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KEYWORDS Abstract

dimethyl itaconate; Background: Injury to the lung is a common, clinically serious inflammatory disease. However,
inflammatory its pathogenesis remains unclear, and the existing treatments, including cytokine therapy,
release; stem cell therapy, and hormone therapy, are not completely effective in treating this disease.
apoptosis; Dimethyl itaconate (DMI) is a surfactant with important anti-inflammatory effects.

pulmonary surfactant Objective: The present study used alveolar type Il (AT Il) and bronchial epithelial cells as mod-

protein; els to determine the role of DMI in lung injury.
lung injury Material and Methods: First, the effects of DMI were established on the survival, inflammatory

release, and apoptosis in lipopolysaccharide (LPS)-induced AT Il and bronchial epithelial cells.
The association between DMI and Sirtuin1 (SIRT1) was assessed using molecular docking. Next,
by constructing interference plasmids to inhibit surfactant protein (SP)-A and SP-D expres-
sions, the effect of DMI was observed on inflammatory release and apoptosis.

Results: The results revealed that DMI increased the survival rate and expression levels of
SP-A, SP-D, and SIRT1, and inhibited inflammatory factors as well as apoptosis in LPS-induced
cells. Furthermore, DMI could bind to SIRT1 to regulate SP-A and SP-D expressions. After SP-A
and SP-D expressions were inhibited, the inhibitory effect of DMI was reversed on inflamma-
tory release and apoptosis.

Conclusion: The findings of the present study revealed that DMI inhibited LPS-induced inflam-
matory release and apoptosis in cells by targeting SIRT1 and then activating SP-A and SP-D.
This novel insight into the pharmacological mechanism of DMI lays the foundation for its later
use for alleviating lung injury.
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Introduction

Lung injury is a common, clinically serious inflammatory
disease’ characterized by inflammation of the alveoli and
lung parenchyma, damage to the alveolar-capillary mem-
brane,? increased vascular permeability, and neutrophil
recruitment.® Its clinical manifestations include severe
hypoxemia, pulmonary function changes, pulmonary
edema, and respiratory failure*.* When the oxygenation
index is <200, the disease is termed acute respiratory dis-
tress syndrome (ARDS).> The etiology of lung injury is com-
plicated. After ~50 years of research, significant progress
has been made toward its treatment; however, its patho-
genesis remains unclear.® The present hypothesis is that
pneumonia cells are overactivated to release inflammatory
mediators, and inflammatory factors interact with effector
cells, leading to an uncontrolled inflammatory response. At
present, strategies for the clinical treatment of lung injury
include cytokine therapy, stem cell therapy, and hormone
therapy. However, morbidity and mortality from lung injury
remain high, particularly for critically ill patients. Lung
injury can also be induced by ventilators” ® and radiation
therapy,’ ultimately leading to multiple organ dysfunction.
The existing treatments are not completely effective,® ren-
dering the identification of new treatments necessary.
Pulmonary surfactant proteins (SP)-A and SP-D belong
to the c-type lectin subgroups of the collectin family,
which are primarily synthesized and secreted by alveolar
type Il (AT Il), nonciliated bronchial, and bronchiolar epi-
thelial cells." When the lung is damaged, resident epi-
thelial stem cells proliferate and differentiate swiftly to
maintain the structure and function of the lung. AT Il cells,
a type of alveolar structural cells, can function as alveo-
lar stem cells, as they can differentiate into AT | cells and
self-restore. Their abnormal proliferation and regulation
can result in serious lung diseases.”? Since the bronchus
and lung are closely linked, bronchial biopsy can be used to
detect lung injury; therefore, bronchial epithelial cells are
also useful in the study of lung injury. In addition, SP-A and
SP-D exert a variety of tissue-specific immunomodulatory
effects in host defense and physiological state maintenance
of various extrapulmonary tissues and organs, such as the
nasal cavity.”? SP-A and SP-D can not only maintain the
integrity of epithelial cells but also reduce inflammatory
release and apoptosis in the lung." Therefore, the activa-
tion and maintenance of SP-A and SP-D have an important
protective effect on lung injury and ARDS. In addition, a
previous study indicated that Sirtuin1 (SIRT1) activator
could up-regulate SP-A expression to relieve emphysema.”
Dimethyl itaconate (DMI), as a membrane-permeable
derivative of itaconate, is a surfactant with important
anti-inflammatory effects. Studies have demonstrated
that it can suppress the growth of Aspergillus fumigatus
and prevent fungal keratitis by activating nuclear factor,
erythroid 2 (NF-E2)-related factor-2/heme oxygenase-1
signaling.’® DMI has been indicated to restrict the inflam-
matory response of activated macrophages, reduce the
production of reactive oxygen species, and alleviate car-
diac ischemia/reperfusion injury. In addition, it can inhibit
the toxic transformation of microglia around the infarc-
tion, which means that it can also play a role in cerebral

ischemia/reperfusion injury."” Furthermore, DMI can reduce
the secretion of pro-inflammatory cytokines, such as IL-6
and IL-12, and alleviate lipopolysaccharide (LPS)-induced
mastitis in mice."”

Lipopolysaccharide is an important structural com-
ponent of the outer membrane of the cell wall of Gram-
negative bacteria and one of the most effective known
immunostimulants in nature.” It is already very common to
utilize LPS to establish an inflammation model. The pres-
ent study used LPS to induce AT Il and bronchial epithelial
cells to study the effects of DMI on inflammatory cells and
explore its mechanism.

Materials and Methods
Cell culture and reagents

The human adenocarcinoma A549 cell line was used as
an in vitro model of type Il alveolar epithelium because
of its general morphology being similar to type Il alveo-
lar epithelial cells.?? A549 and human bronchial epithe-
lial cells (HBEC) bronchial epithelial cells were purchased
from the American Type Culture Collection (USA). Cells
were cultured in Dulbecco’'s Modified Eagle Medium (DMEM)
containing 10% fetal bovine serum (FBS) (both bought
from Solarbio Co. Ltd., Beijing, China) and 1% penicillin-
streptomycin, and maintained in an incubator with 5% car-
bon dioxide (CO,) at 37°C.

Briefly, the two types of cells were separately divided
into the following five groups: (i) control; (ii) LPS; (iii) LPS
+ DMI (0.25 mM); (iv) LPS + DMI (0.5 mM); and v) LPS + DMI
(1 mM). In order to detect the relationship between DMI,
SP-A, and SP-D via functional experiments, the following
six groups were formed: (i) control; (ii) LPS; (iii) LPS + DMI
(1 mM); (iv) LPS + DMI (1 mM) + short hairpin (sh)RNA-
negative control (NC); (v) LPS + DMI (1 mM) + shRNA-SP-A
; and (vi) LPS + DMI (1 mM) + shRNA-SP-D. LPS (10 ug/mL
(Beyotime Institute of Biotechnology) was used to treat cells
at 37°C for 24 h. Untreated cells were regarded as the con-
trol group. Cells in the treatment group were treated with
different concentrations of DMI (0.25, 0.5, or 1 mM; Leyan;
Shanghai Haohong Biomedical Technology Co. Ltd.) at 37°C
for 1 h prior to LPS induction.'®™ SIRT1 inhibitor, EX527
(5 uM), was purchased from Merck KGaA and incubated with
cells for 48 h prior to DMI treatment. The concentration of
EX527 was determined using a previous study.?!

Cell transfection

A549 and HBEC cells (5 x 10* cells/well) were seeded
into six-well plates. A total of 2-pg SP-A and 2-pg SP-D
shRNA lentiviral vectors (pGPU6/GFP/Neo), and 2-pg non-
targeted scrambled control (shRNA-NC) were purchased
from Shanghai GenePharma Co. Ltd. Lipofectamine® 2000
(Invitrogen™, Thermo Fisher Scientific Inc.) was used for
transfection at 37°C, according to the manufacturer’s
instructions. Following 48 h of transfection, subsequent
experiments were performed. Subsequently, cells were
divided into the following six groups: (i) control; (ii) LPS;
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(iii) LPS + DMI (1 mM); (iv) LPS + DMI (1 mM) + shRNA-NC;
(v) LPS + DMI (1 mM) + shRNA-SP-A; and (vi) LPS + DMI +
SshRNA-SP-D.

Molecular docking

The structure of SIRT1 (Protein Data Bank [PDB]: 4Kxq) was
downloaded from the Research Collaboratory for Structural
Bioinformatics Protein Data Bank (PDB) website (https://
www.rcsb.org) and analyzed using the PyMOL v2.2.0 soft-
ware (DeLano Scientific LLC) to remove the excess of water
molecules and any irrelevant small ligands carried orig-
inally. The chemical structure of DMI was hydrogenated
and converted into a MOL2 format file using the OpenBabel
v2.2.1 software (http://openbabel.org/wiki). Following
setting the original ligand position as the docking site,
the protein-ligand docking procedure was operated in the
AutoDock v4.2 software (Scripps Institute) and the result
was displayed automatically.

Cell counting kit-8 (CCK-8) assay

A549 and HBEC cells (5 x 10*/well) were seeded into
96-well plates and cultured in an incubator containing 5%
CO, at 37°C overnight. In order to examine the effect of
DMI on cell survival, gradient concentrations of DMI (0, 0.1,
0.25, 0.5, or 1 mM) were used to treat cells at 37°C for
24 h. Viable cells were measured after the addition of 10
pL CCK-8 solution at 37°C for another 2 h. For detecting
induced cells, LPS and DMI were added together and the
same procedure was repeated. Optical density (OD) was
measured at a wavelength of 450nm using a microplate
reader (Thermo Fisher Scientific Inc.).

Enzyme-linked-immunosorbent serologic assay
(ELISA)

A549 and HBEC cells (5 x 105/well) were first digested with
trypsin and collected after centrifugation at 300xg for 5
min at room temperature. Following washing with phos-
phate buffer solution (PBS), the cells were lysed and cen-
trifuged again at 300xg for 10 min at room temperature.
The expression of inflammatory factors (tumor necro-
sis factor-a [TNF-¢], interleukin [IL]-1B8, and IL-6) in sev-
eral groups of A549 and HBEC cells were detected using
SimpleStep ELISA® kits (cat. Nos. ab181421, ab229384, and
ab178013; Abcam, Cambridge, UK), according to the man-
ufacturer’s instructions. OD was measured at 450nm using
the microplate reader.

Terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) assay

A549 and HBEC cells (5 x 10°/well) were seeded in a 24-well
plate and cultured in an incubator with 5% CO, at 37°C until
they reached 80% confluence. They were then treated with
LPS and DMI for 24 h. The cell smears were immersed in
fixative solution and fixed for 30 min at room temperature,

followed by washing with PBS. Working fluid was added
using an Elabscience® TUNEL assay kit (cat. No. E-CK-A334;
Elabscience) according to the manufacturer’s instructions.
The coverslip was removed, sealed, and observed under
a fluorescence microscope (magnification, x200; Olympus
Corporation).

Western blot analysis

Protein extraction was performed in each group of epithe-
lial cells; a Pierce™ BCA protein assay kit (cat. No. 23225;
Thermo Fisher Scientific Inc.) was used for protein quantifi-
cation. Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) 10% was performed to separate protein
samples (25 pg/lane), and the separated protein was then
transferred to a polyvinylidene fluoride (PVDF) membrane,
followed by incubation in blocking fluid, following washing
with tris buffered saline (TBS) and Tween 20 (tris buffered
saline with tween [TBST]). The blots were incubated with
the following primary antibodies at 4°C overnight: SP-A
(cat. No. ab115791; dilution, 1:1000; Abcam), SP-D (cat.
No. ab220422; dilution, 1:1000; Abcam), SIRT1 (cat. No.
ab32441; 1:20,000; Abcam), Bcl2 (cat. No. ab32124; dilu-
tion, 1:1000; Abcam), and Bax (cat. No. ab32503; dilution,
1:1000; Abcam). Following rewashing with TBST, the strips
were incubated at room temperature with horseradish per-
oxidase (HRP)-conjugated anti-rabbit secondary antibody
(cat. No. 31461; dilution 1:20,000;Thermo Fisher Scientific
Inc.) for 1 h. Enhanced chemiluminescence (ECL) was per-
formed for visualization. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as a control, and the
ImageJ software (v1.8.0; National Institutes of Health) was
used for densitometry.

Reverse transcription-quantitative PCR (RT-qPCR)

Total RNA was isolated from each group of epithelial cells
using TRIzol® reagent (Thermo Fisher Scientific Inc.), and
complementary DNA (cDNA) was primed using a reverse
transcriptase kit (Thermo Fisher Scientific Inc.). The
reverse transcription product was diluted and RT-gqPCR
was performed using a QuantiTect® SYBR Green PCR kit
(Qiagen Inc.). Cycling conditions of PCR were as follows:
Pre-denaturation at 95°C for 1 min, 40 cycles of 95°C for
12 s and extension at 60°C for 30 s. The 244 method*
was used to analyze the data. GAPDH was used for nor-
malization. The primer sequences used for qPCR were as
follows: SP-A forward, 5-AAGCCACACTCCACGACTTTAGA-3'
and reverse, 5-GCCCATTGCTGGAGAAGACCT-3; and
SP-D forward, 5-AGGAGCAAAGGGAGAAAGTGGG-3' and
reverse, 5-CAGCTGTGCCTCCGTAAATGG-3; and GAPDH
forward, 5-GCAAGTTCAACGGCACAG-3' and reverse,
5-GCCAGTAGACTCCACGACAT-3".

Statistical analysis

GraphPad Prism 8.0 (GraphPad Software Inc.) was used for
statistical analysis. Data were presented as the mean + SD.
Statistical significance was determined through one-way
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ANOVA with Tukey’s post hoc test for comparisons among
multiple groups. All experiments were carried out for three
times. P < 0.05 was considered as statistically significant.

Results

DMI increases the survival of LPS-induced
A549 and HBEC cells

Dimethyl itaconate was used to treat cells, and a CCK-8
assay was used to detect the effect of DMI on cell survival.
DMI solution was serially diluted, and untreated A549 or
HBEC cells were used as control. OD was measured sep-
arately in A549 and HBEC cells. All concentrations of DMI
had no significant effect on A549 or HBEC cell survival
(Figure 1A). The survival rate of the LPS-induced cells was
examined. The cells were treated with LPS and different
concentrations of DMI at the same time. It was found that
the cell survival rate of the LPS group was significantly
lower than that of the control group. Furthermore, as the
concentration of DMI increased, the cell survival rate also
increased compared with the LPS group (Figures 1B and C).

DMI inhibits inflammatory release in LPS-induced
A549 and HBEC cells

Enzyme-linked-immunosorbent serologic assay was per-
formed to detect the expression of inflammatory factors,
TNF-«, IL-1B3, and IL-6 in the control, LPS-induced, and DMI
groups of A549 and HBEC cells. Following treatment with
LPS, TNF-«, IL-183, and IL-6, levels in both A549 and HBEC
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cells were significantly elevated compared with the control
group. In the DMI group at a concentration of 0.25 mM, a
decrease in inflammatory release was observed compared
with the LPS group. Following an increase in concentration,
this trend became more significant (Figure 2A). The same
downward trend was also observed in the release of three
inflammatory factors in HBEC cells (Figure 2B).

DMI inhibits apoptosis in LPS-induced A549 and
HBEC cells

In order to study the effect of DMI on epithelial cells, TUNEL
staining and Western blotting analyses were used to detect
cellular apoptosis. DAPI (4’,6-diamidino-2-phenylindole)
stained all cells, while TUNEL stained only apoptotic cells.
It was observed through fusion that after the cells were
induced by LPS, the number of apoptotic cells increased
compared with the control group. Following the addition of
0.25-mM DMI, the number of apoptotic cells changed sig-
nificantly compared with the LPS group. Moreover, when
the concentration of DMI was increased to 0.5 or 1.0 mM,
the number of apoptotic cells decreased in a dose-depen-
dent manner compared with the LPS group (Figures 3A and
B). In addition, the expression levels of B-cell lymphoma-2
(Bcl-2) and Bcl-2-associated X (Bax) in A549 and HBEC cells
were determined. It was found that Bcl-2 expression was
significantly decreased in the LPS group compared with the
control group and then elevated in a concentration-depen-
dent manner after DMI treatment. The expression trend
of Bax in each group was the opposite (Figures 3C and D).
These results of Western blotting analysis were consistent
with those of the TUNEL assay, indicating that DMI may
inhibit the apoptosis of LPS-induced epithelial cells.
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Figure 2 DMI inhibits inflammatory release in LPS-induced A549 and HBEC cells. ELISA was performed to detect inflammatory
factors, TNF-a, IL-1B, and IL-6 in the control, LPS-induced, and DMI-addition groups of (A) A549 and (B) HBEC cells. ***P < 0.001 vs.

control; P < 0.05, #P < 0.01, and ##P < 0.001 vs. the LPS group.

DMI increases the expression of pulmonary
SP-A and SP-D in LPS-induced cells through
regulating SIRT1 expression

The association between DMI and SIRT1 was determined
using molecular docking. Hydrogen bonds (blue solid
lines) were found to have formed between DMI and sev-
eral amino acids of the protein, including SER-44, GLY-
263, ARG-274, ALA-262, and PHE-273, which indicated
that DMI may bind stably to SIRT1, as the atoms in DMI
and the amino acids in SIRT1 protein formed hydrogen
bonds, which are important intermolecular forces (Figures
4A and B). In order to verify that the aforementioned
effects were caused by the activation of lung surfactants,
Western blotting analysis was first used to detect the
expression of lung surfactants in each group of epithelial
cells. Compared with the control cells, expression levels
of both SP-A and SP-D in the LPS-induced epithelial cells
were significantly decreased, and the expression level was
increased in a concentration-dependent manner following
the addition of different DMI concentrations. Moreover,
the expression level of SIRT1 was also determined using
Western blotting analysis. SIRT1 expression was found
to decrease in the LPS group relative to the control
group but subsequently up-regulated after DMI treat-
ment (Figures 4C and D). A SIRT1 inhibitor was then used
to treat cells and its effect on SP-A and SP-D expression
levels was determined using Western blotting analysis.
The results revealed that treatment with SIRT1 inhibitor
significantly suppressed SP-A and SP-D expression levels
compared with the LPS + DMI (1 mM) group, suggesting
that DMI may stimulate SP-A and SP-D expressions through
SIRT1 (Figures 4E and F).

SP-A and SP-D expression inhibition reverses the
inhibitory effect of DMI on inflammatory release in
LPS-induced cells

By constructing interference plasmids using shRNA, it was
investigated whether the lung surfactant proteins medi-
ated inflammatory release. RT-qPCR was first used to
detect the level of interference. In both cell types, both
SP-A and SP-D mRNA expression levels were significantly
reduced compared with the shRNA-NC group, following
transfection of the shRNA-SP-A-1/2 or shRNA-SP-D-1/2 plas-
mids, which indicated knockdown efficiency (Figures 5A
and B). shRNA-SP-A-1 and shRNA-SP-D-1 were selected for
subsequent experiments because of their greater interfer-
ence efficiency. Next, ELISA was used to detect the levels
of inflammatory factors. In order to determine expression
differences in each group, an empty vector was transfected
into LPS-induced cells treated with 1-mM DMI to act as an
NC (LPS + DMI [1 mM] + shRNA-NC group). After silencing
the expression of SP-A and SP-D (LPS + DMI [1 mM] + shRNA-
SP-A group and LPS + DMI [1 mM] + shRNA-SP-D group), the
levels of the measured inflammatory factors (TNF-«, IL-13,
and IL-6) were increased in both cell lines compared with
the LPS + DMI (1 mM) + shRNA-NC group (Figures 5C and D).
This indicated that both SP-A and SP-D might be involved in
reducing inflammatory release in A549 and HBEC cells.

SP-A and SP-D inhibition reverses the effect of
DMI on cellular apoptosis

At the same time, both TUNEL staining and Western blot-
ting analysis were used to detect the effect of SP-A and
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0.001 vs. control; #P < 0.01 and #*P < 0.001 vs. LPS group. 2P < 0.01 and #42P < 0.001 vs. the LPS + DMI (1 mM) group.

SP-D on cell apoptosis. The results of the TUNEL assay
demonstrated that cell apoptosis was inhibited by addi-
tion of DMI (LPS + DMI [1 mM] group) compared with the
LPS group; however, following SP-A or SP-D inhibition, cell
apoptosis was promoted (Figures 6A and B). Furthermore,
Bcl-2 expression was decreased and Bax expression was

increased after SP-A and SP-D inhibition compared with the
LPS + DMI (1 mM) + shRNA-NC group, which also suggested
the induction of cell apoptosis (Figures 6C and D). These
results indicated that SP-A and SP-D may be involved in
the underlying mechanism of the effects of DMI on cellular
apoptosis.
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Discussion

Dimethyl itaconate is a derivative of itaconate, which is s a
metabolite produced in activated macrophages. Itaconate
could regulate macrophage functioning® and exert anti-
inflammatory effects by inhibiting the activity of succi-
nate dehydrogenase.? Provided that DMI has been found
to exert superior anti-inflammatory effects® and there is
no evidence of its role in lung injury, the present study
investigated the same effects. AT Il cells are small cube-
shaped cells that account for ~60% of alveolar epithelial
cells. They can repair damaged alveoli following their dif-
ferentiation into AT | cells. Another primary function of AT
Il cells is that they act as a source of pulmonary surfac-
tants, which are lipoprotein complexes on the surface of

the alveoli. Lung surfactants can reduce surface tension
at the air-water interface and stabilize the alveoli during
exhalation. Surfactant deficiency or dysfunction has been
linked to the occurrence and development of various lung
diseases, such as ARDS, asthma, and chronic obstructive
pulmonary disease (COPD).26 A549 AT Il cells and HBEC
bronchial epithelial cells were selected in the present
study. First, it was investigated whether DMI damages nor-
mal cells. DMI solution was serially diluted and added to
the cells to detect impact on the survival rate of the two
cell types. The results demonstrated that even the max-
imum tested concentration had no effect on the survival
of either cell type. Therefore, it was added to the cells
at the same time as LPS to determine its effect on the
LPS-induced cell survival. In a previous study of DMI on
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Figure 6 SP-A and SP-D expression inhibition reverses the effect of DMI on cellular apoptosis. TUNEL staining was used to detect
the effect of SP-A and SP-D knockdown on the apoptosis of (A) A549 and (B) HBEC cells. DAPI stained all cells, while TUNEL stained
apoptotic cells only. Magnification x200; scale bar 50 pm. Histogram depicts the apoptotic rate. Western blotting analysis was
used to detect Bcl-2 and Bax expressions in (C) A549 and (D) HBEC cells. ***P < 0.001 vs. the control; ##P < 0.001 vs. the LPS group;
4P < 0.05, 22P < 0.01, and 242P < 0.001 vs. the LPS + DMI (1 mM) + shRNA-NC group.
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the inflammatory response of macrophages, LPS was also
used to induce a sepsis model, and it was found that it can
inhibit the inflammatory response of macrophages.?”

Cell damage can lead to inflammation and then apop-
tosis, so the effect of DMI on the inflammatory release
and apoptosis of cells was studied. In total, three indica-
tors, TNF-«, IL-18, and IL-6, are commonly used to detect
inflammatory release, of which TNF-o is a multidirectional
pro-inflammatory cytokine secreted by a variety of cells,
including macrophages, B cells, T cells, and fibroblasts. It
plays an important role in the pathogenesis of septic shock,
autoimmune diseases, rheumatoid arthritis, inflammation,
and diabetes.? # IL-1B also can be secreted by a variety
of cells, the most important of which are blood mono-
cytes and macrophages. IL-|§ is closely associated with the
onset of gout and rheumatoid arthritis.® IL-6 plays a key
role in acute inflammation and is associated with human
metabolism and immune cell differentiation.?’ Examining
inflammation by detecting the expression of these factors
is common in research. The experimental results demon-
strated that DMI effectively inhibits inflammation and
apoptosis in induced cells, and promote the expression of
lung SP-A, SP-D, and SIRT1. Surfactant proteins play a vital
role in the normal functioning of lung tissue. Therefore,
based on the current results, it was suggested that DMI
could protect the lung to a certain extent.

As aforementioned, a previous study has revealed that
SP-A and SP-D can maintain the integrity of epithelial cells
while reducing inflammation in the lung." Therefore, the
hypothesis that SP-A and SP-D mediated the protective
effect of DMI on the lung was proposed. Following in silico
molecular docking, DMI was verified to bind to SIRT1. In
addition, SIRT1 inhibitor could suppress the expression of
SP-A and SP-D according to the results of Western blotting
analysis. It was, therefore, confirmed that DMI affected
SP-A and SP-D expressions through SIRT1. Subsequently,
to determine whether SP-A and SP-D were involved in the
inhibitory effect of DMI on cell inflammation and apopto-
sis, SP-A and SP-D interference plasmids were constructed.
When SP-A and SP-D were silenced, the effects of DMI on
cell inflammatory factors and apoptosis were reversed,
which suggested that the effects of DMl were dependent
on SP-A and SP-D. The present study indicated that DMI
might suppress inflammation and cell apoptosis by activat-
ing SP-A and SP-D by regulating SIRT1 expression. Owing to
the lack of other biological research on DMI and this study
being limited to in vitro experiments, there is insufficient
evidence to support the use of DMI as a drug candidate.
Moreover, whether other signaling pathways are implicated
remains to be explored. In-depth mechanistic studies of
DMI in primary cells and an in vivo model are required and
will be performed in the future studies. We hypothesize
that DMI may have potential as a lead compound, and both
DMI and its derivatives could become novel drugs for the
treatment of lung injury.

Conclusion
The findings of the present study revealed that DMI may

inhibit inflammatory release and apoptosis in inflamma-
tory cells. Following the silencing of SP-A and SP-D, the

inhibition of the protective effects of DMI on lung injury
indicated that it could play a role in the disease by target-
ing SIRT1 and then activating SP-A and SP-D. The discovery
of this pharmacological mechanism of DMI lays the founda-
tion for its potential use in alleviating lung injury.
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