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Acute Lung Injury; Background: Acute lung injury (ALI) is a complex disease with a high mortality. Src homology
SHP2; 2 (SH2)-containing protein tyrosine phosphatase 2 (SHP2) is a protein tyrosine phosphatase
Ferroptosis; that participates in pathogenesis of multiple diseases. Nevertheless, the role of SHP2 in ALI
ACSL4 remains unknown.

Methods: The in vivo and in vitro lipopolysaccharide (LPS)-induced ALl models were success-
fully established. The histopathological changes were evaluated by hematoxylin and eosin
staining. The vascular permeability of lungs was assessed by Evans blue assay. The expression
of ACSL4 and SHP2 was detected by western blot and qRT-PCR assay. The lactate dehydro-
genase (LDH) activity, malondialdehyde (MDA), iron, and glutathione (GSH) levels were mea-
sured by commercial kits.

Results: The SHP2 was upregulated in LPS-induced ALI mice and LPS-stimulated MLE-12 cells.
In loss-of function experiment, the knockdown of SHP2 attenuated LPS-induced lung injury,
microvessels damage, pulmonary edema, and increase of lung vascular permeability in vivo.
Mechanically, shSHP2-rescued LPS induced increase in LDH activity, MDA, and iron levels, and
decrease in GSH levels, as well as the accumulation of reactive oxygen species in vivo and
in vitro, leading to an alleviation of LPS-induced ferroptosis. Notably, shSHP2 reduced the
expression of Acyl-CoA synthetase long-chain 4 (ACSL4). In the rescued experiments, over-
expression of ACSL4 abolished the shSHP2-induced reduction of LDH activity, MDA, and iron
levels, and increase in GSH levels, thereby aggravating the LPS-induced ferroptosis.
Conclusion: These findings concluded that the knockdown of SHP2 attenuated LPS-induced
ferroptosis via downregulation of ACSL4 expression in ALI, providing a novel sight for ALI
treatment.
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Introduction

Acute lung injury (ALl) was first described in 1967, char-
acterized by enhanced inflammation, dysfunction of alve-
olar-capillary membrane, and reduction in alveolar fluid
clearance, eventually resulting in impaired gas exchange
and pulmonary edema."® The pathogenesis of ALl is very
complex, mainly involving the inflammatory reaction,
apoptosis, autophagy, and pyrosis.* Although some progress
has been made in the clinical diagnosis of ALl, there are
still no specific treatments.> To data, the best therapeu-
tic strategy against ALl is protective ventilation, but the
mortality of ALl remains unchanged at approximately 40%.¢
Thus, the development of therapeutic strategies for treat-
ing ALl is crucial.

Ferroptosis, a special kind of programmed cell death,
is characterized by the accumulation of iron and mem-
brane lipid peroxidation products during the cell death.”
Ferrostatin-1 is an inhibitor of ferroptosis that can reverse
lipopolysaccharide (LPS)-induced increase of malondial-
dehyde (MDA) and total iron levels.2 Moreover, ferroptosis
modulates Nrf2/ARE signaling pathway and participates
in LPS-induced ALI.° Furthermore, ferroptosis has been
demonstrated to be involved in intestinal ischemia or
reperfusion (I/R) injury in ALL' IASPP, an inhibitor of p53,
inhibits ferroptosis in intestinal I/R-induced ALI through
regulation of Nrf2/HIF-1a/TF signaling pathway." Thus,
these findings indicate that ferroptosis may serve as a
potential target for ALl treatment.

Src homology 2 (SH2)-containing protein tyrosine phos-
phatase 2 (SHP2) is a kind of protein tyrosine phosphatase
expressed in the lung tissues.'”? SHP2 is highly expressed in
lungs of smoking mice, and can be a potential target for
treating inflammation in cigarette smoke (CS)-induced pul-
monary diseases."” Besides, the knockdown of SHP2 retains
epithelial barrier dysfunction, which is of great benefit
to lung inflammation.”? However, the role of SHP2 in LPS-
induced ALI remains unclear.

In this study, we found that SHP2 was highly expressed
in LPS-induced ALI mouse modes. More importantly, knock-
down of SHP2 significantly attenuated LPS-induced lung
injury and suppressed ferroptosis. To investigate the role
and mechanism of SHP2 in LPS-induced ALlI, loss-of-function
experiments were performed in LPS-induced ALI mouse
model in vivo and LPS-induced MLE-12 cell model in vitro.
Understanding the role of SHP2 in ferroptosis may help pro-
mote the development of therapies for ALI.

Materials and Methods

All animal experiments in this study were performed
in accordance with the Guide for the Care and Use of
Laboratory Animals and were approved by Linfen People’s
Hospital.

Animal models
In this study, a total of 36 male C57BL/6 mice (8-10weeks

old) were randomly divided into six groups (n =6 per group):
Sham, LPS, sham + AAV-shNC, sham + AAV-shSHP2, LPS +

AAV-shNC, and LPS + AAV-shSHP2. To induce ALl mouse
model, the mice received intratracheal instillation with
50puL of LPS solution (0.2g/L) plus 0.9% NaCl (LPS group),
while those mice that received intratracheal instillation
with 0.9% NaCl (Sham group) were used as the control. The
AAV-shSHP2 and corresponding control AAV-shNC were pur-
chased from Hanbio (China). Twenty-one days before LPS
treatment, the mice were anesthetized by sodium pento-
barbital and given 4x 10" vector genomes (vg) of AAV-shNC
or AAV-shSHP2 (6x 10" vg/mL) dissolved in 50 pL phosphate
buffered saline (PBS) via intratracheal instillation to reduce
SHP2 expression. All the mice were sacrificed at 24 h post
LPS stimulation. To collect the bronchoalveolar lavage
fluid (BALF), the right lung of the mouse was ligated, and
the left lung was lavaged. Finally, the lung tissues were
removed for further experiments.

Lung wet-to-dry weight (W/D) ratio

After weighing the fresh lung tissue, these were placed in
the oven for 48 h. After this, the lung tissue was weighed
again, and the lung W/D ratio was calculated.

Histopathological lung examination

The lung tissues were embedded in paraffin, cut into
4 pm sections, dewaxed, rehydrated, and then stained with
hematoxylin and eosin (H&E) solution (ab245880, Abcam,
UK) to estimate pathological changes and lung injury score.
The stained sections were observed under a light micro-
scope. The lung injury score was evaluated by the degree
of lung injury, based on hyaline membranes, neutrophils
infiltration, alveolar septal thickening, and proteinaceous
debris.™

Immunofluorescence (IF) assay

Lung tissue sections were deparaffinized and permeabi-
lized before incubation with anti-SHP2 antibody (ab32083;
1:400; Abcam, UK) overnight at 4°C. The sections were
then washed with PBS and incubated with goat anti-rab-
bit 1gG Alexa Fluor®488 (ab150077; 1:1000; Abcam, UK)
and visualized under a fluorescence microscope (Leica,
Germany).'>1

Bronchoalveolar lavage fluid analysis

The total cells in the BALF were counted with a
hemocytometer.

The protein concentration in the BALF was measured
with the BCA Protein Assay kit (23227; Thermo Fisher
Scientific, USA).

Lung capillary leakage assay

The Evans blue dye (E2129, Sigma-Aldrich, USA) was used
to assess lung capillary leakage, which is used to measure
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the increase in pulmonary microvascular leak. The mice
received intravenous injection of Evans blue dye (20 mg/kg).
Once the mice were sacrificed, the right lung was homog-
enized with formamide and placed at 37°C for 18 h. After
being quantified at optical density (OD) 620 nm, the Evans
blue value was calculated as micrograms of Evans blue dye
per gram of lung tissues.

Cell culture and treatment

The mouse lung epithelial cell line MLE-12 was obtained
from ATCC (USA), cultured in DMEM (12491023; GIBCO, USA)
medium containing 10% fetal bovine serum (12664025; FBS,
Gibco, USA) in 5% CO, at 37°C.

For transfection, the MLE-12 cells were transfected
with shNC or shSHP2 (Hanbio, China) with lipofectamine
2000 (11668027; Invitrogen, USA). For cotransfection, the
MLE-12 cells were cotransfected with shNC or shSHP2 and
pcDNA3-NC or pcDNA3-ACSL4 using lipofectamine 2000. For
LPS treatment, the MLE-12 cells after transfection were
treated with 100 pug/mL LPS for 24 h.

Cell viability assay

The cell viability was measured by Cell Counting Kit-8
(CCK-8) (C0037; Beyotime, China). The cells after treat-
ment were seeded in 96-well plates at a density of 2x104/
well. Thereafter, the cells were washed with PBS, added
with CCK-8 solution, and incubated at 37°C for 2h. The
absorbance of these cells at 450nm was measured using a
microplate reader (BioTek, USA).

Evaluation of malondialdehyde (MDA), LDH, GSH,
and iron levels

The MDA, LDH, GSH, and iron concentrations in tissues and
cell lysates were assessed by the following kits: mouse
malondialdehyde (MDA) (A003-1-2; Njjcbio, China), mouse
lactate dehydrogenase (LDH) (A020-2-2; Njjcbio, China),
mouse glutathione (GSH) (A006-2-1; Njjcbio, China), and
iron assay kit (A039-1-1; Njjcbio., China), respectively.

Reactive Oxygen Species (ROS) assay

Reactive oxygen species levels of cells were detected
with a fluorescent probe, 2’,7’-dichlorodihydrofluorescein
(DCHF) (4091990; MedChemExpress, USA). The cells were
stained with 25 pM DCHF, and the fluorescence was moni-
tored under a fluorescence microscope (Leica).

Quantitative real time-PCR (QRT-PCR) assay

Total-RNA from cells or tissues was isolated using RNAiso
Plus (9109; TaKaRa, Japan). The cDNA was then synthe-
sized with cDNA Reverse Transcription kit (RR037a; TaKaRa,
Japan). Subsequently, the gRT-PCR was performed with
SYBR Premix Ex Tag™ (DRR041A; TaKaRa, Japan).

Western blot

The protein in cells and tissues were isolated using a lysis
buffer and then loaded onto the polyacrylamide gel. The
blot was incubated with SHP2 antibody (ab32083; 1:400;
Abcam, UK), ACSL4 antibody (ab155282; 1:400; Abcam,
UK), GPX4 antibody (ab125066; 1:400; Abcam, UK), SLC7A11
antibody (ab307601; 1:400; Abcam, UK), or B-actin anti-
body (1:400; Abcam, UK) overnight at 4°C after gel running,
transferring, and blocking.” The blots were then incubated
with horseradish peroxidase (HRP)-conjugated secondary
antibody (ab6721, ab6728; 1:5000; Abcam, UK), followed by
visualization with ECL (PO018M; Beyotime, China)."

Statistical analysis

All the data from normal distributions in the current study
were expressed as mean * standard deviation (SD) and
analyzed with the GraphPad Prism 7.0 software (GraphPad
Software, USA). The variance homogeneity of data was
assessed using Levene’s test. The comparisons between
the two groups were analyzed by unpaired student’s
t-test. P-value less than 0.05 was considered statistically
significant.

Results

SHP2 was upregulated in LPS-induced ALl models
in vivo and in vitro

To confirm the successful establishment of LPS-induced ALI
model, pathological changes in lung tissues were detected
by H&E staining. As shown in Figure 1, the lung tissues in
mice suffered with LPS administration displayed destroyed
pulmonary architecture, notable inflammatory cell infiltra-
tion, alveolar edema, and thickened alveolar septa com-
pared to Sham mice. Moreover, the lung injury score in
LPS-induced mice was significantly higher than that in Sham
mice (Figure 1B). Compared to the Sham mice, both mRNA
and protein levels of SHP2 were remarkably promoted in
LPS-induced mice (Figures 1C and 1D). Besides, the IF assay
further confirmed that SHP2 was distributed in LPS-induced
mice, which was rarely expressed in Sham mice (Figure 1E).
Consistently, through establishment of the LPS-induced ALI
model in vitro, both mRNA and protein levels of SHP2 were
enhanced in LPS-induced MLE-12 cells (Figures 1F and 1G).
These findings revealed that SHP2 was upregulated in LPS-
induced ALI mice and MLE-12 cells.

Knockdown of SHP2 attenuated LPS-induced lung
injury

To verify the function of SHP2 in LPS-induced ALI, the
mice received AAV-shNC or AAV-shSHP2 administration.
At first, LPS-induced expression of SHP2 was decreased
by AAV-shSHP2 (Figure 2A). Moreover, knockdown of SHP2
significantly attenuated LPS-induced pulmonary archi-
tecture, notable inflammatory cell infiltration, alveo-
lar edema, and thickened alveolar septa (Figure 2B).



Li B et al.

Sham LPS

1# 2% 34 1# o 3
SHP2 Sy s g S S S—

Bacin (NN MR GNNR SR S S

(E) Sham LPS
-

SHP2/DAPI

Figure 1

(B)

(G)

o 5 5 (C) S 4 Kk
Q < 'm
c T A
2 3 =
=S >
=3 N o 2
£ 2 oo
o .2 9
= 1 w ‘E,'
=2 il
-0 2o
Sham LPS Sham LPS
(F)
5 < S 4 kkk
(7] w
o Z8 3
Sl a €0
I3 s 2
(o]
N o o o
= = 1
a 2
g 29
Sham LPS Control LPS
S 15
Control LPS % ks
SHP2 e— &g 10
o o g
, ? 9o 05
Facin S.a— <
2 0.0
Control LPS

SHP2 was upregulated in LPS-induced ALI models in vivo and in vitro. The LPS-induced ALI mouse model was successfully

established. (A, B) The pathological changes of lung tissues in Sham and LPS-induced mice were examined by H&E staining, and
the lung injury score was evaluated. (C, D) Both mRNA and protein levels of SHP2 in lung tissues were upregulated in LPS-induced
mice. (E) The distribution of SHP2 in lung tissues was determined by IF staining. (F, G) The MLE-12 cells were pretreated with
or without LPS. Consistently, the mRNA and protein levels were enhanced in LPS-induced MLE-12 cells. Each experiment was

repeated thrice. **P < 0.01, ***P < 0.001.

Consistently, the lung injury score was declined after AAV-
shSHP2 administration in LPS-induced mice (Figure 2C).
It has been reported that sepsis severely damages the
microvessles of the lungs and increases the protein con-
centration in the BALF.” To evaluate the permeability
of pulmonary microvasculature, the protein concentra-
tion in BALF was detected. As shown in Figure 2D, LPS
damaged the lung microvessles, while sh-SHP2 mitigated
LPS-induced disruption of pulmonary microvessles. The
inflammatory response can be evaluated by counting the
total number of inflammatory cells. The results (Figure 2E)
suggested that LPS administration increased the num-
ber of the cells in BALF, which was greatly reduced by
knockdown of sh-SHP2. Moreover, the lung W/D ratio was
increased in LPS-induced mice compared to that in Sham
group. Nevertheless, the treatment with AAV-shSHP2 could
ameliorate LPS-induced pulmonary edema (Figure 2F).
As shown in Figure 2G, LPS dramatically increased Evans
blue accumulation in the lungs, which was reduced by the
knockdown of SHP2, suggesting that knockdown of SHP2
reduced LPS-induced increase of lung vascular permea-
bility. Thus, these findings demonstrated that knockdown
of SHP2 attenuated LPS-induced lung injury, microvessles
damage, pulmonary edema, and the increase in lung vas-
cular permeability.

Knockdown of SHP2 attenuated LPS-induced MLE-
12 cell ferroptosis

In order to explore the effect of SHP2 on LPS-treated MLE-
12 cells, shSHP2 or shNC was transfected into MLE-12 cell
with or without LPS treatment. LPS enhanced SHP2 expres-
sion in MLE-12 cells, which was decreased by shSHP2 admin-
istration (Figure 3A). More importantly, LPS decreased
MLE-12 cellular viability, which was partly increased by
shSHP2 (Figure 3B). LPS promoted LDH activity, MDA,
and iron levels, and suppressed GSH expression in MLE-12
cells, which were reversed by knockdown of SHP2 (Figures
3C-3E). Interestingly, the expression of ferroptosis-related
biomarkers including GPX4 and SLC7A11 was reduced by
LPS treatment, which was reversed by shSHP2 (Figure 3F).
These findings revealed that knockdown of SHP2 attenu-
ated LPS-induced MLE-12 cell ferroptosis.

Knockdown of SHP2 attenuated LPS-induced
ferroptosis in lung tissues

To confirm the role of SHP2 in LPS-induced ferropto-
sis in vivo, the LDH activity, MDA, iron, and GSH levels
were measured. Consistent with the in vitro results, LPS
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Figure 2 Knockdown of SHP2 attenuated LPS-induced ALl. The Sham and LPS group received AAV-shNC or AAV-shSHP2
administration. (A) The expression of SHP2 was detected by western blot. (B, C) The pathological changes were assessed by
H&E staining, and the lung injury score was evaluated. (D) The damages the microvessles of the lung were determined by the
measurement of protein concentration in the BALF. (E) The number of the cells in BALF was used to assess the inflammatory
response. (F) The LPS-induced pulmonary edema was alleviated by AAV-shSHP2. (G) AAV-shSHP2 reduced the LPS-induced increase
of Evans blue value in lung tissues. Each experiment was repeated thrice. *P < 0.05, **P < 0.01, ***P < 0.001.

promoted LDH activity, MDA, and iron levels in lung tis- As expected, LPS suppressed GPX4 and SLC7A11 expression
sues, but reduced the GSH level. Nevertheless, these in lung tissues, while AAV-shSHP2 dramatically enhanced
changes were abolished by knockdown of SHP2 (Figures their expression (Figure 4E). Therefore, these results indi-
4A-C). Moreover, LPS induced the accumulation of ROS in cated that knockdown of SHP2 attenuated LPS-induced fer-
lung tissues, which was rescued by shSHP2 (Figure 4D). roptosis in lung tissues.



Li B et al.

148
(A) Control LPS
=
°
SHP2 W= T Gy w— @
o]
P
a
pactn D G D SN '
@
¢] 1% O v =
e dg & %Qg s
o & 2
© _ (D)
— Kk *k
= I [ — I Control+shNC
g — M Control+shSHP2
T 4 M LPS+shNC
a M LPS+shSHP2
2 2
®
g o
(E) Kk & *%
= 307 — M Control+shNC
£ I Control+shSHP2
3 20- M LPS+shNG
E m LPS+shSHP2
< 104
=
0,
(F)
Control LPS
l%
GPx4 GINED GED e=m b § 15, M x
B
w
SLCTA1! (D Geup & - o—u g 1.0
XE
z 09
B-actin 205
@
£ g e
& &

B)

M Control+shNC = 150 — M Control+shNC
M Control+shSHP2 = —r M Control+shSHP2
B LPS+shNC £ 100 B LPS+shNC
M LPS+shSHP2 § M LPS+shSHP2
> 50
3
0

ey ke *k

w | —| — |

3 109 —"—— M Control+shNC

@ = Control+shSHP2

< B LPS+shNG

T 54 I LPS+shSHP2

[=]

E

=

5 o

*
L — |
kK *
150+ 1 I Control+shNC

? | Control+shSHP2

T 100 W LPS+shNGC

= M LPS+shSHP2

I ]

& 50

&}

1
I Control+shNC & 1.0 e xx M Control+shNC
B Control+shSHP2 -8 0.8 B Control+shSHP2
B LPS+ShNC 5% & o B LPS+ShNC
W LPS+shSHP2 58 W LPS+shSHP2
S 04
w .=
g 02
2 o0

Figure 3 Knockdown of SHP2 attenuated LPS-induced MLE-12 cell ferroptosis. The shNC or shSHP2 was transfected into MLE-12
cells with or without LPS treatment. (A) The SHP2 expression was detected by western blot. (B) The cell viability was evaluated by
CCK-8 assay. The LDH (C), iron and GSH (D), MDA (E) levels were measured by commercial kits. (F) The expression of ferroptosis-
related biomarkers including GPX4 and SLC7A11 were determined by western blot. Each experiment was repeated thrice.

*P < 0.05, **P < 0.01, ***P < 0.001.

SHP2 could modulate ACSL4 expression

It has been reported that SHP2 regulated the expression
of ACSL4.7° Interestingly, LPS enhanced both ACSL4 mRNA
and protein levels in lung tissues, while these changes were
reversed by AAV-shSHP4 (Figures 5A and 5B). Similarly,
both ACSL4 mRNA and protein levels were enhanced in
LPS-induced MLE-12 cells compared to control cells, which
were abolished by knockdown of SHP2 (Figures 5C and 5D).
These findings suggested that SHP2 could modulate ACSL4
expression.

Knockdown of SHP2 attenuated LPS-induced
ferroptosis via downregulating ACSL4 expression
in MLE-12 cells

To further investigate the effect of SHP2 on ferroptosis
through regulating ACSL4 expression, overexpression of
ACSL4 was applied in our study. As the results (Figure 6A)
suggested, ACSL4 was successfully overexpressed in MLE-12
cells. Interestingly, the cell viability in the LPS + shSHP2 +
ACSL4 group was lower than that in the LPS + shSHP2 +

NC group, indicating the rescue effect of ACSL4 on
LPS + shSHP2 cell death (Figure 6B). Moreover, overex-
pression of ACSL4 promoted the shSHP2-induced reduc-
tion of LDH, iron, and MDA levels, whereas it reduced the
shSHP2-induced promotion of GSH level (Figures 6C-6E).
Besides, shSHP2-induced increases in GPX4 and SLC7A11
expression were notably decreased by overexpressed ACSL4
(Figure 6F). These results suggested that knockdown of
SHP2 attenuated LPS-induced ferroptosis via downregula-
tion of expression of ACSL4 in MLE-12 cells.

Discussion

In this study, we demonstrated that SHP2 was upregulated
in LPS-induced ALI mice and LPS-induced MLE-12 cells. In
loss-of function experiment, knockdown of SHP2 attenu-
ated LPS-induced lung injury, microvessles damage, pulmo-
nary edema, and the increase of lung vascular permeability
in vivo. Mechanically, shSHP2 rescued LPS-induced increases
in LDH activity, MDA, and iron levels, and a decrease in
GSH level, as well as the accumulation of ROS in vivo and
in vitro, leading to an alleviation of LPS-induced ferroptosis.
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Figure 4 Knockdown of SHP2 attenuated LPS-induced ferroptosis in lung tissues. The LDH activity (A), GSH and iron (B), MDA (C)
levels in lung tissues were measured by commercial kit. (D) The accumulation of ROS in lung tissues was measured by DCFH-DA
staining assay. (E) The expression of GPX4 and SLC7A11 expression were determined by western blot. Each experiment was

repeated thrice. *P < 0.05, **P < 0.01, ***P < 0.001.

Notably, shSHP2 reduced the expression of ACSL4. In the
rescued experiments, overexpression of ACSL4 abolished
the shSHP2-induced reductions of LDH activity, MDA, and
iron levels, and a promotion of GSH level, thereby aggra-
vating the LPS-induced ferroptosis. These findings revealed
that knockdown of SHP2 attenuated LPS-induced ferropto-
sis via downregulating the ACSL4 expression in ALI, provid-
ing a novel sight for ALl treatment.

ALl can be caused by various pulmonary factors (such
as pulmonary inflammation) and extrapulmonary factors
(such as sepsis and surgery), with pathological manifes-
tations including injury of pulmonary capillary, diffuse

alveolar and interstitial edema.?? In this study, LPS
administration led to destroyed pulmonary architecture,
notable inflammatory cell infiltration, alveolar edema,
and thickened alveolar septa, indicating the successful
establishment of LPS-induced ALI mouse model. However,
the occurrence of ALI might be involved in the cell death,
oxidative stress, excessive accumulation of ROS, and
uncontrolled inflammatory response.?? Normally, the lung
maintains iron homeostasis depending on the phagocytosis
of macrophages, antioxidant molecules, and transferrin in
secretion.? Oxidative stress-induced damage in the lungs
is activated when the protective mechanism is disrupted
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Figure 5 SHP2 could modulate ACSL4 expression. (A, B) The ACSL4 mRNA and protein levels in lung tissues were evaluated by
qRT-PCR and western blot. (B) The ACSL4 mRNA and protein levels in MLE-12 cells were evaluated by qRT-PCR and western blot.
Each experiment was repeated thrice. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 6 Knockdown of SHP2 attenuated LPS-induced ferroptosis via downregulating ACSL4 expression in MLE-12 cells. The MLE-
12 cells with LPS treatment were cotransfected with shNC or shSHP2 and NC or ACSL4. (A) The expression of ACSL4 was detected
by western blot. (B) The cell viability was determined by CCK-8 assay. The LDH activity (C), GSH and iron (D), MDA (E) levels in
MLE-12 cells were measured by commercial kit. (F) The expression of GPX4 and SLC7A11 expression in MEL-12 cells were assessed
by western blot. Each experiment was repeated thrice. *P < 0.05, **P < 0.01, ***P < 0.001.
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by endogenous or exogenous factors.?® Interestingly,
excess iron and decrease of total GSH have been found
in ALl patients.? Iron accumulation activates inflamma-
tory response and oxidative stress, eventually leading to
lung damage through ferroptosis.?” In this study, we found
that LPS administration significantly enhanced ferroptosis
in lung tissues and MLE-12 cells, which was in line with
previous studies.

Ferroptosis, an iron-dependent programmed cell
death, is regulated by lipid oxidation, and is implicated
in many disease pathologies.?® Increasing evidence have
shown that ferroptosis plays an essential role in patho-
genesis of ALI. Li et al. have demonstrated that panaxy-
dol attenuated ferroptosis against LPS-induced ALL.? In a
recent study, JMJD3 deficiency alleviated LPS-induced ALI
by inhibiting alveolar epithelial ferroptosis.* Sevoflurane
inhibited ferroptosis and exerted protective role against
LPS-induced ALI.3" These findings indicated that the
interruption of ferroptosis may be a novel therapeutic
strategy for ALI. SHP2 modulated various pathological
and physiological processes via modulating inflamma-
tion and fibroblasts.?> SHP2 deficiency regulated acti-
vation of macrophage and prevented radiation-induced
lung injury.?* Knockout of SHP2 in lung epithelia reduced
pulmonary inflammation in mice."”* However, the associa-
tion between SHP2 and ferroptosis remains unclear. The
expression of ferroptosis markers, including GPX4 and
SLC7A11, are downregulated, while MDA level and total
iron are significantly increased after LPS intervention.®
Consistently, our results proved that knockdown of SHP2
promoted GPX4 and SLC7A11 expression, reduced MDA
and total iron levels after LPS administration, revealing
that knockdown of SHP2 attenuated LPS-induced ALl via
suppression of ferroptosis. This might be the first time
that the suppressive effect of shSHP2 on ferroptosis is
being verified. However, the mechanism of shSHP2 in fer-
roptosis is still unknown.

The activation of SHP2 relies on cAMP-dependent
pathway and then modulates ACSL4 expression. Notably,
knockdown of SHP2 reduced both mRNA and protein
levels of ACSL4, which was observed in this study.?
Mechanically, ACSL4, a vital enzyme in proferroptotic
lipid metabolism, is required for forming phospholipid
hydroperoxide.** Knockdown of ACSL4 partially abrogates
the enhanced lipid ROS and cell death in lung injury, indi-
cating that lack of ACSL4 exerts a less susceptibility to
ferroptosis.® In this study, we confirmed that knockdown
of SHP2 reduced the ACSL4 expression, subsequently
decreased the accumulation of ROS and the susceptibil-
ity to ferroptosis, thereby leading to the alleviation of
ferroptosis and LPS-induced ALI. Our study also had sev-
eral limitations. The mechanism of regulation of SHP2 on
ACSL4 remained undisclosed, and clinical samples were
not involved in to support our findings. Further studies
are needed to verify the modulation of SHP2 on ACSL4
expression in ALI.

In summary, our findings demonstrated that knockdown
of SHP2 attenuated LPS-induced ferroptosis via downreg-
ulation of ACSL4 expression, which might provide a novel
sight for ALI treatment.
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