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HIGHLIGHTS GRAPHICAL ABSTRACT

e Acute exposure to H,S induces ARDS

through disruption of lung epithelial In alveolar epithelial cells, H,S causes elevation of glycolysis, which leads to the accumulation of lactate.
barrier via autophagy of lung epithelial Lactate accumulation induces modifications of H3K18 lactylation, thereby promoting transcription of
cells. the ATG10 gene, resulting in activation of autophagy in alveolar epithelial cells, which in turn disrupts
o Glycolysis-derived, H3K18la-regulated the alveolar epithelial barrier and thereby triggers the acute respiratory distress syndrome (ARDS). DCA
ATG10 is involved in H,S-induced via inhibition of glycolysis or the activation of ATG10 alleviates these pathological effects induced by
autophagy of lung epithelial cells. H,S, which blocks HyS-induced ARDS.
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ABSTRACT

Hydrogen sulfide (H2S) is a colorless, toxic, asphyxiant gas. In recent years, industrial accidents involving HaS
exposure have frequently resulted in fatalities and disabilities. Acute respiratory distress syndrome (ARDS) poses
a substantial burden on healthcare systems worldwide. The syndrome's heterogeneity and multifaceted patho-
genesis, combined with a paucity of effective treatments, contribute to a persistently high mortality rate, which
currently stands at 30-35%. The present study utilized metabolomics, transcriptomics, and CUT&Tag sequencing
to explore ARDS pathogenesis, providing insights into its mechanisms and therapeutic targets for its treatment.
Serum metabolomics for individuals with HyS-induced ARDS identified lactate accumulation as a pivotal
metabolic event that mediates changes in HyS-induced ARDS biomarkers. Lactate, a potential biomarker of HjS-
induced ARDS, is associated with a poor prognosis. However, whether elevated lactate directly promotes HaS-
induced ARDS and the mechanisms underlying this effect remain unclear. Here, we demonstrate that lactate
disrupts the alveolar epithelial barrier, thereby facilitating the development of ARDS. Mechanistically, lactate
promotes histone H3K18 lactylation at the promoter for ATG10, a gene involved in the process of autophagy,
driving its transcription and upregulating autophagy in alveolar epithelial cells, which results in disruption of the
epithelial barrier. For rats, the reduction of lactate generation by a glycolytic inhibitor mitigates HyS-induced
ARDS, as evidenced by attenuated pulmonary edema. Our results show that the lactate-autophagy axis mediates
HyS-induced ARDS. Therefore, targeting the regulation of lactate production and/or autophagy is a therapeutic

strategy for patients with HyS-induced ARDS.

1. Introduction

Hydrogen sulfide (H3S), a common gaseous toxin and occupational
hazard, poses escalating environmental and health risks due to its
widespread industrial use and unavoidable environmental release. It is a
cause of death resulting from fatal toxic gas exposure and constitutes a
major threat to public health [1]. Currently, workers in more than 80
occupational categories are at risk of HoS exposure [2]. Mass exposure
events may trigger public health emergencies, posing substantial threats
to human health. High concentrations HyS (500-1000 ppm) inhibit cy-
tochrome oxidase, leading to cellular asphyxiation and '"lightning
death". Lower concentrations (10-500 ppm) may cause varying degrees
of respiratory damage, ranging from irritative inflammation of the upper
airways to acute respiratory distress syndrome (ARDS) [3].

ARDS, an illness manifested as acute refractory hypoxemic respira-
tory failure, imposes a health burden due to its high prevalence, mor-
tality, and disability rates. In recent years, progress has been made in the
diagnosis and treatment of ARDS [4]. However, due to its heterogeneity,
complex pathogenesis, and lack of effective therapeutic approaches
(there is no specific medication, and issues such as ventilator-induced
lung injury often arise during treatment), the global mortality rate re-
mains at 30-35% [5]. In ARDS, damage to the barrier formed by alveolar
epithelial and endothelial cells is a primary cause of respiratory
dysfunction [4,6]. Disruption of the epithelial-endothelial barrier leads
to the flooding of alveolar cavities with fluid, red blood cells, and leu-
kocytes, thereby impairing gas exchange and causing respiratory failure
[7,8]. Although injury to endothelial cells alone is insufficient to cause
substantial pulmonary edema, structural and functional impairment of
the alveolar epithelial barrier is a fundamental event in its development
[9,10]. Tight junctions, intercellular connections located at the apical
region of cell-cell contacts, are essential for regulating epithelial barrier
permeability [11,12]. Further mechanistic studies are needed to develop
therapeutic strategies and to identify new therapeutic targets for ARDS.

The inhalation of HyS primarily injures alveolar epithelial cells, in
which the ensuing barrier disruption constitutes a fundamental mech-
anism in the pathogenesis of HyS-induced ARDS. Therefore, investiga-
tion of the alveolar epithelial barrier dysfunction, induced by structural
damage to tight junctions, and its underlying mechanisms holds value
for improving survival rates for HpS-induced ARDS. Such investigations
could lead to a breakthrough in the treatment of gas-induced ARDS.

Autophagy, a mechanism for programmed cell death, functions via
the cytoplasmic lysosomal system to engulf and degrade damaged, de-
natured, or senescent cells; organelles; macromolecular proteins; and
invading pathogens [13].This process facilitates "self-digestion" and
maintains intracellular homeostasis [14]. Autophagy attenuates acute

lung injury (ALI) by regulating inflammatory responses and apoptosis.
For example, sevoflurane anesthesia activates protective autophagy via
the AMPK-ULK1 pathway [15], which in turn inhibits lipopolysaccha-
ride (LPS)-induced ALI. However, excessive activation of autophagy
leads to cell injury. In sepsis-induced ALI models, the imbalance of
autophagy, ferroptosis, and necroptosis is a key mechanism triggering
lung injury [16]. Nonetheless, it is unclear if and how H,S exposure
regulates autophagy in the progression of ARDS.

A marked increase in glycolysis is a hallmark of glucose metabolic
reprogramming and a driver in the progression of ARDS. For alveolar
epithelial cells, a hypoxic environment induces glycolysis [17]. Its
occurrence is regulated by a series of rate-limiting enzymes. Hexokinase
2 (HK2) phosphorylates glucose to glucose-6-phosphate. Enolase-1
(ENO-1), located downstream, catalyzes the dehydration of 2-phospho-
glycerate to form phosphoenolpyruvate[18]. By catalyzing the reduc-
tion of pyruvate to lactate, lactate dehydrogenase A (LDHA)
concurrently regenerates NAD" , thereby providing the cofactor
required to sustain anaerobic glycolysis [19]. Lactate is the end product
of glycolysis and a regulatory factor involved in the modulation of
various signaling pathways [20-22]. However, research on the function
of lactate at the molecular level remains scarce.

In 2019, Zhang et al. introduced the concept of lysine lactylation
(Kla), a previously unrecognized functional role of lactate. Lactylation is
a post-translational modification that uses lactate as a substrate to add a
lactyl group to the lysine residues of proteins, thereby influencing pro-
tein localization, interactions, and stability, and regulating cellular
functions [23]. Research on histone Kla reveals an epigenetic mecha-
nism through which lactate contributes to disease pathogenesis [24]. As
a manifestation of lactate's function, lactylation is involved in diverse
physiological and pathological contexts, including chronic cardiovas-
cular diseases, neural injury, inflammatory disorders, and tumor pro-
liferation [25,26]. The potential involvement of lactylation in the
pathogenesis of HyS-induced ARDS remains to be investigated.

Here, we show that lactylation has a function in the pathogenesis of
HsS-induced ARDS. The underlying mechanisms include HyS-triggered
elevation of lactate levels and histone H3 lysine 18 lactylation
(H3K18la), which subsequently activate ATG10-mediated autophagy,
promoting disruption of the alveolar epithelial barrier. Inhibition of
lactylation or silencing of ATG10 attenuates disruption of the pulmonary
epithelial barrier, thereby revealing a potential target for the treatment
of HpS-induced ARDS. In sum, our results elucidate a previously un-
known mechanism for HyS-induced ARDS and offer therapeutic per-
spectives based on metabolic reprogramming.
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2. Materials and methods
2.1. Human sample collection

Between 1 January 2018 and 30 December 2024, whole blood
samples were collected within 12 h of admission from patients treated at
Northern Jiangsu People's Hospital Affiliated to Yangzhou University,
The First Affiliated Hospital with Nanjing Medical University, Liyang
People’s Hospital, and Yangzhou Hongquan Hospital. Blood samples
from controls were collected from the physical examination center,
Northern Jiangsu People's Hospital Affiliated to Yangzhou University.

In the present study, acute HyS exposure is defined as a documented
recent single episode of occupational or accidental inhalation exposure,
followed by the rapid onset of clinical manifestations associated with
acute poisoning and prompt medical attention. All patients with acute
H,S poisoning met the diagnostic criteria of GBZ 31-2002 (Diagnostic
Criteria for Occupational Acute HyS Poisoning), including: (1) a clear
history of occupational exposure involving short-term inhalation of
relatively high concentrations of HyS; (2) acute clinical manifestations
primarily involving the central nervous system and respiratory system;
(3) confirmation through on-site occupational health investigations that
the poisoning incident was consistent with HyS exposure; (4) complete
clinical and imaging data; and (5) exclusion of other causes of lung
injury, including trauma, pulmonary infections caused by other etiol-
ogies, and pre-existing cardiopulmonary diseases (such as chronic
bronchitis, interstitial pulmonary fibrosis, previous lung tumor surgery,
pulmonary embolism, and heart disease).

Among patients with acute HaS poisoning, those with ARDS were
further diagnosed according to the global ARDS definition, based on the
following criteria: (1) acute hypoxic respiratory failure occurring within
1 week of a known clinical trigger, or within 1 week of the onset or
exacerbation of respiratory symptoms; (2) chest X-ray or computed to-
mography (CT) scan showing bilateral diffuse infiltrates that cannot be
fully attributed to pleural effusion, atelectasis, or pulmonary nodules;
(3) impaired oxygenation, defined as PaO2/FiO2 < 300 mmHg, or, when
using a pulse oximeter, SpO2/FiO2 < 315 and SpO: < 97%; for patients
receiving high-flow nasal cannula oxygen therapy, the flow rate had to
be > 30 L/min, and the patient must have met the above oxygenation
criteria; and (4) respiratory failure could not be entirely attributed to
heart failure or fluid overload; where necessary, cardiogenic pulmonary
edema must be ruled out through objective assessment.

Patients with incomplete clinical information, those with malignant
tumors or tuberculosis, or those with unsuitable blood samples were
excluded.

Based on the above criteria, the enrolled subjects were divided into
three groups: a control group, an acute HyS poisoning group without
ARDS (H»S group), and an acute HyS poisoning group with ARDS
(H2S+ARDS group). A total of 20 controls, 17 patients in the HyS group,
and 15 patients in the HyS+ARDS group were included. Relevant
exposure characteristics, including H,S exposure concentration, dura-
tion of exposure, and time from poisoning to presentation, are summa-
rized in Supplementary Table S1. This study was approved by the Ethics
Committee of Northern Jiangsu People's Hospital Affiliated to Yangzhou
University, and written informed consent was obtained from all partic-
ipants or their legal guardians.

2.2. Animals

The HyS-induced ARDS model was developed with 6-week-old, SPF-
grade male Sprague-Dawley (SD) rats via controlled inhalation expo-
sure. The rats were obtained from the Animal Center of Nanjing Medical
University and were housed under standard conditions for one week to
allow for environmental acclimation prior to experimentation. All rats
were provided ad libitum access to a standard laboratory diet and housed
under a 12-hour light/12-hour dark cycle. The Animal Ethics Committee
of Nanjing Medical University (IACUC-2311003) approved all animal
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procedures.

2.3. HjS-induced ARDS model and dichloroacetate (DCA) intervention

Based on the methods described by our previous research [27], air
was mixed with standard hydrogen sulfide gas (1% H2S) using a flow
controller in a specially designed, sealed, resin-glass exposure chamber
with a volume of approximately 0.7 m® . The HS concentration within
the exposure chamber was continuously monitored with an H,S detec-
tor, and the airflow was adjusted to maintain the target exposure level.
In this experiment, SD rats were acutely exposed to 0, 100, 200, or
300 ppm of HS in the chamber. To prevent hypoxia during exposure, air
was intermittently supplied via a blower (5-8 min intervals). After 3 h of
continuous exposure, the rats were removed from the chamber and
allowed to breathe normally, awaiting further processing.

For DCA intervention, SD rats were exposed to 0 or 300 ppm HsS in
an acrylic exposure chamber for 3 h. After exposure, the animals were
returned to fresh air. At 12 h after HoS exposure, rats received an
intraperitoneal injection of DCA or DMSO. After 24 h of exposure, the
rats were subjected to related assessments, and arterial blood, serum,
and lung tissues were collected for subsequent analyses.

2.4. Evans blue (EB) staining

EB dye was injected intravenously at a concentration of 2% (4 mL /
kg) via the tail vein. One hour later, the rats were anesthetized and
perfused via the right ventricle with 20 mL of saline for 2 min. The lung
tissues were then excised, weighed, and homogenized in formamide
(1 mL/100 mg) at 55 °C for 24 h. After centrifugation at 12,000 rpm for
20 min, the concentration of EB in the supernatant was determined
spectrophotometrically at 620 nm.

2.5. Collection of bronchoalveolar lavage fluid (BALF)

Following anesthesia induction with 4% isoflurane, the lungs were
lavaged with 0.5 mL of cooled saline via a tracheal catheter. The
collected fluid was pooled into a single test tube.

2.6. Cell culture and treatment

The mouse lung epithelial cell line MLE-12 was purchased from Bena
Culture Collection (Beijing, China). As an HyS donor, sodium hydro-
sulfide (NaHS, S106641, Aladdin, Shanghai, China; purity: > 68%) was
dissolved in sterile phosphate-buffered saline (PBS) to prepare a stock
solution with a concentration of 100 mmol/L. Cells were exposed to
NaHS (0, 0.1, 0.2, or 0.4 mM) in serum-free medium for 24 h. To prevent
the escape of HoS and maintain a stable exposure, the culture dishes
were sealed with parafilm for 30 min and then removed. The cells were
placed in a separate incubator to avoid affecting other cells, and
collected at designated time points, with timing starting from the
moment the cells were exposed to NaHS.

MLE-12 cells were transfected with 40 nM of either ATG10 siRNA or
negative control NC siRNA (Sangon Biotech, China) using Lipofectamine
2000 reagent (Invitrogen, USA), followed by a 4-6-hour incubation in
serum-free medium. Subsequently, the cells were exposed to treatment
solutions containing 0 or 0.4 mM NaHS. Detailed information for the
primers is in Table S2.

Mouse type II alveolar epithelial cells (mAEC-II) (Procell Life Science
& Technology Co., Ltd., Wuhan) were cultured in medium specific for
these cells (Procell Life Science & Technology Co., Ltd., Wuhan) at 37 °C
in a humidified 5% CO: incubator. Surfactant Protein C (SP-C) is the
most commonly used marker for mAEC-II [28]. We used immunofluo-
rescence to identify mAEC-II and found that they expressed SP-C
(Fig. S4).
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2.7. Statistical analyses 2.8. Other methods

Data are presented as means + SD from at least three independent Other methods are outlined in detail in the supplementary materials.
experiments. Statistical analyses were performed using GraphPad Prism
8.0 (GraphPad Software, USA). For comparisons between two groups,
Student's t-test was used. For multiple group comparisons, one-way
ANOVA followed by Tukey's post hoc test was applied. Correlation an-
alyses were conducted using Pearson's correlation coefficient. Statistical
significance was set at *P < 0.05 or **P < 0.01.
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Fig. 1. Acute H,S exposure causes increases of glycolysis and lactate levels in the serum of control humans and those with ARDS. Serum and BALF samples were
collected from control (n = 20), HS (n = 17), and HyS-induced ARDS humans (n = 15). (A) Typical CT imaging findings for control patients, those exposed to H,S,
and those with ARDS caused by H,S inhalation. (B) The concentrations of szoé' in serum from these patients. (C) Respiratory rate, (D) oxygenation index, and (E)
lung permeability index for the population. (F) Volcano plot of the identified metabolites. (G) Enrichment analysis for differentially expressed metabolites using
MetaboAnalyst 5.0. (H) Sankey plot allowing visualization of the flow of differential metabolites across metabolic pathways. (I) Metabolomics-based relative
abundance of L-lactic acid in serum among controls and patients with H,S-induced ARDS (n = 10). (J) Serum lactate levels in the population. Correlation analyses
between lactate levels and respiratory rates (K), oxygenation indices (L), and lung permeability indices (M). Data are presented as means + SD; ns, no significance, *P
< 0.05, ** P<0.01.
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3. Results

3.1. Acute H3S exposure causes increases of glycolysis and lactate levels
in the serum and in the development of ARDS

Initially, we analyzed clinical indicators and chest CT manifestations
of individuals from three groups: control, individuals exposed to HyS
who did not develop ARDS, and individuals with HsS-induced ARDS.
Upon reviewing the chest CT images, we observed that the control group
exhibited clear lung markings with no abnormalities in lung field
transparency. Lungs of the HjyS-exposed non-ARDS group showed
slightly higher density patchy and linear shadows. In contrast, the HsS-
induced ARDS group displayed diffuse patchy dense shadows in lungs,
with a characteristic butterfly wing appearance (Fig. 1A). Elevated
serum thiosulfate (SZO%'), an H,S metabolite, was also detected in
exposed individuals relative to control, consistent with systemic HaS
exposure (Fig. 1B). The ARDS group demonstrated impaired respiratory
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function relative to controls, with a higher respiratory rate, a lower
oxygenation index, and a higher lung permeability index. The HjS-
exposed non-ARDS group showed no such differences in these parame-
ters (Fig. 1C-E). These results suggest that acute exposure to H,S causes
ARDS.

Metabolomics analysis revealed alterations in the serum metabolic
profiles of the HyS-induced ARDS group compared to controls (Fig. STA
and B). Screening for differential metabolites (VIP > 1, P < 0.05, and |
logoFC| > 1) identified 220 candidates (Fig. 1F). Subsequent Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis implicated the
pyruvate and glycolysis pathways as being centrally disrupted in HyS-
induced ARDS (Fig. 1G). Pathways were screened using thresholds of an
impact value > 0.1 and a P value < 0.05 for further investigation.
Among these, pathways related to L-lactate metabolism exhibited the
most pronounced alterations (Fig. 1H). The metabolomics results
showed that, compared with the control group, lactate levels in the H,S-
induced ARDS group were increased (Fig. 1I). Subsequently, we
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Fig. 2. Acute H,S exposure induces ARDS coupled with rising lactate in rat serum and lung tissues. SD rats (n = 6) were exposed to 0, 100, 200 or 300 ppm H,S in an
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measured the lactate levels in serum. The results showed elevated levels
in the HyS-induced ARDS group (Fig. 1J). Lactate levels positively
correlated with respiratory rate and lung permeability levels, and
negatively correlated with the oxygenation index (Fig. 1K-M). These
results identify lactate accumulation as a key metabolic event in HyS
exposure that underlies alterations in ARDS biomarkers.
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3.2. Acute H3S exposure induces ARDS coupled with rising levels of
lactate in rat serum and lung tissues

By exposing SD rats to 0, 100, 200, or 300 ppm HyS for 3 h, we
established a rat model of ARDS induced by acute HyS exposure. After
exposure, the rats were transferred to a normal air environment, and

A 300 c 1 — T—— — lz
e 1 1
— o
o 2001 —
3 Change — — I -1
[ DOWN — "
2 NOT —
= . upP ]
» 100/ % i —
8 : —
! p—
: —|
0l .
10 10 .
Control Control Control NaHS NaHS NaHS
D F
GO Term KEGG Pathway Group &iControl 1 NaHS
of y L PI3K-Akt signaling pathway - ° *x
— *
cell-substrate junction: ° Tight junction- s —
regulation of autophagy- ° pvalue Autophagy - ?1;‘9 Count c 14 =
cell-cell junction organization: ° o008 TGF-beta signaling pathway - . ox 9 -
0.004 i o [ =
glucose metabolic process: . 0.002 Apoptosis- 44 g g o
- 2 13
tight junction| Geiie Couiit Gam‘unctfon- . ;Vﬂ;'f g_
pyruvate metabolic process| . ; 3 Adherens junction :::: w
° . "
glycolytic process| « Glutathione metabolism - oo -
gluconeogenesis’ Glycolysis / Gluconeogenesis - e
interstitial matrix, Citrate cycle (TCA cycle) - ‘ Enot Hk2 Ldha
! ) 002 004 0.06
0.01 002 003 i Gene
Gene Ratio Gene Ratlo
MLE-12
¢ . ! =
.1m -
- 0.2mM - 25
) == 0.4mM =
g Kok 8 2.0
= °
£ 44 *k < 1.54
[ = 1.
° *% g
S
o = 1.0
S 21 e
= = £ 0.5+
¢ I ] ] k
0 T T T 0.0 T T T T
HK2 ENO-1 LDHA NaHS (mM/24h) 0 01 02 04
J
MLE-12 K L M = omM
6= 0mM 0.1mM
NaHS (mM) 0 0.1 0.2 04 @ 0.1mM 6 0.2mM
g 0.2mM w == 0.4mM
2 = S MLE-12 [ -
c 4 i K
© @ NaHS (mM 04 02 ¢ % 4- | % |
X [
L = H3K18la - I I
S o L. 2 *
* g 2 Ha | S
> 7 @ 5|
g g2 [ ]
2 Pl
« 4
B-actin 0
Pan-Kla H3K18la

Fig. 3. NaHS induces increases of glycolysis and H3K18la in MLE-12 cells. MLE-12 cells were exposed to 0 or 0.4 mM NaHS for 24 h. (A) Heatmap of inter-sample
correlation. (B) Volcano plot depicting the differentially expressed mRNAs between the NaHS-exposed MLE-12 groups and control groups. (C) Heatmap of differ-
entially expressed mRNAs. (D) GO enrichment analysis of significantly dysregulated genes. (E) KEGG enrichment analysis of significantly dysregulated genes. (F)
Differential expression of the Eno-1, Hk2, and Ldha genes in NaHS-treated MLE-12 cells compared with untreated MLE-12 cells. MLE-12 cells were exposed to 0, 0.1,
0.2, or 0.4 mM NaHS for 24 h. (G) Representative Western blots of HK2, ENO-1, and LDHA in MLE-12 cells. (H) Quantification of Western blots. (I) Lactate levels in
NaHS-treated and untreated MLE-12 cells. (J) Representative Western blots of Pan-Kla in MLE-12 cells. (K) Quantitation of Western blots. (L) Representative Western
blots of H3K18la in MLE-12 cells. (M) Quantitation of Western blots. Data are presented as means + SD (n = 3); ns, no significance; *P < 0.05; **P < 0.01.



B. Ling et al.

their lung tissues were collected 24 h later (Fig. 2A). H&E-stained sec-
tions revealed histopathological alterations in the lungs of exposed rats,
featuring enhanced inflammatory cell infiltration; consolidation of
alveolar spaces; destruction of alveolar walls; and dilated, congested
pulmonary capillaries alongside alveolar hemorrhages and widened
interstitial spaces (Fig. 2B). The lung injury scores increased with in-
creases in HpS exposure (Fig. 2C). For lung tissues, the results of staining
with EB dye showed a higher EB content in H»S-treated rats compared
with the control group (Fig. 2D and E), suggesting increased perme-
ability of the pulmonary barrier. HoS exposure induced a series of
pathophysiological alterations: a rise in serum thiosulfate (S20%,
Fig. S2A), a decline in the arterial oxygenation index (Fig. S2B), and an
increase in the lung wet/dry (W/D) ratio (Fig. S2C) and the lung
permeability index (Fig. S2D), demonstrating impaired oxygenation and
elevated lung permeability. We further observed that the expression
levels of pulmonary epithelial barrier proteins, Claudin-4, Occludin, and
Z0-1, were lower in the lung tissues of HS-exposed rats compared to the
control group (Fig. 2F and G); this finding was validated via immuno-
fluorescence tests (Fig. 2H), indicating disruption of the pulmonary
epithelial barrier by H,S. Lactate levels in the serum and lung tissues of
HaS-exposed rats were elevated compared to controls, showing a dose-
dependent increase (Fig. 2L, J). Thus, for rats, acute exposure to HsS
increases lactate levels and leads to ARDS.

3.3. NaHS induces increases of glycolysis and H3K18la in alveolar
epithelial cells

Treatment of MLE-12 cells with NaHS (0, 0.1, 0.2, 0.4 mM) for 24 h
dose-dependently reduced the expression of the barrier proteins
Claudin-4, Occludin, and ZO-1, as determined by Western blots
(Fig. S3A, B). This effect was confirmed by immunofluorescence assays
(Fig. S3C). The permeability of MLE-12 cells, as assessed by sodium
fluorescein permeability assays and transepithelial electrical resistance
(TEER) increased with increasing concentrations of NaHS (Fig. S3D and
E). Consistent with the results obtained with MLE-12 cells, NaHS
treatment downregulated the expression of barrier proteins (Fig. S4,
Fig. S5A and B) and increased the permeability (Fig. S5C and D) of
mAEC-II cells. These results indicate that NaHS increases the perme-
ability of alveolar epithelial cells.

RNA sequencing of control and 0.4 mM NaHS-treated MLE-12 cells
(Fig. 3A) identified 2675 differentially expressed genes, comprising
1381 upregulated and 1294 downregulated genes (Fig. 3B, C). Gene
Ontology (GO) analysis indicated potential alterations in autophagy-
related processes, tight junctions, pyruvate metabolism, and glycolysis
(Fig. 3D). KEGG pathway analysis showed significant changes in tight
junctions, autophagy, adherens junctions, and glycolysis pathways
(Fig. 3E). The transcriptomic results revealed that, in NaHS-treated
MLE-12 cells, the mRNA levels of glycolytic enzymes Eno-1, Hk2, and
Ldha were elevated compared to the control group (Fig. 3F). Western
blots showed that, for MLE-12 cells, NaHS treatment upregulated the
expression of glycolytic enzymes HK2, ENO-1 and LDHA (Fig. 3G and
H), an effect that was concomitant with increases in intracellular lactate
content (Fig. 3I). Consistent with the results obtained in MLE-12 cells,
NaHS treatment upregulated the expression of glycolytic enzymes
(Fig. S6A and B) and lactate levels (Fig. S6C) in mAEC-II cells. These
results show that, for alveolar epithelial cells, NaHS induces increases of
glycolysis and lactate.

In a rat model of HyS-induced ARDS, acute H,S exposure upregulated
protein expressions of the glycolytic enzymes HK2, ENO-1, and LDHA in
lung tissues (Fig. S7A, B) and concomitantly increased lactate levels
(Fig. S7C). Western blots demonstrated that acute HyS exposure
increased the Pan-Kla levels in lung tissues (Fig. S8A and B). We sub-
sequently examined the lactylation levels at various histone sites and
found that H3K18la expression was elevated, but changes in lactylation
levels at other sites such as H3K9, H3K14, H4K8, and H4K12 were not
statistically significant (Fig. S8C and D). The change in H3K18la
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expression exhibited a dose-response relationship (Fig. SS8E and F).
Western blots revealed that NaHS treatment increased Pan-Kla (Fig. 3J
and K) and H3K18la levels (Fig. 3L and M) in MLE-12 cells in a dose-
dependent manner. Consistent with the results for MLE-12 cells, NaHS
treatment upregulated the Pan-Kla (Fig. SOA and B) and H3K18la levels
(Fig. S9C and D) in mAEC-II cells, with a general dose-response rela-
tionship. These findings demonstrate that HyS promotes glycolysis and
increases H3K18la levels.

3.4. Identification of downstream target genes of H3K18la in NaHS-
treated MLE-12 cells

Subsequently, we employed cleavage under the targets and tag-
mentation (CUT&Tag) technology to screen for downstream regulatory
genes of H3K18la under NaHS treatment (Fig. 4A). NaHS induced the
enrichment of H3K18la in gene promoter regions (Fig. 4B-D). GO
analysis revealed enrichment in autophagy processes (Fig. 4E), and
KEGG pathway analysis showed significant changes in the autophagy
pathway (Fig. 4F). By integrating two analyses containing two datasets,
we identified 454 genes, among which 77 genes exhibited significant
expression in NaHS-induced H3K18la upregulation, including ATG10,
which is involved in the autophagy pathway (Fig. S10A and Fig. 4G).
The results of qRT-PCR indicated that NaHS treatment led to an increase
in the mRNA levels of Atg10, with a dose-effect relationship (Fig. S10B).
Notably, NaHS treatment led to the enrichment of H3K18la in the
ATG10 promoter region (Fig. 4H), a phenomenon that was verified by
Chromatin Immunoprecipitation (ChIP) assays (Fig. 4I). Our findings
demonstrate that NaHS-induced, ATG10-mediated autophagy in MLE-
12 cells is mechanistically linked to H3K18la.

3.5. ATG10 is involved in NaHS-induced increases of autophagy and cell
permeability of alveolar epithelial cells

Subsequently, we validated the NaHS-induced changes in ATG10
and autophagy levels through in vitro experiments and explored the
relationship between these factors. Western blots showed that, for MLE-
12 cells, NaHS treatment enhanced the expression of ATG10 and the
LC3-1I/I ratio, with a concomitant reduction in P62 (Fig. 5A and B).
Immunofluorescence results confirmed the changes in ATG10 (Fig. 5C).
Transmission electron microscopy (TEM) and GFP-LC3 fluorescence
showed an increase in autophagosomes following NaHS treatment
(Fig. 5D). Consistent with the results obtained with MLE-12 cells, NaHS
treatment upregulated the autophagy levels in mAEC-II cells, with a
general dose-response relationship (Fig. S11A-C). These findings
demonstrate, for alveolar epithelial cells, a dose-dependent induction of
autophagy following NaHS treatment. Similarly, in our rat model of H,S-
induced ARDS, we noted consistent changes: acute hydrogen sulfide
exposure resulted in an increase in autophagic activity in the lung tissues
of rats (Fig. S12A-C).

Subsequently, MLE-12 cells were treated with ATG10 siRNA prior to
NaHS treatment (Fig. S13A and B). Reversal of the NaHS-mediated in-
crease in LC3-1I/I and the decrease in P62 by ATG10 siRNA confirmed a
leading role for ATG10 in this process, as evidenced by Western blots
(Fig. 5E and F). TEM revealed that knockdown of ATG10 alleviated the
increase in autophagosomes induced by NaHS (Fig. S13C). The GFP-LC3
fluorescence results validated the changes in autophagosomes
(Fig. S13C). Knockdown of ATG10 also mitigated the decrease in barrier
protein expression induced by NaHS (Fig. 5G and H), a result confirmed
by immunofluorescence assays (Fig. 5I). Permeability assays of MLE-12
cells showed that knockdown of ATG10 alleviated the increase in
permeability induced by NaHS (Fig. 5J and K). Thus, in MLE-12 cells,
ATG10 is involved in NaHS-induced autophagy overactivation and
barrier dysfunction.
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ChIP-RT-PCR.

3.6. DCA, via inhibiting glycolysis, alleviates the increases of autophagy
and permeability in MLE-12 cells induced by NaHS

To determine whether NaHS-driven glycolysis was responsible for
the observed effects, MLE-12 cells were treated with the glycolytic in-
hibitor DCA. This intervention abolished the NaHS-induced upregula-
tion of key glycolytic enzymes (Fig. S14A and B). In these cells, DCA also
inhibited the NaHS-induced elevations in lactate levels (Fig. 6A), Pan-
Kla (Fig. 6B and C), and H3K18la (Fig. 6D and E). Compared with
cells exposed to NaHS, the level of H3K18la in the ATG10 promoter
region was reduced in cells treated with DCA (Fig. 6F). In addition, DCA
blocked the increase in autophagy levels and the decrease in barrier

protein expression induced by NaHS (Fig. 6G and H). Immunofluores-
cence results confirmed that DCA blocked the increase in ATG10
expression induced by NaHS (Fig. 61) and the decrease in barrier protein
expression caused by NaHS (Fig. S14C). Consistent with this, TEM and
GFP-LC3 fluorescence system results showed that DCA inhibited the
increase in autophagosomes in MLE-12 cells treated with NaHS (Fig. 6J).
Moreover, DCA inhibited the increase in permeability of MLE-12 cells
caused by NaHS (Fig. 6K and L). These results demonstrate that NaHS
promotes autophagy and increases permeability of MLE-12 cells, effects
that are abolished by the glycolytic inhibitor DCA.
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Fig. 5. ATG10 is involved in NaHS-induced increases of autophagy and cell permeability in MLE-12 cells. MLE-12 cells were exposed to 0, 0.1, 0.2, or 0.4 mM NaHS
for 24 h. (A) Representative Western blots of ATG10, LC3, and P62 in MLE-12 cells. (B) Quantification of Western blots. (C) Representative immunofluorescence
images of ATG10 in MLE-12 cells (scale bar = 10 pm). (D) Ultrastructural changes of autophagosomes (red arrows) in MLE-12 cells observed by TEM (scale bar = 0.5
pm) and representative images for GFP-LC3 (green) (scale bar = 10 pm). MLE-12 cells transfected with ATG10 siRNA or NC siRNA were treated with 0 or 0.4 mM
NaHS for 24 h. (E) Representative Western blots of LC3 and P62 in MLE-12 cells. (F) Quantification of Western blots. MLE-12 cells were transfected with ATG10
siRNA or NC siRNA and then exposed to 0 or 0.4 mM NaHS for 24 h. (G) Representative Western blots of Claudin-4, Occludin, and ZO-1 in MLE-12 cells. (H)
Quantification of Western blots. (I) Inmunofluorescence staining of Claudin-4, Occludin, and ZO-1 in MLE-12 cells (scale bar =10 pm). (J) The sodium fluorescein
permeability experiment. (K) The TEER experiment. Data are presented as means &+ SD (n = 3); ns, no significance; *P < 0.05; **P < 0.01.

3.7. H3K18la is involved in NaHS-increased permeability of MLE-12 cells
by activating ATG10-mediated autophagy

The functions of H3K18la and ATG10 were further assessed in a
rescue experiment in which ATG10 was overexpressed in the context of
DCA-inhibited lactate production. DCA blocked the NaHS-induced in-
crease of ATG10 and LC3 II/I levels, which were reversed by the over-
expression of ATG10. DCA blocked the NaHS-caused decrease of P62
and levels of barrier proteins (Claudin-4, Occludin, and ZO-1), which

were reversed by the overexpression of ATG10 (Fig. 7A and B). The
changes of ATG10 (Fig. 7C) and barrier proteins (Fig. S15) were
confirmed by immunofluorescence results. Consistent with this model,
TEM and GFP-LC3 fluorescence results showed that the suppression of
NaHS-induced autophagy by DCA in MLE-12 cells was rescued by
ATG10 overexpression (Fig. 7C). Finally, the suppressive effect of DCA
on NaHS-induced hyperpermeability was reversed by ATG10 over-
expression (Fig. 7D and E). These results demonstrate that, in MLE-12
cells, H3K18la drives increased cellular permeability by activating



B. Ling et al. Journal of Hazardous Materials 512 (2026) 142316
MLE-12
A B - c Control D
MLE-12 NaHS -+ + + NaHS
Control DCA - - + - NaHS+DCA
4 NaHS DMSO - - - + 4— = NaHS+DMSO MLE-12
m NaHS+DCA i [7) R
3 == NaHS+DMSO - *k ** NaHS + o+ o+
© 34 *ok *k 3 34 DCA - - + -
= = DMSO - - -+
= L 3
£ 2 £ o 2
3 )
5 1- 2
3 g 11
S )
- )
1] . x
Bactin] e e a <] 0
Pan-Kla s —
NaH -+ o+ o+
E Control F G DCA - ) * )
. N Input H3K18la 19G DMSO - - - &
T NaHS+DCA Control ATG10 r
< == NaHS+DMSO NaHs P —
|
—_ = NaHS+DMSO
3 ChiP
o
q, .
2 Occludlnﬁ
s 14
% Z0-1 — ——
4 Atg10 promotor
0 B-aCtin |=——— ——
H3K18la MLE-12
H I Control NaHS NaHS+DCA NaHS+DMSO
6= Control
K} *k Kk NaHsS
[ NaHS+DCA =)
K} ’—‘ == NaHS+DMSO o
£ 47 e
% *k Kk s
{77 z
o 2
2 2 - sk Kk *k Kk sk Kok (=]
8
K} A A A
0 T T T — L — L] ﬁ 1 —
ATG10 Lc3i P62 Claudin-4  Occludin ZO-1
— Bar =10pm
J MLE-12 K Control
+ + NaHS
Control NaHS _ NaHS+DCA NaHS+DMSO — 500~ NoHS+DCA
D o 3 o == NaHS+DMSO
c s
‘@ 5 400+ *ok *k
3o
g N
5.3 300+
88 |
=
s £ E 200
w 28
= 3 2 100
n £
)
2 0
L
== Control
2.0 NaHS
» NaHS+DCA
g == NaHS+DMSO
® 1.54
- S 5 *%
3. E o *%
: B
o 2
® 0.54
©
: m
— Bar =10um 0.0

Fig. 6. DCA, via inhibiting glycolysis, alleviates the increases of autophagy and permeability induced by NaHS in MLE-12 cells. MLE-12 cells were exposed to O or
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Fig. 7. H3K18la is involved in NaHS-induced increased permeability of MLE-12 cells by activating ATG10-mediated autophagy. MLE-12 cells were exposed to
10 mM DCA or to 10 mM DCA and then transfected with ATG10 pcDNA for 24 h and then exposed to 0 or 0.4 mM NaHS for 24 h. (A) Representative Western blots of
ATG10, LC3, P62, Claudin-4, Occludin, and ZO-1 in MLE-12 cells. (B) Quantification of Western blots. (C) Representative immunofluorescence images of ATG10 in
MLE-12 cells (scale bar = 10 pm); ultrastructural changes of autophagosomes (red arrows) in MLE-12 cells as observed by TEM (scale bar = 0.5 pm) and repre-
sentative images of GFP-LC3 (green) (scale bar = 10 pm). (D) The sodium fluorescein permeability experiment. (E) The TEER experiment. Data are presented as

means + SD (n = 3); *P < 0.05; **P < 0.01.

ATG10-mediated autophagy.

3.8. DCA inhibits glycolysis, thereby blocking the increase in autophagy
and the disruption of the lung epithelial barrier in H,S-induced ARDS rats

To evaluate the therapeutic potential of targeting H3K18la in HyS-
induced ARDS, we investigated the efficacy of DCA in alleviating lung
injury in rats (Fig. SI6A). DCA treatment suppressed the HyS-induced
upregulation of key glycolytic enzymes (Fig. S16B and C); it also
reversed the increase in lactate levels in serum (Fig. S16D) and lung
tissue induced by HjS (Fig. 8A). DCA also inhibited the elevation of Pan-
Kla (Fig. 8B and C) and H3K18la levels induced by H,S (Fig. 8D and E).
The results of Western blots indicated that DCA blocked the increase in

11

autophagy and the decrease in barrier protein expression induced by
NaHS (Fig. 8F and G); immunofluorescence assays confirmed the effect
of DCA on barrier proteins induced by NaHS (Fig. S16E). TEM results
showed that DCA partially reversed the increase in autophagosomes
caused by HjS exposure (Fig. 8H). H&E staining revealed that, for rats,
DCA treatment ameliorated HyS-induced lung injury, reducing charac-
teristic pathological features, including inflammatory cell infiltration
and alveolar hemorrhage (Fig. 8I), which corresponded to lower scores
for lung injury (Fig. 8J). In addition, DCA alleviated the decrease in the
arterial oxygenation index (Fig. S16F), the increase in lung permeability
index (Fig. S16G), and the increase in lung tissue W/D ratios caused by
HsS exposure (Fig. 8K). Our findings demonstrate that, in rats, DCA
attenuates the development of HyS-induced ARDS by suppressing
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Fig. 8. DCA inhibits glycolysis, thereby blocking the increase in autophagy and disruption of the lung epithelial barrier in HyS-induced ARDS rats. SD rats (n = 6)

were exposed to 0 or 300 ppm H,S in an acrylic container for 3 h. Subsequently,

the HyS-exposed rats were administered intraperitoneal injections of either 10 mg/kg

DCA or DMSO. The rats were then transferred to a normal air environment. After 24 h, lung tissues were collected under anesthesia. (A) Lactate levels in rat lungs. (B)
Representative Western blots of Pan-Kla in rat lungs. (C) Quantification of Western blots. (D) Representative Western blots of H3K18la in rat lungs. (E) Quantification
of Western blots. (F) Representative Western blots of ATG10, LC3, P62, Claudin-4, Occludin, and ZO-1 in rat lungs. (G) Quantification of Western blots. (H) Ul-
trastructural changes of autophagosomes (red arrows) in rat lungs observed by TEM (scale bar = 0.5 pm). (I) Representative pictures of H&E staining. (J) Lung injury
scores. (K) Lung W/D ratios for rats. Data are presented as means + SDs; ns, no significance; “P <0.05; **P< 0.01.

glycolysis.
4. Discussion

HsS poisoning is commonly associated with accidents and is a major
cause of occupational fatalities in the industrial sector. In China, it ranks

second among fatal incidents involving toxic gases. In the event of mass
exposure, it can lead to serious public health emergencies, posing a
substantial threat to human health [29]. Exposure of humans to HsS is
predominantly acute, occurring primarily via the respiratory tract.
Prolonged inhalation of high concentrations of HyS may successively
trigger ALI and ARDS. ARDS is a respiratory disorder characterized by
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hypoxemia, pulmonary edema, and reduced lung compliance, with a
global mortality rate as high as 30-35% [30]. The pathogenesis of ARDS
involves various mechanisms, primarily including disruption of the
alveolar-capillary barrier, cell death and dysfunction, and the activation
of pro-inflammatory signals [31]. Therefore, elucidating its molecular
mechanisms is relevant for identifying potential therapeutic targets.
This study reveals the mechanism by which acute HyS poisoning induces
enhanced glycolysis and lactate accumulation in pulmonary epithelial
cells, subsequently activating ATG10-mediated excessive autophagy,
which disrupts the pulmonary epithelial barrier and leads to ARDS. The
findings elucidate the close association between metabolic reprogram-
ming and disruption of the pulmonary epithelial barrier. Specifically,
during ARDS, alveolar epithelial cells exhibit enhanced glycolysis,
leading to lactate accumulation, which through H3K18la-mediated
activation of ATG10 transcription, triggers excessive autophagy in
alveolar epithelial cells and subsequent disruption of the pulmonary
epithelial barrier. Targeted regulation of glycolysis in alveolar epithelial
cells reduces lactic acid production and autophagy, providing a strategy
for alleviating HyS-induced ARDS.

Alveolar epithelial cells serve, on the one hand, to form a natural
physical barrier against exogenous microorganisms and fine particulate
matter, and, on the other hand, to activate various immune cells to
initiate the innate immune response. When the integrity of the epithelial
barrier is compromised, inflammatory cells, protein exudates, and hy-
aline membranes enter the alveolar space, leading to pulmonary edema,
impaired gas exchange, and refractory hypoxemia [32]. In
sepsis-induced ALI, elevated HDAC3 deacetylates FOXO1 and promotes
RCOK1 transcription; elevated RCOK1 facilitates mitochondrial fission
and mitochondrial autophagy, as well as reducing fatty acid oxidation,
thereby disrupting the epithelial barrier [33]. In a mouse model of
LPS-induced ARDS, elevated ROS promotes the phosphorylation of
DRP1 at Ser616, thereby facilitating mitochondrial fission, causing
damage to epithelial tight junctions and inducing apoptosis, ultimately
compromising the integrity of the epithelial barrier [7]. Furthermore,
HjS exposure induces oxidative stress and the release of inflammatory
cytokines, leading to the loss of tight junction proteins and epithelial
barrier dysfunction, thereby increasing the susceptibility of the lungs to
pathogen invasion [34]. This indicates that the alveolar epithelial bar-
rier is involved in maintaining alveolar structural stability, defending
against pathogen invasion and regulating pulmonary immune responses;
its integrity is necessary for maintaining normal gas exchange and pre-
venting the onset of ALL. Our results demonstrate that acute HsS expo-
sure induces ARDS in rats, manifested by increased respiratory rate,
decreased arterial oxygenation index, and elevated lung injury scores,
accompanied by downregulation of barrier proteins such as Claudin-4,
Occludin, and ZO-1 as well as increased cellular permeability. Thus,
disruption of the pulmonary epithelial barrier is a key pathological step
in the pathogenesis of HpS-induced ARDS.

The role of metabolic reprogramming in ARDS is now recognized. As
the end product of glycolysis, lactate is generated from pyruvate under
the catalysis of lactate dehydrogenase, and its accumulation typically
reflects an increase in cellular glycolytic metabolic activity [35].
Enhanced glycolysis is regulated by several rate-limiting enzymes,
including HK2, ENO-1. and LDHA [36]. In Down syndrome, excessive
activation of the CBS/H,S pathway inhibits oxidative phosphorylation
and induces compensatory enhancement of glycolysis, suggesting that
HjS has the capacity to drive metabolic reprogramming [37]. Consistent
with this, we observed that acute HyS exposure induced lactate accu-
mulation across human, cellular, and animal models. In clinical samples,
we found elevated lactate levels in patients with HyS induced ARDS, and
correlation analysis indicated that elevated serum lactate levels were
associated with respiratory rate, oxygenation index, and indicators of
lung permeability. Furthermore, in NaHS-treated MLE-12 cells, RNA-seq
results showed significant enrichment of the glycolysis and pyruvate
metabolism pathways, and both protein and mRNA levels of HK2,
ENO-1, and LDHA were elevated, accompanied by lactate accumulation.
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Furthermore, in lung tissue from rats exposed to acute H»S, levels of
HK2, ENO-1, and LDHA were elevated, and lactate accumulated. This
indicates that the elevation in lactate levels caused by acute HyS-induced
ARDS is not a coincidental concomitant phenomenon, but rather a key
feature of HyS induced ARDS.

Lactylation is a lactate-mediated post-translational modification that
regulates gene expression and cellular function by covalently attaching a
lactate group to lysine residues on histones or other proteins [38].
Histone lactylation is a key mechanism underlying lactate-mediated
disease progression [39]. In the tumor microenvironment, lactate
upregulates the m6A methyltransferase METTL3 in tumor-infiltrating
myeloid cells by inducing H3K18la, thereby enhancing the m6A modi-
fication and translation efficiency of JAK1 mRNA, and leading to STAT3
phosphorylation and the establishment of an immunosuppressive state
[40]. In sepsis-induced ARDS, enhanced glycolysis leads to lactate
accumulation and H3K14la, which in turn upregulates the transcription
of ferrocytosis-related genes such as TFRC and SLC40A1, inducing fer-
roptosis and dysfunction in pulmonary endothelial cells, thereby exac-
erbating pulmonary vascular injury [41]. Exposure to cigarette smoke
may also accelerate the progression of Alzheimer’s disease by promoting
NLRP3 transcription through the induction of H4K12la [36]. In our
study, we found elevated levels of Pan-Kla and H3K18la in rat lung
tissue following acute HS exposure and in NaHS-treated MLE-12 cells.
Furthermore, CUT&Tag sequencing results indicated that NaHS induced
the enrichment of H3K18la in the ATG10 promoter region, a finding
validated by ChIP-RT-PCR experiments. Therefore, acute H,S exposure
may promote the activation of ATG10 transcription and upregulation of
its expression by elevating H3K18la levels and enhancing its enrichment
at the ATG10 promoter.

During autophagy, ATG10, an autophagy-associated E2-like enzyme,
mediates the covalent binding of ATG12 and ATG5 to form the ATG12-
ATGS5 complex, thereby participating in the formation and extension of
the autophagosome membrane; ATG10 is a regulatory factor in the
autophagy process [42]. In neuronal models with TBK1 mutations,
ATG10-dependent autophagy abnormalities are accompanied by the
accumulation of SQSTM1/P62, suggesting that ATG10 has a function in
maintaining autophagy homeostasis [43]. The IncRNA SNHGI1 sup-
presses ATG10-mediated excessive autophagy by stabilizing Bhlhe40
mRNA and promoting PIAS3-mediated SUMOylation and nuclear
translocation of the Bhlhe40 protein, thereby alleviating
high-glucose-induced calcification and senescence in vascular smooth
muscle cells [44]. These findings indicate that ATG10 upregulation
drives autophagy activation and contributes to the development of
various disease phenotypes. Consistent with previous studies, we found
that, following NaHS treatment of MLE-12 cells, ATG10 levels were
elevated, accompanied by an increase in the LC3-1I/I ratio, a decrease in
P62, and an increase in autophagosomes observed under TEM, sug-
gesting an enhancement in autophagy levels. Upon ATG10 knockdown,
the NaHS-induced increase in LC3-II/I and decrease in P62 were
reversed; the number of autophagosomes decreased; the levels of
Claudin-4, Occludin, and ZO-1 recovered; and cell permeability
decreased. These results indicate that changes in ATG10 levels represent
a key link between histone lactylation and autophagy.

The role of autophagy in acute lung injury is bidirectional and phase-
dependent; moderate autophagy exerts a protective effect by clearing
damaged organelles and abnormal proteins, and alleviating oxidative
stress and inflammatory responses [45]. Excessive activation of auto-
phagy may disrupt protein homeostasis, leading to dysregulation of
autophagy, epithelial cell dysfunction, and even cell death, and has a
impact on chronic damage to the respiratory system and the disruption
of tissue homeostasis [46,47]. In alveolar epithelial cells, Streptococcus
pneumoniae induces BECN1 phosphorylation and activates autophagy by
releasing extracellular vesicles containing the virulence protein StkP,
thereby promoting autophagy-dependent Occludin degradation and
disrupting function of the alveolar epithelial barrier [48]. In alveolar
epithelial cells, LPS induces elevated RAGE levels in mouse lung tissue,
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leading to activation of autophagy, which promotes apoptosis and ulti-
mately disrupts the alveolar epithelial barrier [49]. These results indi-
cate that excessive autophagy activation is associated with the
disruption of the integrity of the alveolar epithelial barrier. We found
that NaHS-induced autophagy enhancement is accompanied by a
decrease in pulmonary epithelial barrier proteins and increased
permeability; downregulation of ATG10 expression blocks the excessive
autophagy activation and increased cellular permeability caused by
NaHS treatment of MLE-12 cells and restores function of the pulmonary
epithelial barrier.

Lactylation is involved in the regulation of autophagy, suggesting
that lactate acts as a bridge linking glycolysis and autophagy via lacty-
lation [50]. Its function is not limited to signaling a state of metabolic
activity; rather, through histone lactylation or protein lactylation, it
directly influences processes such as the transcription of
autophagy-related genes, autophagosome maturation, and mitochon-
drial autophagy. In colorectal cancer, tumor-derived lactate upregulates
the transcription of RUBCNL/Pacer via H3K18la, promoting autopha-
gosome maturation and leading to bevacizumab resistance [51].
Following traumatic brain injury, histone lactylation upregulates
PSMD14, which in turn activates PINK1-mediated mitophagy by deu-
biquitinating PKM2, thereby alleviating neuronal PANoptosis [52],
supporting the functional role of lactylation in the regulation of auto-
phagy. In glioblastoma, the H4K8la-NUPR1 axis mediates protective
autophagy while promoting tumor progression [53]. Our results show
that, in acute HyS-induced pulmonary edema, lactylation is a key
mechanism linking metabolic reprogramming to autophagy activation.
We consistently observed enhanced glycolysis and lactate accumulation
in human samples, an acute HyS-exposed rat model, and NaHS-treated
MLE-12 cells; in cellular and animal lung tissues, H3K18la was the
most significantly elevated histone lactic acid modification site.
CUT&Tag and ChIP results confirmed that NaHS promotes the enrich-
ment of H3K18la in the ATG10 promoter region, accompanied by
upregulation of ATG10 transcription; these findings indicate that
H3K18la is not merely an epigenetic alteration occurring in tandem with
elevated lactate levels, but rather, by promoting the transcriptional
activation of ATG10, it enhances autophagy and mediates the disruption
of the pulmonary epithelial barrier.

DCA, as a classic regulator of glycolysis, reduces lactate production,
improves energy metabolism disorders, and alleviates tissue damage in
various diseases associated with metabolic reprogramming [54]. For
pediatric patients with lactic acidosis, DCA reduces blood lactate levels
and stabilizes acid-base balance [55]. For diabetic nephropathy, DCA
intervention reduces the binding between Glisl and KATS5, thereby
inhibiting histone H3 lactylation and suppressing the senescence of
renal tubular epithelial cells, thus mitigating progression of the disease
[56]. During the progression of MAFLD, lactic acid accumulation in-
duces H4K16la, thereby activating PDK4 transcription and inhibiting
the entry of pyruvate into mitochondrial oxidative metabolism, pro-
moting glycolysis and lipid accumulation, and driving the development
of hepatic steatosis, inflammation, and fibrosis; DCA alleviates these
effects by intervening at the glycolytic level [57]. However, the thera-
peutic role of DCA in ARDS caused by acute HyS exposure remains un-
clear. Our study applied DCA intervention at the cellular and animal
levels, and the results demonstrated that DCA exerts an inhibitory effect
on HyS-induced lung injury.

5. Conclusion

In summary, through metabolomics and clinical indicator analysis of
HyS-exposed populations, studies with acute HyS-exposed rats and DCA-
intervened rats, as well as in vitro studies employing NaHS exposure
combined with various cell treatment approaches, this work revealed
that: acute HaS exposure enhances glycolysis in alveolar epithelial cells,
leading to lactate accumulation; the accumulated lactate induces
H3K18la, thereby promoting ATG10 transcription, causing excessive
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autophagy activation in alveolar epithelial cells, consequently damaging
the alveolar epithelial barrier, and resulting in development of ARDS.
DCA partially alleviates these HyS-induced pathological effects by
inhibiting glycolysis, thereby blocking ARDS caused by acute exposure
to HjS. These findings elucidate molecular mechanisms underlying HsS-
induced ARDS and provide new evidence for identifying precise thera-
peutic targets and early molecular biomarkers for patients with HjS-
induced ARDS.
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