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Objective: To explore the molecular mechanism of lung injury caused by paraquat (PQ)
poisoning by investigating miR-199-mediated SET.

Methods: A paraquat poisoning model was established in C57BL/6 male mice via
intraperitoneal injection of paraquat. The mice were transfected with miR-199 siRNA
and or mimic. After 14 days of treatment, pathophysiological changes of the lung were
observed and lung tissue was analyzed via Hematoxylin-Eosin staining. The levels of miR-
199, SETs, surfactant protein SP-A and SP-B, and inflammatory and oxidative factors
were analyzed by qPCR, Western Blot, and ELISA kits.

Results: Aacute lung-injury (ALI)modelwas establishedusingPQ treatment andconfirmedwith
edema of pulmonary endothelium with low electronic density of endothelial cytoplasm, presence
of protein-rich fluid, and numerous erythrocytes in alveolar space, concentric figures of damaged
tubular myelin, alveolar destruction, and increase in inflammatory cell numbers. Compared with
the control group, miR-199 and SET levels were reduced in the PQ-treated group. miR-199
siRNA increased the SET level, inflammatory and oxidative levels, and reduced the levels of SP-A
and SP-B, and miR-199 mimic reduced the SET level, inflammatory and oxidative levels, and
increased the levels of SP-A and SP-B. PQ treatment reduced miR-199 level.

Conclusion: Paraquat induces ALI by affecting miR-199-mediated SET.

Keywords: paraquat, lung injury, poisoning, SET gene, miR-199

INTRODUCTION

Paraquat (PQ) is a dichloride compound, a bipyridine quaternary ammonium herbicide with quick-
acting and nonselective contact (Tsen et al., 2019). Many countries have banned the sale of PQ water
solvents due to its high mortality rate accounting for 13% of all fatal cases caused by PQ poisoning.
However, there are still PQ poisoning incidents (Sittipunt, 2005; Weng et al., 2017; Lin et al., 2021).
The lung has the ability to actively take in PQ, so it becomes the most important target organ because
of PQ poison (Jiang et al., 2019; SreeHarsha, 2020). The degree of lung damage directly determines
the patient’s prognosis. Current studies suggest that the main molecular mechanism of PQ poisoning
is the damage caused by excessive redox reactions and inflammatory responses (Pourgholamhossein
et al., 2018; Mirzaee et al., 2019). For the lung, pulmonary edema and pulmonary hemorrhage may
occur under the action of a large number of reactive oxygen species (ROS) in the early stage (Liu et al.,
2018a). Acute lung injury (ALI) symptoms such as atelectasis and atelectasis can later progress to
pulmonary interstitial fibrosis (Wang et al., 2019; Rashid et al., 2020). Respiratory failure caused by
the two is the main cause of death (Bi et al., 2020; Johnson et al., 2020). Although some progress has
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been made in clinical and basic research based on oxidative stress
and the pathogenesis of the inflammatory cascade in recent years,
the clinical treatment effect is limited, and it has not really
improved the survival rate of patients with PQ poisoning (Yeh
et al., 2020). Considering the mechanism of PQ poison-caused
ALI, the in-depth study of the molecular mechanism of ALI
caused by PQ poisoning and exploring its potential mechanisms
and targets have become very important.

miRNAs are small noncoding RNAs extending over 18–22
nucleotides and regarded as the modifiers of many respiratory
diseases (Jiang et al., 2020). MiR-199 is a well-identified miRNA
playing various roles in many physiological and pathological
activities. The reduction in the level miR-199 has been found
to protect sepsis-induced ALI by targeting SIRT1(Liu et al.,
2018b), while the level of miR-199 is reduced in
lipopolysaccharide-induced acute lung injury model (Park
et al., 2018), suggesting miR-199 may affect ALI.

SET is a multi-functional protein that modulates various cell
signaling pathways including nucleosome assembly and histone
binding, and it has existed in many types of human tissues,
especially the lung (Liang et al., 2021). SET protein has multiple
functions, and oxidative stress and inflammatory activities may
also lead to abnormal SET gene expression (Feng et al., 2017).
Reduced expression of miR-199 can increase the levels of SET,
suggesting SETmay be a target of miR-199 (Chao et al., 2010). PQ
treatment was found to stimulate miRNA profiling responses and
changed their expression levels (Huang et al., 2014; Wang et al.,
2018a). Therefore, PQ may cause ALI by affecting miR-199-
mediated SET. On the other hand, surfactant protein (SP) is an
important component of lung surfactant, including SP-A and SP-
B (Yang et al., 2020). They play an important role in maintaining
the physiological functions of the alveoli and mediating the
immune balance of the local microenvironment. Numerous
studies have also suggested that the content of SP has a
significant decreasing trend in the case of ALI. All the related
important molecules were explored in this study.

MATERIALS AND METHODS

Experimental Animals
Thirty-two C57BL/6 male mice (6–8 weeks old, 18–22 g) were
purchased from animal center of our organization. The mice were
freely feed food and water that meet the standards, and lived in a
clean environment with 12 h day/12 h night cycle in the room
temperature at (22 ± 0.5)°C, humidity 55 ± 5%. All the processes
of the experimental research are following the operating
specifications of laboratory animals and approved by the
animal research committee of our hospital.

Establishment of Paraquat-Induced Acute
Lung-Injury Mouse Model
The mice were injected intraperitoneally with PQ 40 mg/kg (PQ
dissolved in sterile saline, 1 mg/ml). The mice in the control
group were treated in the same way as the mice in the
experimental group with equal volume of sterile saline. After

14 days exposure to PQ, four mice from each group were
anaesthetized with pentobarbital (60 mg/kg) at each time, and
the abdominal cavity was fully exposed and cut along both sides
of the sternum stem. The heart and lung tissues were fully
exposed, the abdominal aorta was dissociated, and warm
saline with constant pressure from the right ventricle was
infused through the pulmonary circulation, until the lungs
turn white. The lung tissue was separated, and the left lung
tissue was taken for subsequent analysis. The upper right lung was
dehydrated in 4% paraformaldehyde and embedded in paraffin
for pathological staining after sectioning. The lower right lung
was stored at −80°C.

Injection of miR-199 Mimic or siRNA
Lipoplexes Into Mice
miR-199a mimic, 5′-CCC AGUGUUCAGACUACCUGUUC-3′;
miR-199a siRNA,0 5′-CCCAGUGUUCAGACUACCUGUUC-
3′; and miR-199a blank control, 5′-CAGUACUUUUGUGUA
GUACAA-3′; miR-199a mimic control, UUCUCCGAACGU
GUCACGUTT; and miR-199a siRNA control, CAGUACUUU
UGUGUAGUACAA were synthesized from Sangon Biotech
(Shanghai, China). LPs were performed as follows: dioleoyl-tri-
methylammonium propane (DOTAP) and cholesterol were
dissolved in the dichloromethane solution according to the
molar ratio of 1:1 (mol/mol). After being dissolved and mixed
well, the mixture was drawn into a 20 ml round-bottomed flask. It
took about 2 min to remove dichloromethane by rotary
evaporation, and a thin film was formed on the wall of the
bottle. Then, it was dissolved in 1 ml of nuclease-free water to
form a mixture of DOTAP and cholesterol with a final
concentration of 10 mM. The mixed solution was uniformly
dispersed through an ultrasonic cleaner, filtered with a
liposome extruder (100 nm filter membrane), and stored at
4°C. 1 µg of siRNA or mimic was dissolved in 66 μL of
nuclease-free water, and protamine was added (calculated by
mass ratio between siRNA and protamine), mixed gently, and
incubated at room temperature for 10 min. The prepared
liposome mixture should be mixed with an ultrasonic cleaner
before use. A total of 60 μL of 10 mM liposome mixture was
added to every 36 μg of protamine and left at room temperature
for 5 min. Lipoplexes carrying 20 µg of miR-199 mimic or siRNA
were injected into tail veins of mice.

Animal Grouping
According to different treatments, C57BL/6 male mice were
divided into eight groups (n = 4 for each group): blank
control group (BG), PQ-treated group (PG, a paraquat
poisoning model was established via intraperitoneal injection
of paraquat), miR-199 siRNA control group (ICG), miR-199
mimic control group (MCG), miR-199 siRNA group (IG), PQ-
treated miR-199 siRNA group (PIG), miR-199 mimic group
(MG), and PQ-treated miR-199 mimic group (PMG).

Hematoxylin-Eosin Staining
All mice were sacrificed by cervical dislocation after 24 h miR-199
mimic or siRNA transfection (Chernikov et al., 2017), and lung
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tissues were isolated from themice. HE staining is one of the main
stains in histopathology and the widely used method in medical
judgement. HE staining was performed according to the previous
report (Tianzhu et al., 2014) and pathological changes of lung
tissues were observed. According to a previous report (Pua et al.,
2005), mean linear intercept (MLI) was used to determine the ALI
by overlaying a prearranged grid on the image, with set placed
lines totaling 0.5 mm in length. Inflammatory cells were counted
according to the histological observations with eosinophils,
neutrophils, and mast cells (Corrêa et al., 2017). The number
of inflammatory cells in ALI tissues on day 14 was counted in five
random different fields under microscope, and average values in
each field were calculated. Furthermore, the investigators were
blinded to the treatment groups during examining slides/
histopathology.

qPCR
A total of 700 μL of QIAzol lysis solution was added to the
grounded lung tissues in a 2 ml tube, and incubated for 5 min at
room temperature (15–25°C). Total RNA was isolated according
to kit instructions (B511321, Sangon Biotech, Shanghai, China).
The concentration of RNA sample was measured by using
nanodrop 2000. cDNA was synthesized using First Strand
cDNA Synthesis Kit (Sangon Biotech, Shanghai, China). The
primers (Table 1) were synthesized by Sangon Biotech (Shanghai,
China). At the same time, the internal reference gene small
nuclear RNA, U6, was synthesized. Following the steps in the
miScript SYBR® Green PCR Kit, qPCR components were
prepared as follows: 2 × QuantiTect SYBR Green PCR Master
Mix, 10 × miScript, 10 × miScript Specific Primer, template
cDNA, and RNase-free water. The thermal cycling conditions
included 10 min at 95°C, and proceeded with 40 cycles of 95°C for
0.5 min and 60°C for 2 min.

Western Blot
The lung tissues were washed with PBS repeatedly for 2 to 3 times,
and total protein was extracted with RIPA. The protein
concentration was measured by the UV spectrophotometer
Q5000. A 5 × SDS loading buffer was added to the
supernatant after cell lysis and boiled at 100°C for 10 min.
40 μg of total protein sample was loaded onto the pre-
configured 12% SDS gel, and SDS electrophoresis solution was
added. Electrophoresis was performed at 80 V constant pressure
electrophoresis for 30 min, then switched to 120 V constant
pressure electrophoresis for 1 h. The PVDF membrane was
activated with anhydrous methanol and put in the transfer
solution, and let it stand for 3 min. Sandwich method was
used to transfer the membrane to ensure that the membrane
was positive and negative. The transfer solution should be pre-

cooled, so the membrane was transferred in an ice water bath,
100 V, for 1 h. The membrane was blocked 1 h at room
temperature with 5% skimmed milk blocking solution
configured with TBST, incubated overnight at 4°C with the
primary antibody configured with 1:1,000 blocking solution,
and shaked at room temperature at low speed. The membrane
was washed with TBST three times, 5 min each time. The
secondary antibody was incubated for 1 h at room
temperature, shaken at room temperature at low speed. The
membrane was washed three times using TBST, 5 min each
time. ImageQuant LAS 500 was used to perform
chemiluminescence detection on PVDF membrane. ImageJ
software was used to measure the gray value of PVDF
membrane. A single factor was analyzed to calculate the p
value to determine whether the group had a significant difference.

ELISA Analysis
Fifty µL of blood was collected from each mouse, and serum was
isolated from the whole blood via centrifugation at 1000 g for
10 min. The levels of serum SP-A, SP-B, TGF-β, and TLR4 were
measured by using the ELISA kit from Sangon Biotech (Shanghai,
China).

Measurement of Oxidative Stress
Parameters
The activity of superoxide dismutase (SOD) in serumwas measured
by using SODassay kit. The serum level ofmalondialdehyde (MDA)
wasmeasured by usingMDA assay kit. All kits were purchased from
Sangon Biotech (Shanghai, China).

Statistical Analysis
All data were presented as mean values ± standard deviations
(S.D.). Two independent samples t test was used to compare the
sample data between groups in this study, and p < 0.05 indicated
that the difference was statistically significant.

RESULTS

Pathological Changes of Lung Tissues in
Mice After Paraquat Poisoning
After the mice were injected with paraquat 40 mg/kg in one time,
four mice died without intervention on 2 days (1), 4 days (1), and
7 days (2), respectively. The results suggested that the acute lung
injury period was the high incidence period of death within 7 days
of PQ treatment. The results of lung HE staining showed that the
cells were in perfect structure without inflammation in BG
(Figure 1A). In the PG group, the destruction of the alveolar

TABLE 1 | Primers were used in this study.

Gene Forward primer Reverse primer

miR-199 CCAGTGTTCAGACTACCTG GAACATGTCTGCGTATCTC
SET TGACCCGTCTTCAAAGTCCACC AGCACCTGCGTCAGAATGGTCA
U6 CTCGCTTCGGCAGCACAT TTTGCGTGTCATCCTTGCG
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structure was observed in the tissue, bleeding in the alveolar
cavity, and infiltration of a large number of inflammatory cells
was observed (Figure 1B). The cells were in clear structure with a
little inflammation in ICG and MCG groups (Figures 1C,D). In
the IG group, it was observed that the destruction of alveolar
structure was further aggravated, with thickening of local alveolar
septum, diffuse hemorrhage, and a large number of inflammatory
cell infiltration in the alveoli (Figure 1E). In the PIG group, it was
observed that the destruction of alveolar structure was
significantly aggravated, with thickening of local alveolar
septum, diffuse hemorrhage, and a larger number of
inflammatory cell infiltration in the alveoli (Figure 1F). In
contrast, in the MG group, the destruction of the alveolar

structure was less in the tissue, and infiltration of a few
numbers of inflammatory cells was observed (Figure 1G). In
the PMG group, the destruction of the alveolar structure was also
less in the tissue, and infiltration of a few numbers of
inflammatory cells was observed (Figure 1H). MLI analysis
showed that alveolar number was reduced in the PG group
(7–10/0.5 mm) when compared with that in the BG group
(12–17/0.5 mm, Figure 1I, Supporting file 1, p < 0.05),
suggesting that ALI model caused by PQ may be established
by destroying the alveolar structure. Alveolar number was
increased in the ICG (8–11/0.5 mm) and MCG groups (6–10/
0.5 mm, Figure 1I, Supporting file 1). Alveolar number was
reduced in the PIG group (6–8/0.5 mm) when compared with

FIGURE 1 | HE staining shows pathological changes of lung tissues in mice after PQ poisoning. (A), blank control group (BG). (B), PQ-treated group (PG, a
paraquat poisoning model was established via intraperitoneal injection of paraquat). (C), miR-199 siRNA control group (ICG). (D), miR-199 mimic control group (MCG).
(E), miR-199 siRNA group (IG). (F), PQ-treated miR-199 siRNA group (PIG). (G), miR-199 mimic group (MG). (H), PQ-treated miR-199 mimic group (PMG). (I), mean
linear intercept (MLI) was used to determine alveolar destruction and altered air space by overlaying a prearranged grid on the image, with set placed lines totaling
0.5 mm in length. (J), quantification of inflammatory cells among different groups. n = 3 for each group. *p < 0.05 vs. the BG group.
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the IG groups (6–10/0.5mm, Figure 1I, Supporting file 1).
Alveolar number was reduced in the PMG group (5–7/
0.5 mm) when compared with the IG groups (7–10/0.5 mm,
Figure 1I, Supporting file 1), PQ further caused the alveolar
destruction and miR-199 might cause little change on the alveolar
number. Comparatively, inflammatory cell number was increased
in the PG group when compared with that in the BG group
(Figure 1J, p < 0.05), suggesting that ALI model caused by PQ
may be established by increasing inflammatory situation.
Inflammatory cell number was reduced in the ICG and MCG
groups when compared with the PG group (Figure 1J).
Inflammatory cell number was further increased in the IG and
PIG group and reduced in MG and PMG group (Figure 1J),
suggesting PQ and miR-199 affect inflammatory situation in the
ALI cellular model. The results suggest that PQ caused significant
lung injury, which was further aggregated after miR-199 siRNA
treatment while the injury could be repaired by miR-199 mimics.

Paraquat Treatment Increased miR-199
Level and Reduced SET Level
qPCR analysis showed that PQ treatment reduced miR-199 level
in the PG group when compared with that in the BG group
(Figure 2A, p < 0.05). miR-199 reached the lowest levels in the IG
and PIG groups, and reached the highest levels in the MG and
PMG groups (Figure 2A, p < 0.05), suggesting miR-199 was
successfully silenced or overexpressed after miR-199 siRNA or
mimic treatments. PQ treatment increased relative mRNA level
of SET in PG group when compared with that in the BG, ICG, and
MCG groups (Figure 2B, p < 0.05). SET mRNA reached the
highest levels in the IG and PIG groups, and reached the lowest
levels in the MG and PMG groups (Figure 2B, p < 0.05),
suggesting miR-199 controlled the relative mRNA level of
SET. Western Blot analysis showed the similar changing trend
and PQ treatment increased relative protein level of SET in PG
group when compared with that in the BG, ICG, and MCG
groups (Figure 3, p < 0.05). SET protein reached the highest levels
in the IG and PIG groups, and reached the lowest levels in theMG
and PMG groups (Figure 3, p < 0.05), suggesting miR-199
controlled the expression of SET gene.

Paraquat Poisoning Affected the
Biomarkers of Lung Injury
ELISA analysis showed that PQ treatment reduced serum SP-A
level in PG group when compared with that in the BG, ICG, and
MCG groups (Figure 4A, p < 0.05). Serum SP-A reached the
lowest levels in the IG and PIG groups, and reached the highest
levels in the MG and PMG groups (Figure 4A, p < 0.05),
suggesting miR-199 overexpression increased the level of

FIGURE 2 | Relative level of miR-199 and relative mRNA levels of SET among different groups. (A), relative level of miR-199. (B), relative mRNA levels of SET. n = 3
for each group. *p < 0.05 vs. the BG group.

FIGURE 3 | Relative protein level of SET among different groups. n = 3
for each group. *p < 0.05 vs. the BG group.
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serum SP-A. Similarly, PQ treatment reduced serum SP-B level in
PG group when compared with that in the BG, ICG, and MCG
groups (Figure 4B, p < 0.05). Serum SP-B reached the lowest
levels in the IG and PIG groups, and reached the highest levels in
the MG and PMG groups (Figure 4B, p < 0.05), also suggesting
miR-199 overexpression increased the level of serum SP-B. In
contrast, PQ treatment increased serum TGF-β level in the PG
group when compared with that in the BG, ICG, and MCG
groups (Figure 4C, p < 0.05). Serum TGF-β reached the highest
levels in the IG and PIG groups, and reached the lowest levels in
the MG and PMG groups (Figure 4C, p < 0.05), suggesting miR-
199 overexpression reduced the level of serum TGF-β. PQ
treatment reduced serum TLR4 level in the PG group when
compared with that in the BG group (Figure 4D, p < 0.05). Serum
TLR4 reached the lowest levels in the IG and PIG groups, and
reached the highest levels in the MG and PMG groups
(Figure 4D, p < 0.05), suggesting miR-199 overexpression
reduced the level of serum TLR4.

Paraquat Poisoning Increased Oxidative
Stress
PQ treatment reduced serum SOD activity in the PG group when
compared with that in the BG, ICG, and MCG groups
(Figure 5A, p < 0.05). Serum SOD activity reached the lowest
levels in the IG and PIG groups and reached the highest levels in
the MG and PMG groups (Figure 5A, p < 0.05), also suggesting

miR-199 overexpression increased the activity of serum SOD. In
contrast, PQ treatment increased serum MDA concentration in
PG group when compared with that in the BG, ICG, and MCG
groups (Figure 5B, p < 0.05). SerumMDA concentration reached
the highest levels in the IG and PIG groups and reached the lowest
levels in the MG and PMG groups (Figure 5B, p < 0.05),
suggesting miR-199 overexpression partially reduced the level
of serum MDA concentration. All these results suggest that PQ
poisoning increased oxidative stress, which could be controlled by
miR-199.

DISCUSSION

PQ, as a toxic bipyridine compound, is currently one of the
herbicides commonly used in agricultural production. However,
due to its highly toxic nature, a small dose of PQ intake can have
fatal consequences because of serious lung injury (Yanling et al.,
2019; Subbiah and Tiwari, 2021) (Figure 6). At present, the
fatality rate of PQ poison is very high, and there is lack of
evidence-based recommendations and specific antidote to treat
its poison. PQ poisoning becomes a serious public health
problem. PQ has a highly toxic reaction to the body after
ingestion, which can cause a series of complications, including
acute respiratory distress, compression syndrome, pulmonary
fibrosis, renal failure, liver toxicity, etc. Seeking effective
poisoning drugs has become a hot and difficult point in

FIGURE 4 | The levels of serum biomarkers of lung injury among different groups. (A), SP-A concentration. (B), SP-B concentration. (C), TGF-β concentration. (D),
TLR4 concentration. n = 3 for each group. *p < 0.05 vs. the BG group.
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clinical medical research. The purpose of this study is to explore
the possible mechanism by using miR-199 mediated SET gene,
and provide clues and directions for studying the etiology,
mechanism of action, and research treatment of lung injury
caused by PQ poisoning.

The study on the mechanism of PQ poisoning should use the
same route of PQ exposure as the clinic. Since PQ poisoning
patients are mainly oral in practice, this study uses the most
commonly used route that is consistent with this, that is, one-time
intraperitoneal injection administration. However, there is no

uniform standard for the establishment of the PQ poisoning mice
model in related studies. In this study, the two main routes of
exposure are gastric gavage and intraperitoneal injection. Mice
with a PQ of 40 mg/kg have the best effect on pulmonary fibrosis
at 2 weeks. After a one-time intraperitoneal injection
administration of paraquat, lung tissue sections were made
and HE stained at 2 weeks, respectively. The results showed
diffuse alveolar thickening and interstitial pulmonary fibrosis.
In addition to the two conventional methods of exposure, some
scholars instilled paraquat solution into the nasal cavity of

FIGURE 5 | The levels of oxidative biomarkers of lung injury among different groups. (A), SOD activity. (B), MDA concentration. n = 3 for each group. *p < 0.05 vs.
the BG group.

FIGURE 6 | Schematic plot of possible molecular mechanisms for PQ induced lung injury.
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C57Black/6 J mice. The results showed that the pathological
changes of the lungs of the mice were very similar to those of
clinical paraquat poisoning patients. And it will show typical
pulmonary fibrosis at 3 weeks. Although there are differences in
the dose and route of exposure in the related studies of paraquat
poisoning mice, the time for typical pulmonary fibrosis to appear
is concentrated in about 14 days. Therefore, in this study, the dose
of 40 mg/kg was 20% PQ stock solution was diluted to 0.1 ml and
then given to mice by one-time intraperitoneal injection
administration, and the lung tissue samples and alveolar
lavage fluid samples of mice were collected after 14 days.

Under the action of miR-199, the expression of SET protein is
down-regulated, and a significant decrease in SET can be
observed. Therefore, SET is considered to play an important
role in PQ-mediated lung toxicity, and it is classified as a key
protein for PQ-mediated lung toxicity. In this experiment,
protein extraction was performed on eight groups at the same
time and the subsequent Western blot showed that the expression
of SET was very high in the PQ model. SET has been reported to
be the inhibitor of protein phosphatase 2 A (PP2A) (Dacol et al.,
2021), which is associated with kidney development and the
activities of ion-transporter, aquaporin-2 and podocytes, and
participates in many renal physiological processes (Shao et al.,
2021). PP2A activation controls inflammation in a mouse model
of acute lung injury (McHugh et al., 2016). In the present results,
miR-199 overexpression controlled the inflammation in the lung
injury model by reducing the expression of SET, and TGF-β
concentration, and increasing the level TLR4 (Figures 3, 4). PQ
can induce lung injury by modulating inflammation and
oxidative stress. SP-A, SP-B, TGF-β, and TLR4 are critical
meditators of inflammation in lung injury (Yang et al., 2020;
Ben et al., 2012; Pittet et al., 2001), and SOD and MDA are
associated with oxidative stress (Liu et al., 2019; Meng et al.,
2019), and all of these molecules may be mediated by miR-199
(Figure 6), since miR-199 is involved with the regulation of
inflammatory and oxidative activates (Wang et al., 2018b; Wu
et al., 2020).

ERK, MYC, and AKT are the important biomarkers during
lung injury by affecting inflammatory responses (Meyer et al.,
2009; Schuh and Pahl, 2009; Zhang et al., 2019). Activation of the
ERK pathway will induce lung injury and trigger lung
inflammation (Gonçalves-de-Albuquerque et al., 2012). TLR4
plays an important role in the prevention of inflammation and
lung injury (Figure 6) (Yang et al., 2012; Hu et al., 2013). Myc is
also involved with programming inflammation, immune
suppression, and lung injury (Figure 6) (Zhang et al., 2019;
Kortlever et al., 2017). TLR4 and Akt signaling affects
systemic inflammatory responses during lung injury and
dysfunction (Figure 6) (Meng et al., 2018; Yan et al., 2018).

Pulmonary surfactant protein SP-A and SP-B play an
important role in maintaining the normal physiological
functions of the alveoli and regulating the immune balance
of the local microenvironment, and are reduced after PQ
treatment in the present study (Figure 4). However, the
changing law of SP-A and SP-B in ALI and their regulatory
factors are subjects that still need further verification. This
study shows that the contents of SP-A and SPB are significantly

reduced in acute lung injury. The mechanism of the decrease
may be due to the fact that surfactant protein is an important
component of surface substances. Alveolar type II epithelial
cells secrete the surface in the form of lamellar bodies. Active
substances enter the alveolar cavity, so type II epithelial cells
swell, fall off, vacuole-like degeneration, lamellar emptying, or
vacuole-like degeneration may be the morphological basis for
the decrease in SPA and SP-B content. Secondly, refractory
hypoxemia, the release of a large number of inflammatory
cytokines, the release of oxygen free radicals (O2-
‘NO2‘ONOO-), cytokines, etc. can affect the activity of SP-
A and SP-B proteins. This will inevitably lead to a decrease in
the content of SPA and SP-B. At the same time, the protease
released by neutrophils may increase the degradation of SP.
The exudation of a large amount of plasma protein will
consume more SP-A. The overflow of a large amount of
fluid in the alveolar cavity will cause SP-A and SP-B. The
concentration in the alveolar cavity decreases, thereby
reducing its relative content.

LIMITATIONS

In this study, the mechanism of PQ poisoning induced lung
injury in mice was studied from the perspective of miRNA-
mediated gene. Based on miR-199-mediated SET, the lung
tissue was also detected. Although certain results have been
achieved, there are still shortcomings. In the future, the
following work can be carried out in one step. However,
due to the current miRNA study still being improved, there
are a small part of miRNA, and many other miRNAs in the
data analysis of this experiment, which are temporarily not
qualitative, and further qualitative analysis is needed after the
database is perfected in the future. In addition, future research
can perform targeted analysis of the potential biomarkers
detected this time, and can also combine other omics (such
as proteomics) to verify the metabolic pathways from different
levels, in order to be more in-depth and more comprehensive
to clarify the mechanism of PQ poisoning-induced lung injury
in mice.

The above studies show that SET has important biological
effects. The current research on SET gene expression and its
functional regulation mechanism is not complete enough,
including the appearance of SET-related miRNA regulation,
etc. The exploration of genetic regulation mechanisms,
especially in lung injury, is even rarer. Therefore, the study
of the SET gene in lung cancer cells may lay the foundation as
the potential target for the prevention and clinical treatment of
lung injury in the future.

CONCLUSION

This study shows that PQ poisoning can cause lung damage in
mice, mainly inflammatory response and oxidative stress.
There are significant differences in the metabolic profile of
lung tissue and alveolar lavage fluid in paraquat-poisoned
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mice. This study provided a very important theoretical basis
for subsequent clinical treatment and scientific research of
lung injury caused by PQ.

Supporting file 1: HE staining shows pathological changes of
lung tissues in mice after PQ poisoning. A, blank control group
(BG). B, PQ-treated group (PG, a paraquat poisoning model was
established via intraperitoneal injection of paraquat). C, miR-199
siRNA control group (ICG). D, miR-199 mimic control group
(MCG). E, miR-199 siRNA group (IG). F, PQ-treated miR-199
siRNA group (PIG). G, miR-199 mimic group (MG). H, PQ-
treated miR-199 mimic group (PMG). Mean linear intercept
(MLI) was used to determine alveolar destruction and altered
air space by overlaying a prearranged grid on the image, with set
placed lines totaling 0.5 mm in length.
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