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Jiang et al.: Oleuropein Effect by Regulating lncRNA Gm4419 Expression

To explore whether oleuropein can mediate lipopolysaccharide-induced oxidative stress and apoptosis in 
alveolar epithelial cells induced by long non-coding ribonucleic acid Gm4419. Mouse alveolar type II epithelial 
cells were isolated and cultured, and divided into control, lipopolysaccharide, lipopolysaccharide+oleuropein, 
lipopolysaccharide+si-NC, lipopolysaccharide+si-Gm4419, lipopolysaccharide+oleuropein+plasmid 
cloning deoxyribonucleic acid, and lipopolysaccharide+oleuropein+plasmid cloning deoxyribonucleic acid-
Gm4419 groups. Determination of malondialdehyde content and superoxide dismutase activity in cells was 
undertaken using the indicated kits. Detection of apoptosis was done using flow cytometry. Protein levels 
were detected by Western blotting, and long non-coding ribonucleic acid Gm4419 expression was detected 
by reverse transcription quantitative polymerase chain reaction. Lipopolysaccharide stimulation elevated 
malondialdehyde content, reduced superoxide dismutase activity, and facilitated cell apoptosis in mouse 
alveolar type II epithelial cells. Furthermore, oleuropein treatment decreased lipopolysaccharide-induced 
oxidative stress and apoptosis in mouse alveolar type II epithelial cells. Moreover, lipopolysaccharide caused 
the upregulation of Gm4419 in mouse alveolar type II epithelial cells, and Gm4419 silencing weakened 
lipopolysaccharide-induced mouse alveolar type II epithelial cells oxidative stress and apoptosis. In addition, 
Gm4419 overexpression partly overturned oleuropein treatment-mediated effects on lipopolysaccharide-
induced mouse alveolar type II epithelial cells oxidative stress and apoptosis. Oleuropein may inhibit 
lipopolysaccharide induced alveolar epithelial cell oxidative stress and apoptosis by downregulating Gm4419.
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Sepsis is a systemic inflammatory response 
syndrome triggered by infection, which can 
cause acute respiratory distress syndrome or 
shock in severe cases, constituting a serious 
danger to human life and health[1]. One of the 
most susceptible organs to damage in the event 
of sepsis is the lungs[2]. A large amount of oxygen 
free radicals can be generated from pulmonary 
tissues in sepsis, leading to an excessive oxidative 
stress, thus contributing to alveolar epithelial cell 
apoptosis or necrosis, consequently leading to lung 
injury[3]. Clinical management of sepsis is very 
tricky, and it is mainly administered with non-
specific interventions (such as fluid resuscitation, 
lung protective ventilation, infection control, and 
improvement of hemodynamics) and symptomatic 
treatments (such as controlling organ failure and 

shock)[4]. Owing to the fact that there is no specific 
treatment available, its mortality rate remains as 
high as 38.5 %[5].

Oleuropein (OLEU), a non-toxic secoiridoid, 
is widely found in Olea europaea L[6]. OLEU 
possesses a broad pharmacological activity, 
such as blood pressure-lowering and antioxidant 
activities[6,7]. It was demonstrated that OLEU 
is useful for combating arthritis, relying on the 
modulation of the Nuclear Factor Kappa B (NF-
κB) signaling pathway to inhibit Interleukin-1 
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Beta (IL-1β)-induced inflammatory responses 
in chondrocytes[8]. OLEU provided a protective 
action against pesticide-induced toxicity in human 
keratinocyte models[9]. In mouse models, OLEU 
protected against Lipopolysaccharide (LPS)-
induced sepsis and attenuated the inflammatory 
response[10]. OLEU has beneficial effects on 
myocardial injury evoked by sepsis through 
mediation of the Glycogen Synthase Kinase 3 
Beta (GSK3β) pathway[11]. OLEU may be an 
anti-inflammatory drug for managing Chronic 
Obstructive Pulmonary Disease (COPD) and 
asthma[12]. However, whether OLEU can attenuate 
sepsis-induced alveolar epithelial cell injury is 
uncharted. 

Long non-coding RNAs (lncRNAs) are widely 
found in eukaryotes, and they participate in 
modulating physiological or pathological 
events such as apoptosis, oxidative stress, and 
inflammatory responses[13]. With regard toward 
sepsis, lncRNAs take part in the modulation of 
sepsis by engaging in promotion and suppression 
of immune functions[14]. For instance, the 
protective effect of lncRNA-AABR07066529.3 
was identified in LPS-induced cardiomyocytes[15]. 
MALAT1-silenced mice exhibited notably longer 
survival in Cecal Ligation and Puncture (CLP)-
induced sepsis[16]. Although a number of studies 
have inquired into the action of lncRNAs in the 
sepsis process, it is rarely published the mechanism 
by which OLEU mediates sepsis-induced alveolar 
epithelial cell injury through mediating lncRNAs.

The lncRNA Gm4419 has been evidenced to 
participate in several diseases[17-19]. In diabetic 
nephropathy, knocking down Gm4419 ameliorated 
NF-κB/NLRP3 inflammasome-mediated 
inflammation[20]. Repression of Dual-Specificity 
Phosphatase 5 (DUSP5) by Gm4419 through 
recruitment of Enhancer of Zeste Homolog 2 
(EZH2) epigenetically activates Extracellular 
Signal-Regulated Kinase 1/2 (ERK1/2) pathway-
mediated autophagy in myocardial ischemia/
reperfusion injury[21]. However, little research has 
been reported on the effects of Gm4419 on alveolar 
epithelial cell damage.

Therefore, we isolated and cultured mouse Alveolar 
Type II Epithelial Cells (AECII) and established 
LPS-induced AECII to elucidate the effects of 
OLEU and lncRNA Gm4419 on oxidative stress 
and apoptosis in this cell. Moreover, whether 

OLEU can regulate lncRNA Gm4419 to exert its 
role was also determined. 

MATERIALS AND METHODS

Reagents:

OLEU (purity >97 %) from FEIYUBIO (Nantong, 
China); M199 medium from Procell (Wuhan, 
China); Bicinchoninic Acid (BCA) protein 
assay and annexin V-Fluorescein Isothiocyanate 
(FITC)/Propidium Iodide (PI) kits from Solarbio 
(Beijing, China); LipofectamineTM 2000 kit from 
Invitrogen (Carlsbad, California, United States 
of America (USA)); Fetal Bovine Serum (FBS) 
from Sijiqing Biotechnology Materials Co., Ltd 
(Hangzhou, China); small interfering Ribonucleic 
Acid (RNA) for lncRNA Gm4419 (si-Gm4419) 
and overexpression plasmid for Gm4419 (plasmid 
cloning Deoxyribonucleic Acid (pcDNA)-
Gm4419), negative control for si-Gm4419 (si-
NC), empty vector (pcDNA), and quantitative 
Polymerase Chain Reaction (qPCR) primers from 
Sangon Biotech (Shanghai, China); Superoxide 
Dismutase (SOD) and Malondialdehyde (MDA) 
detection kits from Jiancheng Biotechnology Co., 
Ltd (Nanjing, China); RNA extraction kit, reverse 
transcription kit, and PCR kit from Takara (Dalian, 
China); antibodies for cleaved caspase-3 and 
cleaved caspase-9 from Abcam (China).

Methods:

Isolation and culture of mouse AECII: Isolation 
and culture of mouse AECII were performed 
according to the reference. Bilateral lungs were 
removed from Bagg Albino (BALB/c) mice killed 
by the cervical dislocation method, followed by 
soaking in 75 % ethanol for 5 min. Residual tracheal 
tissue and connective tissue were removed from 
bilateral lungs on an ultra-clean bench. After 2-3 
washes with pre-cooled Phosphate Buffer Solution 
(PBS), lung tissues were minced and digested 
with trypsin solution at 37°. After terminating 
the digestion, the samples were sieved to collect 
the precipitate. The obtained precipitates were 
made into single-cell suspensions by adding M199 
complete medium containing 10 % FBS, followed 
by incubation in an incubator after shifting to 25 
cm2 flasks.

Cell transfection: The density of mouse AECII 
at the logarithmic stage was adjusted to 2.5×104 
cells/ml, and 2.5 ml per well was inoculated 
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into 6-well plates. 24 h post incubation, mouse 
AECII were transfected with si-NC, si-Gm4419, 
pcDNA, or pcDNA-Gm4419 into mouse AECII 
using lipofectamineTM 2000 reagent. After 12 h 
of transfection, the cells were switched to M199 
complete medium containing 10 % FBS. After 
another 12 h of incubation, lncRNA Gm4419 
expression was detected by RT-qPCR for 
verification of the transfection efficiency, and the 
cells were collected for subsequent experiments. 

Cell treatment: The cell densities were all adjusted 
to 2.5×104 cells/ml and each well was inoculated 
with 2.5 ml of cell suspension in 6-well plates. For 
LPS treatment, mouse AECII were cultured with 
a complete medium containing 10 μg/ml of LPS 
for 24 h. Control cells were allowed to be cultured 
within complete medium. For OLEU treatment, 
cells were cultured in a complete medium 
containing Low (L, 50 μmol/l), Median (M, 100 
μmol/l), and High (H, 200 μmol/l) concentrations 
of OLEU for 24 h. Three replicate wells were 
set up in each group, and the experiments were 
replicated three times.

Detection of MDA content and SOD activity 
in mouse AECII: The collected mouse AECII 
was washed twice with pre-cooled PBS solution, 
followed by lysing the cells through the cell lysate. 
Centrifugation was performed (3500 r/min, 5 min) 
for collection of the supernatants. MDA content 
and SOD activity in the supernatants were detected 
using MDA and SOD kits.

Detection of apoptosis by flow cytometry: The 
collected mouse AECII was adjusted to a density 
of 1.0×106 cells/ml. The cell suspension (1.0 ml) 
was taken and centrifuged (1000 r/min, 5 min). 
Following discarding the supernatant, the cells 
were resuspended in 500 μl of binding buffer, and 
apoptosis was detected using the Annexin V-FITC/
PI kit. 

Protein blotting: The collected mouse AECII was 
incubated in Radioimmunoprecipitation Assay 
(RIPA) reagent to extract total protein. After 
measuring protein concentration by BCA method, 
electrophoresis, transferring membrane and 
blocking, the cells were incubated with cleaved 
caspase-3 (1:500), cleaved caspase-9 (1:500) 
and Glyceraldehyde 3-Phosphate Dehydrogenase 
(GAPDH) (1:1000) primary antibodies respectively 
in a refrigerator at 4° overnight. The membrane 
was washed and then incubated with goat anti-

rabbit secondary antibody (1:2000) in a shaker. 
Developing solution was added, and the image was 
developed away from light. Image J software was 
used to analyze the bands.

RT-qPCR detection of Gm4419 expression: Pre-
cooled PBS was used to wash the cells in each 
group twice, followed by extraction of total RNA 
from the cells using an RNA extraction kit. After 
reverse transcription to complementary DNA, 
PCR amplification was performed. Sequences 
for the primers were as follows; Gm4419, 
5’-GGAACCAAGCAGACCGAAGAC-3’(forward), 
5’-CCCCCAACCCACAGGAACATAA-3’ (reverse) 
and β-actin, 5’-GGCACCCAGCACAATGAA-3’ 
(forward), 5’-TAGAAGCATTTGCGGTGG-3’ 
(reverse). Calculation of lncRNA Gm4419 
expression relative to β-actin was done by the 
2-∆∆Ct method.

Statistical analysis:

Experimental data were analyzed by Statistical 
Package for the Social Sciences (SPSS).22.0 
software. Measurement information was expressed 
as mean±standard deviation. Comparisons 
between multiple groups were made with one-
way Analysis of Variance (ANOVA). Comparisons 
between two groups were made by independent 
t-test. Differences were expressed as statistically 
significant with p<0.05.

RESULTS AND DISCUSSION
Compared with the control group, mouse AECII in 
the LPS group had reduced SOD activity (p<0.05) 
and elevated MDA content (p<0.05). In comparison 
with the LPS group, a higher SOD activity 
(p<0.05) and a lower MDA content (p<0.05) were 
found in mouse AECII in the LPS+OLEU-L, 
LPS+OLEU-M, and LPS+OLEU-H groups (Table 
1). And the comparison of MDA content and SOD 
activity among LPS+OLEU-L, LPS+OLEU-M, 
and LPS+OLEU-H groups exhibited significant 
differences (p<0.05) (Table 1).

When comparing with the control group, an elevated 
apoptotic rate, as well as cleaved caspase-3 and 
cleaved caspase-9 protein levels, was observed 
in mouse AECII in response to LPS stimulation 
(p<0.05). Both apoptotic rate and cleaved 
caspase-3 and cleaved caspase-9 protein levels of 
mouse AECII were reduced in the LPS+OLEU-L, 
LPS+OLEU-M, and LPS+OLEU-H groups with 
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repression of Gm4419 decreased LPS-induced 
apoptosis and up-regulation of cleaved caspase-3 
and cleaved caspase-9 proteins in mouse AECII 
(Table 5, fig. 2A and fig. 2B). Collectively, these 
outcomes suggested Gm4419 was associated with 
LPS-induced mouse AECII oxidative stress and 
apoptosis. 

Mouse AECII transfected with pcDNA showed 
significantly higher expression of Gm4419 than 
those transfected with pcDNA, indicating that 
mouse AECII with overexpression of Gm4419 
was constructed successfully. Compared with 
the LPS+OLEU+pcDNA group, mouse AECII in 
the LPS+OLEU+pcDNA-Gm4419 group showed 
reduced SOD activity (p<0.05) and elevated MDA 
content (p<0.05), accompanied with elevated 
apoptosis rate and cleaved caspase-3 and cleaved 
caspase-9 protein levels (p<0.05) (Table 6, fig. 
3A and fig. 3B). These outcomes collectively 
demonstrated that OLEU mediated LPS-induced 
mouse AECII injury by Gm4419. 

respect to the LPS group (p<0.05). Moreover, 
a dose-dependent effect of OLEU on apoptosis 
rate and cleaved caspase-3 and cleaved caspase-9 
protein levels was observed in LPS-induced mouse 
AECII (p<0.05) (Table 2, fig. 1A and fig. 1B).

LPS stimulation forced an elevation in Gm4419 
expression in mouse AECII vs. the control group 
(p<0.05). Treatment with OLEU brought about a 
decrease in Gm4419 expression in LPS-induced 
mouse AECII (p<0.05), with the decrease in a 
dose-dependent manner (Table 3).

Transfection of si-Gm4419 showed a distinct 
decrease in Gm4419 expression than that in 
mouse AECII transfected with si-NC, indicating 
a successful construction of mouse AECII with 
interference of Gm4419 expression (Table 4). 
By comparing with the LPS+si-NC group, we 
observed a higher SOD activity (p<0.05) and 
lower MDA content (p<0.05) in mouse AECII 
within the LPS+si-Gm4419 group. Moreover, 

Group MDA (nmol/mgprot) SOD (U/mgprot)

Control 2.58±0.24 148.58±12.48

LPS 9.22±0.77* 31.49±3.11*

LPS+OLEU-L 7.15±0.64# 60.99±5.82#

LPS+OLEU-M 5.44±0.47#& 83.55±7.22#&

LPS+OLEU-H 3.71±0.39#&$ 111.74±12.43#&$

F 221.554 226.525

p 0.000 0.000

Note: *p<0.05 vs. control; #p<0.05 vs. LPS; &p<0.05 vs. LPS+OLEU-L and $p<0.05 vs. LPS+OLEU-M

TABLE 1: OLEU UNDERMINED LPS-INDUCED OXIDATIVE STRESS IN MOUSE AECII (n=9)

Group Apoptosis rate (%) Cleaved caspase-3 Cleaved caspase-9

Control 5.82±0.52 0.21±0.02 0.12±0.02

LPS 32.58±3.16* 0.78±0.06* 0.61±0.05*

LPS+OLEU-L 24.73±2.03# 0.65±0.05# 0.44±0.04#

LPS+OLEU-M 17.12±1.22#& 0.51±0.04& 0.31±0.03#&

LPS+OLEU-H 9.47±0.55#&$ 0.31±0.04#&$ 0.19±0.02#&$

F 333.817 256.175 299.716

p 0.000 0.000 0.000

Note: *p<0.05 vs. control; #p<0.05 vs. LPS; &p<0.05 vs. LPS+OLEU-L and $p<0.05 vs. LPS+OLEU-M

TABLE 2: APOPTOSIS WAS ATTENUATED BY OLEU IN LPS-STIMULATED MOUSE AECII 
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Fig. 1: Effect of OLEU on LPS-induced mouse AECII, (A): OLEU treatment resulted in decreased levels of cleaved caspase-3 and 
cleaved caspase-9 proteins in LPS-induced mouse AECII and (B): OLEU treatment led to attenuation on LPS-induced apoptosis 
in mouse AECII

Group Gm4419

Control 1.00±0.00

LPS 3.39±0.29*

LPS+OLEU-L 2.71±0.21#

LPS+OLEU-M 1.98±0.12#&

LPS+OLEU-H 1.32±0.12#&$

F 277.094

p 0.000

Note: *p<0.05 vs. control; #p<0.05 vs. LPS; &p<0.05 vs. LPS+OLEU-L and $p<0.05 vs. LPS+OLEU-M

TABLE 3: OLEU DECREASED GM4419 EXPRESSION IN LPS-INDUCED MOUSE AECII

Group MDA (nmol/mgprot) SOD (U/mgprot)

LPS+si-NC 9.78±0.67 31.72±3.01

LPS+si-Gm4419 4.25±0.36* 89.28±6.58*

t 21.812 23.865

p 0.000 0.000

Note: *p<0.05 vs. LPS+si-NC

TABLE 4: GM4419 REPRESSION IMPAIRED LPS-INDUCED MOUSE AECII OXIDATIVE STRESS

Group Apoptosis rate (%) Cleaved caspase-3 Cleaved caspase-9

LPS+si-NC 34.61±3.18 0.79±0.06 0.62±0.04

LPS+si-Gm4419 13.45±1.28* 0.39±0.04* 0.25±0.02*

t 18.518 16.641 24.820

p 0.000 0.000 0.000

Note: *p<0.05 vs. LPS+si-NC

TABLE 5: GM4419 SILENCING WEAKENED LPS-INDUCED MOUSE AECII APOPTOSIS
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Fig. 2: Disruption of Gm4419 alleviated LPS-induced mouse AECII apoptosis, (A): Interference with Gm4419 reduced cleaved 
caspase-3 and cleaved caspase-9 protein levels in LPS-induced mouse AECII and (B): Disruption of Gm4419 attenuated LPS-in-
duced mouse AECII apoptosis

Fig. 3: OLEU mediated LPS-induced mouse AECII apoptosis by Gm4419. (A): Gm4419 overexpression weakened OLEU-medi-
ated effects on LPS-induced cleaved caspase-3 and cleaved caspase-9 proteins in mouse AECII and (B): Upregulation of Gm4419 
decreased OLEU-mediated effects on LPS-induced mouse AECII apoptosis

Group Gm4419 MDA (nmol/
mgprot) SOD (U/mgprot) Apoptosis rate 

(%)

Cleaved 
caspase-3 
protein

Cleaved 
caspase-9 
protein

LPS+OLEU+pcDNA 1.00±0.00 3.59±0.33 113.84±7.16 9.34±0.76 0.32±0.03 0.18±0.02

LPS+OLEU+pcDNA-
Gm4419 2.66±0.23* 8.12±0.73* 42.96±4.18* 22.28±2.11* 0.67±0.04* 0.49±0.04*

t 21.652 16.964 25.648 17.309 21.000 20.795

p 0.000 0.000 0.000 0.000 0.000 0.000

Note: *p<0.05 vs. LPS+OLEU+pcDNA

TABLE 6: GM4419 UPREGULATION REDUCED OLEU-MEDIATED EFFECTS ON LPS-INDUCED MOUSE 
AECII INJURY

The pathological process of sepsis-induced lung 
injury is very complex, which involves alveolar 
epithelial cell oxidative stress, inflammatory 
response and apoptosis[22-24]. MDA can indirectly 
reflect the level of cellular oxidative stress[25]. 
SOD, an antioxidant enzyme, attenuates oxidative 

damage to body tissues caused by free radicals[26]. 
Excessive oxidative stress can further cause 
apoptosis of alveolar epithelial cells, exacerbating 
lung tissue damage[27]. Caspase cascade reactions 
participate in modulation of apoptosis, in which 
the initiator molecule caspase-9 is stimulated by 
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apoptotic signals to be activated to generate cleaved 
caspase-9, which further transmits apoptotic 
signals to activate caspase-3 for generation of 
cleaved caspase-3, cutting a variety of intracellular 
substrates to induce apoptosis[28]. Our results 
showed that after induction with LPS, mouse 
AECII showed a marked decrease in SOD activity 
and an improvement in Dimethylamiloride (DMA) 
content, accompanied by increasing apoptosis 
rate and cleaved caspase-9 and cleaved caspase-3 
protein levels, indicating that LPS mediated mouse 
AECII oxidative stress and apoptosis. 

Natural plants or their active ingredients 
have shown great advantages and potential 
in sepsis treatment due to multiple targets of 
action, multiple routes of administration, and 
fewer side effects[29,30]. OLEU has a variety of 
pharmacological activities. A study showed that 
OLEU induced A549 cell apoptosis through 
mitochondrial apoptotic cascade[31]. Inflammatory 
responses triggered by LPS were attenuated by 
OLEU through stimulation of M2 macrophage 
polarisation[32]. Findings of the present study 
demonstrated that OLEU effectively increased the 
SOD activity as well as reduced MDA content, 
apoptosis rate, and cleaved caspase-9 and cleaved 
caspase-3 protein levels in mouse AECII induced 
by LPS in a dose-dependent manner, showing that 
OLEU suppressed the LPS-induced mouse AECII 
oxidative stress and inflammatory response, which 
was in line with the results reported by Dikmen et 
al.[33], suggesting that OLEU has a potential value 
for the treatment of septic lung injury.

Gm4419 is involved in the developmental 
process of multiple diseases. It was shown that 
lncRNA Gm4419 accelerated neuronal apoptosis 
by activating the NF-κB signaling pathway and 
promoting chemerin signaling, thus contributing 
to the deterioration of cerebral atherosclerosis in 
hypertension. Inflammatory injury and astrocyte 
apoptosis in traumatic brain tissues could be 
promoted by Gm4419, which bund to microRNA 
(miR)-466I to up-regulate Tumor Necrosis Factor-
Alpha (TNF-α) expression, making Gm4419 as a 
possible molecular target for traumatic brain injury 
treatment. Results of our study showed that LPS 
promoted Gm4419 expression in mouse AECII, 
and interfering with Gm4419 expression decreased 
MDA content, apoptosis rate, and cleaved 
caspase-3 and cleaved caspase-9 protein levels and 

elevated SOD activity, suggesting that disruption 
of Gm4419 repressed LPS-induced mouse AECII 
oxidative stress and apoptosis, implying that 
Gm4419 may be a therapeutic target for sepsis-
induced lung injury. In addition, OLEU dose-
dependently inhibited Gm4419 expression in LPS-
induced mouse AECII, whereas overexpression of 
Gm4419 reduced the inhibitory effect of OLEU 
on LPS-induced oxidative stress and apoptosis in 
mouse AECII, suggesting that olive OLEU may 
inhibit LPS-induced mouse AECII injury. 

In conclusion, OLEU could effectively inhibit LPS-
induced oxidative stress and apoptosis in alveolar 
epithelial cells, and its mechanism of action may 
be related to the down-regulation of Gm4419 
expression in the cells, offering a potential value 
for therapy of sepsis-induced lung injury.
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