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induced acute lung injury by inhibiting autophagy
in mice

Jing-Huan QIUY, Li ZHANG?, Ke-Xin LI?, Qiu-Hong ZHANG", Ke-Rui FAN?, Kun CHEN?),
Yu JIANG?* and Gang LIU"

Y Department of Emergency and Critical Care Medicine, University-Town Hospital of Chongqing Medical University, 55
Middle Road, University City, Shapingba District, Chongqing 401331, PR. China

2 Department of Pathophysiology, Chongging Medical University, 1 Yixueyuan Road, Yuzhong District, Chongging 400016,
PR. China

3 Medical Sciences Research Center, University-Town Hospital of Chongqing Medical University, 55 Middle Road, University
City, Shapingba District, Chongqing 401331, PR. China

Y Department of Respiratory and Critical Care Medicine, University-Town Hospital of Chongqing Medical University, 55
Middle Road, University City, Shapingba District, Chongqing 401331, PR. China

Abstract: Itaconate, produced by aconitate decarboxylase 1 (ACOD1), which is encoded by immune-responsive
gene 1 (Irg1), is one of the metabolites derived from the tricarboxylic acid cycle. It has been reported that exogenous
itaconate plays an anti-inflammatory role in the progression of multiple diseases and pathological processes,
including activated macrophage, ischemia-reperfusion injury, and acute lung injury. However, the role and specific
mechanism of endogenous itaconate in endotoxemia-induced acute lung injury (ALI) remain unclear. The animal
model of ALI in wild-type and Irg1~~ mice was constructed by LPS intraperitoneal injection. Ultrahigh-performance
liquid chromatography-tandem mass spectroscopy (UPLC-MS/MS) analysis was performed to measure the quantity
of endogenous itaconate. The protective effect of itaconate was investigated by the behavioral assessment and
the levels of inflammatory cytokines. Acute lung injury was assessed by hematoxylin and eosin staining, total
protein in BALF, and Evans blue leakage. Western blotting was used to detect the IRG1 expression and autophagic
protein in the lung. We demonstrated that IRG1 was highly expressed in ALI and that endogenous itaconate was
produced simultaneously and was 100 times higher. Using Irg7~~ mice, we found that endogenous itaconate was
likely to exert an anti-inflammatory effect by activating NRF2 and promoting autophagy. Furthermore, autophagy
was restrained by LPS but enhanced by 4-octyl itaconate (4-Ol) pretreatment. Our study illustrated that a deficiency
of IRG1/ltaconate aggravates ALl and that the IRG1/itaconate pathway protects against ALI. The protective
mechanisms could be related to the facilitation of autophagy. Such findings may provide a theoretical foundation
for the treatment of endotoxemia-induced ALI.
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Introduction and pathological factors, such as trauma, pneumonia,

sepsis, and endotoxemia, result in ALI with high morbid-

Acute lung injury (ALI), which is a life-threatening ity and mortality [2]. Treatments include lung-protective
disease in intensive care units, refers to a series of man- mechanical ventilation, administration of a neuromus-
ifestations involving progressive hypoxemia, dyspnea,  cular blockade, prone positioning, and extracorporeal
and increased work of breathing [1]. Multiple diseases =~ membrane oxygenation [3]. To date, the specific therapy
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ITACONATE PROMOTES AUTOPHAGY IN ALI

for endotoxemia-induced ALI has needed to be further
explored.

Autophagy is a conserved catabolism pathway in
which lysosomes degrade most of the cytoplasmic con-
tent and realize the process of resource recycling. How-
ever, the role of autophagy is still controversial in quite
a few diseases, including ALI [4, 5]. On one hand, ap-
propriate autophagy can be induced by many patho-
logical conditions, like ischemia/reperfusion, tumors,
hypoxia, septic acute kidney injury, oxidative stress, and
inflammation [6—11], and then alleviate the processes
above. On the other hand, excessive autophagy results
in autophagic cell death (type II cell death). Autophagy
promotes lung injury in sepsis [5]. Therefore, further
research is required to confirm how autophagy regulates
endotoxemia-induced ALI.

Itaconate, known as methylene-succinic acid, is an
endogenous metabolite previously proposed to have an
anti-inflammatory effect and is synthesized by the de-
carboxylation of cis-aconitate in the mitochondrial ma-
trix. The decarboxylation is mediated by an aconitate
decarboxylase (ACODI, also called IRG1), which is
encoded by immune-responsive gene 1 (Irgl) [12]. A
suitable cell-permeable itaconate derivative, 4-octyl ita-
conate (4-Ol), is hydrolyzed to itaconate by intracellular
esterases [13]. Nowadays, studies have reported that
itaconate plays an anti-inflammatory role or reduces
oxidative stress in various diseases and pathological
processes, such as macrophage activation, ischemia-
reperfusion injury, osteoclast-related diseases, pulmo-
nary fibrosis, renal fibrosis, abdominal aortic aneurysm,
and early rheumatoid arthritis [14-20].

In this study, we aimed to investigate the role of ita-
conate in endotoxemia-induced ALI progression and to
evaluate the underlying mechanism based on the expres-
sion of autophagic proteins. Our study may reveal itacon-
ate as a promising candidate for preventative therapy in
ALL

Materials and Methods

Materials

Lipopolysaccharide (from Escherichia coli, 055: B5)
and itaconate (>99%) were purchased from Sigma-Al-
drich (St. Louis, MO, USA) and 4-octyl itaconate (>98%)
was the product of Cayman Chemical (Ann Arbor, MI,
USA). Itaconic acid-!3Cs, D, was purchased from To-
ronto Research Chemicals (Toronto, ON, Canada).
ELISA kits for determination of mouse tumor necrosis
factor-alpha (TNF-a) and interleukin 6 (IL-6) were pur-
chased from NeoBioscience Technology Co. (Shenzhen,
China). The BCA protein assay kit was the product of

Thermo Fisher Scientific (Waltham, MA, USA).

Animals

Male 6- to 10-week-old C57BL/6J mice were pro-
vided by the Laboratory Animal Center of Chongqing
Medical University (Chongqing, China). Male 6- to
10-week-old C57BL/6J-Irgl™~ mice were from Jackson
Laboratory. The mice were maintained for 7 days before
experimentation and kept in a specific pathogen-free
room. They were given food and water ad libitum and
subjected to a 12/12 h light/dark schedule. All animal
experiments were reviewed and approved by the Animal
Care and Use Committee of Chongqing Medical Uni-
versity.

ALI model and itaconate intervention

C57BL/6J mice were randomly divided into four
groups: the control group, 4-OI group, ALI group, and
ALI + 4-OI group. Irgl ~’~ mice were randomly divided
into three groups: the control group, ALI group, and ALI
+ 4-OI group. Two hours before injury (ALI induced
with 15 mg/kg LPS), mice were administered 4-OI (50
mg/kg, dissolved in 95% olive oil and 5% dimethyl sulf-
oxide; DMSO) in the ALI + 4-OI group. Animals were
sacrificed 18 h after administration of LPS and tissue
was harvested.

Behavioral assessment score

Wild-type mice were observed and evaluated by the
mouse assessment score [21]. Scores were the total sums
of the points for the following four categories of physi-
cal appearance: coat, with smooth=1, mild ruffling=2,
and significant ruffling=3; activity, with normal=1, mov-
ing slowly without stimulation=2, moving only with
stimulation=3, and minimal movement with stimula-
tion=4; respiration, with normal=1, labored=2, and ir-
regular=3; and posture, with moving or resting nor-
mally=1 and huddled=2.

Histologic analysis

The left lungs were washed in normal saline and fixed
in10% paraformaldehyde for 48 h. Microphotographs of
hematoxylin and eosin (HE)-stained sections were ob-
tained for conventional morphological evaluation using
a light microscope (Leica Microsystems, Wetzlar, Ger-
many). Based on a method described previously [22],
lung sections were blindly scored. Briefly, the histo-
logical changes were graded on a scale of 0—4 (0, normal;
1, slight; 2, moderate; 3, strong; 4, severe) for the fol-
lowing pathological characters: congestion, edema, in-
flammation, and hemorrhage. The histology scores for
the four parameters were totaled.
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ELISA

Based on the manufacturer’s instructions, ELISA kits
were used to determine the plasma of tumor necrosis
factor-alpha (TNF-a) and interleukin 6 (IL-6; Neobiosci-
ence, Shenzhen, China). The samples were diluted to an
appropriate concentration with a diluent included with
the ELISA kit before determination. The concentrations
of TNF-a or IL-6 were calculated using the standard
curve.

Collection and analysis of bronchoalveolar lavage
of fluid (BALF)

All mice were euthanized by a lethal overdose of so-
dium pentobarbital. A tracheal cannula was inserted into
each mouse, ice-cold PBS (1 ml) was injected, and bron-
choalveolar lavage (BAL) was performed via the can-
nula. The first lavage was collected, and the supernatant
was isolated by centrifugation (1,000 g, 5 min, 4°C).

Determination of Evans-blue leakage

As previously reported with slight modifications [23],
1 h before measuring the degree of pulmonary vascular
leakage, Evans blue dye (80 mg/kg) was intravenously
injected into the mice. The animals were transcardially
perfused free of blood with PBS (containing 5 units per
milliliter of heparin) via thoracotomy. The left lung was
homogenized in N,N-Dimethyl formamide (1 ml/100 g
tissue), incubated for 48 h at 60°C, and centrifuged at
5,000 x g for 15 min. The optical density of the super-
natant was detected spectrophotometrically at 620 nm.
The concentration of Evans blue dye was calculated us-
ing the standard curve.

Itaconate identification and quantification

Mouse lungs were used for itaconate identification and
quantification as described previously, with a slight
modification [18]. Briefly, 20 mg of lung was homoge-
nized with 500 ml of ice-cold methanol/water (100%,
v/v) at 30 Hz for 2 min and centrifuged at 12,000 rpm at
4°C for 15 min. Itaconic acid-'3Cs, D4 and itaconic acid
were added to the methanol as the internal standard and
for building the standard curve, respectively. The col-
lected supernatant was analyzed using an Agilent 1290
Infinity II liquid chromatograph (Agilent Technologies,
Santa Clara, CA, USA) coupled to an Agilent 6470 triple
quadruple mass spectrometer (Agilent Technologies).
Using an Agilent 1260 Infinity HPLC system, 5 ul of the
prepared sample was injected into the column (ACE
Excel, 2.1 mm x 100 mm, EXL-1010-1002U, Advanced
Chromatography Technologies, Aberdeen, UK), and the
device was set at 22°C. The flow rate was set at 0.2 ml/
min, and sample analysis was completed at 1 min. Oth-
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er conditions were as follows: solvent system, water
(0.1% formic acid): methanol; gradient program, 85:15
V/V at 0 min, 85:15 V/V at 0.5 min, 5:95 V/V at 3.0 min,
5:95 V/V at 5.0 min, 85:15 V/V at 5.1 min, 85:15 V/V
at 7.0 min. Mass spectrometric detection was performed
in a negative ionisation mode with an Agilent 6470 triple
quadrupole tandem mass spectrometer equipped with an
Agilent Jet Stream electrospray ionization source. The
mass detector parameters were set as follows: gas tem-
perature, 300°C; gas flow, 8 I/min; nebulizer pressure,
35 psi; and capillary voltage, +500 V.

Western blot analysis

Lung tissue was lysed in RIPA lysis buffer with pro-
tease inhibitor cocktail and centrifuged at 16,000 g for
10 min, and the supernatant was collected. Then, a bicin-
choninic acid assay kit (Thermo Fisher Scientific) was
employed to determine protein contents. The protein
draws were separated by 6%, 10%, or 15% sodium do-
decyl sulfate (SDS)-polyacrylamide gel electrophoresis
and then transferred onto polyvinylidene fluoride. The
membranes were incubated with the blocking buffer for
1 h at room temperature and then incubated with the
primary antibodies. The primary antibodies used were
anti-IRG1 (1:1,000, 17805, CST), anti-SQSTM1/p62
(1:1,000, 5114T, CST), anti-LC3A/B (1:1,000, 12741T,
CST), anti-B-actin (1:5,000, bs-0061R, Bioss). The mem-
branes were incubated with the primary antibodies over-
night at 4°C, followed by washing 5 times in phosphate-
buffered saline Tween (PBS-T) for 5 min. They were
then incubated with a horseradish peroxidase-conjugat-
ed secondary antibody for 1 h and then washed 5 times
for 5 min in PBS-T. Finally, Amersham ECL Select
Western Blotting Detection Reagent was used for visu-
alization.

Statistical analysis

All experimental data are presented as the mean + SD.
The quantitative data were analyzed using one-way
ANOVA, followed by Tukey’s post hoc test. Student’s
t-test was used for comparisons between two indepen-
dent groups.

IRG1 and itaconate production are increased in
endotoxemic mouse lung tissue

An ALI model was built was built to explore the role
of endogenous itaconate. Then, we examined the expres-
sion of IRG1 in mice and the expression levels of itacon-
ate in the lungs of ALI mice in the control group and the
ALI group. The results proved that IRG1 in ALI mice
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was apparently activated (Figs. 1A and B) and that the
production of itaconate was simultaneously increased
by more than 100 times (Fig. 1C).

Deficiency of IRG1/itaconate aggravates ALI

In order to explore the effect of itaconate on ALI, we
examined the histological changes, inflammation, and
alveolar exudation after LPS treatment. The expression
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tremely low in Irgl ™/~ mice (Figs. 2A—C), even in the
LPS group, which indicated that the Irg/ /" mice lacked
of IRG1/itaconate. The pathological results shows that
the Irgl~/~ mice lacking itaconate suffered more damage
than the wild-type mice (Figs. 2D and E), had a higher
level of the pro-inflammatory cytokine IL-6 in plasma
(Fig. 2F), and exuded more protein in lungs (Figs. 2G
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Fig. 1. The expression levels of IRG1 and itaconate were increased in WT mice. (A, B) The expres-
sion levels of IRG1 in the control group and LPS group were analyzed by Western blot. (C)
The levels of itaconate in lung tissue of the control group and LPS group were detected by
UPLC-MS/MS. **P<0.01, ****P<0.0001. LPS, lipopolysaccharide; ALI, acute lung in-
jury; IRG1, aconitate decarboxylase; WT, wild type; UPLC-MS/MS, ultrahigh-performance
liquid chromatography-tandem mass spectroscopy.
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Fig. 2. Deficiency of IRG1 and itaconate exacerbated histological changes, inflammation, and alveolar exudation.
(A, B) The expression of IRG1 in lung tissue was analyzed by Western blot. (C) The levels of itaconate in
lung tissue were detected by UPLC-MS/MS. (D) The plasma levels of IL-6 were determined by ELISA. (E,
F) Histological score was determined by hematoxylin and eosin (HE) staining (400x%). (G) Comparison of
Evans Blue leakage in lung tissue. (H) Comparison of protein concentration in BALF. *P<0.05, **P<0.01,
**%P<0.001, ****P<0.0001. ALI, acute lung injury; IRG1, aconitate decarboxylase; UPLC-MS/MS, ultra-
high-performance liquid chromatography-tandem mass spectroscopy; IL-6, interleukin 6; BALF, bronchoal-

veolar lavage fluid.
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and H). These findings illustrated that the IRG1/itacon-
ate pathway inhibited ALI and prevented inflammation
from being further aggravated.

4-0l attenuates the inflammatory response and
lung injury in ALI mice

To confirm the protective effect of itaconate in ALI
mice, we performed a behavior assessment and esti-
mated the inflammatory response after pretreatment with
exogenous itaconate 4-Ol. We found that 4-OI reduced
assessment scores in ALI mice (Fig. 3A). Moreover, 4-O1
reduced the induction of IL-6 and TNF-a (Figs. 3B and
C), indicating that 4-OI has a potential anti-inflammato-
ry effect.

To evaluate the severity of lung injury, we performed
HE staining. The histological results showed that LPS
caused severe inflammatory histological changes in lung
tissue, including immune cell infiltration, alveolar wall
damage, and lung congestion (Figs. 3D and E). How-

ever, 4-OI pretreatment significantly reversed these
changes. In addition, the total protein in BALF and Ev-
ans blue leakage were also used as indicators to assess
lung damage. Pretreatment with 4-OI apparently reduced
protein exudation and vascular permeability (Figs. 3F
and G). These findings provided further support for ita-
conate potentially reducing acute lung injury.

Endogenous itaconate is involved in the process of
autophagy regulation

In order to explore the protective mechanism of ita-
conate in ALI, the autophagy levels were studied in
Irgl™~ mice after LPS treatment. Western blotting
showed that P62 and LC3B II/I in the lungs of Irgl ™/~
mice were further increased compared with WT mice
(Fig. 4). These results support the lack of IRG1/itaconate
inhibition of autophagy, which is equivalent to IRG1/

itaconate promoting autophagy.
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4-Ol relieved histological changes and alveolar exudation in WT mice. (A) The physical appearance of the

mice was evaluated by assessment scores. (B, C) The plasma levels of IL-6 and TNF-a were determined by
ELISA. (D, E) The histological score was determined by hematoxylin and eosin staining (400x). (F) Com-
parison of protein concentration in BALF. (G) Comparison of Evans Blue leakage in lung tissue. *P<0.05,
**P<0.01, ***P<0.001, ****P<0.0001. 4-OI, 4-octyl itaconate; LPS, lipopolysaccharide; WT, wild type;
IL-6, interleukin 6; TNF-a, tumor necrosis factor-alpha; ELISA, enzyme-linked immunosorbent assay;

BALF, bronchoalveolar lavage fluid.
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Fig. 5. 4-OI suppressed the P62 expression and LC3B II/I ratio in WT mice. (A—-C) The P62 ex-
pression and LC3B II/I ratio in the lungs of WT mice were detected by Western blot.
*P<0.05, **P<0.01, ***P<0.001. 4-O1, 4-octyl itaconate; LPS, lipopolysaccharide; ALI,

acute lung injury; WT, wild type.

4-0Ol promotes autophagy

In order to obtain further evidence concerning IRG1/
itaconate inhibition of autophagy, the autophagy levels
were studied in WT mice after 4-OI pretreatment. The
Western blot results for P62 and LC3B II/I showed that
LPS suppressed autophagy but that 4-OI pretreatment
enhanced autophagy (Fig. 5). All in all, when acute lung
injury occurred, autophagy was restrained, whereas IRG/
itaconate activated autophagy, thereby exerting a protec-
tive effect on the lungs.

ALl is a serious lung disease, and there is no specific
treatment for it currently. Therefore, it is important to
investigate its potential pathogenesis, as this is condu-
cive to seeking effective therapeutic strategies. In this
study, we showed the protective effect of itaconate and
the potential mechanisms in ALI. We found that 4-OI
pre-administration mitigated the functional impairment
and pathological alteration of endotoxemia-induced
acute lung injury, which was accompanied by reduced
inflammation and augmented autophagy. Similar to wild-
type mice, a more significant effect occurred in frgl ™/~
mice. The most crucial discovery is that endogenous
itaconate exerted anti-inflammatory effects by enhancing
autophagy, thereby protecting ALI mice from heavier
damage.

In recent years, itaconate has been found to be a me-
tabolite involved in regulating the phenotype and func-
tion of immune cells, and an anti-inflammatory effect of
itaconate was found first in the process of activating
macrophages with LPS [13]. It is known that the use of
itaconate to interfere with LPS-induced macrophages
involves four pathways in the anti-inflammatory process:
inhibiting SDH to reduce ROS production [ 14], activat-
ing NRF2/KEAP1 and ATF3 [13, 24], and restraining
TET DNA dioxygenases [25]. Some recent studies have
shown that itaconate has a protective effect on ALI, and
preliminary mechanism studies have been conducted to
confirm its exact anti-inflammatory effects. Nevertheless,
the mechanism of endogenous itaconate in ALI needs to
be explored. Our study preliminarily confirmed that en-
dogenous itaconate was 100 times higher in the lungs of
LPS-induced mice, which is consistent with the previ-
ously found up-regulation of macrophages activated by
LPS [13]. In addition, in the absence of endogenous ita-
conate, the organ damage induced by LPS is signifi-
cantly aggravated, which indicates that endogenous ita-
conate is likely to participate in processes of lung tissue
damage and repair by regulating macrophages.

Autophagy to promote cell survival has been exten-
sively studied. P62, a protein degraded by autophagy,
accumulates when autophagy is impaired. An increased
LC3-II level is a crucial indicator of autophagy. P62 and
LC3-II levels in the lung were raised when ALI occurred

Exp. Anim. 2023; 72(2): 164172 | 169
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(Figs. 4 and 5). This showed that autophagic flux was
blocked by an obstructive merge of autophagosomes and
lysosomes. It also suggested that the increase of LC3-I1
was not caused by increased autophagosome formation
but rather damaged clearance of autophagosomes. There
is some research proving that autophagy inhibition al-
leviates lung injury, which is consistent with our results
[26, 27]. Besides, our research proved that 4-OI can
reduce the autophagic proteins LC3-II and P62, which
were enhanced by knockout of /rg/ (Fig. 4), indicating
that itaconate in ALI acts as an autophagy activator. A
similar role has been shown for 4-OI in osteoarthritis
[28]. Itaconate facilitates autophagy and protects against
ALI, which emphasizes that blockage of autophagic flux
contributed to the pathogenesis of ALI. Inflammation
plays an equally important role in ALI. It can be regu-
lated by autophagy [29], and autophagy disorder leads
to expanded inflammation. Itaconate prohibited inflam-
matory expansion (Figs. 2 and 3) by enhancing autoph-
agy in our research, suggesting that impairment of au-
tophagic flux may contribute to the outburst of
inflammation and that itaconate can be a physiological
protective factor for ALI.

A few studies on LPS-induced ALI related to the au-
tophagic mechanism, in general, autophagy in LPS-in-
duced ALI confers a cytoprotective role [30]. Jia ef al.
described that the autophagy inducer rapamycin allevi-
ated LPS-induced ALI [31]. LPS-induced ALI was ag-
gravated by the autophagy inhibitor 3-MA [4]. Mahli et
al. elucidated that autophagic flux was blocked by chlo-
roquine, an autophagy inhibitor decreasing autophago-
some-lysosome fusion [32], which induced the accumu-
lation of LC3-II and p62 expressions [26]. TFEB
(transcription factor EB) serves as a master regulator of
autophagy-lysosomal biogenesis response. The latest
research demonstrated that itaconate is a lysosome in-
ducer through the activation of TFEB to promote anti-
bacterial innate immunity [33]. This process of itaconate-
induced TFEB nuclear localization was mediated by
directly alkylating TFEB at Cys270 and antagonizing
mTOR-mediated phosphorylation and cytosolic reten-
tion. Besides, there is evidence that TFEB is involved in
the transcriptional regulation of starvation-induced au-
tophagy, with a significant increase in the number of
autophagosomes and high expression of lysosomal and
autophagic genes [34]. Trehalose was reported to be ef-
fective in mitigating several diseases where autophagy
is dysfunctional. Recently, Jeong et al. found that treha-
lose could trigger TFEB activation and nuclear translo-
cation and then regulate the autophagy-lysosome system
[35]. Therefore, we speculated that itaconate might in-
duce lysosomal biogenesis by activating TFEB to in-
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Fig. 6. Schematic illustration of the anti-inflammatory effects of
itaconate mediated by autophagy in the modulation of ALI.
Lipopolysaccharide promotes endogenous itaconate
through the activation of /rg!. Itaconate assists in the dis-
sociation of KEAP1 and NRF2, and NRF2 thereby inhib-
its autophagic genes such as P62 and LC3 to downregulate
inflammation.

crease autophagosome-lysosome fusion and then facili-
tate autophagy flux.

Owing to the fact that in ALI 4-OI activates NRF2
[36-38] and the fact that the P62-Keap1-NRF2 signalling
pathway exists [39, 40] the P62 expression is induced
by 4-OI pretreatment. However, our results showed that
P62 expression was suppressed by itaconate (Fig. 4). We
speculate that P62 production is increased but by less
than the degradation caused by the clearance of autoly-
sosomes. We inferred that endogenous itaconate pro-
motes autophagy by activating NRF2, thereby producing
an anti-inflammatory effect when ALI occurs (Fig. 6).

We also explored other potential mechanisms for ef-
fects of itaconate on ALI other than inflammation and
autophagy. The total protein in BALF and Evans Blue
dye leakage can be used to evaluate albumin exudation
of pulmonary vessels, representing the pulmonary vas-
cular endothelial barrier. Itaconate relieves LPS-induced
vascular barrier dysfunction (Figs. 2 and 3), which is
further damaged by knockout of /rg/, indicating that
itaconate may affect ALI by protecting lung endothelial
cells. Some authors have reported that autophagy in en-
dothelial cells was activated by LPS [41], whereas others
have reported that it was inhibited by autophagy inhibi-
tors such as chloroquine and that this aggravated LPS-
induced ALI [42]. To date, none of the published articles
have studied how itaconate regulates endothelial cells.
This will be the next principal goal of our group.

Nevertheless, limitations in this research still exist.
We cannot be sure whether autophagy is the dominant
factor in the IRG1/itaconate pathway ameliorating ALI.
In addition, the mechanism of the effect of itaconate on
pulmonary cells in ALI mice has not been further ex-
plored.
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Conclusion

Taken together, this study indicates that both exoge-
nous itaconate and endogenous itaconate have anti-in-
flammatory and alleviating lung injury effects against
ALI which may be attributed to inhibition of the release
of inflammatory cytokines. These effects are mediated
by suppressing autophagy. To some extent, the findings
contribute to elucidating the mechanism of acute lung
injury and underscoring the therapeutic potential of ita-
conate for infectious diseases.
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