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LncRNA gadd7 promotes mitochondrial membrane potential decrease and apoptosis
of alveolar type II epithelial cells by positively regulating MFN1 in an in vitro model
of hyperoxia-induced acute lung injury
Guoyue Liu, Cunzhi Yin, Mingjiang Qian, Xuan Xiao, Hang Wu, Fujian Fu

Intensive Care Unit, The Second Affiliated Hospital of Zunyi Medical University, Zunyi, Guizhou, China

Hyperoxia-induced acute lung injury (HALI) is a complication of oxygen therapy. LncRNA gadd7 shows asso-
ciations with HALI. We explored the effects of gadd7 on mitochondrial membrane potential (MMP) and apop-
tosis of alveolar type II epithelial cells (AEC II) in HALI. RLE-6TN cells were transfected with 50 nM silenced
and overexpressed gadd7 and MFN1 plasmids (sh-gadd7, oe-gadd7 and/or oe-MFN1), respectively for 48 h,
followed by hyperoxic culture for 24 h. gadd7  and MFN1 levels were assessed by RT-qPCR and Western blot.
RLE-6TN cells were stained by JC-1 and MMP changes were observed using a fluorescence microscope. The
average fluorescence intensity of red and green fluorescence was evaluated with the help of Image J software,
and the ratio of red/green fluorescence intensity represented MMP. Cell apoptosis was assessed by flow cytom-
etry using Annexin V-FITC/PI double staining method. The levels of apoptosis proteins [Bax, Bcl-2, Cleaved
caspase-3, Cleaved poly ADP-ribose polymerase (PARP)] were measured by Western blot. LncRNA gadd7 and
MFN1 were highly expressed in hyperoxia-induced AEC II. Hyperoxia induced MMP decrease and apoptosis
promotion in RLE-6TN cells. LncRNA gadd7 positively regulated MFN1 expression. Knockdown of gadd7
inhibited MMP decrease and apoptosis of hyperoxia-induced RLE-6TN cells. MFN1 overexpression annulled
the inhibitory effects of gadd7 silencing on MMP decrease and apoptosis in RLE-6TN cells. Briefly, lncRNA
gadd7 promoted MMP decrease and apoptosis of AEC II by positively regulating the expression of MFN1 in
the HALI model in vitro.

Key words: hyperoxia-induced acute lung injury; LncRNA gadd7; MFN1; alveolar type II epithelial cells;
mitochondrial membrane potential; apoptosis.
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Introduction
Mechanical ventilation and oxygen therapy are widely used

to manage and treat neonatal emergencies in critically ill new-
borns.1 However, prolonged exposure to oxygen with high con-
centrations can cause bronchopulmonary dysplasia and chronic
pulmonary diseases in neonates.2 In addition, oxygen therapy is
also used in adults with chronic lung disease,3,4 which may also
produce certain side effects. The main pathological characteris-
tics of the injured lung tissues are disordered or stagnant alveolar
development that is manifested as a decrease in alveoli number,
an increase in simplification, size of the alveolar structure, and
pulmonary interstitial fibrosis.1 Hyperoxia-induced acute lung
injury (HALI) is a classic complication of oxygen therapy, which
can cause acute respiratory distress syndrome and seriously
affects the quality of life of prematurely born infants.5 In HALI,
hyperoxia can result in necrosis and apoptosis of alveolar epithe-
lial cells (AEC).6 The alveolar surface is covered by tw function-
ally and morphologically distinct cells, namely type I AEC (AEC
I) and type II AEC (AEC II), among which AEC II recycles, syn-
thesizes, and secretes lung surfactant and maintains the home-
ostasis of alveolar fluid.7. AEC II cells are the major target of
hyperoxic lung injury.8 Reducing apoptosis of AEC II is a crucial
way to repress HALI.6,9,10

Mitochondrial dysfunction is reported to contribute to the
alveolar developmental arrest in hyperoxia-induced mice.11

Hyperoxia induces the apoptosis of AECs by regulating mito-
chondrial function.1 Mitochondrial fusion is regulated by differ-
ent proteins, including mitofusin 1 (MFN1) and mitofusin-2,
which is a GTPase protein that regulates mitochondrial outer
membrane fusion,12 and is critical to mitochondrial function.13,14

MFN1 regulates the synthesis of phospholipids and cholesterol in
AEC II cells.15 Abnormal MFN1 overexpression promotes mito-
chondrial fusion, induces cell apoptosis, and MFN1 down-regu-
lation promotes cell growth.16 miR-20b represses mitochondrial
dysfunction-mediated apoptosis to suppress HALI by targeting
MFN1 and MFN2.17 Moreover, overexpression of MFN1 can
aggravate lung injury and cell apoptosis.17 Agmatine can inhibit
cell apoptosis by indirectly reducing the expression of MFN1
protein.16 Further study on the regulatory pathway of AEC II
apoptosis and mitochondrial function may provide a new strategy
for the prevention and treatment of HALI.

Long non-coding RNAs (LncRNAs) are noncoding RNAs
with more than 200 nucleotides, which are vital regulators in var-
ious biological processes.18 LncRNA NEF modulates the lung
epithelial cells in HALI through FOXA2.19 LncRNA CASC2 tar-
gets CAV1 by competitively binding to miRNA-194-5p to sup-
press neonatal lung injury.20 LncRNA growth-arrested DNA dam-
age-inducible gene 7 (LncRNA gadd7) is a 754-nt polyadenylat-
ed lncRNA, which is isolated from the Chinese hamster ovary
cells.21 It plays an imperative regulatory role in cell death
induced by lipotoxicity.22 It also participates in the regulation of
oxidative stress and inflammatory reaction, and overexpression
of gadd7 promotes cell apoptosis.23 Agmatine protects against
HALI by repressing the expression of lncRNA gadd7.16 However,
whether lncRNA gadd7 affects mitochondrial membrane poten-
tial (MMP) and apoptosis of AECs in HALI through MFN1
remains elusive. This study aims to investigate the mechanism of
lncRNA gadd7 in MMP and apoptosis of AECs in HALI, to pro-
vide a strategy for the prevention and treatment of HALI.

Materials and Methods

Cell culture and treatment
The standard rat AEC II cell line (RLE-6TN cells) was purchased

from BeNa Culture Collection (Beijing, China; BNCC337708) and
cultured in the RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA)
containing 10% fetal bovine serum (Thermo Scientific, Waltham,
MA, USA) and 1% 100 U/mL penicillin/100 μg/mL streptomycin
(Thermo Scientific) in an incubator containing 5% CO2 at 37°C. The
oxygen concentration was adjusted by the incubator. For the normox-
ia group, cells were cultured in an environment containing 21% O2,
74% nitrogen, and 5% CO2 for 24 h. For the hyperoxia group, cells
were cultured in an environment containing 95% O2 and 5% CO2 for
24 h. During cell culture, RLE-6TN cells were regularly tested for
mycoplasma to avoid pollution of cell growth environment.

Cell transfection and grouping
RLE-6TN cells were allocated into the following 8 groups:

Normoxia group, Hyperoxia group, Hyperoxia + sh-gadd7 group
(transfected with silencing gadd7 plasmid), Hyperoxia + sh-NC
group (transfected with negative control plasmid sh-NC),
Hyperoxia + oe-gadd7 group (transfected with overexpression
gadd7 plasmid), Hyperoxia + oe-NC group (transfected with neg-
ative control plasmid oe-NC), Hyperoxia + sh-gadd7 + oe-MFN1
group (co-transfected with silencing gadd7 plasmid and overex-
pression MFN1 plasmid), and Hyperoxia + sh-gadd7 + oe-NC
group (co-transfected with silencing gadd7 plasmid and negative
control plasmid oe-NC). Silencing gadd7 plasmid (sh-gadd7) and
its corresponding negative control (sh-NC), overexpression gadd7
plasmid (oe-gadd7) and its corresponding negative control (oe-
NC), MFN1 overexpression plasmid (oe-MFN1) and its negative
control NC (oe-NC) were purchased from GenePharma (Shanghai,
China). The transfection was performed using Lipofectamine 2000
(Invitrogen) in strict accordance with its instructions with 50 nM
as the final concentration for each plasmid.24 After 48-h transfec-
tion, hyperoxic environment treatment was conducted for 24 h.

RT-qPCR
Total RNA was extracted from RLE-6TN cells using the TRIzol

reagent (Invitrogen). The total RNA was reverse transcribed into
cDNA using the reverse transcription kit (Roche, Switzerland). The
concentration and purity of RNA samples were determined using
the spectroscopic method. Complementary DNA was synthesized
with specific Taqman® RT primers (Thermo Fisher, Wilmington,
USA) and PrimeScript™ II 1st Strand cDNA Synthesis kit (TaKaRa
Biotech, Dalian, Liaoning, China). RT-qPCR was performed by
TaqMan™ Fast Advanced Master Mix (Thermo Fisher) under the
following reaction conditions: pre-denaturation at 95°C for 5 min,
40 cycles of denaturation at 95°C for 15 s, and extension at 60°C
for 1 min. With GAPDH as the internal reference gene, the relative
expression levels of lncRNA gadd7 and MFN1 standardized by
internal parameters were calculated using the 2-ΔΔCt method. The
primers were synthesized by Sangon Biotech (Shanghai, China)
and their sequences are shown in Table 1.

Table 1. Primer sequence.

Primer                          Sequence

LncRNA gadd7                      forward: 5’-ACAATGACGCCATCGTTTTCT-3’
                                                reverse: 5’-TGTCCTCCATCTGGGCATTT-3’
MFN1                                      forward: 5’-GGGTGCTCCTAGGATTATCAGA-3’
                                                reverse: 5’-TATCTGGCGTTGCTGGAGT-3
GAPDH                                   forward: 5’-GCACCGTCAAGGCTGAGAAC-3’  
                                                reverse: 5’-ATGGTGGTGAAGACGCCAGT-3’
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Western blot
The relative level of the target protein was determined by

Western blot. After normoxic and hyperoxic culture, RLE-6TN
cells were lysed with radioimmunoprecipitation assay lysate con-
taining protease inhibitor (Beyotime Biotechnology, Shanghai,
China) to extract the total protein, and the protein concentration
was determined using the bicinchoninic acid kit (Beyotime
Biotechnology). Then, 30 μg protein of the samples in each group
was prepared by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred onto the polyvinylidene fluoride
(PVDF) membranes (Millipore, Bedford, MA, USA). The 5%
skim milk was prepared with Tris-buffered saline with Tween-20
(TBST), and the PVDF membranes were placed in the milk, shak-
en, blocked at room temperature for 1 h to block nonspecific bind-
ing, and incubated with primary antibodies anti-MFN1 (ab221661,
1:1000, Abcam, Cambridge, UK), anti-Bax (ab32503, 1:1000,
Abcam), anti-Bcl-2 (ab194583, 1:500, Abcam), anti-caspase-3
(ab32351, 1:5000, Abcam), anti-Cleaved caspase-3 (ab32042,
1:500, Abcam), anti-PARP (#3542, 1:1000, Cell Signaling
Technology, Beverly, MA, USA), anti-Cleaved PARP (#9185,
1:1000, Cell Signaling Technology), and anti-GAPDH (ab181602,
1:10000, Abcam) overnight at 4°C. Then, the membranes were
washed twice with TBST and incubated with horseradish peroxi-
dase-labeled goat anti-rabbit secondary antibody IgG (ab48386,
1:2000, Abcam) at room temperature for 1 h. Subsequently, the
samples were developed using the enhanced chemiluminescence
working solution (Millipore) and imaged. The protein band density
was detected using the Image J software 1.48 (NIH, Bethesda,
MD, USA). GAPDH was used as the internal reference. Each
experiment was repeated 3 times.

Determination of MMP
The 5,5ʹ,6,6ʹ,tetrachloro-1,1ʹ,3,3ʹ;-tetraethyl-imidacarbocya-

nine iodide (JC-1) was a mitochondrial dye. The changes in MMP
were detected using the JC-1 Kit (Solarbio, Beijing, China). The
treated cells of each group were incubated with JC-1 staining
working solution (Sigma-Aldrich, St. Louis, MO, USA) at 37°C
for 20 min in the dark. After twice rinses with phosphate buffer
saline (PBS), 4’,6-diamidino-2-phenylindole staining was per-
formed. Cells were detached with trypsin and centrifuged into cell
suspension. The red and green fluorescence intensities were meas-
ured by flow cytometry under 485 nm excitation light and 530 and

590 nm emission light, respectively. The ratio of red/green fluores-
cence intensity represented the mitochondrial MMP, and a
decrease in the ratio represented a decrease in the MMP. JC-1 dye-
ing working solution was prepared according to the manufacturer’s
instructions. The average fluorescence intensity of red and green
fluorescence was evaluated using the Image J software (version
1.52), and 6 random fields were taken under a fluorescence micro-
scope (Olympus, Tokyo, Japan) for observation and image acqui-
sition. The experiment was repeated 3 times.

Flow cytometry
Apoptosis was detected by flow cytometry. After normoxic

and hyperoxic culture, RLE-6TN cells (1 × 106) were resuspended
in the medium, centrifuged at 4°C at 400 × g for 5 min, and the
supernatant was removed. Then, the cells were resuspended in 1
mL cold PBS and centrifuged at 4°C at 400 × g for 5 min, and the
supernatant was removed. After that, the cells were resuspended
with PBS buffer containing 10 μL annexin V-FITC and 10 μL pro-
pidium iodide dye (BD Biosciences, San Jose, CA, USA). After
mild mixing, the cells were incubated at 4°C in the dark for 30 min
and washed thrice with PBS. Cell apoptosis was detected using a
CytoFLEX flow cytometer (Beckman Coulter, Brea, USA).

Statistical analysis
SPSS 21.0 (IBM Corp. Armonk, NY, USA) and GraphPad

Prism 8.01 (GraphPad Software Inc., San Diego, CA, USA) were
employed for statistical analysis and mapping. Cell experiment
was repeated 3 times. The data were expressed as mean ± SD.
Independent t-test was employed for comparisons between two
groups and one-way analysis of variance (ANOVA) was applied
for comparisons among multi-groups, followed by Tukey’s multi-
ple comparisons test; p<0.05 was indicative of statistical signifi-
cance.

Results

LncRNA gadd7 and MFN1 were highly expressed in
hyperoxia-induced AEC II cells

Agmatine regulates MFN1 expression by suppressing lncRNA
gadd7 expression, thus protecting against HALI.16 To investigate the

Figure 1. LncRNA gadd7 and MFN1 were highly expressed in hyperoxia-induced alveolar type II epithelial cells. RLE-6TN cells were
cultured under normoxic or hyperoxic condition for 24 h. A,B) The lncRNA gadd7 and MFN1 mRNA levels were determined by RT-
qPCR. C) The protein level of MFN1 was assessed by Western blot. Cell experiment was conducted 3 times. Data were expressed as
mean ± SD. Independent t-test was employed for comparisons between groups; *p<0.05, **p<0.01.
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expression levels of lncRNA gadd7 and MFN1 in AEC II cells
induced by hyperoxia, RLE-6TN cells were cultured for 24 h under
normoxic or hyperoxic conditions. Firstly, the expression of gadd7
was determined by RT-qPCR. Compared with the normoxia group,
gadd7 expression in the hyperoxia group was elevated (p<0.05)
(Figure 1A). Subsequently, MFN1 levels were determined by RT-
qPCR and Western blot. Compared with the normoxia group, the
MFN1 levels in the hyperoxia group were raised (all p<0.01) (Figure
1 B,C). These results suggested that lncRNA gadd7 and MFN1 were
highly expressed in AEC II cells induced by hyperoxia.

Effects of hyperoxia induction on MMP and apoptosis
in AEC II

MMP is an important parameter reflecting the functional state
of mitochondria in cells and the decrease of MMP is related to
apoptosis.25 Therefore, the effects of hyperoxia on MMP and apop-
tosis in RLE-6TN cells were further investigated. Firstly, the

changes of MMP of cells were detected. Compared with the nor-
moxia group, the MMP of RLE-6TN cells was significantly
reduced by hyperoxia induction (p<0.01) (Figure 2 A-,B). Next,
the apoptosis level was detected by flow cytometry. Compared
with the normoxia group, the level of apoptosis in the hyperoxia
group was increased (p<0.01) (Figure 2C). In addition, the levels
of pro-apoptotic protein Bax, Cleaved caspase-3 and Cleaved
PARP, and anti-apoptotic protein Bcl-2 in cells of each group were
determined by Western blot. Compared with the normoxia group,
the levels of Bax/Bcl-2, Cleaved caspase-3/caspase-3, and Cleaved
PARP/PARP were raised in the hyperoxia group (all p<0.05)
(Figure 2D). The results suggested that hyperoxia induced the
decrease of MMP in RLE-6TN cells and promoted apoptosis.

LncRNA gadd7 positively regulated MFN1 expression
To further explore the regulatory relationship between lncRNA

gadd7 and MFN1, RLE-6TN cells were transfected with sh-gadd7

Figure 2. Effects of hyperoxia induction on MMP and apoptosis in alveolar type II epithelial cells. A) JC-1 staining was performed in
RLE-6TN cells, and the MMP was observed using a fluorescence microscope; JC-1 monomers emitted green fluorescence, and JC-1
aggregates emitted red fluorescence. B) Ratio of red/green fluorescence intensity. C) The level of apoptosis was detected by flow cytom-
etry. D) The protein levels of Bax, Bcl-2, Cleaved caspase-3 and Cleaved PARP were assessed by Western blot. Cell experiment was con-
ducted 3 times. Data were expressed as mean ± SD. Independent t-test was employed for comparisons between groups; *p<0.05,
**p<0.01, ***p<0.001.
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or oe-gadd7, respectively, and then cultured in a hyperoxia environ-
ment for 24 h. Firstly, the expression of gadd7 was detected by RT-
qPCR. Compared with the Hyperoxia + sh-NC group, gadd7
expression in the Hyperoxia + sh-gadd7 group was lowered, while
compared with the Hyperoxia + oe-NC group, gadd7 in the
Hyperoxia + oe-gadd7 group was facilitated (all p<0.05) (Figure
3A), indicating that the cells were successfully transfected.
Subsequently, the protein level of MFN1 was determined by
Western blot. Compared with the Hyperoxia + sh-NC group, MFN1
level in the Hyperoxia + sh-gadd7 group was diminished, while
compared with the Hyperoxia + oe-NC group, MFN1 level in the
Hyperoxia + oe-gadd7 group was stimulated (all p<0.05) (Figure
3B). Briefly, lncRNA gadd7 positively regulated MFN1 levels.

Knockdown of gadd7 expression inhibited MMP
decrease and apoptosis of RLE-6TN cells induced by
hyperoxia

To investigate the effects of gadd7 on MMP and apoptosis of
RLE-6TN cells induced by hyperoxia, RLE-6TN cells were trans-
fected with sh-gadd7 and cultured in hyperoxia for 24 h. The MMP
and apoptosis were detected. Compared with the Hyperoxia + sh-
NC group, the MMP was increased and apoptosis was reduced in
the Hyperoxia + sh-gadd7 group (all p<0.05) (Figure 4 A-C). In
addition, compared with the Hyperoxia + sh-NC group, the level of
Bax/Bcl-2, Cleaved caspase-3/caspase-3, and Cleaved
PARP/PARP were reduced in the Hyperoxia + sh-gadd7 group (all
p<0.05) (Figure 4D). Overall, knockdown of gadd7 inhibited
MMP decrease and apoptosis of RLE-6TN cells induced by hyper-
oxia.

Overexpression of MFN1 partially annulled the
inhibitory effects of gadd7 silencing on MMP decrease
and apoptosis in RLE-6TN cells

To further explore the role of MFN1 in the decrease of MMP
and apoptosis of RLE-6TN in HALI, MFN1 was overexpressed in
sh-gadd7-transfected RLE-6TN, and then the cells were cultured in
a hyperoxia environment for 24 h. Western blot manifested that
compared with the Hyperoxia + sh-gadd7 + oe-NC group, the
MFN1 level in the Hyperoxia + sh-gadd7 + oe-MFN1 group was
facilitated (p<0.05) (Figure 5A). Subsequently, the MMP and
apoptosis of RLE-6TN cells were detected. Compared with the

Hyperoxia + sh-gadd7 + oe-NC group, the MMP was lowered and
the apoptosis level was increased in the Hyperoxia + sh-gadd7 +
oe-MFN1 group (all p 0.05) (Figure 5B-D). In addition, the level
of Bax/Bcl-2, Cleaved caspase-3/caspase-3 and Cleaved
PARP/PARP were all augmented in the Hyperoxia + sh-gadd7 +
oe-MFN1 group (all P<0.05) (Figure 5E). Collectively, overex-
pression of MFN1 partially abrogated the inhibitory effects of
gadd7 silencing on MMP decrease and apoptosis of RLE-6TN
cells.

Discussion
Hyperoxia promotes inflammation and results in infiltration of

neutrophils, macrophages, and cytokines, and causes edema, alve-
olar damage, and even death.26 HALI is a kind of iatrogenic pul-
monary dysfunction resulting from prolonged exposure to oxygen
with high concentrations, which is prevalently seen in the treat-
ment of refractory hypoxemia.16 It can cause acute respiratory dis-
tress syndrome and bronchopulmonary dysplasia.6,27 Evidence has
shown that lncRNA plays crucial roles in HALI.28 This study found
that lncRNA gadd7 was highly expressed in hyperoxia-induced
AEC II and promoted MMP decrease and apoptosis of AEC II by
positively regulating the expression of MFN1 in HALI.

LncRNAs, including lncRNA NEF, lncRNA CASC2, and
lncRNA H19, are reported to have prominent roles in HALI.18-20

Our results manifested that the lncRNA gadd7 expression and
MFN1 levels were augmented after hyperoxia treatment, consis-
tent with the already reported results.16,17 Hyperoxia induces cell
apoptosis and mitochondrial dysfunction in HALI.29 Mitochondria
are the main organelle in cells, which are involved in apoptosis and
regulate apoptotic pathways, and the decrease of MMP is related to
apoptosis.25 In the early stage of hyperoxia exposure, unfolded pro-
tein response is activated in rat lung tissue and starts the apoptosis
process in AECII.30 Hyperoxia exposure is positively correlated
with the apoptosis of alveolar epithelial cells.31 Hyperoxic condi-
tions decreased Bcl-2 level and increased Bax level, which induced
proliferation restriction and apoptosis of AECIIs.2 Our results
revealed that MMP was decreased and apoptosis was promoted in
hyperoxia-induced RLE-6TN cells. In brief, hyperoxia induction
decreased MMP and stimulated apoptosis in RLE-6TN cells.

Figure 3. LncRNA gadd7 positively regulated MFN1 expression. A) The level of lncRNA gadd7 was assessed by RT-qPCR. B) The pro-
tein level of MFN1 was determined by Western blot. Cell experiment was conducted 3 times. One-way ANOVA was applied for com-
parisons among groups, followed by Tukey’s multiple comparisons test; *p<0.05, **p<0.01.

[page 162]                                           [European Journal of Histochemistry 2023; 67:3535]

2023_2.qxp_Hrev_master  30/05/23  11:32  Pagina 162



                                                                                                                  Article

Furthermore, we knocked down gadd7 and overexpressed
gadd7 in RLE-6TN cells and treated RLE-6TN cells with hyperox-
ia for 24 h, and discovered that MFN1 expression was blocked in
hyperoxia-treated RLE-6TN cells with silenced gadd7 expression,
while MFN1 expression was facilitated in hyperoxia-treated RLE-
6TN cells with overexpressed gadd7 expression. Consistently,
transfection of lncRNA gadd7 promotes the MFN1 protein level.16

In summary, lncRNA gadd7 positively regulated the expression of
MFN1. MFN1 levels were accumulated, along with mitochondria
elongation under hypoxic conditions.32 Overexpression of MFN1
promoted cell death in these cells, indicating that fine-tuning of
MFN1 levels is necessary for cell survival.33 Furthermore, we
knocked down gadd7 expression or overexpressed MFN1 levels in
RLE-6TN cells and treated RLE-6TN cells by hyperoxia for 24 h.
As a result, MMP was augmented, apoptosis was repressed.

Knockdown of lncRNA gadd7 effectively inhibits the apoptosis of
spermatocytes.22 MFN1 overexpression attenuated the protective
effects of miR-20b on ACE II cell apoptosis, mitochondrial func-
tion, and lung injury.17 However, there is no report on the effect of
lncRNA gadd7 silencing on the MMP and apoptosis of HALI cells.
This study highlighted that knockdown of gadd7 inhibited hyper-
oxia-induced MMP decrease and apoptosis for the first time. To
conclude, overexpression of MFN1 partially abrogated the effects
of gadd7 silencing on inhibiting MMP decrease and apoptosis of
RLE-6TN cells.

In summary, this study supported that lncRNA gadd7 was
highly expressed in hyperoxia-induced AEC II and promoted
MMP decrease and apoptosis of RLE-6TN cells by positively reg-
ulating MFN1 levels in HALI, which provided an important theo-
retical basis for the prevention and treatment of HALI. However,

                                                             [European Journal of Histochemistry 2023; 67:3535]                                          [page 163]

Figure 4. Knockdown of gadd7 expression inhibited the decrease of MMP and apoptosis of RLE-6TN cells induced by hyperoxia. A)
The changes in MMP were observed using a fluorescence microscope. B) Ratio of red/green fluorescence intensity. C) The level of apop-
tosis was assessed by flow cytometry. D) The protein levels of Bax, Bcl-2, Cleaved caspase-3, and Cleaved PARP were assessed by Western
blot. Cell experiment was conducted 3 times. Data were expressed as mean ± SD. Independent t-test was employed for comparisons
between groups; *p<0.05, **p<0.01.
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this study only preliminarily discussed these results, and how
lncRNA gadd7 regulated apoptosis of AEC II and its transcription
mechanism still needed to be further studied. The possible mecha-
nism of how lncRNA gadd7 regulated MFN1 was not explored. As
a competitive endogenous RNA, lncRNA gadd7 might regulate the
biological function of miRNAs, thus affecting the expression of
downstream target gene MFN1. In addition, this study did not
examine the mechanism from many aspects to explore the mito-
chondrial function of AEC II and the internal relationship between
mitochondrial dysfunction and apoptosis. In the future, we will fur-
ther explore the specific mechanism of lncRNA gadd7 in regulat-
ing the MMP and apoptosis of AEC II in HALI at the molecular
level, to further study the signal pathways related to apoptosis, and
to further explore the possible mechanism of lncRNA gadd7 regu-
lating MFN1 and find the key miRNA connecting lncRNA gadd7
and MFN1, and study the molecular mechanism.
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