M phosphate buff-
ered saline (pH 7.4), followed by incubation at 4°C for 24
hours. Thereafter, the tissues were dehydrated in alcohol, cleared
in xylene, and embedded in paraffin. Five-micrometer sections
were stained with hematoxylin and eosin, examined under light
microscopy, and assessed for lung morphometry. The mean lin-
ear intercept (MLI), an indicator of the mean alveolar diameter,
was assessed in 10 nonoverlapping fields.'®

2.5. Immunohistochemistry

Immunostaining was performed on 5-pm paraffin sections with
immunoperoxidase visualization. After blocking endogenous
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peroxidase activity and nonspecific binding of pertinent anti-
body, the sections were preincubated for 1 hour at room tem-
perature in 0.1 M phosphate buffered saline containing 10%
normal goat serum and 0.3% H,O,; subsequently, they were
incubated with the primary antibodies of rabbit polyclonal anti-
von Willebrand factor (vWF) antibody (1:100; ab6994, Abcam,
Cambridge, MA, USA) and goat polyclonal anti-TRIM72 (PAS-
19398) (1:200 dilutions; Thermo Fisher Scientific, Waltham,
MA, USA) for 20 hours at 4°C. The sections were then treated
with the secondary antibody of biotinylated rat antigoat IgG
(1:200; Jackson ImmunoResearch, West Grove, PA, USA) for
1 hour at 37°C. Subsequently, they were treated with reagents
from the avidin-biotin complex kit (Vector Laboratories, Inc.,
Burlingame, CA, USA), and products were visualized using
a diaminobenzidine substrate kit (Vector Laboratories, Inc.),
according to manufacturer’s instructions. After diaminobenzi-
dine visualization, the sections were lightly counterstained using
hematoxylin. All immunostained sections were viewed and
photographed using a Nikon Eclipse E600 microscope (Tokyo,

Japan).

2.6. Western blotting

Lung tissues and A549 and RLE-6TN cell pellets were lysed
in an SDS sample buffer, and the obtained lysates were dena-
tured at 95°C for 10 minutes. Proteins were separated on
SDS/polyacrylamide gels and transferred onto polyvinylidene
fluoride membranes. The membranes were then blocked with
5% skim milk in Tris-buffered saline containing 0.1% Tween-
20 for 30 minutes and incubated overnight with the following
primary antibody diluted at 1:1000 to 1:5000 in a block-
ing solution: rabbit polyclonal antibody against TRIM72
(1:1000; GeneTex International Corporation). [(-Actin
mouse mAb (1:10000; Santa Cruz Biotechnology) was used
as an internal control. The secondary antibodies used were
goat antirabbit-Horseradish peroxidase antibody (Jackson,
West Grove, PA, USA) against TRIM72 and goat antimouse
(#31320) (1:10000; Pierce Biotechnology Inc., Rockford)
antibody against B-actin. The densitometry unit for protein
expression in the control group was assigned as one after nor-
malization with B-actin.

2.7. Cell culture

Because knockout animal patterns are difficult to achieve and
given the unstable tissue condition, we decided to conduct an in
vitro study. RLE-6TN, a rat alveolar type II epithelial cell line,
and A549, a human lung carcinoma epithelial cell line (ATCC,
Manassas, VA, USA), were maintained in an F-12 medium in
75-cm? tissue culture flasks at 37.8°C in 5% CO, and 95% air.
Herein, we used two types of lung epithelial cells to compare ani-
mal and human alveolar performance. The medium was supple-
mented with 10% (v/v) fetal bovine serum, 100 U/mL penicillin,
and 100 mg/mL streptomycin. Both types of lung cell monolayers
were lifted from flasks by adding 2 mL of 0.05% trypsin and then
subcultured in 75-cm? tissue culture flasks or seeded in 24-well
tissue culture plates (BD Labware, Franklin Lakes, NJ, USA) or
4-well chamber slides (Costar Life Sciences, Wilkes Barre, PA,
USA) at a density of (12.5-20.0) 3x10° cells/well for various
experiments. The cells were allowed to attach overnight, trans-
duced with replication-deficient premade TRIM72-green fluo-
rescent protein (GFP) adenovirus (Applied Biological Materials
Inc., Richmond, BC, USA) or transfected with lipofectamine
RNAIMAX (Thermo Fisher Scientific, Waltham, MA, USA) that
contained TRIM72 siRNA (Santa Cruz Biotechnology, Dallas, TX,
USA) with the primer TACGTCCAAGGTCGGGCAGGAAGA,
and cultured under normoxic (5% CO, and 95% air) or O,-
enriched (85% O, and 5% CO,, Xvivo system; BioSpherix, New

www.ejcma.org



Original Article. (2021) 84:1

Body weights, lung weights, and lung-to-body weight ratios of

rat pups on postnatal day 7

Body Lung Lung-to-Body
Treatment n Weight (g) Weight (g) Weight Ratio (%)
Normoxia 11 15.36+2.86 0.28+0.04 1.85+0.13
0 13 9.44+1.71**  015x0.02*** 1.62+0.16**

2

Values are presented as mean + SD.

***n<0.001 vs the normoxia group; **p<0.01 vs the normoxia group.

Body weights, lung weights, and lung-to-body weight ratios of

rat pups on postnatal day 14

Body Lung Lung-to-Body
Treatment n Weight (g) Weight (g) Weight Ratio (%)
Normoxia 11 24.32+1.06 0.38+0.02 1.54+0.10
0 13 1552111 0.26+0.03*** 1.66+0.13"

2

Values are presented as mean + SD.

***p<0.001 vs the normoxia group; *p<0.05 vs the normoxia group.
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York, NY, USA) conditions in a 30-L direct heat CO,/Tri-Gas
incubator (SA series, ASTEC CO., Fukuoka, Japan) for 48 to 120
hours; the medium was changed every 2 days. All cell culture
media, supplements, and chemicals were purchased from Sigma-
Aldrich (St. Louis, MI, USA).

2.8. In vitro cell viability assay

After 48, 72, 96, and 120 hours of culture under normoxic or
O,-enriched conditions, cell viability was evaluated by meas-
uring the mitochondrial-dependent reduction of colorless
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT; Invitrogen, Eugene, OR, USA) to blue-colored formazan
that was dissolved in dimethyl sulfoxide, and the absorbance
of each sample was spectrophotometrically measured at 550 nm
using a SpectraMax 190 Microplate Reader (Molecular Devices,
Downingtown, PA, USA).

2.9. ELISA

A549 and RLE-6TN cell pellets were sonicated and centrifuged.
The supernatants were collected, and absorbance was read using
a commercial ELISA kit for TRIM72 (Cusabio Biotech Co., Ltd,
Houston, TX, USA; CSB-EL024511HU and CSB-EL024511RA).
TRIM72 concentration is presented as optical density values.
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Fig. 1 Representative hematoxylin and eosin-stained lung sections for (A) histological observation and (B) mean linear intercept (MLI) assessment in the lungs
of 7-day-old and 14-day-old rats in the normoxia and O,-enriched groups. The rats in the O,-enriched group exhibited a significantly higher MLI than those in

the normoxia group. *p <0.05.
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Fig. 2 (A) Representative lung sections of 7-day-old and 14-day-old rats in the
normoxia and O,-enriched groups stained with von Willebrand factor (WVF).
White arrow indicates a positively stained vessel. The rats reared in hyperoxia
showed reduced VWF-stained vessels than those reared in normoxia.

2.10. Statistical analysis

Data are presented as mean=SD. Differences were analyzed
using paired  test for in vivo data and one-way ANOVA for in
vitro data, and analysis of significance was based on Bonferroni’s
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correction for multiple comparisons. p<0.05 indicated statisti-
cal significance.

3. RESULTS

3.1. Body weight, lung weight, and lung-to-body weight
ratios

The rat pups in the O,-enriched group exhibited significantly
lower body and lung weights on postnatal days 7 and 14 than
those in the normoxia group (Tables 1 and 2). Further, the rat
pups in the O,-enriched group exhibited a significantly lower
lung-to-body weight ratio (p<0.01) on postnatal day 7 and a
significantly higher lung-to-body weight ratio (p <0.05) on post-
natal day 14 than those in the normoxia group.

3.2. Histological analyses

The lung sections of the normoxia group showed no major his-
tological abnormalities, whereas those of the O,-enriched group
showed significantly higher MLI on postnatal days 7 and 14
(p<0.05; Fig. 1).

3.3. Immunohistochemistry

Fig. 2 shows lung sections stained with vWF on postnatal days
7 and 14. The animals reared in the hyperoxic environment
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Fig. 3 Immunohistochemistry results (A) and Western blotting results and quantitative data (B, C) for TRIM72 expression in 7-day-old and 14-day-old rats in the
normoxia and O,-enriched groups. TRIM72 immunoreactivity was observed in endothelial cells (black arrow), superior surface of bronchial epithelial cells (red
arrow), and alveolar type | (short black arrow) and Il cells (short red arrow). The normoxia group showed faint immunoreactivity in bronchial epithelial cells (red
arrow) and alveolar type | (short black arrow) and Il cells (short red arrow). The rats in the O,-enriched group exhibited significantly higher TRIM72 expression than

those in the normoxia group on postnatal days 7 and 14. *p<0.05.
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showed decreased vWF-stained vessels than those reared in the
normoxic environment.

TRIM72 immunoreactivity was observed in lung endothelial
cells, superior surface of bronchial epithelial cells, and alveolar
type I and II cells (Fig. 3A). The O,-enriched group exhibited
significantly higher TRIM72 immunoreactivity (p<0.05) than
the normoxia group on postnatal days 7 and 14.

3.4. Western blotting

TRIM72 expression in rat lung tissues was analyzed using
Western blotting. As shown in Fig. 3B and C, TRIM72 expres-
sion was significantly higher in the O,-enriched group on post-
natal days 7 and 14 (p<0.05).

3.5. O, exposure reduced the survival rate of lung cells

To investigate the effects of O, exposure on RLE-6TN and A549
cells, we performed the cell viability assay (MTT). The survival
rate of both RLE-6TN and A549 cells significantly declined
based on the duration of hyperoxia exposure (p<0.001).
Interestingly, O,-exposed TRIM72-siRNA RLE-6TN cells
showed a sustained survival rate on days 2, 3, 4, and 5, whereas
O,-exposed TRIM72-siRNA A549 cells showed a sustained
survival rate on days 3, 4, and § (Figs. 4A-D and 5A-D). By
contrast, O,-exposed TRIM72-adenovirus RLE-6TN and A549
cells showed a significantly lower survival rate on days 3, 4, and
5 and days 2, 3, 4, and 3, respectively (Figs. 4A-D and 5A-D).

J Chin Med Assoc

These results indicated that the effects of O2 on lung cells were
attenuated or enhanced depending on whether TRIM72 expres-
sion was absent or present.

3.6. O, exposure enhanced TRIM72 expression

To investigate the effects of hyperoxia on TRIM72 expression
in RLE-6TN and A549 cells, we cultured them under normoxia
or O,-enriched conditions for up to 120 hours. Thereafter, the
cells were lysed and analyzed through ELISA. TRIM72 expres-
sion was significantly higher in O,-exposed TRIM72-adenovirus
RLE-6TN and A549 cells (p<0.001; Figs. 4E and SE), whereas
it was significantly attenuated in O,-exposed TRIM72-
siRNA RLE-6TN and A549 cells (p<0.001; Figs. 4E and
SE). Furthermore, TRIM72 expression was analyzed through
Western blotting. The cells were cultured under normoxia or
O,-enriched conditions for up to 48 and 120 hours. TRIM72
expression was significantly increased in TRIM72-adenovirus
AS549 cells exposed to O, for 48 and 120 hours, whereas it was
significantly attenuated in TRIM72-siRNA A549 cells exposed
to O, for 48 and 120 hours (p<0.05 and p<0.001, respectively;
Fig. 6A-C).

4. DISCUSSION

In this study, we found that rat pups exposed to hyperoxic
conditions showed decreased body weight and lung weight
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Fig. 4 O, exposure and lung cell viability and TRIM72 expression in RLE-6TN cells under normoxia, O,, O,+TRIM72 siRNA, and O,+TRIM72 adenovirus
were measured at (A) 48h, (B) 72h, (C) 96h, and (D) 120h. Cell viability was evaluated by measuring the mitochondrial-dependent reduction of colorless 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, normalized to cell number. At 120h, we tested TRIM72 expression with ELISA. Bar graphs represent

concentration (E). ***p <0.001.
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Fig. 5 O, exposure and lung cell viability and TRIM72 expression in A549 cells under normoxia, O,, O,+TRIM72 siRNA, and O, + TRIM72 adenovirus were
measured at (A) 48h, (B) 72h, (C) 96h, and (D) 120h. Cell viability was evaluated by measuring the mitochondrial-dependent reduction of colorless 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, normalized to cell number. At 120h, we tested TRIM72 expression with ELISA. Bar graphs represent

concentration (E). ***p <0.001.

on postnatal days 7 and 14; furthermore, staining their lung
tissues revealed increased MLI values and decreased vWF-
stained vessels on postnatal days 7 and 14. Earlier studies have
provided similar results.!” TRIM72 expression in lung tissues
under hyperoxic conditions was higher than that under nor-
moxia on postnatal days 7 and 14. Furthermore, the attenu-
ation or induction of TRIM72 expression in response to
hyperoxia seemed to enhance or suppress the viability of cul-
tured lung cells. Similar results have been provided by experi-
mental studies that have investigated the outcome of different
interventions on O,-induced neonatal lung injury and animal
models of BPD.20-2!

BPD directly affects the lungs and is characterized by reduced
alveolar and vascular growth and perturbed matrix remodeling.
In the lungs, a considerable number of alveoli become fibrotic,
scarred, and stop functioning. This affects not only the exist-
ing alveoli but also those that constantly develop after birth.?
Previous studies have reported that hyperoxia exposure for 7
days increases oxidative stress in neonatal murine lungs.?>*
Perturbed matrix remodeling and inflammation favoring fibrosis
and an increase in septal thickness are typical features of hyper-
oxia-induced lung injury.® In an animal model of BPD, elastic
fibers were noted in alveolar walls, contributing to the thick-
ness of developing septa. Upon hyperoxia exposure, multiple
signaling pathways determine the pulmonary cellular response:
apoptosis, necrosis, fibrosis, or repair.?® Further, experimental
studies have demonstrated that the profibrotic signaling pathway
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involving transforming growth factor-f3, phosphorylated signal
transducer, and activator of transcription 3, and Smad2 is acti-
vated in response to hyperoxia.>*>*” The profibrotic signaling
pathway plays a key role in increasing the thickness of alveolar
septa. In this study, our results validated that exposure to hyper-
oxia causes impaired alveolar septa development and vascular
formation that was indicated by an increase in alveolar MLI and
a decrease in vWF-stained vessels.

TRIM72 expression can be induced by several experimen-
tal interventions, such as scratch wound, acute lung injury, and
cardiac hypertrophy.'*'$2% In this study, we found that TRIM72
expression was significantly upregulated in O,-exposed
TRIM72-adenovirus RLE-6TN and A549 cells, implying that
TRIM72 was mainly expressed in bronchial epithelial cells and
alveolar type I and II cells in our neonatal BPD model. TRIM72
expression was increased in the lung tissue of rat pups as well
as rat alveolar cells and human lung epithelial cells subjected to
hyperoxia. Accordingly, in a hyperoxic environment, TRIM72
may have an irreversible effect on lung cells, despite its cell
membrane repair function.

TRIM72 overexpression contributes to cardiac fibrosis by
regulating signal transducer and activator of transcription 3/
Notch-1 signaling. Multiple signaling pathways also been
implicated in cardiac fibrosis, including pathways involving
transforming growth factor-, the renin-angiotensin—aldos-
terone system, endothelin-1, and inflammatory and interferon
receptors.” In this study, TRIM72 overexpression induced by
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Fig. 6 Western blotting results (A) and quantitative data (B, C) of TRIM72 expression in A549 cells under normoxia, O,, O,+TRIM72 siRNA, and O,+TRIM72

adenovirus were measured at 48h (B) and 120h (C). *p<0.05, “*p<0.001.

TRIM72-GFP adenovirus decreased the viability of human and
murine lung cells, and TRIM72 knockdown by TRIM72 siRNA
increased their viability (Figs. 4A-D and S5A-D). We believe that
the impairment of alveolar septa development and lung cell sur-
vival during hyperoxia contributed to the effects of TRIM72
on fibroblast proliferation and extracellular matrix remodeling
through the profibrotic signaling pathway. Thus, the suppres-
sion of TRIM72 expression seems to be an effective approach to
prevent hyperoxia-induced lung injury.

This study had two limitations: first, we determined cell cul-
ture viability to demonstrate the effects of O, exposure, and sec-
ond, we used cell line cultures rather than primary cell cultures,
which are less homogeneous relative to cell lines and have a lim-
ited lifespan as a consequence of being outside of their tissue
niche. Future studies should use TRIM72-knockout animals and
recombinant TRIM72 to further investigate the role of TRIM72
in hyperoxia-induced lung injury.

In conclusion, we herein report an important role of TRIM72
in hyperoxia-exposed lung tissues. TRIM72 overexpression or
suppression may affect cell viability under hyperoxic conditions.
Enhanced expression of TRIM72 can lead to alveolar and lung
tissue changes and even influence weight and lung growth. Our
study results suggest that the targeted suppression of TRIM72
can be a valuable new method to treat neonatal hyperoxia-
induced lung injuries.
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