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ARTICLE INFO ABSTRACT

Original paper This study was to investigate the secretion of related factors by alveolar macrophages and AMPK/PGC-1
a signal pathway in viral acute lung injury (VALI) patients. 30 SD rats were randomly divided into blank
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by polyl: C and the BCG was given the same amount of normal saline. The IL-6, IL-8 and TNF-a levels
in bronchoalveolar lavage fluid (BALF) were detected by ELISA. The protein, surface markers of alveolar
macrophages, and related mRNA expression were detected by Western blot, ELISA, and qRT-PCR. IL-8, IL-
6, TNF-0, MUCS5AC and TLR4 levels in VALIG were raised than those in BCG (P<0.05), while the AQP5
level was reduced than that in the BCG (P<0.05). The Bcl-2 protein level in the VALIG was reduced than that
in the BCG (P<0.05), while the Caspase3 protein level was raised than that in the BCG (P<0.05). The AMPK
and PGC-1 a mRNA and protein expression level in the VALIG rat lung tissue was lower than that of the BCG
(P<0.05) VALIG is related to inflammatory damage, activation of alveolar macrophages, and secretion of rela-
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ted factors by alveolar macrophages. This may be related to AMPK/PGC-1 a signal pathways.
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Introduction

Acute lung injury (ALI) is a kind of lung parenchyma
injury disease, which refers to severe hypoxemia, respira-
tory distress caused by various causes, and even can not be
corrected by routine inhalation of oxygen. more serious, it
is called acute respiratory distress syndrome (ARDS) (1).
Respiratory virus infection, gastric acid inhalation, sepsis
and other pathogenic factors can lead to ALI, including
influenza A virus, avian influenza virus, coronavirus and
novel coronavirus, which caused the global pandemic (2).
Viral ALI (VALI) is usually caused by diffuse capillary en-
dothelial and alveolar epithelial injury after severe injury.
Patients may have chest pain, chest tightness, shortness of
breath and shortness of breath. If it is not controlled in
time, the condition can be gradually aggravated (3). Se-
vere cases may result in hemoptysis, respiratory distress,
respiratory failure, hypoxemia, hypercapnia, lethargy,
coma, and even death, which pose a serious threat to the
patient's life and health (4). At present, the clinical treat-
ment of ARDS is mainly based on basic treatment and
symptomatic support therapy. Although it can achieve a
certain effect, it is not good for the progression of pulmo-
nary inflammation. Alveolar macrophages are a kind of
inflammatory cells widely found on the surface of bronchi
and alveoli. It has been found that excessive release of in-
flammatory cytokines by alveolar macrophages is the key
to lung tissue injury in patients with VALI (5). Adenylate-
activated protein kinase/peroxisome proliferator-activated

gamma receptor coactivator 1-a (AMPK/PGC-1 o) signal
pathway is a widely used signal transduction pathway in
the human body, which plays a critical role in regulating
cell function (6). This study aimed to explore the relation-
ship between the secretion of related factors by alveolar
macrophages and the AMPK/PGC-1 a signal pathway in
patients with VALI, so as to provide an experimental basis
for clinical containment of VALI.

Materials and Methods

Materials and reagents

We purchased 30 SD male rats from our hospital's ani-
mal management center, aged 6-8 weeks and weighing
180-220 g. Trizol RNA extraction kit and reverse transcrip-
tion kit, interleukin-6 (IL-6), interleukin-8 (IL-8), tumor
necrosis factor-o (TNF-a) enzyme-linked immunosorbent
assay (ELISA) kit (Shanghai Biyuntian Co., Ltd.); AMPK,
PGC-1 a, Caspase3, Bcl-2 antibody (British Abcam Bio-
technology Co., Ltd.); Immunohistochemical sheep anti-
rabbit second antibody (Shanghai Biyuntian Co., Ltd.).

Establish an animal model

30 SD rats were randomly divided into a blank control
group (BCG) and a VALI group (VALIG) with 15 rats in
each group. Using the model of VALI induced by polyl: C,
the rats were anesthetized, and the mice were fixed on the
mouse plate with a leather band through the upper anterior
incisor, the pipette was inserted into the oropharynx, and
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50 ul of polyl: C liquid was injected slowly, and all the
liquid was inhaled after at least 5 breathing cycles. The
BCG was given the same amount of inhaled normal saline.

Sampling and sample preparation

The rats were anesthetized with 10% chloral hydrate,
the thorax was opened, the sterile PBS solution was injec-
ted into the tracheal intubation, and the bronchoalveolar
lavage fluid (BALF) was collected for examination. Cut
the chest and remove the right lung tissue and transfer it to
the refrigerator at-80 °C for examination.

Detect the level of the biochemical index

BALF uses a separator to separate 20min according to
3000r/min, and the supernatant is reserved for detection.
Part of the supernatant is strictly in accordance with the
instructions of the ELISA detection kit to detect the levels
of IL-6, IL-8 and TNF- .

Expression of surface markers of alveolar macrophages

Another part of BALF was separated from 20min by
3000r/min in a separator, and the lower supernatant was
reserved for examination. After collecting the sputum
cells at the bottom of the test tube after centrifugation, the
macrophages in the sputum were separated by Rosette Sep
cell separation. After the macrophages were cultured, the
mRNA was extracted, and reverse transcribed into cDNA
by One Step Prime Script miRNA cDNA synthesis kit.
MiRNA real-time PCR of Toll-like receptor 4 (TLR4),
mucin SAC (MUCS5AC) and aquaporin 5 (AQPS) were
performed by fluorescence quantitative PCR kit, and the
cycle was completed according to the instructions of the
kit. After the reaction is completed, the expression is cal-
culated in the software.

Detection of mRNA expression in lung tissue

After mRNA extraction, reverse transcribed into cDNA.
Real-time PCR of mRNA was performed by miRNA fluo-
rescence quantitative PCR detection kit, and the cycle was

Table 1. Related inflammatory factors secreted.

completed according to the instructions of the kit. Calcu-
late the relative expression of mRNA in the software after
the reaction is completed.

Western blot

After the lung tissue was homogenized at 4 °C to make
10% homogenate, the supernatant was centrifuged to be
examined, BCA method was used to determine the protein
concentration, gel preparation, electrophoretic 90min, gel
cutting, membrane transfer 90min, milk sealing, washing
and incubation with antibodies, development, and the re-
sults were analyzed by Bio-Rad image laboratory software.

Statistical analysis

SPSS20.0 was used for statistical analysis, and the
measurement data were expressed by mean + standard
deviation (x+s). T-test was used for group comparison.

Results

Comparison of related inflammatory factors secreted
by alveolar macrophages

IL-8, IL-6 and TNF-a levels in VALIG were raised
than those in BCG (P<0.05) (Table 1).

Expression of surface markers of alveolar macrophages

MUCSAC and TLR4 levels in the VALIG were raised
than those in the BCG (P<0.05), meanwhile AQPS5 level
was reduced than in the BCG (P<0.05) (Table 2).

Protein expression of Caspase3 and Bcl-2 in rat alveo-
lar macrophages

The expression of Bcl-2 protein in the VALIG was re-
duced than that in the BCG (P<0.05), while Caspase3 was
raised than in the BCG (P<0.05), (Table 3).

Relative expression of AMPK and PGC-10. mRNA in
rat lung tissue
AMPK and PGC-1 o mRNA levels in the lung tissue

Group n IL-8(pg-'Y) IL-6 (ng-*") TNF-a (ng-“!)
BCG 15 2.7610.29 97.86+11.28 50.71£8.22
VALIG 15 3.45+0.74 150.37£16.09 121.41£13.14
t 3.362 10.350 17.667

P 0.002 0.000 0.000

Table 2. Surface markers of rat alveolar macrophages.

Group n AQPS MUCSAC TLR4

BCG 15 6.76+2.29 1.86+0.68 0.8140.32
VALIG 15 3.34x1.11 4.28+1.04 2.84+1.26

t 5.205 -7.543 -6.048

P 0.000 0.000 0.000

Table 3. Protein expression of Caspase3 and Bcl-2 in rat alveolar macrophages.

Group n Bcel-2 Caspase3
BCG 15 0.76+0.23 0.51+0.13
VALIG 15 0.35+0.12 0.85+0.23
t 6.121 4.982
P 0.000 0.000
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Table 4. AMPK and PGC-1 o mRNA levels in rat lung tissue.

Group n AMPK PGC-1a
BCG 15 1.65+0.40 1.76+£0.43
VALIG 15 1.24+0.32 0.83+0.35
t 3.010 6.497

P 0.004 0.000
Table 5. AMPK and PGC-1 a protein levels in rat lung tissue.

Group n AMPK PGC-1a
BCG 15 0.57+0.08 0.52+0.09
VALIG 15 0.28+0.04 0.3040.03
t 12.557 5.524

P 0.000 0.000

of the VALIG were reduced than that of the BCG(P<0.05)
(Table 4).

The expression level of AMPK and PGC-1 a protein in
rat lung tissue

AMPK and PGC-1 a protein levels in the lung tissue of
rats in VALIG were reduced than those in BCG (P<0.05)
(Table 5).

Discussion

VALIG refers to acute and progressive hypoxic respira-
tory failure caused by respiratory viruses, pulmonary gas
exchange disorders and pulmonary mechanical abnormali-
ties, more seriously referred to as ARDS (7). The pathoge-
nesis of VALIG is a process of diffuse lung injury. Irre-
gular alveolar inflammatory substances can be exudated
from multiple lung fields in the bilateral lung tissue of pa-
tients, which is a common clinical critical disease. Patients
often show hypoxemia, decreased transmittance of both
lungs, increased intrapulmonary shunt and physiologically
ineffective cavity, and decreased pulmonary compliance,
which can lead to respiratory failure, multiple organ dys-
function and even death (8). Although various new techno-
logies, including ventilator support technology, blood pu-
rification technology and the birth of new antiviral drugs,
continue to emerge and achieve certain therapeutic effects,
some patients still have a high case fatality rate (9). The-
refore, it is urgent to find a treatment that can reduce the
clinical symptoms, prolong the survival rate and reduce
the mortality in patients with VALI/ARDS. This study
aimed to explore the relationship between the secretion of
related factors by alveolar macrophages and the AMPK/
PGC-1 a signal pathway in patients with VALI, so as to
provide an experimental basis for clinical containment of
VALIG (10).

The pathogenesis of VALI has not been fully explai-
ned, but recent studies have found that the local inflamma-
tory response of the lung is out of control and the injury
of pulmonary epithelial and endothelial cells mediated by
it leads to the increase of pulmonary vascular permeabi-
lity. the decrease of pulmonary surfactant is the main pa-
thogenesis of VALI (11). Various pathogenic factors inside
and outside the lung cause acute uncontrolled inflamma-
tory reactions in lung tissue, resulting in alveolar capil-
lary injury, increased permeability and pulmonary edema,
which lead to progressive dyspnea and hypoxemia are the
main pathophysiological changes of VALI (12). Alveolar

macrophages are multifunctional immune cells, which
have many biological functions, such as phagocytosis,
removal of microorganisms and cell fragments, immune
surveillance, repair of injury, maintenance of homeosta-
sis, promotion of inflammatory regression and so on (13).
TGF-B1, IL-6 and TNF-a are the main inflammatory cyto-
kines and fibrosis regulatory factors, among which TNF-a
is an endogenous cytokine, which can promote the release
of proinflammatory factors by activating middle lympho-
cytes, macrophages, neutrophils and other immune inflam-
matory cells. IL-6 induces an acute inflammatory response
by promoting the activation of lymphocytes in the blood
(14). We found the levels of IL-8, IL-6 and TNF- o in the
VALIG were raised than those in the BCG. It is suggested
that VALI infection is related to inflammatory injury.

In addition, macrophages can mediate phagocytosis
through pattern recognition receptors on the cell surface.
The changes in surface markers of alveolar macrophages
such as AQP5, MUCS5AC and TLR4 are closely related
to the progression of pulmonary inflammatory injury
(15). Bacterial proteins can activate macrophages through
TLRs and promote the production of TGF-f 1, IL-6 and
TNF-a, which can mediate the accumulation of inflam-
matory cells, induce the killing function of macrophages
and eliminate pathogens. MUCSAC is a mucin produced
by respiratory epithelial cells, which is most sensitive to
pathophysiological changes in the lung and can be high-
ly induced. the increase of its level can lead to excessive
secretion of mucin, which provides a good medium for
virus reproduction, thus aggravating airway inflammation
in patients with VALI (16); AQPS5 is an important water
transport channel in the airway and lung tissue. The de-
crease in its level can lead to too little mucus secretion,
which increases the concentration of mucin and provides
a good medium for virus reproduction (17). The results
showed that the expression levels of MUC5AC and TLR4
in the VALIG were raised than those in the BCG, while
the expression level of AQPS in the VALIG was reduced
to that in the BCG. It is suggested that VALI is related to
the activation of alveolar macrophages. In addition, it has
been found that apoptosis of alveolar macrophages is an
important link in the VALI progression. In many cases,
such as endogenous or exogenous stimulation, alveolar
macrophages can be induced to enter the apoptosis process
(18). The increase in the number of apoptosis of alveolar
macrophages not only leads to the non-phagocytosis of
apoptotic neutrophils but also causes the release of inflam-
matory mediators and oxidative stress-related products to
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enter the lung tissue, further aggravating the injury of lung
tissue and promoting the development of patients with
VALI (19). Caspase3 is the most representative pro-apop-
totic molecule, and Bcl-2 is an anti-apoptotic molecule,
which is closely related to the apoptosis of alveolar macro-
phages (20). The results showed that the Bcl-2 protein le-
vel in the VALIG was reduced to that in the BCG, and the
Caspase3 protein level in the VALIG was raised more than
that in the BCG.

AMPK/PGC-1 a signal pathway is a widely used signal
transduction pathway in the human body, which plays a
critical role in regulating cell differentiation, migration,
proliferation, and apoptosis (21). AMPK belongs to serine/
threonine protein kinase, which is a critical factor in regu-
lating cell energy homeostasis and inflammation. It is ex-
pressed in various metabolic organs and tissues. It can be
activated by various stimuli by sensing changes in the state
of cell energy metabolism, thus affecting multiple links
of cell material metabolism to coordinate body metabo-
lism and energy balance (22). When there is an imbalance
between metabolism and energy, activation of AMPK can
regulate the expression of downstream malonyl CoA and
lipid synthesis genes through phosphorylation, regulate
the biosynthesis of fatty acids, thus inhibiting inflamma-
tion and oxidative stress, and restore the energy balance
of the body (23). PGCl-a can activate the transcription
factor of mitochondrial DNA, mitochondrial transcription
factor A (TFAM). The activated TFAM can pass through
the mitochondrial membrane into the mitochondrial ma-
trix to bind to mitochondrial DNA and form a transcription
initiation complex with mitochondrial transcription factor
B (TFBM) and mitochondrial RNA polymerase, thus re-
gulating mitochondrial biogenesis and function (24). We
found that the relative expression of AMPK and PGC-1 a
mRNA in the lung tissue of rats in the VALIG was reduced
than that in the BCG. The AMPK and PGC-1 o expression
levels in the lung tissue of rats in the VALIG were reduced
than those in the BCG.

To sum up, VALI is related to inflammatory injury, ac-
tivation of alveolar macrophages and secretion of related
factors by alveolar macrophages, and may be related to the
regulation of the AMPK/PGC-1 a signal pathway.
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