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ARTICLE INFO ABSTRACT

Original paper This study focused on the chemotactic activity of macrophages and the role of the TLR9 signaling pathway in
the pathogenesis of viral Acute Lung Injury (ALI). For this purpose, a total of 40 male SPF mice were used,

Article history: aged 5-8 weeks. They were randomly divided into an experimental group and a control group. The experi-
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mental group was further divided into S1 and S2, and the control group was further divided into D1 and D2,
with 10 in each. The different groups were detected for the expression of inflammatory cytokines and che-
mokines and the expression of alveolar macrophages. Results showed that as for the weight, survival status,

arterial blood gas analysis, lung index and wet-to-dry value of lung tissue, and lung histopathological analysis
Keywords: results, the S2 group showed more obvious changes versus the D2 group, and the difference was statistically
significant (P<0.05). S2 had higher levels of the inflammatory factors TNF-a, IL-1f, IL-6 and the chemokine
CCL3 in the BALF supernatant versus the D2 Group, and the difference is statistically significant (P<0.05).
S2 had higher expression levels of chemokines CCRS, TLR9, and IMJD1A mRNA versus the D2 group, and

the difference was statistically significant (P<0.05). In conclusion, the establishment of a mouse ALI model

Viral acute lung injury, Macro-
phages, chemokines, chemotactic
activity, inflammatory cytokines,

TLRY induced by poly 1:C was successful; AM has a certain chemotactic activity on CCL3; polyl:C can promote the

expression activity and chemotactic activity of macrophages CCRS through signal pathways, such as TLRO.
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Introduction

Acute lung injury (ALI) refers to acute hypoxic respira-
tory insufficiency or breathing failure arising from diffuse
pulmonary edema due to injury to microvascular endothe-
lial cells and alveolar epithelial cells. It will develop into
Acute respiratory distress syndrome (ARDS) at a severe
stage, so the pathological process of ALI and ARDS is the
same (1-3). As per statistics, the mortality rate of ARDS in
China reaches 44.8% (4). The main pathogenic factors of
ALI are infection, external trauma, shock, and inhalation.
Children are predominantly affected by infections, which
are divided into viral and bacterial infections (5). The
pathogenesis of ALI and ARDS in children is complica-
ted, and the fatality rate is very high. Therefore, they have
become a focus in the field of basic and clinical critical
care medicine (6).

Macrophages (mo), a kind of immune cells, derived
from monocytes, mainly engulf pathogens and activate
immune cells (7). The macrophages in the alveolar tissue,
namely, alveolar macrophage (AM), can be regarded as
the first line of immune defense of the lung organs. When
the lung tissue is stimulated, it will produce a variety of
inflammatory mediators, to promote or inhibit the inflam-
matory reaction process through various mechanisms (8).
Although the dual effects of AM seem to be contradictory,
it is actually composed of two kinds of cells: colonized
alveolar macrophages and recruited alveolar macrophages.

AMs are instrumental in the development of ALI disease
(9,10). At the early stage of ALI, activated monocytes
enter the lung before the clinical symptoms appear (11).
After infection, neutralizing the up-regulated chemokines
in the lung tissue can inhibit the accumulation of AM and
injury to the lung (12). Moreover, infectious pathogens can
stimulate the expression of chemokine receptors, so that
their expression is correspondingly increased (13). Bac-
terial-related endotoxins are a recognized mononuclear/
macrophage activator in the development of ALI. Studies
have shown that virus infection has a similar effect on the
recruitment of alveolar macrophages (14). DNA receptors
and macrophages have similar characteristics. They are
in the cytoplasm and equivalent to a recognition receptor,
which can quickly identify pathogens and activate innate
and adaptive immune responses. It has been discovered
that the DNA sensor can be used as a genetic vaccine adju-
vant (15).

Toll-like receptors (TLRs) are a part of the innate
immune system, and their main function is to recognize
and stimulate the immune system to kill pathogens (16).
Studies have revealed that, TLR can accelerate the deve-
lopment of ALI, and that TLR can recognize pathogen-as-
sociated molecular patterns (PAMPs) and unmethylation
DNA (Cp G DNA), or endogenous unmethylated DNA.
As a result, the signal pathway mediated by TLR can be
activated (17). TLRY attracts more attention among TLRs.
It can cause lung injury through a series of reactions, such
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as activation, phosphorylation, and release of inflamma-
tory mediators (18).

In order to study the chemotactic activity of macro-
phages and the mechanism of the TLR9 signaling pathway
in the development of ALI, in the study, viral ALI was
analyzed, expected to provide a basis for clinical targeted
treatment.

Materials and Methods

Basic information
Research subjects

In this study, 40 male SPF mice were used, aged 5 to 8
weeks. They were raised in an environment free of special
pathogens, and the temperature was controlled between
20~24°C, and the humidity was controlled between 40%
and 60%, with a 12-hour light/dark circle. They had free
access to food and water for 24 hours. The experiment has
been approved by the Chinese Medical Ethics Committee.

The grouping

They were randomly divided into an experimental
group and a control group, and the experimental group
was further divided into S1 and S2, and the control group
was further divided into D1 and D2, with 10 in each
group. They were raised in an environment free of special
pathogens, and the temperature was controlled between
20~24°C, and the humidity was controlled between 40%
and 60%, with a 12-hour light/dark circle. They had free
access to food and water for 24 hours.

The viral ALI model

In the study, polyinosinic polycytidylic acid (Poly I: C)
was used, and the specific process was shown in Figure 1.

After the model was established, its feasibility was ana-
lyzed. The evaluation content included regular weighing,
observation and recording of survival status, arterial blood
gas analysis, the lung index, the wet-to-dry ratio of lung
tissue, and the histopathological analysis of the model
mice.

Anaesthesia
Isoflurane + anesthesia volatile tank
connection
Degree: no traction reaction, respiratory rate
decreased, depth increased

v

Immobilization of experimental rats
Method: the upper incisors of mice were passed with
rubber band
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absorbed
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Figure 1. The process of establishing a viral ALI model.
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Figure 2. The arterial blood gas analysis, the lung index, and the wet-

to-dry ratio of lung tissue.

The specific operation was as follows. The survival sta-
tus of S1 and D1 was observed for 15 consecutive days.
They were weighed regularly, and the probability of death
was calculated. On the sixth day after the model was esta-
blished, the mice in S2 and D2 were weighed, followed
by the arterial blood gas analysis and the calculation of
the lung index and the wet-to-dry ratio of lung tissue, as
shown in Figure 2. Then, the right lung tissue was taken
out for pathological analysis and fixed with 10% neutral
formaldehyde for 24 hours, and then the following ope-
rations were as shown in Figure 3. After the pathological
tissue sections were processed, they were visualized un-
der an optical microscope, and the Smith scoring method
(19) was used for semi-quantitative analysis, factoring
into pulmonary edema, atelectasis and pulmonary hyaline
membrane formation, alveolar and pulmonary interstitial
inflammation, and hemorrhage. The specific scoring crite-
ria were shown in Table 1. The average value of 10 results
under a high-power microscope was taken as the lung tis-
sue pathological damage score.

Research methods

(i) 2.5 mL bronchoalveolar lavage fluid (BALF) was
collected from each mouse. Then, BALF was centrifuged
to separate the macrophages and culture them.

(i1) the enzyme-linked immunosorbent assay (ELISA)
was used to detect macrophage inflammatory factors, such
as TNF-a, IL-1pB, IL-6, and chemokine CCL3 in BALF
supernatant;

(iii) the real-time quantitative polymerase chain reac-
tion (PCR) method was used to detect the expression
levels of CC chemokine receptor 5 (CCRS), TLR9, and
JMID1AmMRNA in mouse alveolar macrophages.

(iv) plasma DNA was extracted from lung tissue, and
fluorescence quantitative PCR was used to determine the
DNA level. The plasma DNA concentration was calcula-
ted as follows.
c=QxVDNA/VPCR x1/VEXT (1

Where the c-the concentration of mtDNA in plasma; Q-
the number of copies of mtDNA in the sample detected by
fluorescence quantitative PCR; VDNA-the total volume of
DNA extracted from each plasma sample.

Statistics
The SPSS22.0 was used to process the data, and the
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Table 1. The scoring criteria of the 0~4 points semi-quantitative analysis.

Point 0 1

2 3 4

Lesion area No injury <25%

25%~50% 50%~75% Full view

The order of alcohol concentration is 50% - 70% - 80% -
95% - 100% - 100%
Each concentration is 30min

Dehydration
‘Wax dipping, embedding
and slicing
Dewaxing « dyeing -
Dehydration I, re-dyeing
Dehydration II, transparency
and sealing

Figure 3. Pathological tissue section processing of right lung tissue

1/2 xylene + 1/2 anhydrous ethanol (2H) - pure xylene
(1.5h)——Pure xylene (1.5h)

1/2 paraffin +1/2 xylene (40 °C oven for 40min)
Paraffin I 30min paraffin 1T 40min 4um section.

Pure xylene (20 min in total) - 1/ 2 xylene + 1/ 2 pure
alcohol - 100% - 95% - 85% - 70% - 50% - washing with
tap water for 10 s - dyeing in hematoxylin for 30 min -
washing for 15 min - fading in 1% hydrochloric acid
ethanol for 20 S.

ethanol50% - 70% - 80% for 5 min, with 0.5% water
Eosin ethanol solution was used for 3 min.

Rinsing in 95% ethanol - 3-5min-1 in anhydrous ethanol
Xylene 1, II, 3-5min cach - neutral resin sealing.

of the model mouse.

measurement data in accordance with the normal distri-
bution were expressed as mean =+ standard deviation (
X + ), calculated to two decimal places. The in-group
comparison was performed by paired t-test, and the com-
parison between the two groups was performed by inde-
pendent t-test. Quantitative data conforming to skewed
distribution were represented by median (range), and the
Wilcoxon rank sum test was used for comparison between
the two groups. Count data were expressed as a percentage
(%), calculated to one decimal place, and the comparison
between the two groups was used ¥* test. The P was cal-
culated to 3 decimal places, and P<0.05 was the threshold
for significance.

Results

The survival status and weight of mice in S1 and D1

As for the survival status of the mice in the S1 and S2
treated with poly:C, it was found that they gradually lost
weight, and have symptoms such as malaise, decreased
activity, eating less, and increased breathing. There even
appeared deaths on the 6th day. By the 15th day, there were
9 dead mice. Anatomy results of the lung tissue showed
that the lung of the dead mice appeared edema, conges-
tion, hemorrhage and there was bloody foamy liquid from
the bronchus. Regular weight detection results showed
that the weight of mice in S1 and S2 of the experimental
group showed a downward trend, while the mice in the D1
group of the control group had no abnormalities, and the
difference was statistically significant (P<0.05), as shown
in Figure 4.

Blood gas analysis and W/D ratio in S2 and D2

On the sixth day after the model was established, the
arterial blood gas analysis was performed on mice in S2
and D2. The results found that there was no notable diffe-
rence in PH of the arterial blood of the two groups, and the
difference was not statistically significant (P>0.05), while
the S2 group showed lower PaO, and SaO, and higher

PCO, versus the D2 group, and the difference was statisti-
cally significant (P<0.05), as shown in Figure 5. As for the
lung index and W/D value of the lung tissue, the average
lung indexes of the mice in the S2 group and D2 group
were (0.65+0.03) and (2.0140.08), respectively, and the
W/D values were (6.01+1.61) and (3.12+2.15). The ave-
rage lung index of the S2 group was higher than that of the
D2 group, and the average W/D value was lower than that
of the D2 group, and the difference was statistically signi-
ficant (P<0.05), as shown in Figure 6. Taken together, the
establishment of the mouse ALI model induced by poly
1:C was successful.

Pathological analysis results in S2 and D2

The lung tissue slices of the two groups of mice were
visualized through an optical microscope, as shown in
Figure 7. It was noted that the lung tissue of the S2 group
showed obvious alveolar lesions, such as alveolar wall
edema and thickening, space shrinkage, and loose mesen-
chyme and even bleeding, and a large number of cells
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Figure 4. The weight change of mice in the S1 and the D1.
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Figure 5. The results of arterial blood gas analysis between the S2

group and the D2 group.
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appeared; but the lung tissue of the mice in the D2 group
had no obvious lesions. As per the 0-4 points semi-quan-
titative analysis standard, the two groups were scored for
pathological damage of lung tissue. The score of mice in
group S2 was (6.01+0.18), and the score of mice in group
D2 was (1.39+0.21). It was found that the pathological
damage of mice in the S2 group was higher than that in the
D2 group, and the difference was statistically significant
(P<0.05), as shown in Figure 8, which further proved the
success of the model established.

Expression of chemokine and cytokine in BALF super-
natant of S2 and D2

During the study, the mice in S2 and the D2 were com-
pared for the expression of inflammatory factors TNF-q,

| B
A 2

numerical value

A .
index

Figure 6. The lung index and W/D value between the S2 group and
D2 group (A: lung index B: W/D value).

D2

IL-1pB, IL-6 and chemokine CCL3 in the BALF superna-
tant, as shown in Figure 9. It was noted that the expression
activity of the above inflammatory factors and chemokines
was significantly enhanced in mice in the S2 group ver-
sus the D2 group, which confirmed that, AM has a certain
chemotactic effect on CCL3, and the increased expression
activity of inflammatory factors increased further proved
the success of the model established.

Expression of chemokine in S2 and D2

The mice in S2 and D2 were compared for the expres-
sion levels of chemokines CCRS5, TLR9, IMID1IA mRNA,
etc., as shown in Figure 10. It was noted that the expres-
sion activity of the S2 group was significantly higher than
that of the D2 group, and the difference was statistically
significant (P<0.05). It proved that viral ALI changed the
activities of CCRS5, TLRY, and JMJD1A in AM. It also
showed that polyl:C can promote the expression and che-
motactic activity of macrophages CCRS through the TLR9
signaling pathway.

Plasma DNA levels in S2 and D2

The S2 and D2 were compared for the DNA content
in the lung tissue, as shown in Figure 11. Obviously, the
DNA concentration of the S2 group was higher than that
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Figure 9. Expression of chemokines and inflammatory factors in the

BALF supernatant of S2 and D2.
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Figure 8. Lung tissue pathological damage scores in S2 and D2.
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Figure 10. Expression of chemokine expression in S2 and D2.
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Figure 11. Plasma DNA levels in lung tissue in S2 and D2.

of the D2 group and the difference was statistically signi-
ficant (P<0.05).

Discussion

In this study, a mouse model of viral ALI was esta-
blished, and the mice inhaled polyl through the mouth.
Groups were compared in terms of the expression activity
of chemokine CCL3 and inflammatory factors TNF-a, IL-
1B, and IL-6 in the BALF supernatant, and macrophages
in the BALF were separated and cultured, to study the me-
chanism of their chemotactic activity in viral ALI. Despite
learning from other experts (20), we evaluated the degree
of lung injury in each group of mice through regular wei-
ghing, observation and recording of survival status, arterial
blood gas analysis, the lung index and W/D value of lung
tissue, and the pathological damage score under the lung
histopathological analysis of the established model mice,
thus confirming that the viral ALI mouse model induced
by poly I: C was successfully established. At present,
there are many induction methods to establish ALI ani-
mal models, such as the use of lipopolysaccharide (LPS),
influenza virus, bleomycin, hypoxia, and ventilator (21-
22). Studies have suggested that LPS can cause acute dif-
fuse damage to alveolar tissue, activate inflammatory fac-
tors, and release a series of inflammatory mediators (23),
further damaging the lung tissue. It is consistent with the
results of the study. In this study, it was also found that the
expression activity of the chemokine CCL3 of BALF in
the viral ALI mouse model has been increased. Previous-
ly, research experts used LPS for induction to establish
an ALI model, and found that the expression activity of
CCL3 in lung tissue has also been increased, which aggra-
vated inflammatory damage to the lung tissue, and it was
inferred that the recruited macrophages and neutrophils of
the lobular nucleus into the lung tissue may be the main
factors leading to this reaction (24). It was also concluded
in the study that, TLR9 and other signaling pathways en-
hanced the expression activity and chemotactic activity of
macrophages CCRS. Previously, experts have conducted
related studies on whether TLR9 signaling pathways can
mediate the inflammatory response. During the research,
they inhibited TLR9 and found that the phosphorylation
level of c-Jun N-terminal kinase (JNK) and damage to the
lung was reduced to a certain extent (25), which was in line
with the research results of the study, and it also provided
a new research direction to control ALI disease. Moreo-

ver, the main reason for using mice to establish a model in
this study is that TLR9 has certain similarities to different
species. TLRY derived from mice and TLRY derived from
Homo sapiens are both encoded by 1032 amino acids, and
approximately 77% of the amino acid codes are consistent
(26), so the accuracy of the experimental results was high
for other animal models. Studies have found that TLR9
is not only related to the development of ALI, but also
associated with autoimmune diseases, malignant tumors,
and other diseases. For autoimmune diseases, generally,
the DNA structure of mammals is histone-encapsulated
methylated DNA. In this state, the methylation motif can-
not activate TLR9. Only under certain pathological condi-
tions, the imbalance of methylation/demethylation may
increase the level of self-unmethylated DNA and activate
the TLRY signaling pathway. Uncontrolled inflammation
leads to the occurrence of autoimmune diseases, and the
high expression of TLR9 also occurs in idiopathic pulmo-
nary fibrosis (27). For tumor diseases, the expression of
TLR9 is higher in lung cancer tissue versus in normal lung
tissue (28-29). For ALI, TLR9 can be activated by mito-
chondrial DNA and cause secondary lung injury (30).

It has been proposed that some DNA receptors can be
used as adjuvants for genetic vaccines, that DNA plasmids
and their metabolites can directly interact with DNA re-
ceptors as antigens, and that DNA entering the cytoplasm
of cells (considered by the body as a danger signal of pa-
thogen infection) can be recognized and bind to DNA re-
ceptors to rapidly activate the innate immune response so
that a large amount of I type interferon (IFN) is produced
in fibroblasts, macrophages and dendritic cells to enhance
the immune effect of DNA vaccine (31). However, whe-
ther this method can be applied to the clinical treatment of
viral ALI remains to be studied.

Conclusion

In this study, polyl:C was used to induce the viral ALI
mouse model, and then the AM in the SALF of the mice in
each group was extracted to detect its chemotaxis factors
and expression activity of the TLR9 signaling pathway.
The results of the study found that, polyl:C can mediate
macrophage activation and recruitment to participate in
viral ALI by promoting the expression of macrophages
CCR3 and its chemotactic activity on CCL3. This reaction
was mediated through the TLR9 signaling pathway. Polyl:
C inhibited the level of H3K9me?2 in the promoter region
of CCRS5 by promoting the expression of histone demethy-
lase JIMJDI1A.

However, this study only explores the effects of virus-rela-
ted products on the chemotactic activity of macrophages,
chemokines, and related signal pathways. In the follow-
up, a more in-depth research is needed on the etiology and
pathogenesis of ALI, so as to provide a theoretical basis
for the clinical treatment of ALL
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