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a b s t r a c t 

Background: Necroptosis is a form of programmed cell death resulting in tissue inflammation due to the release 

of intracellular contents. Its role and regulatory mechanism in the context of acute lung injury (ALI) are unclear. 

Parkin (Prkn), an E3 ubiquitin ligase, has recently been implicated in the regulation of necroptosis. In this study, 

we aimed to investigate the role and mechanism of Parkin in the process of ALI. 

Methods: Lipopolysaccharides (LPS)-induced mouse ALI model was utilized, and the pathological changes in lung 

tissues were characterized. To elucidate the roles of Parkin and necroptosis in this context, mixed lineage kinase 

domain-like ( Mlkl ) knockout mice, Prkn conditional knockout mice, and the necroptosis inhibitor were employed. 

Additionally, alveolar type 2 (AT2) cell-specific Parkin deletion and lineage-tracing mice were introduced to 

explore the specific roles and mechanisms of Parkin in AT2 cells. 

Results: A dose-dependent increase in Parkin expression in mouse lung tissues following LPS administration 

was observed, correlating with a shift from epithelial apoptosis to necroptosis. Notably, depletion of MLKL sig- 

nificantly mitigated the pathological changes associated with ALI, particularly the inflammatory response. Con- 

versely, the deletion of Parkin exacerbated the injury pathology, significantly enhancing necroptosis, particularly 

in AT2 cells. This led to increased inflammation and post-LPS fibrosis. However, treatment with GSK872, a necrop- 

tosis inhibitor, substantially mitigated the phenotype induced by Parkin deletion. Importantly, Parkin deletion 

impaired the proliferation and differentiation of AT2 cells into AT1 cells. 

Conclusions: These findings underscore the multifaceted role of Parkin in the progression of lung injury, inflam- 

mation, and fibrosis through the regulation of AT2 cell necroptosis. Therefore, Parkin may hold potential as a 

therapeutic target for managing lung injury and fibrosis. 
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Acute lung injury (ALI) constitutes a critical pulmonary emergency

everely jeopardizing human health. Various life-threatening conditions

uch as severe infections, shock, trauma, and burns can damage alveolar

pithelial cells and pulmonary capillary endothelial cells, culminating in
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LI, which generally accompanies intense pulmonary inflammation and

ncreased permeability of alveolar capillaries, leading to diffuse inter-

titial and alveolar edema. This may result in acute hypoxic respiratory

nsufficiency or respiratory failure. Globally, an estimated 2.2 million

ndividuals suffer from ALI annually, with a high in-hospital mortality

ate of around 40%. 1 Moreover, even after surviving the initial acute
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njury phase, ALI frequently develops irreversible pulmonary fibrosis,

ontributing to poor patient prognosis. 2 Currently, there are no effec-

ive clinical treatments for ALI and its associated pulmonary fibrosis.

n in-depth comprehension of lung injury and repair mechanisms in

LI, identifying crucial therapeutic targets, remains an urgent clinical

hallenge. 

A critical mechanism in the pathogenesis of ALI involves the impair-

ent of alveolar epithelial cells. Comprising flat alveolar type 1 (AT1)

ells and cuboidal alveolar type 2 (AT2) cells, alveolar epithelium forms

 highly compact barrier that limits solute passage while facilitating car-

on dioxide and oxygen diffusion. 3 AT2 cells secrete surfactants such as

urfactant protein C (SPC, encoded by the Sftpc gene), which are pivotal

n reducing surface tension, preventing alveolar collapse, and promoting

fficient gas exchange. 4 AT2 cells possess considerable plasticity and ex-

ibit facultative stem cell characteristics. Studies on lung injury repair

echanisms suggest that AT2 cells swiftly proliferate and differentiate

nto AT1 cells following epithelial injury. 4 The regenerative properties

f AT2 cells, resembling stem or progenitor cells, include self-renewal

nd differentiation, crucial for lung injury repair processes. 5 , 6 Loss of

T2 cell function during the progression of lung injury leads to more

evere lung damage. 7 

Parkin (Prkn) is an E3 ubiquitin ligase responsible for poly-

biquitination and mono-ubiquitination of its substrate proteins. 8 Pro-

ein ubiquitination is a fundamental post-translational modification that

egulates protein half-life, fate and function. Prkn is a gene associated

ith neurodegenerative diseases and is commonly regarded as a neu-

oprotective protein. 9 Loss-of-function mutations in Prkn are the most

revalent cause of a subtype of Parkinson’s disease (PD), the autosomal

ecessive juvenile parkinsonism (ARJP), an autosomal recessive hered-

tary disorder. 10 , 11 Previous research on Parkin has revealed its signif-

cant regulatory role in ALI. For instance, in ALI induced by sepsis, the

-cell lymphoma-2 (Bcl-2) protein regulates phosphatase and tensin ho-

olog deleted on chromosome ten (PTEN) induced putative kinase 1

PINK1)/Parkin signaling to mediate mitochondrial autophagy, 12 while

arkin itself participates in modulating the inflammatory response me-

iated by lipopolysaccharide (LPS) during ALI. 13 Studies indicate that

arkin deficiency in chronic obstructive pulmonary disease (COPD) re-

ults in increased inflammatory factors such as interleukin (IL)-6, tumor

ecrosis factor- 𝛼 (TNF- 𝛼), and promotes enhanced nuclear translocation

f nuclear factor- 𝜅B (NF- 𝜅B), leading to a heightened inflammatory re-

ponse. 14 However, the precise role of Parkin in inflammation and lung

njury remains unclear. 

We previously reported an important role of Parkin in modulating

ecroptosis-driven inflammatory responses that contribute to tumori-

enesis. 15 Our key mechanistic finding is that Parkin regulates forma-

ion of necrosomes via promoting the polyubiquitination of receptor-

nteracting serine/threonine protein kinase 3 (RIPK3). RIPK1 and RIPK3

re central components in the necroptotic pathway and closely tied

o inflammatory reactions. 16 RIPK3 acts as the primary initiator of

ecroptosis pathways, with its phosphorylation facilitating the forma-

ion of necroptotic complexes with RIPK1. 17 Parkin is phosphorylated

nd activated by the cellular energy sensor adenosine monophosphate

AMP)-activated protein kinase (AMPK), which in turn suppresses necro-

ome formation through promoting polyubiquitination of RIPK3 via

ysin 33-linkage. 15 This regulatory mechanism implicates the crucial

ole of AMPK–Parkin–RIPK3 axis in modulating necroptosis. Further-

ore, mixed lineage kinase domain-like (MLKL) plays a crucial role as

n executioner in the necroptosis pathway, and ultimately leads to the

isruption of cell membranes. 18 When cells undergo necroptosis, they

elease damage-associated molecular patterns (DAMPs), which stimu-

ate a strong inflammatory response and aggravate tissue damage. 

The current study aims to explore the potential role of Parkin in

egulating cell death mechanisms associated with ALI. Specifically, we

ocus on investigating its impact on necroptosis and the heightened in-

ammatory response observed in LPS-induced severe ALI. To achieve
266
his, we employed AT2-lineage tracing and Prkn , as well as Mlkl knock-

ut mouse models. Our findings highlight the pivotal role played by the

arkin–RIPK3–MLKL axis in influencing both lung injury and inflamma-

ion. 

ethods 

ransgenic mouse and lung injury models 

Wild-type (WT) and transgenic mice, including UBCCre-ERT2 , SftpciCre ,

dTomatoflox/ + , Mlkl− / − , Prknflox/flox strains on a C57BL/6 background,

ere obtained from GemPharmatech Co. Ltd. (Nanjing, Jiangsu, China)

nd Shanghai Model Organisms Center, Inc. (SMOC) (Shanghai, China),

espectively. The mice were housed indoors under controlled environ-

ental conditions, including a constant temperature of 25 ± 2°C, hu-

idity of 60 ± 10%, and a 12-hour light-dark cycle. All animal exper-

ments strictly adhered to the ethical guidelines outlined in the Guide

or the Care and Use of Laboratory Animals, as established by Wen-

hou Medical University, Wenzhou, China. The experimental protocol

eceived approval from the Institutional Animal Care and Use Commit-

ee of the University (No. WYDW2017-0111). The dosage of the drug

dministered was determined based on the body weight of mice at 8 to

 weeks old. Tamoxifen, dissolved in corn oil at a concentration of 100

g/g, was injected intraperitoneally (i.p.) every other day, with a total

f five injections followed by a 7-day washout period before performing

PS injury. To administer LPS, it was dissolved in saline and delivered

o the mice through intratracheal instillation (i.t.). Before sacrifice, the

ice were anesthetized with an intraperitoneal injection (i.p.) injection

f 4% chloral hydrate at a dose of 0.1 mL per 10 g of body weight. 

rimary and secondary antibodies 

For Western blot (WB) analysis, primary antibodies from Abcam

Cambridge, UK), Cell Signaling Technology (Danvers, Massachusetts,

SA), Sigma (Livonia, Michigan, USA), and ABways (Shanghai, China)

ere used. Specifically, MLKL (ab184718), phospho-MLKL (p-MLKL)

ab196436), TNF- 𝛼 (ab1793), p-RIPK3 (ab205421), RIPK3 (ab62344)

ere from Abcam; Parkin (4211), cleaved caspase 3 (9664S), and

L-6 (12912S) were from Cell Signaling Technology; 𝛼-smooth mus-

le actin ( 𝛼-SMA) (C6198) and glyceraldehyde-3-phosphate dehydro-

enase (GAPDH) (AB2000) were from Sigma and ABways, respec-

ively. The pre-conjugated secondary antibodies used were horseradish

eroxidase (HRP) goat anti-mouse immunoglobulin G (IgG) (heavy

hain + light chain, H + L) (SA00001-1) and HRP goat anti-rabbit IgG

H + L) (SA00001-2) from Proteintech (Chicago, IL, USA). 

For immunohistochemistry (IHC), the specific primary antibodies

sed were CD68 (ab283654), p-MLKL (ab196436), TNF- 𝛼 (ab1793),

D45 (ab10558), and high mobility group box 1 (HMGB1) (ab190377)

rom Abcam; Parkin (4211) from Cell Signaling Technology; and colla-

en 1 (GTX26308) from GeneTex (Irvine CA, USA). 

For immunofluorescence (IF), the primary antibodies included

arkin (sc-32282) and RAGE (sc-74473) from Santa Cruz Biotechnol-

gy (Santa Cruz, CA, USA); p-MLKL (ab196436) from Abcam; anti-

rosurfactant protein C (AB3786) from EMD Millipore (Billerica, MA,

SA); and 𝛼-SMA (C6198) from Sigma. The secondary antibodies used

ere donkey anti-rabbit IgG (H + L) 568 (A10042), goat anti-mouse IgG

H + L) 488 (A32723), donkey anti-rabbit IgG (H + L) 488 (A21206), and

onkey anti-mouse IgG (H + L) 568 (A10037), all sourced from Invitro-

en (Carlsbad, CA, USA). 

ronchoalveolar lavage fluid analysis and Giemsa-Romanowsky stain 

To collect the bronchoalveolar lavage fluid (BALF), the mouse lungs

ere lavaged three times with 1 ml of phosphate buffered saline (PBS)
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ontaining 1% fetal calf serum (FCS) (PBS-1%). Pooled BALF was cen-

rifuged at 400 × g for 5 min at 4°C. The cell pellets were resuspended in

00 μl of PBS-1%, and 20 μl of cell suspension was dropped onto adhe-

ive slides, allowed to air dry. In the designated areas of the slides, 0.5–1

l of Giemsa-Romanowsky stain (G1020, Solarbio, Beijing, China) was

dded and left to stand for 10–15 min. Subsequently, an equal volume of

istilled water was added, and the slides were gently agitated to thor-

ughly mix with the Giemsa-Romanowsky staining solution, followed

y a 3–5 min incubation period. The slides were then rinsed with dis-

illed water, air-dried, sealed with neutral resin, and examined under an

ptical microscope. 

ung histology, immunohistochemistry and Masson staining 

Lung tissue specimens were fixed in a 4% paraformaldehyde solu-

ion (P0099-500 ml, Beyotime, Suzhou, China) for a duration of 24 h.

he entire pulmonary tissue edema and hemorrhagic areas were ob-

erved to assess the degree of lung injury. Lung tissues were routinely

ehydrated, paraffin-embedded, and sectioned at a thickness of 5 μm,

ollowed by staining with a hematoxylin and eosin (H&E) staining kit

G1120, Solarbio). Under high magnification, the alveolar structure was

dentified, and the lung injury score was assessed based on the thick-

ning of alveolar walls and the shedding of cells between alveoli. The

coring criteria are as follows: 0 points, no injury; 1 point, less than

5 % of the injured area; 2 points, 25 % to 49 % of the injured area; 3

oints, 50 % to 75 % of the injured area; 4 points, greater than 75 % of

he injured area. IHC staining was performed on separate paraffin slides.

rior to IHC staining, the slides underwent dewaxing, rehydration, and

ntigen retrieval in a sodium citrate buffer (pH 6.0). The IHC procedure

as executed using an ultra-sensitive Streptavidin-Peroxidase (S-P) kit

KIT-9720, MXB, Xiamen, Fujian, China) in accordance with the man-

facturer’s instructions, utilizing the previously mentioned antibodies.

he stained sections were then subjected to color development using a

,3 ′ -diaminobenzidine (DAB) color development kit (DA1010, Solarbio)

s per the manufacturer’s guidelines, followed by sealing with neutral

esin for subsequent histological examination. For the assessment of pul-

onary fibrosis, Masson’s Trichrome Stain Kit (G1340, Solarbio) was

mployed. The stained sections were finally sealed with neutral resin to

reserve the results. 

mmunofluorescence staining and terminal deoxynucleotidyl transferase 

TdT) dUTP nick-end labeling (TUNEL) assay 

Lung tissue samples were promptly cryopreserved in liquid nitrogen

nd embedded in optimal cutting temperature (OCT) compound. The

rozen tissue blocks were then precision-sectioned into 6 μm slices us-

ng a cryostat. Subsequently, the slides were allowed to equilibrate at

oom temperature for one hour. Afterward, a 5% bovine serum albu-

in (BSA) (A8850, Solarbio) blocking step was conducted at room tem-

erature for 60 min. Following this, the sections were incubated with

pecific primary antibodies. Following a PBS wash, a secondary anti-

ody was applied for one hour at room temperature. Cell nuclei were

tained with 4 ′ ,6-diamidino-2-phenylindole (DAPI) (0100-20, Southern

iotech, Birmingham, Alabama, USA). For the TUNEL assay, lung sec-

ions were prepared as described previously, 19 and cell apoptosis was

etected using the One Step TUNEL Apoptosis Assay kit (C1086, Bey-

time). TUNEL-positive cells were quantified according to the manufac-

urer’s instructions, with the nuclei concurrently labeled with DAPI for

isualization. 

ropidium iodide staining and the 5-ethynyl-2 ′ -deoxyuridine assay 

Thirty minutes before euthanasia, mice received an i.t. adminis-

ration of 3 mg/kg of propidium iodide (PI) (P4170-10MG, Sigma),

ollowed by prompt freezing of lung tissue samples in liquid nitro-

en and embedding in OCT compound. The subsequent steps adhered
267
o established immunofluorescence protocols. For the 5-ethynyl-2 ′ -

eoxyuridine (EdU) assay, mice were i.p. injected with 100 mg/kg of

dU (ST067-50mg, Beyotime) 24 h prior to euthanasia. Following this,

ung tissue samples were rapidly frozen in liquid nitrogen and embedded

n OCT compound. Subsequent procedures were carried out in accor-

ance with the prescribed protocols for immunofluorescence and uti-

ized the BeyoClickTM EdU-488 Cell Proliferation Assay Kit (C0071S,

eyotime). 

uantitative real-time polymerase chain reaction (PCR) 

Fresh lung tissues were promptly cryopreserved using liquid nitro-

en to maintain tissue freshness. RNA extraction followed the TRIzol

15596018, Invitrogen) extraction protocol. The PrimeScriptTM IV 1st

trand complementary DNA (cDNA) Synthesis Mix (6215A, TaKaRa,

tsu, Shiga, Japan) was employed for cDNA synthesis. Subsequently,

he CFX96 Real-Time System (Bio-Rad, Hercules, California, USA) in

onjunction with SYBR Premix Ex Taq (RR420A, TaKaRa) was used for

eal-time PCR analysis. The primer sequences for Tnf- 𝛼, Il-6 and Acta2

nd control Gapdh have been previously described. 

ung wet to dry weight ratio 

Fresh lung tissues were harvested from mice and expeditiously

eighed to determine their initial wet weight. These freshly obtained

amples were subsequently placed in a drying oven operating within the

emperature range of 60°C to 80°C. At 24 h intervals, the tissues were

eweighed until a consistent weight was achieved, at which point the fi-

al weight was recorded. The moisture content of the mouse lungs was

alculated by establishing the ratio of the dry weight to the wet weight.

ubsequently, the experimental data underwent statistical analysis. 

tatistical analyses 

The data were subjected to analysis using IBM Corporation’s SPSS

oftware (version 19.0) (Armonk, NY, USA). Descriptive statistics are

resented as means ± standard errors of the means (SEM). Mann–

hitney U test was employed to evaluate the significance of differences

mong samples. For quantitative image processing, GraphPad’s Prism

oftware (version 5) (San Diego, CA, USA), and Adobe Inc.’s Photoshop

oftware (version 5.0) (San Jose, CA, USA), were employed. P -value

 0.05 was considered statistically significant. 

esults 

PS dose-dependent induction of Parkin expression correlating with lung 

ecroptotic cell death 

The lung’s response to injury is intricately tied to the severity of the

nsult. To investigate the lung injury response, WT mice were subjected

o i.t. administration of varying doses of LPS up to 15.0 mg/kg. The

ice were euthanized at 24 h post LPS administration, and lung tissue

amples were collected for analysis. Macroscopic evaluation revealed

n increase in both the quantity and size of dark red blood spots on the

ungs, particularly notable at the 10.0 mg/kg dose and above. Histolog-

cal assessments of lung injury and H&E scores confirmed these findings

 Fig. 1 A, B). Analysis of BALF revealed a rapid surge in the total protein

ontent and blood cells at the 10.0 mg/kg LPS dose ( Fig. 1 C). WB analy-

is further showed a subtle expression of cleaved caspase 3 at 2.5 mg/kg

PS, which rapidly increased at 5 mg/kg and but remained at sustained

evels for higher doses (Supplementary Fig. 1). Notably, TNF- 𝛼 expres-

ion sharply increased at the 10 mg/kg of LPS dose, accompanied by

obust phosphorylation of MLKL (Supplementary Fig. 1 and Fig. 1 D).

ur findings indicate that as the concentration of LPS escalated, the

levation of the apoptosis marker cleaved caspase 3 plateaued, while

he levels of the necroptosis marker p-MLKL increased. This suggests
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Fig. 1. LPS dose-dependent induction of Parkin expression correlates with lung necroptotic cell death. Mice were intratracheally administered varying doses of LPS as 

specified and sacrificed 24 h post-treatment. Lung tissues were analyzed for the following parameters: (A) Macroscopic images of mouse lungs. n = 6. (B) Histological 

analysis of mouse lung tissues by H&E staining. n = 6. (C) Visual inspection of BALF and analysis of protein and cell content in BALF. n = 6. (D) WB analysis of Parkin and 

necroptosis-related marker expression in mouse lung tissues. n = 3. (E) IF analysis of Parkin in mouse lung tissues. n = 6. (F) IHC analysis of Parkin in mouse lung tissues. 

n = 6. All data are presented as means ± SEMs. Statistical significance is denoted as ∗ P < 0.05, † P < 0.01 compared to LPS 0 mg/kg. Scale bar = 100 μm for B, 75 μm for 

E, 250 μm for F. BAL: Bronchoalveolar lavage; BALF: Bronchoalveolar lavage fluid; CTRL: Control; DAPI: 4 ′ ,6-diamidino-2-phenylindole; GAPDH: Glyceraldehyde- 

3-phosphate dehydrogenase; H&E staining: Hematoxylin and eosin staining; IF: Immunofluorescence; IHC: Immunohistochemistry; LPS: Lipopolysaccharide; MLKL: 

Mixed lineage kinase domain-like protein; p-MLKL: Phospho-MLKL; SEM: Standard error of the mean; WB: Western blot. 
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 shift in the form of lung injury from apoptosis to necroptosis under

he influence of high-dose LPS. Moreover, the induction of pulmonary

nflammation was strongly associated with the onset of necroptosis. No-

ably, Parkin expression exhibited an upsurge starting at the 5.0 mg/kg

PS dose and further increased at 10.0 mg/kg, aligning with the activa-

ion of necroptosis ( Fig. 1 D). The consistency of highly-induced Parkin

xpression was further confirmed through IF and IHC analyses ( Fig. 1 E

nd F). 
268
LKL depletion mitigates LPS-induced ALI 

To assess the involvement of necroptosis in high-dose LPS-induced

ung injury, MLKL null mice ( Mlkl− /− ) and WT mice ( Mlkl+ / + ) were sub-

ected to i.t. administration of either 10.0 mg/kg of LPS or the solvent

or 24 h before being euthanized for analysis ( Fig. 2 A). Remarkably,

lkl− /− mice exhibited significantly alleviated weight loss induced by

PS compared to Mlkl+ / + mice ( Fig. 2 B). Histological examination using
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Fig. 2. MLKL depletion mitigates LPS-induced ALI. WT or MLKL null mice were sacrificed at 24 h after LPS (10.0 mg/kg) administration for the following analyses: 

(A) Schematic representation of the mouse model and treatment. n = 9. (B) Graph depicting the changes in body weight in mice. (C) Histological analysis of mouse 

lung tissues by H&E staining. n = 6. (D) WB analysis showing the expression of inflammatory, apoptotic, and necroptotic-related proteins in mouse lung tissues. 

n = 3. (E) IF analysis of PI-stained cells in the mouse lung tissue sections. n = 6. All data are presented as means ± SEMs. Statistical significance is denoted as ∗ P 

< 0.05, † P < 0.01. Scale bar = 75 μm for (C) and (E). ALI: Acute lung injury; CTRL: Control; C-Cas3: Cleaved caspase 3; DAPI: 4 ′ ,6-diamidino-2-phenylindole; GAPDH: 

Glyceraldehyde-3-phosphate dehydrogenase; H&E staining: Hematoxylin and eosin staining; IF: Immunofluorescence; IHC: Immunohistochemistry; IL-6: Interleukin- 

6; LPS: Lipopolysaccharide; MLKL: Mixed lineage kinase domain-like protein; PI: Propidium iodide; p-MLKL: Phospho-MLKL; SEM: Standard error of the mean; TNF- 𝛼: 

Tumor necrosis factor- 𝛼; WB: Western blot; WT: Wild-type. 
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&E staining depicted a substantial reduction in LPS-induced lung in-

ury among Mlkl− /− mice when compared to their Mlkl+ / + counterparts

 Fig. 2 C). Furthermore, WB analysis demonstrated a significant decrease

n the LPS- triggered expression of inflammatory cytokines TNF- 𝛼 and

L-6 within the lung tissues of Mlkl− /− mice, along with diminished lev-

ls of cleaved caspase 3 compared to Mlkl+ / + mice ( Fig. 2 D). 

For direct visualization of necroptotic cells in mouse lung tissues,

e i.t. administered PI prior to euthanasia of mice to label cells

ith disrupted membranes, enabling their detection using IF. The out-

omes revealed a reduced number of PI-positive cells in the lungs of

lkl− /− mice subjected to LPS treatment compared to Mlkl+ / + mice re-

eiving the same LPS treatment ( Fig. 2 E). This evidence collectively

ighlights that MLKL depletion significantly attenuates LPS-induced
269
LI, underscoring the pivotal role of necroptosis in this pathological

rocess. 

arkin depletion exacerbates LPS-induced inflammatory cell death 

Given the significant role that Parkin has been shown to play in

egulating necroptosis 15 and its strong association with the necroptosis

henotype ( Fig. 1 D-F), we wanted to further investigate the function of

arkin in LPS-induced ALI. To accomplish this, we employed Prkn condi-

ional knockout mice ( UBCcreERT2 ; Prknflox/flox , Prkn conditional knock-

ut [cKO] mice) for our LPS treatment analysis, utilizing Prknfl/fl mice

s the control (CTRL mice). After undergoing the tamoxifen treatment

egimen, Parkin cKO mice were i.t. administered 10.0 mg/kg of LPS
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r the solvent for a duration of 24 h before being euthanized for de-

ailed analysis ( Fig. 3 A). Strikingly, Parkin cKO mice exhibited signifi-

antly heightened weight loss induced by LPS compared to CTRL mice

 Fig. 3 B). Macroscopic assessment revealed larger injury areas within

he lung tissues of Parkin cKO mice following LPS treatment ( Fig. 3 C).

&E staining also revealed a more severe LPS-induced ALI in Parkin cKO

ice ( Fig. 3 D). Additionally, analysis of BALF indicated elevated protein

ontent and erythrocyte levels in Parkin cKO mice ( Fig. 3 E). These re-

ults collectively indicate that Parkin knockout exacerbates LPS-induced

ung injury. 

Further investigation into the impact of Parkin deficiency on the cell

eath pathways unveiled notable alterations. WB analysis demonstrated

hat LPS treatment escalated the expression of TNF- 𝛼 and IL-6, alongside

ncreased phosphorylation levels of key kinases within the necroptotic

athway, RIPK3, and MLKL in Parkin cKO mice ( Fig. 3 F). Moreover,

hosphorylation levels of the key kinase in pyroptosis, GSDMD, also

ncreased following Parkin deletion and LPS treatment, while levels of

leaved caspase 3 remained relatively unchanged in Parkin cKO mice

 Fig. 3 G). These findings suggest that Parkin depletion skews the cell

eath pattern induced by LPS toward necroptosis and pyroptosis, phe-

omena more closely linked to inflammation. 

locking necroptosis pathway mitigates Parkin deficiency-induced 

xacerbation of ALI phenotype 

To elucidate the relationship between Parkin, necroptosis, and LPS-

nduced ALI, we utilized the RIPK3 inhibitor GSK872 to obstruct the

ecroptosis pathway, then assessed the effects of LPS treatment on

arkin cKO mice ( Fig. 4 A). Comparative analysis revealed that Parkin

KO mice experienced a more pronounced weight loss following LPS

reatment compared to CTRL mice, yet this alteration was counteracted

y GSK872 treatment, resulting in a mitigated weight loss in Parkin

KO mice ( Fig. 4 B). Notably, H&E staining analysis showed no signifi-

ant changes in LPS-induced ALI between Parkin cKO mice and CTRL

ice upon GSK872 treatment ( Fig. 4 C). Subsequent WB analyses re-

ealed that Parkin cKO led to an upregulation of IL-6/TNF- 𝛼 and in-

reased phosphorylation of RIPK3/MLKL, which were substantially in-

ibited by GSK872 treatment ( Fig. 4 D). Further scrutiny revealed that

SK872 treatment curbed the elevation of N-GSDMD levels induced by

arkin deletion, while levels of cleaved caspase 3 remained largely un-

hanged ( Fig. 4 E). Moreover, PI-staining results indicated that GSK872

reatment hindered the necroptotic cell death in Parkin deletion mice

 Fig. 4 F). In conclusion, inhibition of the necroptosis pathway through

SK872 effectively alleviates the exacerbation of ALI induced by Parkin

eletion. 

ftpc-lineage targeted Parkin depletion augments LPS-induced inflammation

nd necroptosis in AT2 cells 

AT2 cells play a pivotal role in facilitating alveolar repair and re-

eneration after lung injury. Protecting these cells is crucial for miti-

ating lung injury and promoting lung repair. In our pursuit to unravel

arkin’s function within AT2 cells, we used Sftpc -lineage Parkin knock-

ut and tracing mice ( Sftpcicre ; Prkn flox/flox ; tdTomato flox/ + , AT2-Parkin

KO group) and compared them to Sftpc -lineage tracing mice ( Sftpcicre ;

dTomato flox/ + , CTRL group). Mice were subjected to i.t. administration

f either 10.0 mg/kg LPS or the solvent for 24 h before being eutha-

ized for analysis ( Fig. 5 A). Macroscopic examination revealed a larger

njury area within the lung tissues of AT2-Parkin cKO mice following

PS treatment ( Fig. 5 B). H&E staining demonstrated a more severe LPS-

nduced ALI in AT2-Parkin cKO mice ( Fig. 5 C). IHC results indicated a

ignificant increase in p-MLKL and CD45 positive cells in LPS-treated

T2-Parkin cKO mice ( Fig. 5 C). These findings were further corrobo-

ated by WB analysis, revealing notable elevations in TNF- 𝛼, p-MLKL,

-RIPK3, and cleaved caspase 3 levels in the lung tissues of LPS-treated
270
T2-Parkin cKO mice ( Fig. 5 D). IF analysis indicated a substantial in-

rease in the proportion of p-MLKL positive cells among tdTomato pos-

tive cells in LPS-treated AT2-Parkin cKO mice ( Fig. 5 E). In conclusion,

he specific knockout of Prkn within AT2 cells resulted in heightened

ung injury, early-stage lung inflammation, and the activation of the

ecroptosis pathway within 24 h of LPS exposure, highlighting the im-

ortance of Parkin in protecting AT2 cells in LPS-induced ALI. 

T2-specific Parkin ablation aggravates LPS-induced lung inflammatory 

henotype 

To assess the impact of AT2-specific Parkin cKO on the inflammatory

hase of ALI, we conducted a 10.0 mg/kg LPS or the solvent treatment

or 72 h to induce inflammation ( Fig. 6 A). Quantitative PCR analysis

nveiled a significant increase in the messenger RNA (mRNA) expres-

ion levels of Il-6 and Tnf- 𝛼 in the lungs of LPS-treated AT2-Parkin cKO

ice ( Fig. 6 B). Furthermore, WB analysis demonstrated elevated lev-

ls of TNF- 𝛼, p-MLKL, p-RIPK3, and cleaved caspase 3 within the lung

issues of LPS-treated AT2-Parkin cKO mice ( Fig. 6 C). Notably, the wet-

o-dry weight ratio was found to be elevated in LPS-treated AT2-Parkin

KO mice indicating more severe pulmonary edema ( Fig. 6 D). Histolog-

cal examinations via H&E staining revealed extensive cellular inflam-

atory infiltration within the alveolar region of LPS-treated AT2-Parkin

KO mice, indicating severe inflammation ( Fig. 6 E). IHC staining for

D45 and CD68 further substantiated that these infiltrating cells were

redominantly neutrophils or macrophages, pronounced and severe in-

ammatory response within the lung tissues of LPS-treated AT2-Parkin

KO mice ( Fig. 6 E). Moreover, an increased number of HMGB1-positive

ells within the alveoli of AT2-Parkin cKO mice reflected heightened re-

ease of DAMPs due to necroptotic cell membrane disruption ( Fig. 6 E).

herefore, AT2-Parkin cKO also led to a more pronounced lung inflam-

ation during the inflammatory phase, highlighting the crucial role of

arkin within the broad AT2 lineage in modulating pulmonary inflam-

ation. 

arkin deficiency in AT2 cells suppresses AT2 cell-autonomous proliferation

nd differentiation into AT1 

AT2 cells play a critical role in lung injury repair, including pro-

iferation and differentiation into AT1 cells. To investigate the impact

f Parkin on AT2 cell proliferation and differentiation, we performed

nalyses on the lungs of AT2-Parkin cKO mice at day 7 post 10.0 mg/kg

PS treatment, a critical time point for AT2 cell proliferation and dif-

erentiation ( Fig. 7 A). The SftpciCre -driven tdTomato reporter showed

igh specificity and efficacy in marking AT2 cells ( Fig. 7 B). Results from

PC and EdU co-staining indicated a notable reduction in the proportion

f SPC-positive cells in AT2-Parkin cKO mice, while the proportion of

dU-positive cells remained relatively unchanged ( Fig. 7 C). However,

T2-Parkin cKO mice exhibited a significant decrease in the proportion

f SPC- and EdU- double positive cells ( Fig. 7 C). Based on these data,

t is evident that Parkin deficiency in AT2 cells negatively impacts au-

onomous proliferative capacity of AT2 cells. This conclusion is further

upported by Sftpc -lineage tracing, which revealed a noticeable decrease

n the proportions of both EdU-positive and SPC-positive cell within

he tdTomato-positive cells ( Fig. 7 D). Notably, AT2-specific Parkin de-

ciency also resulted in a reduced proportion of alveolar RAGE-positive

T1 cells within tdTomato-positive cells ( Fig. 7 D). These cumulative

ndings underscore the additional role of Parkin in facilitating the dif-

erentiation of AT2 into AT1, which is vital for repairing lung injury and

estoring lung function. 

arkin deficiency in AT2 cells exacerbates LPS-induced pulmonary fibrosis 

henotype 

Amidst the progression of severe lung injury and inflammation, the

mergence of pulmonary fibrosis stands as a consequential outcome.
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Fig. 3. Parkin depletion exacerbates LPS-induced inflammatory cell death. (A) Schematic representation of the mouse models, tamoxifen induction, and LPS (10.0 

mg/kg) treatment. (B) Graph depicting the changes in body weight in mice. n = 9. (C) Macroscopic images of mouse lungs. n = 6. (D) Histological analysis of mouse lung 

tissues by H&E staining. n = 6. (E) Analysis of BALF from mouse lung tissues (H&E staining). n = 3. (F) WB analysis of inflammatory- and necroptosis-related proteins 

expression in mouse lung tissues. n = 3. (G) Analysis of apoptotic and pyroptosis-related protein expression in mouse lung tissues. n = 3. All data are presented as means 

± SEM. Statistical significance is denoted as ∗ P < 0.05, † P < 0.01. Scale bar = 100 μm for (D), 75 μm for (E). BAL: Bronchoalveolar lavage; BALF: Bronchoalveolar 

lavage fluid; C-Cas3: Cleaved caspase 3; cKO: Conditional knockout; Cre : Cyanogen bromide (CNBr)-induced recombinase; CreERT2 : Cre recombinase fused to a 

mutated ligand-binding domain of the estrogen receptor; CTRL: Control; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; GSDMD: Gasdermin D; H&E staining: 

Hematoxylin and eosin staining; IHC: Immunohistochemistry; IL-6: Interleukin-6; LPS: Lipopolysaccharide; MLKL: Mixed lineage kinase domain-like protein; p-MLKL: 

Phospho-MLKL; Prkn : Parkin RBR E3 ubiquitin protein ligase; p-RIPK3: Phospho-RIPK3; RIPK3: Receptor-interacting serine/threonine-protein kinase 3; SEM: Standard 

error of the mean; TNF- 𝛼: Tumor necrosis factor- 𝛼; UBC: Ubiquitin C; WB: Western blot. 
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Fig. 4. Blocking necroptosis pathway mitigates Parkin deficiency-induced exacerbation of ALI phenotype. (A) Schematic representation of the mouse models, 

tamoxifen induction, LPS (10.0 mg/kg) and LPS/GSK872 (5.0 mg/kg) treatment regimen. (B) Graph depicting changes in body weight in mice. n = 8. (C) Histological 

analysis of mouse lung tissues by H&E staining. n = 6. (D) WB analysis of inflammatory, and necroptosis-related proteins in mouse lung tissues. n = 3. (E) WB analysis of 

apoptosis- and pyroptosis-related protein expression in mouse lung tissues. n = 3. (F) IF analysis of PI staining in the mouse lung tissues. n = 6. All data are presented as 

means ± SEMs. Statistical significance is denoted as ∗ P < 0.05, † P < 0.01. Scale bar = 250 μm for (C) and 75 μm for (F). ALI: Acute lung injury; C-Cas3: Cleaved caspase 

3; cKO: Conditional knockout; Cre : Cyanogen bromide (CNBr)-induced recombinase; CreERT2 : Cre recombinase fused to a mutated ligand-binding domain of the 

estrogen receptor; CTRL: Control; DAPI: 4 ′ ,6-diamidino-2-phenylindole; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; GSDMD: Gasdermin D; GSK: GSK872, 

a highly potent, selective RIPK3 inhibitor; H&E staining: Hematoxylin and eosin staining; IF: Immunofluorescence; IHC: Immunohistochemistry; IL-6: Interleukin-6; 

LPS: Lipopolysaccharide; MLKL: Mixed lineage kinase domain-like protein; ns: Not significant; p-MLKL: Phospho-MLKL; PI: Propidium iodide; Prkn : Parkin RBR E3 

ubiquitin protein ligase; p-RIPK3: Phospho-RIPK3; RIPK3: Receptor-interacting serine/threonine-protein kinase 3; SEM: Standard error of the mean; TNF- 𝛼: Tumor 

necrosis factor- 𝛼; UBC: Ubiquitin C; PI: Propidium Iodide; WB: Western blot. 
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Fig. 5. Sftpc- lineage targeted Parkin depletion augments LPS-induced inflammation and necroptosis in AT2 cells. (A) Schematic representation of the Parkin cKO and 

control Sftpc -lineage tracing mouse models and LPS treatment regimen. (B) Macroscopic images and surface bleeding quantification. n = 6. (C) Histological analysis 

by H&E staining, and IHC analysis of p-MLKL and CD45 in lung tissues. n = 6. (D) WB analysis showing the expression of inflammation-, apoptosis-, and necroptosis- 

related proteins in mouse lung tissues. n = 3. (E) IF detection and quantification of tdTomato and p-MLKL positive cells. n = 6. All data are presented as means ± SEMs. 

Statistical significance is denoted as ∗ P < 0.05, † P < 0.01. Scale bar = 75 μm for (C), 25 μm for (E). AT2: Alveolar type 2; C-Cas3: Cleaved caspase 3; CTRL: Control; cKO: 

Conditional knockout; DAPI: 4 ′ ,6-diamidino-2-phenylindole; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; H&E staining: Hematoxylin and eosin staining; 

IF: Immunofluorescence; IHC: Immunohistochemistry; LPS: Lipopolysaccharide; MLKL: Mixed lineage kinase domain-like protein; p-MLKL: Phospho-MLKL; p-RIPK3: 

Phospho-RIPK3; Prkn : Parkin RBR E3 ubiquitin protein ligase; RIPK3: Receptor-interacting serine/threonine-protein kinase 3; SEM: Standard error of the mean; Sftpc : 

Surfactant protein C; TNF- 𝛼: Tumor necrosis factor- 𝛼; Tom: tdTomato; WB: Western blot. 
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Fig. 6. AT2-specific Parkin ablation aggravates LPS-induced lung inflammatory phenotype. (A) Schematic representation of the mouse model and LPS treatment. 

(B) Quantitative RT-PCR analysis of Il-6 and Tnf- 𝛼 mRNA expression levels in lung tissues. n = 6. (C) WB analysis showing the expression of inflammation, apoptosis, 

and necroptosis-related proteins in lung tissue. n = 3. (D) Wet-to-dry weight ratio of lung tissues. n = 6. (E) Histological analysis by H&E staining. IHC analysis of 

CD45, CD68 and HMGB1 in lung tissue. n = 6. All data are presented as means ± SEMs. Statistical significance is denoted as ∗ P < 0.05, † P < 0.01. Scale bar = 75 

μm for (E). AT2: Alveolar type 2; C-Cas3: Cleaved caspase 3; CTRL: Control; cKO: Conditional knockout; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; 

H&E staining: Hematoxylin and eosin staining; HMGB1: High mobility group box 1; IF: Immunofluorescence; IHC: Immunohistochemistry; IL-6: Interleukin-6; LPS: 

Lipopolysaccharide; MLKL: Mixed lineage kinase domain-like protein; mRNA: Messenger RNA; p-MLKL: Phospho-MLKL; p-RIPK3: Phospho-RIPK3; Prkn : Parkin RBR 

E3 ubiquitin protein ligase; RIPK3: Receptor-interacting serine/threonine-protein kinase 3; RT-PCR: Reverse transcription polymerase chain reaction; SEM: Standard 

error of the mean; Sftpc : Surfactant protein C; TNF- 𝛼: Tumor necrosis factor- 𝛼; WB: Western blot. 

274



M. Quan, Q. Guo, X. Yan et al. Chinese Medical Journal Pulmonary and Critical Care Medicine 2 (2024) 265–278

Fig. 7. Parkin deficiency in AT2 cells suppresses AT2 cell-autonomous proliferation and differentiation into AT1. (A) Schematic representation of the mouse model 

and treatment. (B) IF detection and quantification of tdTomato and Sftpc positive cells. n = 6. (C) IF detection and quantification of Sftpc and EdU positive cells. n = 6. 

(D) IF detection and quantification of tdTomato, Sftpc, EdU and RAGE positive cells. n = 6. All data are presented as means ± SEMs. Statistical significance is denoted 

as ∗ P < 0.05, † P < 0.01. Scale bar = 25 μm for (B), (C), (D). AT1: Alveolar type 1; AT2: Alveolar type 2; CTRL: Control; cKO: Conditional knockout; DAPI: 4 ′ ,6-diamidino- 

2-phenylindole; EdU: 5-ethynyl-2 ′ -deoxyuridine; IF: Immunofluorescence; LPS: Lipopolysaccharide; ns: Not significant; Prkn : Parkin RBR E3 ubiquitin protein ligase; 

RAGE: Receptor for advanced glycation end products; SEM: Standard error of the mean; Sftpc : Surfactant protein C; SPC: Surfactant protein C; Tom: tdTomato. 
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Fig. 8. Parkin deficiency in AT2 cells exacerbates LPS-induced pulmonary fibrosis. (A) Schematic representation of the mouse model and treatment. (B) Graph 

depicting changes in body weight in mice. n = 6. (C) H&E staining was performed to assess lung histology and fibrosis score. Masson staining was used to detect lung 

tissues fibrosis. IHC and IF staining were carried out to detect Collagen 1 and 𝛼-SMA, respectively. n = 6. (D) Quantitative RT-PCR analysis of Acta2 ( 𝛼-SMA) mRNA 

expression levels in lung tissues. n = 6. (E) WB analysis showing the expression of 𝛼-SMA and quantification normalized to GAPDH. n = 3. All data are presented as 

means ± SEMs. Statistical significance is denoted as ∗ P < 0.05, † P < 0.01. Scale bar = 75 μm or 25μm for (C). 𝛼-SMA: 𝛼-smooth muscle actin; AT2: Alveolar type 2; 

CTRL: Control; cKO: Conditional knockout; DAPI: 4 ′ ,6-diamidino-2-phenylindole; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; H&E staining: Hematoxylin 

and eosin staining; IF: Immunofluorescence; IHC: Immunohistochemistry; LPS: Lipopolysaccharide; Prkn : Parkin RBR E3 ubiquitin protein ligase; RT-PCR: Reverse 

transcription polymerase chain reaction; SEM: Standard error of the mean; Sftpc : Surfactant protein C; WB: Western blot. 
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herefore, we further determined the influence of AT2 cell-specific

arkin deletion on pulmonary fibrosis. Indicated mice were subjected

o i.t. administration of either 10.0 mg/kg LPS or the solvent for 21

ays before being euthanized for analysis ( Fig. 8 A). Remarkably, AT2-

arkin cKO mice exhibited significantly heightened weight loss induced

y LPS compared to control mice ( Fig. 8 B). H&E staining revealed an

ntensified presence of fibroblasts within the lungs of LPS-treated AT2-

arkin cKO mice, indicating increased fibrotic activity ( Fig. 8 C). Sub-
276
equent validation through Masson staining affirmed an augmented de-

osition of collagen within the lungs of LPS-treated AT2 Parkin cKO

ice ( Fig. 8 C). IHC and IF analyses on Collagen 1 and 𝛼-SMA positive

ells denoted enhanced fibrotic remodeling within the lung tissues of

PS-treated AT2-Parkin cKO mice ( Fig. 8 C). Consistent with these find-

ngs, both mRNA and protein analyses revealed an upregulation in 𝛼-

MA expression within the lung tissues of LPS-treated AT2-Parkin cKO

ice ( Fig. 8 D and E). Therefore, AT2-specific Parkin deletion exacer-
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ates the development of pulmonary fibrosis during the fibrotic stage of

ung injury. The increased presence of fibroblasts, collagen deposition,

nd 𝛼-SMA expression observed in LPS-treated AT2-Parkin cKO mice in-

icates enhanced fibrotic remodeling and highlights the role of Parkin

n mitigating fibrotic progression in lung injury. 

iscussion 

Unlike apoptosis, necroptosis culminates in cell membrane rupture,

eading to the release of abundant cellular contents, such as DAMPs,

nto the extracellular matrix. 20 This phenomenon triggers a robust in-

ammatory response, fostering a feedback loop between cellular injury

nd inflammation, thereby exacerbating tissue damage. Hence, restrain-

ng necroptosis assumes greater significance in safeguarding the lung

rom severe damage. Numerous studies corroborate the notion that curb-

ng necroptosis reduces tissue damage prompted by inflammation. 21 

owever, conflicting reports exist, suggesting that in specific inflam-

atory damage models, inhibiting necroptosis did not confer protective

ffects. 22 We postulate that the intensity of the injury might account for

his discrepancy. Our observations revealed that under a 5 mg/kg LPS

reatment, MLKL activation was not notably significant, while caspase

 displayed substantial activation (Supplementary Fig. 1). This implies

hat under low-dose damage conditions, inhibiting necroptosis may not

ffer protection. Conversely, elevating the LPS dose from 5.0 mg/kg to

0.0 mg/kg did not significantly alter Caspase-3 activity, yet substan-

ially activated MLKL. This suggests that activation of necroptosis path-

ay contributes to degree of mouse lung injury at the 10.0 mg/kg dose,

he dosage chosen for our experiment. In summary, there was a signifi-

ant reduction in lung injury induced by high-dose LPS in mice through

ecroptosis inhibition. The findings together suggest that the protective

fficacy of necroptosis inhibition may be influenced by the extent of tis-

ue damage. The intricate interplay between the severity of injury and

he effectiveness of necroptosis inhibition warrants further investigation

o elucidate the underlying mechanisms and potential therapeutic im-

lications. 

Parkin, an E3 ligase, orchestrates substrate ubiquitination, modulat-

ng their stability and fate, as well as their functional dynamics. Histor-

cally, investigations into Parkin predominantly focused on its impact

ithin mitochondria. Parkin’s role in fostering impaired mitophagy by

biquitinating PINK1 has been extensively documented, thereby imped-

ng injury-induced apoptosis. 23 Our previous study unveils a novel facet

f Parkin’s functionality: it hampers RIPK3 phosphorylation by ubiq-

itinating RIPK3, consequently thwarting necroptosis via the Parkin–

IPK3–MLKL axis. 15 In this study, we observed that Parkin expression

as upregulated in response to 5 mg/kg and 10 mg/kg LPS treatment

 Figure 1 D-F). This suggests that Parkin is an injury-activated protein

hat may play a role in the repair of pulmonary damage. Our results re-

eal that either Ubc -driven systemic ( Fig. 3 ) or Sftpc -lineage Prkn knock-

ut ( Fig. 5 ) in adult mice exacerbates high dose LPS-induced epithelial

ecroptosis and ALI phenotype. Significantly, inhibition of necroptosis

artially reversed the exacerbated damaging phenotype resulting from

arkin deletion ( Fig. 4 ). Although the results underscore a pivotal role

f the Parkin–RIPK3–MLKL axis in ALI, our observations do not preclude

arkin’s potential role in ALI via regulating other death pathways such

s apoptosis and/or pyroptosis. Notably, literature suggests the poten-

ial interconversion of necroptosis and apoptosis under specific condi-

ions. 24 Indeed, our data revealed that, in systemic Parkin cKO mice

ubjected to LPS induction, there was no significant increase in cleaved

aspase-3 levels ( Fig. 4 E). In contrast, AT2-specific Parkin cKO mice ex-

ibited a significant elevation in cleaved-Caspase3 levels ( Figs. 5 D and

 C). One plausible explanation is that systemic Parkin cKO precipitates

evere lung injury, favoring a predominant pattern of necroptotic cell

eath in lung cells. Conversely, AT2-specific Parkin cKO, inducing com-

aratively lesser damage to lung tissues, instigates a simultaneous oc-

urrence of apoptosis and necroptosis. Another conjecture is that AT2-

pecific Parkin cKO instigates extensive necroptosis among AT2 cells,
277
xacerbating lung inflammation and triggering apoptosis in non-AT2

ung cells. It’s important to note that these scenarios may coexist and

ecessitate further probing to unravel their interplay. 

Parkin activity can be stimulated via AMPK activation. 15 The AMPK

athway plays a pivotal role in monitoring the energy status of eukary-

tic cells, triggered by a decline in intracellular ATP levels and an ele-

ation in the AMP/ATP ratio. 25 Metformin (Glucophage), a well-known

MPK agonist, has garnered extensive recognition among patients with

iabetes, obesity, and cardiovascular diseases, with its established safety

rofile. 26 Recent findings have demonstrated metformin’s efficacy in

meliorating various injuries in animal models, including lung injury

nd fibrosis. 27 , 28 Our previous study showcased metformin’s capacity

o expedite fibrosis regression by prompting the myofibroblast to lipofi-

roblast transition. 29 Our recent study has reported that metformin in-

ibits necroptosis and mitigates B[a]P-induced chronic lung inflamma-

ion and pulmonary fibrosis. 29 In addition to metformin, a number of

ther drugs and natural compounds exhibiting anti-inflammatory or

issue-protective properties have been identified as AMPK activators,

uch as Berberine, 30 Resveratrol, 31 Curcumin, 32 and Epigallocatechin

allate (EGCG). 33 These investigations have corroborated the use of

MPK agonists for their anti-inflammatory and tissue-protective effects.

he involvement of the Parkin–RIPK3–MLKL axis may potentially un-

erlie the effectiveness of AMPK agonists. Overall, Parkin stands as a

aluable clinical target in combatting inflammation and injury. 

In addition to their role in surfactant production, regulation of alve-

lar fluid dynamics, and innate immune responses, AT2 cells stand as

ivotal sources of facultative stem cells crucial for epithelial repair and

egeneration. 34 The absence of AT2 cells within the human lung struc-

ure leads to irreversible pulmonary fibrosis. 35 Consequently, safeguard-

ng the integrity of AT2 cells holds paramount significance in mitigat-

ng lung injury and facilitating lung tissues repair. Our findings illus-

rate that the targeted knockdown of Parkin within Sftpc- lineage cells

xacerbated LPS-induced necroptosis in AT2 cells ( Fig. 5 ), lung inflam-

ation ( Fig. 6 ), and subsequent lung fibrosis phenotype ( Fig. 8 ). Thus,

hese data strongly support the assertion that Parkin’s protective effect

gainst lung injury predominantly emanates from its role in preserving

T2 cells and their stem cell activity. 

Besides its impact on epithelial necroptosis, additional roles of Parkin

n AT2 cell proliferation and AT2-to-AT1differentiation are also impli-

ated. Notably, a significant reduction in RAGE and tdTomato double

ositive cells in AT2-Parkin cKO mice were observed ( Fig. 7 D). How-

ver, such alteration was not as pronounced as the change in the num-

er and percentage of tdTomato and EdU positive cells. Hence, the like-

ihood persists that Parkin fosters AT2 cell survival, consequently in-

irectly preserving the regenerative capacity of AT2 cells to differen-

iate into AT1 cells. However, our results do not exclude the possibil-

ty that Parkin directly influences the differentiation of AT2 cells into

T1 cells. Parkin is recognized as an important protein in the regula-

ion of mitochondrial function and cellular energy metabolism. 36 The

ifferentiation of AT2 cells into AT1 cells is an energetically demand-

ng process. Recent literature has reported that AMPK-6-phosphofructo-

-kinase/fructose-2,6-biphosphatase 2 (PFKFB2) signaling upregulates

lycolysis, which is essential for supporting the intracellular energy ex-

enditure required for cytoskeletal remodeling during AT2 cell differen-

iation. 37 However, there is no evidence indicating Parkin’s involvement

n this process. 

In summary, this study reveals the protective role of the Parkin–

IPK3–MLKL axis in suppressing necroptosis within AT2 cells and miti-

ating high-dose LPS induced injury. These findings support the poten-

ial activation of Parkin as a viable strategy to alleviate inflammation-

riggered ALI and its associated complications. Moreover, targeting

arkin demonstrates therapeutic potential in preserving AT2 cells and

heir regenerative capacity. This multifaceted role of Parkin in ALI sug-

ests its promise as a potential clinical target for combating inflamma-

ion and injury, warranting further investigation into underlying mech-

nisms and therapeutic implications. Future research should focus on
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nderstanding the molecular mechanisms and the potential translation

f targeting Parkin in the context of ALI therapy. 
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