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The effect of N6-methyladenosine (m6A) factors on the development of acute 
respiratory distress syndrome in the mouse model
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ABSTRACT
Acute respiratory distress syndrome (ARDS) can cause loss of alveolar-capillary membrane integ-
rity and life-threatening immune responses. The underlying molecular mechanisms of ARDS 
remain unclear. N6-methyladenosine (m6A)-RNA modification plays an important part in many 
biological processes. However, it is not clear whether ARDS alters RNA methylation in lung tissue. 
We tried to investigate the changes of m6A-RNA methylation in lung tissues of lipopolysaccharide 
(LPS)-induced ARDS mice. Lung tissue samples were collected to detect the expression of m6A 
factors through hematoxylin and eosin (HE) staining, quantitative reverse transcriptase- 
polymerase chain reaction (qRT-PCR), immunohistochemical analysis and western blot. The overall 
m6A levels in lung tissue of ARDS in mouse were detected by UPLC-UV-MS. HE staining showed 
that the degree of the inflammatory response was more severe in the LPS-3 h group. The mRNA 
expression of YTHDF1, YTHDC1 and IGFBP3 was remarkably up-regulated at, respectively, 6, 6 and 
12 h after LPS treatment. The mRNA expression of METTL16, FTO, METTL3, KIAA1429, RBM15, 
ALKBH5, YTHDF2, YTHDF3, YTHDC2 and IGFBP2 was significantly down-regulated at 24 h after LPS 
treatment. The protein expression of METTL16 and FTO increased, YTHDC1, IGFBP3 YTHDF1 and 
YTHDF3 showed a down-regulation trend after LPS induction. Overall m6A-RNA methylation levels 
were significantly increased at 6 h after LPS induction. In ARDS mice, LPS-induced m6A methyla-
tion may be involved in the expression regulation of inflammatory factors and may play important 
roles in the occurrence and development of lung tissue. It is suggested that m6A modification 
may be a promising therapeutic target for ARDS.
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Introduction

Acute respiratory distress syndrome (ARDS), 
a serious life-threatening disease, occurs in both 
children and adults, which leads to respiratory 
dysfunction. The high rate of morbidity and the 
mortality rate is in the range of 35–60% [1,2]. The 
major hallmark of ARDS is diffuse alveolar 
damage characterized by lung edema, inflamma-
tion, hemorrhage and alveolar epithelial cell injury 
[3,4]. The clinical hallmarks of ARDS are hypox-
emia and bilateral radiographic opacity, which is 
related to decreased lung compliance [5]. ARDS is 
related to a variety of pathological changes, includ-
ing the destruction of pulmonary vascular 
endothelial cells, the release of inflammatory cyto-
kines, the accumulation of lung fluid and the for-
mation of excessive fibrosis [6]. In addition, ARDS 
could develop from direct lung injury (such as 
pneumonia, drowning, toxic inhalation or gastric 
content aspiration) or secondary to extra pulmon-
ary conditions, including hemorrhage, sepsis, pan-
creatitis and blood transfusion [7]. It is worth 
mentioning that new pathogens may emerge that 
manifest in ARDS, such as the novel COVID-19 
[8]. Clinically, mechanical ventilation and prone 
positioning are the only interventions proven to 
decrease mortality [9,10]. However, ARDS patients 
who receive mechanical ventilation are prone to 
develop lung fibrosis [11,12]. In addition, the 
treatment of ARDS is often challenging as it 
usually occurs in the clinical setting of multiple 
organ failure and can also lead to non-lung organ 
damage, such as acute kidney injury [13]. 
Therefore, it is needed to understand the patholo-
gical mechanism and find novel therapeutic targets 
of ARDS.

Recently, some new ways have been used to 
explore the pathological mechanism of ARDS, 
such as weighted gene co-expression network ana-
lysis and transcriptome profiling [14,15]. It is 
noted that DNA methylation is a critical regulator 
of gene transcription and affects the development 
of diseases [16]. Szilagyi KL et al. found that epi-
genetic variation of myosin light-chain kinase was 
associated with the pathogenesis of ARDS [17]. 
M6A (also known as N6-methyladenosine) refers 
to the methylation of the sixth nitrogen atom (N) 

of adenine, which is used to write, eraser or read 
methyl groups by methylase complexes. M6A 
methylation affects a variety of biological processes 
and plays an important role in regulating inflam-
matory responses [18]. It is shown that m6A 
methylation is associated with the pathogenesis of 
lung ischemia-reperfusion injury [19]. In addition, 
lung biopsy is one of the most common proce-
dures to obtain a histologic diagnosis. Up to now, 
it is not clear whether ARDS alters RNA methyla-
tion in lung tissue, and whether m6A-RNA methy-
lation is involved in the pathology of ARDS. In 
view of this, we tried to evaluate the changes of 
m6A-RNA methylation in lung tissues of lipopo-
lysaccharide (LPS)-induced ARDS mice to uncover 
the potential role of m6A-RNA methylation in the 
development of ARDS.

Materials and methods

Construction of ARDS mouse model

The SPF C57BL/6 strain male mice (aged 3– 
8 weeks and weight 18–22 g) were purchased. 
The mice were fed freely and fed water adaptively 
for more than 3 days. All mice were divided into 
the following six groups: normal group (no treat-
ment, NC), no load control group (normal saline 
modeling, VC), 3 h group after LPS treatment 
(LPS-3 h), 6 h group after LPS treatment (LPS- 
6 h), 12 h group after LPS treatment (LPS-12 h) 
and 24 h group after LPS treatment (LPS-24 h). 
LPS was purchased from Sigma Company. 
Physiological saline was used for ultrasonic solu-
tion at 60°C, and kept at 37°C for reserve. The NC 
group did not do any processing. Mice in the VC 
or LPS treatment group were administrated with 
invasive tracheotomy intubation (5 mg/kg per 
mouse). The mice were anesthetized with a small 
animal anesthesia machine. Then, the mice were 
supine on a wooden board with the tilt of the 
board at an angle of 50° to the horizontal plane. 
The submaxillary skin was incised, and the trachea 
was separated. One hundred microliters of air was 
pre-inhaled with a syringe. One hundred microli-
ters of LPS solution or normal saline was extracted 
and slowly injected into the trachea. After the 
injection, the mice were upright and gently rotated 
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vertically to make the drug evenly distributed in 
the lung. After the skin was sutured, the mice were 
placed on a thermal insulation plate to wake up. 
The mice were raised in a single cage for a certain 
time according to the group requirements. The 
study was approved by the Ethics Committee on 
Laboratory Animals of the First Affiliated Hospital 
of Anhui Medical University (LLS-C20210502).

Collection of lung tissue sample
After anesthesia, the mice were sacrificed. The 
chest was opened to collect the whole lung and 
irrigated twice with normal saline. The left lower 
lobe was fixed with paraformaldehyde solution. 
The lung tissue was fixed in 10% neutral formal-
dehyde. Left upper lobe/right upper lobe/right 
lower lobe was collected and added to TRNzol 
(TIANGEN), then pre-cooled with liquid nitrogen 
and cryopreserved at −80°C. Mice carcasses were 
treated innocuously.

Hematoxylin and eosin (HE) staining

The method of HE staining was referred from 
previous report [20]. Lung sections were dehy-
drated by automatic dehydrator as follows: 75% 
of alcohol for 4 h, 85% of alcohol for 2 h, 95% of 
alcohol for 1 h, 100% of alcohol for 0.5 h, 100% of 
alcohol for 0.5 h, 100% of alcohol for 0.5 h, 100% 
of alcohol for 0.5 h, 100% of alcohol for 0.5 h, 
100% of alcohol for 0.5 h, xylene for 10 min for 2 
times, paraffin for 1 h, 2 h and 3 h. Lung sections 
were dyed with HE for 10–20 min, rinsed with 
running water for 1–3 min, differentiated with 
alcohol hydrochloride for 5–10s and rinsed with 
running water for 1–3 min. Lung sections were put 
into 50°C warm water or weak alkaline aqueous 
solution to return blue. Lung sections were rinsed 
with running water for 1–3 min, added 85% of 
alcohol for 3–5 min, stained with Eosin for 3– 
5 min and rinsed for 3–5 s. Lung sections were 
dehydrated with gradient alcohol, transparent 
treatment with xylene and sealed with neutral 
gum. Pannoramic 250 digital section scanner was 
used for image collection of sections. All sections 
were firstly observed at 40 times to find gross 
lesions. In selected areas, images of 100 times 

and 400 times were collected to observe specific 
lesions.

Quantitative reverse transcriptase-polymerase 
chain reaction (qRT-PCR)

Detailed operation method was based on previous 
research [21]. The lung tissue was collected into 
2 ml of cryopreservation tube, added 1 ml of 
TRNzol solution and fully broken with a hand- 
held homogenizer. The homogenate samples were 
placed at room temperature for 5 min to separate 
the nucleic acid protein complex completely. The 
homogenate samples were centrifuged at 12000rpm 
at 4°C for 10 min to collect supernatant. The super-
natant was added 0.2 ml of chloroform, swirled for 
about 15 s, mixed thoroughly, stand for 3 min at 
room temperature and centrifuged at 12000 rpm at 
4°C for 15 min to collect the upper water phase. The 
upper water phase was added the same volume 
isopropyl alcohol, mixed upside down, stand at 
room temperature for 10 min and centrifuged at 
12000 rpm at 4°C for 10 min to remove super-
natant. The mixture was added 1 ml of 75% ethanol 
to wash and centrifuged at 10000 rpm at 4°C for 
5 min. The liquid was poured out and blotted the 
remaining 75% ethanol with absorbent paper. 
Twenty microliters of RNAse-free H2O was added 
to dissolve the RNA precipitate. For the detection of 
m6A factors, the template RNA was thawed on ice. 
Genomic DNA removal system was thoroughly 
mixed, centrifuged briefly and incubated at 42°C 
for 3 min. The mixture of reverse transcription 
reaction system was prepared. The mixture was 
mixed with the genomic DNA removal system, 
incubated at 42°C for 15 min, incubated at 95°C 
for 3 min and then placed on ice. The cDNA 
obtained could be used for subsequent experiments 
or cryopreserved. 2× SuperReal PreMix Plus, 
50× ROX Reference Dye, cDNA template, primer 
and RNAse-free ddH2O were balanced at room 
temperature and mixed thoroughly. The RT-PCR 
reaction was performed. The CT values were ana-
lyzed by 2−ΔΔCT method. For the analysis of overall 
m6A levels, 1.5 μl of buffer, 2 μl of alkaline phos-
phatase dilution, 4 μl of snake venom phosphatase I, 
deionized water were mixed with 15 μg of RNA and 
hydrolyzed at 37°C for 4 h. After enzymatic hydro-
lysis, 90 μl deionized water was added and diluted 
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to 120 μl. One hundred microliters of chloroform 
was added and fully vortically mixed for 3 min, then 
centrifuged at 12000 rpm for 8 min. One hundred 
and twenty microliters of supernatant was collected 
and added another 100 μl of chloroform. The above 
process was repeated for 3 times. One hun-
dred microliters of supernatant was collected and 
store at −20°C for UPLC-UV-MS analysis accord-
ing to the previous method to detect the overall 
m6A levels in lung tissue of ARDS mouse [22]. 
The result was represented as m6A/A% (area 
m6A*Xm6A/Area A*100%). In the formula, 
A stands for A bases; Xm6A comes from a known 
concentration quality control sample (correction 
factor).

Immunohistochemical analysis

Paraffin sections of lung tissue were dewaxed to 
water as follows [21]: sections were placed in 
xylene I for 15 min, xylene II for 15 min, xylene 
III for 15 min and anhydrous ethanol I for 5 min, 
anhydrous ethanol II for 5 min, 85% of alcohol for 
5 min, 75% of alcohol for 5 min and washed with 
distilled water. The sections were dipped into citric 
acid buffer, heat in microwave oven for 10 min on 
high heat, hold fire for 8 min and reheat in med-
ium-high heat for 10 min. After cooling, the sec-
tions were washed for 3 times with PBS, 5 min 
each. The sections were placed in 3% of hydrogen 
peroxide at room temperature for 10 min and 
washed with PBS for 3 times, 5 min each. The 
sections were incubated with goat serum blocking 
solution at room temperature for 20 min. After 
incubation with primary antibody at 4°C over-
night, the sections were washed with PBS for 3 
times, incubated with secondary antibody at 37°C 
for 30 min and washed with PBS 3 times. Fresh 
DAB chromogenic solution was prepared and 
dropped onto the sections for chromogenic devel-
opment at room temperature. The chromogenic 
time was controlled under the microscope, and 
the positive color was brownish yellow. The chro-
mogenic effect was terminated by washing the 
sections in distilled water. After redyeing with 
hematoxylin for 3 min, the sections were washed 
with tap water until the emergence of blue color. 
The sections were soaked in 75%, 85%, 95% of 
anhydrous ethanol and xylene for 10 min, and 

sealed with neutral gum. The microphotography 
system was utilized to collect images of the sec-
tions. All lung tissues of each section were firstly 
observed at 100 time under the microscope. Those 
microscopic images at 400 time were collected. 
The percentage of positive staining in each image 
was calculated using Halo data analysis system. 
The nuclei stained with hematoxylin were blue. 
The positive expression of DAB was brownish 
yellow.

Western blot detection

A total of 32 μg of protein samples from lung 
tissue were slowly added to the well. 
Electrophoresis was performed with a stable vol-
tage of 100 V for 15 min. Protein transmembrane 
process was performed at 200 mA for 1–2 h. The 
PVDF membrane was incubated with 5% skim 
milk and gently shaken on a shaker for 2 h. The 
PVDF membrane was incubated with the primary 
antibody, shaken gently on the shaker, incubated 
at 4°C overnight and washed with TBST for 3 
times, 5 min each. The PVDF membrane was 
incubated with secondary antibody, shaken gently 
on a shaker, incubated at room temperature for 2– 
3 h and washed for 3 times with TBST, 10 min 
each. The PVDF membrane was laid on the expo-
sure plate and mixed with the A and B reagents of 
ECL luminescence solution. After reaction for 
1 min, the exposure plate with the film was put 
into the darkroom of chemiluminescence gel ima-
ger. The exposure time was adjusted according to 
the strength of the signal. The bands were scanned 
by exposure using TIeneng GIS box control soft-
ware V2.0. The results were expressed as the rela-
tive expression of the target protein. Comparative 
expression of the target protein was the ratio of 
integrated optical density of target protein (IOD)/ 
integrated optical density of internal reference 
(IOD). Above method was referred to the previous 
report [23].

Results

The underlying molecular mechanisms of m6A- 
RNA modification in ARDS remain unclear. In 
this study, we tried to investigate the changes of 
m6A-RNA methylation in lung tissues of LPS- 
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induced ARDS mice. Lung tissue samples were 
collected to detect the expression of m6A fac-
tors through HE staining, qRT-PCR, immuno-
histochemical analysis and western blot.

HE staining in lung tissue of ARDS mouse

In the NC group, the bronchial structure of all 
levels of lung tissue was normal, and the 

bronchial ciliary epithelium was neatly arranged 
(Figure 1). The morphology of alveolar epithe-
lial cells was basically normal, with no obvious 
degeneration and necrosis, no obvious thicken-
ing of alveolar diaphragm. A small number of 
macrophages were found in the alveolar cavity. 
No observable pathological changes were found. 
In the VC group, the bronchial structure of all 
levels of the lung was normal, and the bronchial 

Figure 1. HE staining in lung tissue of ARDS mouse. Left and right side represent the picture with magnification × 100 and 
magnification × 400, respectively. In NC group, the red arrow represents macrophages; in VC group, red and green arrow represents 
red blood cells and neutrophils, respectively; in the LPS-3 h group, green, yellow and blue arrow represents lymphocyte, neutrophils 
and foam cells, respectively; in the LPS-6 h group, green arrow represents neutrophils; in the LPS-12 h group, green, yellow and red 
represents lymphocyte, neutrophils and macrophages, respectively.
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ciliary epithelium was arranged neatly without 
obvious cell shedding. Alveolar epithelial cells 
were normal. The hemorrhage was observed in 
the alveolar cavity, and more red blood cells 
spilled. There was a minimal infiltration of 
inflammatory cells in the lung interstitium, 
mainly neutrophils. No other obvious patholo-
gical changes were observed. In the LPS-3 h 
group, the bronchial structure at all levels of 
lung tissue was normal, and the bronchial cili-
ary epithelium was neatly arranged. The mor-
phology of alveolar epithelial cells was normal, 
without obvious degeneration necrosis. The 
alveolar diaphragm was thickened in some 
areas. More neutrophils infiltrated in alveolar 
stroma. The vascular lumen and perivascular 
interstitium were infiltrated by lymphocytes 
with round nuclei. The alveolar cavity showed 
a foam-like cellular infiltration of cytoplasm. 
No other obvious pathological changes were 
observed. In the LPS-6 h group, lung layer 
pleura structure was normal with a thin wall 
and without connective tissue hyperplasia and 
thickening. The bronchial structure of all levels 
was complete and clear. The morphology of 
epithelial cells was normal without obvious 
degeneration, necrosis or shedding. The mor-
phology of type I and type II alveolar epithelial 
cells in the respiratory part of the lung was 
normal without obvious degeneration and 
necrosis. A small amount of inflammatory 
cells infiltrated the interstitium, mainly rod- 
shaped neutrophils. No other obvious patholo-
gical changes were observed. In the LPS-12 h 
group, the bronchial structure at all levels of 
lung tissue was normal, and the bronchial cili-
ary epithelium was neatly arranged. The mor-
phology of alveolar epithelial cells was basically 
normal, with no obvious degeneration and 
necrosis, no obvious thickening of the alveolar 
diaphragm. More lymphocytes and neutrophils 
were observed in the alveolar stroma. There 
were more lymphocytes infiltrating in the inter-
stitium around blood vessels. Macrophages 
were seen in the alveolar lumen. No other 
obvious pathological changes were found. In 
conclusion, compared with the NC group, dif-
ferent degrees of pathological changes (such as 
the inflammatory response) were observed in 

both the LPS-3 h and LPS-12 h groups. 
Significantly, the degree of pathological changes 
was more severe in the LPS-3 h group.

The mRNA expression of m6A factors in lung 
tissue of ARDS mouse

In the lung tissue samples of ARDS mouse in NC, 
VC, LPS-3 h, LPS-6 h, LPS-12 h and LPS-24 h 
groups, the mRNA expression of 19 m6A-related 
factors were detected, including methylated trans-
ferases (METTL3, METTL14, METTL16, 
KIAA1429, RBM15, RBM15B and WTAP), 
demethylases (FTO and ALKBH5) (Figure 2) and 
recognition factors (YTHDF1, YTHDF2, YTHDF3, 
YTHDC1, YTHDC2, eIF3a, hnRNP A2/B1, IGFBP1, 
IGFBP2 and IGFBP3) (Figure 3). The primer 
sequences of above m6A factors are listed in 
Table 1. The expression of METTL16 and FTO 
showed a significant down-regulation at 3, 6, 12 
and 24 h after LPS treatment. METTL3, KIAA1429, 
RBM15 and ALKBH5 were significantly down- 
regulated at 24 h after LPS treatment. The expression 
of YTHDF1, YTHDC1 and IGFBP3 was remarkably 
up-regulated at, respectively, 6, 6 and 12 h after LPS 
treatment. YTHDF2, YTHDF3, YTHDC2 and 
IGFBP2 were significantly down-regulated at 24 h 
after LPS treatment.

Overall m6A levels in lung tissue of ARDS mouse

UPLC-UV-MS was used to detect the changes of 
m6A levels in the lung tissues of ARDS mouse. 
The overall expression level of m6A in all groups 
changed significantly and increased significantly at 
6 h and 12 h after LPS induction, followed by 
a downward trend (Figure 4). Combined with the 
overall detection results, the expression of m6A 
factor changed significantly at 6 h after LPS induc-
tion. The methylation level of m6A showed 
a significant increase. The results showed that 
m6A-RNA methylation changed 6 h after LPS 
induction in the lung tissues of ARDS mouse.

The protein expression of m6A factors in lung 
tissue of ARDS mouse

The protein expression of seven m6A factors was 
detected by Western blot, including (METTL16 
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Figure 2. The mRNA expression of methylated transferases and demethylases in the lung tissue samples of ARDS mouse in NC, VC, 
LPS-3 h, LPS-6 h, LPS-12 h and LPS-24 h groups. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.

Figure 3. The mRNA expression of recognition factors in lung tissue samples of ARDS mouse in NC, VC, LPS-3 h, LPS-6 h, LPS-12 h 
and LPS-24 h groups. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
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and WTAP), demethylases (FTO) and recognition 
factors (YTHDF1, YTHDF3, YTHDC1 and 
IGFBP3) (Figure 5). In lung tissue of ARDS 
mouse, the expression of METTL16 and FTO 
increased, YTHDC1 and IGFBP3 showed a down- 
regulation trend. The protein expression of 
YTHDF1 and YTHDF3 decreased at 24 h after 
LPS induction, while WTAP did not change. The 
original images of western blots including weight 
markers are shown in supplementary Figure 1.

Immunohistochemical test of m6A factors in lung 
tissue of ARDS mouse

Immunohistochemical characteristics of five m6A 
proteins were detected in the right lung tissue of 

ARDS mouse, including FTO, METTL16, 
YTHDC1, YTHDF1 and YTHDF3 (Figure 6 and 
Figure 7). The result showed that the expression of 
FTO protein showed a significant upward trend after 
3, 6, 12 and 24 h after LPS induction. YTHDC1 and 
YTHDF1 were significantly down-regulated after 3, 
6, 12 and 24 h after LPS induction. METTL16 was 
significantly down-regulated at 3 h after LPS induc-
tion and up-regulated at 12 and 24 h after LPS 
induction. YTHDF3 was remarkably up-regulated 
at 12 h after LPS induction and down-regulated at 
3, 6 and 24 h after LPS induction. The result was in 
line with those results of Western blot. Interestingly, 
the mRNA and protein expression of some m6A 
factors were inconsistent, which are worth further 
investigation.

Discussion

A large amount of newly discovered evidence sug-
gests that m6A modification is associated with 
sepsis (systemic inflammatory response syndrome) 
[24]. Changes in m6A modification are found in 
sepsis-induced myocardial dysfunction, which sug-
gested that m6A modification may be a promising 
therapeutic target for sepsis [25]. Thus, it can be 
seen that m6A modification plays important roles 
in the inflammatory response. In this study, we 
found that compared with the NC group, different 
degrees of pathological changes (such as the 
inflammatory response) were observed in both 
the LPS-3 h and LPS-12 h groups in lung tissue 
of ARDS mouse. Significantly, the degree of patho-
logical changes was more severe in the LPS-3 h 
group. Our result indicated that m6A methylation 
may be involved in the expression regulation of 
inflammatory factors in the lung tissues of ARDS 
in mice, which may be considered as a potential 
therapeutic target for ARDS.

YTHDF1 recruits translation initiation factors 
to facilitate translation [26]. In normal human 
bronchial epithelium cells, knockdown mRNA 
expression of YTHDF1 significantly abrogates 
hypoxia-induced cellular apoptosis [27]. 
YTHDC1 drives the binding of methylated 
mRNA targets to SRSF3 and NXF1 to form 
mRNA-protein complexes, which together pro-
mote nuclear export of RNA and regulate mRNA 
splicing [28,29]. IGFBP3 has been involved in 

Table 1. The primer sequences of 19 m6A factors in the qRT-PCR.
Gene Primer sequences (5’-3’)

METTL3 Forward: ATCCAGGCCCATAAGAAACAG
Reverse: CTATCACTACGGAAGGTTGGG

METTL14 Forward: CTGAGAGTGCGGATAGCATTG
Reverse: GAGCAGATGTATCATAGGAAGCC

ALKBH5 Forward: CAGTGGGTATGCTGCTGATG
Reverse: GGGTCTCTGGTGTTTCCTGA

FTO Forward: GACACTTGGCTTCCTTACCTG
Reverse: CTCACCACGTCCCGAAACAA

WTAP Forward: GCCCCAACGTTTAAGTGCAG
Reverse: AGCATTCGACACTTCGCCAT

RBM15B Forward: CGTGGGAGGACAACTCACTC
Reverse: GAGTTGCTGCCTGACTCCTT

METTL16 Forward: ACAAACCACCTGACTTCGCA
Reverse: CTGACTGCTTCGGGGTCTTT

eIF3a Forward: GGAGAGATTCAAGTCGCCGT
Reverse: CTGTCATCAGTGCGTCTCCA

HnRNP A2/B1 Forward: CCGATAGGCAGTCTGGAAAG
Reverse: TATAGCCATCCCCAAATCCA

IGFBP1 Forward: GATCGCCGACCTCAAGAAATG
Reverse: CCTCTAGTCTCCAGAGACCCAG

IGFBP2 Forward: ACCCCTTGCCAGCAGGAGTTGGA
Reverse: TCCCTGGATGGGCTTCCCGGT

IGFBP3 Forward: GACAGAATACGGTCCCTGCC
Reverse: GGAGCATCTACTGGCTCTGC

KIAA1429 Forward: CAGTCGTCGGGAAGGAACAA
Reverse: TAGGGCGGTAACCCGTAGAA

RBM15 Forward: GCAGCATCCTCTCCCAAACT
Reverse: AGGTCACCCTGCAACAGATG

YTHDF1 Forward: CTGCAGTTAAGACGGTGGGT
Reverse: TAGCAATGGCTGCCCATGAA

YTHDF2 Forward: AGGCGGGTTCTGGATCTACT
Reverse: GATAGGCGGCATCCAGTCTC

YTHDF3 Forward: CAGAGACCTAAAGGGCAAGGA
Reverse: CATGCTGCTTCCCCAAGAGA

YTHDC1 Forward: CGTAGGAAGCTGAGTGGAGC
Reverse: TCCCCATCTTTCTCCTCCCG

YTHDC2 Forward: GGTCCGATCAATCATCTGT
Reverse: GAAGTAACGAATAGGCATGT

GAPDH Forward: TTCCAGTATGACTCTACCCACGGCA
Reverse: GCACCAGCATCACCCCATTTG
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Figure 4. Overall m6A levels in lung tissue of ARDS mouse.

Figure 5. The protein expression of METTL16, WTAP, FTO, YTHDF1, YTHDF3, YTHDC1 and IGFBP3 in the lung tissue samples of ARDS 
mouse in NC, VC, LPS-3 h, LPS-6 h, LPS-12 h and LPS-24 h groups.
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fibrotic lung diseases and persistent ARDS because 
of profibrogenic and antiapoptotic activity [30]. 
Increased expression level of IGFBP3 is found in 
fibrotic lung and bronchoalveolar lavage fluid of 
patients with ARDS and patients with risk factors 
for ARDS [30,31]. In this study, we found that the 
mRNA expression of YTHDF1, YTHDC1 and 
IGFBP3 was remarkably up-regulated at, respec-
tively, 6, 6 and 12 h after LPS treatment in ARDS 
mice. This indicated that these YTHDF1, 
YTHDC1 and IGFBP3 may be involved in the 
process of ARDS.

METTL3, is known as ‘writers,’ plays a crucial role 
in regulation of gene expression by influencing RNA 
stability and mRNA translation [26,32]. There is 
a significant correlation between the expression of 
METTL3 and the occurrence of chronic obstructive 
pulmonary disease [33]. METTL16 is differentially 
expressed in mild and severe pneumonia [34]. 
YTHDF2 recognizes dynamic m6A modification to 

influence the translation status and lifespan of 
mRNA [26,35]. YTHDF2 can promote influenza 
A virus republication and spread [36]. Additionally, 
YTHDF2 plays important roles in the intracellular 
regulation of inflammatory factors in cystic fibrosis 
lung disease [37,38]. YTHDF3, a direct m6A reader, 
promotes the translation of mRNAs and improve 
stability [39]. YTHDC2 promotes the ‘fast-track’ 
expression program for specific mRNAs by modu-
lating the stability of mRNAs [40]. YTHDC2 is asso-
ciated with some important genes that promote the 
development progression of chronic obstructive pul-
monary disease [33]. FTO, a m6A eraser, impacts 
regulating transcription through removing methyl 
groups from nucleotides [41]. In non-small-cell 
lung cancer, FTO promotes disease progress by 
decreasing m6A level [42]. In lung adenocarcinoma, 
FTO can activate cell migration via mRNA demethy-
lation and accelerate the disease progression [43]. 
KIAA1429 is a modification that plays important 

Figure 6. Immunohistochemical tests of FTO, METTL16, YTHDC1, YTHDF1 and YTHDF3 in right lung tissue of ARDS mouse. 
Magnification: 400 ×.

Figure 7. Immunohistochemical quantitative results of FTO, METTL16, YTHDC1, YTHDF1 and YTHDF3 in right lung tissue of ARDS 
mouse. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
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roles in the effectiveness of mRNA splicing and RNA 
processing [44]. In the lung adenocarcinoma, 
KIAA1429 is related to the formation of m6A 
methyltransferase complex, which promotes the for-
mation of m6A [45–47]. RBM15 can mediate the 
formation of m6A in X-inactive specific transcripts 
and cellular mRNAs [48]. RBM15 is positively asso-
ciated with the severity of COVID-19, implying that 
RBM15 has a key role in SARS-CoV-2 infection by 
influencing methylation levels of genes [49]. 
ALKBH5 can modulate mRNA splicing and stability. 
Dysfunctional demethylation of ALKBH5 reduces 
the expression of MALAT1, which induces apoptosis 
and reduces the production of inflammatory factors 
[50]. IGFBP2, a lineage marker for diverse human 
lung epithelial cell types, Alveolar Type I, is up- 
regulated during lung regeneration [51,52]. In this 
study, we found that the mRNA expression of 
METTL3, METTL16, YTHDF2, YTHDF3, 
YTHDC2, FTO, KIAA1429, RBM15, ALKBH5 and 
IGFBP2 were significantly down-regulated at 24 h 
after LPS treatment in ARDS mice. It is suggested 
that these m6A factors may be involved in the 
inflammation and lung pathology in the develop-
ment of ARDS.

However, there are limitations to our study. 
Firstly, the protein expression of some m6A factors 
was inconsistent with the mRNA expression, which 
is needed for further investigation; Secondly, it is 
necessary to find target mRNAs (especially inflam-
matory cytokines) of these m6A factors to further 
study deeper pathological mechanism of ARDS.

Conclusion

We found that overall m6A-RNA methylation levels 
were significantly increased after LPS induction in 
ARDS. Furthermore, significant expression changes 
in some m6A factors were found, including 
YTHDF1, YTHDC1, IGFBP3, METTL16, FTO, 
METTL3, KIAA1429, RBM15, ALKBH5, YTHDF2, 
YTHDF3, YTHDC2 and IGFBP2. These m6A fac-
tors may be involved in regulating inflammatory 
cytokines in the process of ARDS, which could be 
regarded as promising therapeutic targets for ARDS.
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