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MiR-30a-5p alleviates LPS-induced HPMEC injury through regulation of autophagy via Beclin-1
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Abstract: Background: Sepsis, a type of systemic disease, can impact nearly all organs, tissues and cells. Among them, endothelial cells are amongst the first to be affected and respond to the insult. In this study, we investigated the protective effects of microRNA-30a-5p (miR-30a-5p) on human pulmonary microvascular endothelial cells (HPMECs) treated with lipolysaccharide (LPS). Methods: An in vitro model of sepsis was established in HPMECs with the use of LPS. Transfecting with different tools (mimetic and inhibitor) to modify miR-30a-5p expression. Cell viability, proliferation and apoptosis were detected by the CCK-8 assay, the EdU kit and fluorescence staining, respectively. The autophagy-related protein and mRNA expression, the number of autophagosomes were separately examined through Western blot analysis, qPT-PCR and confocal microscopy. TargetScan and the luciferase reporter assays were used to probe target genes interacting with miR-30a-5p. Results: LPS caused a reduction in the viability and proliferation of HPMECs, as well as an elevation in the number of apoptotic cells. Subsequently, we observed that miR-30a-5p might play a role in preventing LPS-induced inhibition of cell damage and decreasing HPMEC apoptosis, suggesting the potential function of miR-30a-5p in this injury process. Finally, we confirmed that miR-30a-5p exerts its protective effect by regulating cell autophagy, possibly by targeting Beclin-1. Conclusion: Our study provided evidence that autophagy is a crucial aspect in the protective role of miR-30a-5p against LPS-induced HPMEC injury, identifying a promising target for sepsis-related endothelial cell injury.
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Introduction

Systemic inflammatory response syndrome (SIRS) arises from a disruption in homeostasis following exposure to diverse injuries, including infection, trauma, and surgery, which leads to significantly elevated rates of morbidity and mortality [1]. Sepsis comprises SIRS with a suspected infection source. Hence, the exploration of innovative treatment methods for sepsis holds great significance in the field of medical practice. Endothelial cells (ECs), acting as a distinguishing obstacle separating tissue from blood, potentially exert a crucial influence on the control of inflammatory reactions, immune system function, and overall balance [2]. Inflammatory factors, such as LPS, induce damage and apoptosis in vascular endothelial cells, causing microcirculation disorders and multiple organ dysfunction, as a consequence of sepsis [3]. Therefore, it is thought that the implementation of strategies to protect the vascular endothelium against harm and/or impairment could potentially reduce the incidence of sepsis.

Autophagy is a crucial self-protection mechanism that breaks down intracellular proteins and organelles into smaller molecules for recycling. It helps to sustain cellular metabolism when exposed to various stimuli, such as oxidative stress, toxin exposure, and other factors, thereby promoting cell survival [4]. Under typical physiological circumstances, autophagy is minimal, but it can be triggered by different elements, such as lack of nutrients, low oxygen levels, infections, the development of tumors, tissue harm, and more [5]. The presence of autophagy-related proteins (LC3II/I, Beclin1, and p62) and the quantity of autophagosomes can indicate the initial symptoms of sepsis [6]. Autophagy activation helps to counteract excessive inflammatory responses; therefore, modulation of autophagy is a potential treatment for inflammatory diseases and sepsis.

MicroRNAs (miRNAs) are a group of tiny RNA that control gene expression by attaching to the 3′-untranslated region (UTR) of target genes, leading to either the suppression of translation or the breakdown of the specific transcript [7]. A recent study [8] discovered that septic lung injury can be alleviated through the inhibition of transforming growth factor-β-activated binding protein 2, induced by miR-155 to activate autophagy. During sepsis, renal ischemia/reperfusion (I/R) injury takes place, and research indicates that miR-30a-5p, a type of microRNA, is elevated in renal I/R injury, may mitigate autophagy by controlling the Beclin-1/ATG16 pathway [9]. By performing cecal ligation and puncture (CLP) to create a sepsis model in mice, the presence of adenosine deaminase acting on double stranded RNA 1 (ADAR1) decreases inflammation and organ harm by diminishing the connection between miR-30a and cytokine signaling protein inhibitor 3 (SOCS3) [10]. The liver cells experienced an elevation in miR-30a levels and a reduction in suppressor of cytokine signaling protein 1 (SOCS1) due to sepsis. The study [11] demonstrated that miR-30a inhibits SOCS-1 by targeting it through the JAK/STAT signaling pathway, which impedes the proliferation of liver cells and promotes apoptosis in septic rats. Additional studies have demonstrated that miR-30a, belonging to the miR-30 group, has the ability to inhibit autophagy by targeting Beclin-1 mRNA. This action enhances the responsiveness of gastrointestinal stromal tumor cells to Imatinib [12]. Additionally, it suppressed lung fibrosis by hindering the mitochondrial fission reliant on dynamin 1 Like (DRP-1), thereby impeding type II alveolar epithelial cell (AEC-II) apoptosis [13]. However, the involvement of miR-30a-5p in the regulation of autophagy caused by LPS in HPMECs remains uncertain.

This study investigates the function of miR-30a-5p, originate from the miR-30a precursor, in preventing endothelial cell apoptosis using an in vitro model of LPS-induced HPMECs injury. Additionally, it presents evidence supporting the significant role of autophagy in the protective impact of miR-30a-5p against LPS-induced HPMEC injury.

Materials and Methods

Cell culture

Shanghai Sixin Biotechnology Co., Ltd. (Shanghai, China) was the source of acquisition for HPMECs. This HPMECs is an immortalized cell line and the cells were cultured in RPMI1640 medium (GIBCO, Grand Island, NY, USA) supplemented with 10% FBS (Procell, Wuhan, China) and 1% streptomycin and penicillin (Gibco, Grand Island, NY, USA). The cells were cultured and kept in the 5% CO2 incubator at a temperature of 37°C.

Cell transfection

2 × 105 cells/well HPMECs were used to seed in 6-well plates. RiboBio (Guangzhou, China) provided the miRNA-30a-5p mimic, miRNA-30a-5p inhibitor, and a nonspecific control (NC) that were acquired. The Lipofectamine 2000 Kit (Invitrogen, Carlsbad, CA, USA) was used to transfect all cells as per the instructions provided by the manufacturer.

Assays for the viability and growth of cell

Detect cell viability using the Cell Counting Kite-8 (CCK-8) assay from Beyotime (Jiangsu, China). After 24 h, the cells were placed in 96-well plates with a population of 5,000 cells per well. Based on the findings of prior investigation [14] and our own verification (see Suppl. Fig. S1), the cells underwent pretreatment with 10 μg/mL LPS for a duration of 24 h. Subsequently, 10 μL CCK-8 reagent was introduced to every well, followed by an incubation period of 1–4 h. To determine the optical density, use a microplate reader (Dynex Technologies, Chantilly, VA, USA) to measure the absorbance at 450 nm. The cell viability was normalized in comparison to the control group that was not treated.

The abundance of HPMECs was analyzed using a Click-iT EdU Imaging Kit (Thermo Fisher Scientific, Waltham, MA, USA) in the light of the directions provided by the manufacturer. In short, the cells were exposed to LPS, LPS along with the non-specific control (NC), or LPS along with the miR-30a-5p mimic. Subsequently, they were cultured with 10 μM EdU at 37°C for 2 h. Afterwards, treat with 3.7% formaldehyde for a duration of 15 min and then permeate with 0.5% Triton X-100 (Sigma Aldrich, St. Louis, MO, USA) at ambient temperature for a period of 20 min. Next, the cell nuclei were stained for 15 min using 5 μg/mL DAPI (Invitrogen, Carlsbad, CA, USA). Using an inverted fluorescence microscope (Olympus, Tokyo, Japan), assess the proportion of actively dividing cells in five randomly selected areas on each slide. Compare this to the proportion of actively dividing nuclei in untreated control cells to determine the relative percentage.

Fluorescence staining of living cells

HPMECs were treated with LPS alone, LPS combined with the nonspecific control (NC), or LPS in combination with the miR-30a-5p mimic. Fluorescence staining was utilized for qualitative differentiation, employing either Calcein-AM or propidium iodide (PI). Following three rounds of washing with phosphate buffered saline (PBS), HPMEC should be incubated with 250 μL of diluted solution of Calcein/PI (Dojindo, Kumamoto, Japan) for a duration of 5 min. At last, observe the cells under a fluorescence microscope (Zeiss, Tokyo, Japan).

Western blotting

RIPA lysis reagent, which included proteinase inhibitor and phosphatase inhibitors (Sangon Biotech, Shanghai, China) was used to lyse the entire cells. The quantification was performed using a BCA protein assay reagent kit (Sigma Aldrich, St. Louis, MO, USA). 10% SDS-PAGE was used to separate the protein samples, and PVDF membranes (Millipore, Bedford, MA, USA) were used for transfer. After blocking, immunoblotting was conducted using primary antibodies including anti-Beclin-1, anti-p62, anti-autophagy related 3 (Atg3), anti-β-actin and anti-LC3 antibodies (diluted to 1:1000; Abcam, Cambridge, UK) at a temperature of 4°C overnight. The next day, following three washes with TBST, the membranes were then exposed to the respective secondary antibodies (diluted to 1:5000; Abcam, Cambridge, UK) for a duration of 1 h at ambient temperature. Enhanced chemiluminescence reagents (GE Healthcare Life Sciences, Little Chalfont, UK) were used to measure the immunoreactive bands, which were then analyzed using Image Lab 5.0 (Bio-Rad, Hercules, CA, USA).

RNA preparation and quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR)

TRIzol (Invitrogen, Carlsbad, CA, USA) was used to extract total RNA from cultured cells. The High-Capacity cDNA Reverse Transcription Kit (Vazyme, Nanjing, China) was used to reverse transcribe normalized RNA. The SYBR Premix EX Taq Kit (Takara, Dalian, China) was used for quantitative real-time polymerase chain reaction (qRT-PCR) with the ABI Prism 7900HT Real-Time System (Applied Biosystems Inc., Foster City, CA, USA). The same amount of total RNA (1000 ng) per sample was used to generate cDNA and assume that synthesized cDNA amount will be similar among samples. The relative gene expression levels were calculated by relative quantification (2−ΔΔCt) [15], which was expressed as ratios relative to U6 rRNA. The experiments were conducted three times. Suppl. Table S1 contains the qRT-PCR sequences.

Confocal microscopy analysis

Various therapies were administered to HPMECs and transfected with an adenovirus that expressed green fluorescent protein (GFP)-LC3. Following 48 h of transfection, the cells were immobilized at ambient temperature using 4% paraformaldehyde for a duration of 20 min. Subsequently, they were rinsed three times with PBS, placed on glass slides, and the laser scanning confocal microscope was used for the examination (Zeiss, Tokyo, Japan).

Dual luciferase reporter assay

TargetScan (www.targetscan.org) was used to predict the potential miRNA targeting Beclin-1. The firefly luciferase reporter gene was inserted into the vector pGL3 along with either the amplified Beclin-1 fragment 3′-UTR or the mutated 3′-UTR. HEK293T cells were transfected with either the wild type (WT) 3′-UTR or mutant type (MT) plasmid of Beclin-1, along with the miR-30a-5p mimic. Following a 48-h transfection, the luciferase reporter assay kit (Promega, Madison, WI, USA) was employed to detect luciferase activity.

Statistical analysis

Statistical analyses were carried out with GraphPad Prism 8.0 (GraphPad Inc., San Diego, CA, USA). The mean ± SD was used to express the experimental data. The datasets were compared with the Student’s t-test and one-way analysis of variance (ANOVA). Statistical significance was indicated by p values less than 0.05.

Results

Cellular damage in HPMECs caused by LPS stimulation

Gram-negative bacteria contain LPS as an essential element in their outer membrane. It activates EC injury and associated syndromes. In the laboratory setting, LPS induces modifications in various functions of ECs, including changes in cell survival and programmed cell death, secretion of malondialdehyde (MDA), and production of tumor necrosis factor-alpha (TNF-α) and interleukin (IL-) 6 [16,17].

To assess the impact of LPS on HPMECs, we employed CCK-8 cell viability and EdU assays to investigate the proliferation of HPMECs cells stimulated by LPS. The viability and proliferation of HPMECs were significantly reduced by treated 10 μg/mL LPS in comparison to the untreated control group, as indicated by the results obtained (Fig. 1A left & middle and Fig. 1B). To visually assess the cytotoxicity on HPMECs, the Calcein-AM staining technique was utilized to distinguish between viable cells (appearing green) and dead cells stained with PI (appearing red). Consistently, the administration of LPS led to increased cell death (Fig. 1C), quantitative statistics on fluorescence intensity are shown in Fig. 1A-right. Therefore, LPS can induced cell damage in HPMECs.
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Figure 1: The viability and proliferation of LPS-treated HPMECs. (A) (left) A CCK-8 assay was used to analyze the effect of LPS on the viability of HPMECs, n = 6. (A) (middle) & (B) EdU analysis of cell proliferation following LPS treatment. All scale bars indicate 100 μm, n = 3. (A) (right) & (C) Calcein-AM and PI staining images in HPMECs after LPS treatment. All scale bars indicate 200 μm, n = 3. ***p < 0.001 vs. the control. All data are representative of three independent experiments. LPS, lipopolysaccharide; HPMEC, human pulmonary microvascular endothelial cell; EdU, 5-ethynyl-2′-deoxyuridine; AM, acetoxymethylester; PI, propidium iodide; DAPI, 4′,6-diamidino-2-phenylindole.

MiR-30a-5p offered defense against cellular harm caused by LPS

Several scientists have documented that stimulation with LPS can induce alterations in the cellular expression of miRNAs. Here, we aimed to precisely target the most significantly altered miRNAs. For this purpose, miRNA detecting was performed using HPMECs treated with LPS. This hierarchical cluster analysis conducted through qRT-PCR revealed various differences in the miRNA profiles after LPS treatment. In cells treated with LPS, we noticed a notable growth in miRNAs compared to the control group. Out of the 42 miRNAs analyzed, miR-30a-5p exhibited the most notable decrease in expression in HPMECs after LPS treatment (Fig. 2A). A limited number of reports suggest that certain miRNAs regulate autophagy and apoptosis. Confirmed among them is the regulatory role of miR30a. Consequently, our curiosity was piqued by the investigation of miR-30a-5p.
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Figure 2: The damage caused by LPS is mitigated by miR-30a-5p. (A) Hierarchical cluster analysis of miRNA expression profiles in HPMECs treated with LPS, n = 3. (B) Cell viability was assessed using the CCK-8 assay, n = 6. (C) Cell proliferation was measured using an EdU assay. All scale bars indicate 100 μm, n = 3. (D) Calcein-AM and PI staining images in HPMECs after different treatments. All scale bars indicate 200 μm, n = 3. ***p < 0.001 vs. LPS+NC. All data are representative of three independent experiments. LPS, lipopolysaccharide; HPMEC, human pulmonary microvascular endothelial cell; EdU, 5-ethynyl-2′-deoxyuridine; AM, acetoxymethylester; PI, propidium iodide; DAPI, 4′,6-diamidino-2-phenylindole; NC, miR-30a-5p nonspecific control.

To assess the impact of miR-30a-5p on LPS-induced damage in HPMECs, we investigated the cellular proliferation of LPS-transfected cells treated with miR-30a-5p mimics or the non-specific control (NC) mimic using CCK-8 and EdU assays. In comparison to the NC group, the transfection of miR-30a-5p mimetics led to heightened activity and proliferation of HPMEC subjected to LPS, whereas the transfection of inhibitor mimetics caused a notable decline in cell viability subsequent to LPS treatment. Nevertheless, there were no noticeable alterations in cell viability or growth, regardless of the presence or absence of the NC control (Fig. 2B, Suppl. Fig. S2 and Fig. 2C). Furthermore, the LPS+miR-30a-5p mimic group exhibited reduced cell mortality as evidenced by Calcein-AM and PI staining (Fig. 2D). Therefore, the expression of miR-30a-5p can offer defense against cell damage induced by LPS.

LPS increases cell damage by activating autophagy in HPMECs

Previous research indicated that LPS has the ability to engage with immune cells, resulting in heightened secretion of inflammatory agents and factors that promote apoptosis, ultimately culminating in autophagy [18], which is the main reason for cell damage. In this way, HPMECs were stimulated by treatment with LPS to create an in vitro model of sepsis. The entire cellular protein was analyzed to quantify autophagy-associated proteins, including p62, Beclin-1, Atg3, and LC3-II buildup. As shown in Fig. 3A, the introduction of LPS led to a notable reduction in the p62 quantity and a rise in the quantities of Beclin-1 and Atg3, along with the buildup of LC3-II in HPMECs. Analysis using confocal microscopy, after LC3 fluorescence staining, demonstrated a rise in the quantity of autophagosomes in HPMECs after being exposed to LPS (Fig. 3B). The findings indicated that autophagy induced by LPS resulted in heightened cellular harm in HPMECs.
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Figure 3: LPS-induced autophagy in HPMECs. (A) p62, Beclin-1, and Atg3 protein levels and LC3-II accumulation after treatment with/without LPS as determined using Western blotting analysis, n = 3. (B) LC3 fluorescence was determined using confocal microscopy analysis. Autophagosomes appear as green dots. All scale bars indicate 10 μm, n = 3. ***p < 0.001 vs. the control. All data are representative of three independent experiments. LPS, lipopolysaccharide; HPMEC, human pulmonary microvascular endothelial cell; p62, sequestosome 1; Atg3, autophagy related 3; LC3-1, cytoplasmic microtubule-associated protein 1A/1B-light chain 3; LC3-II, membrane bound, microtubule-associated protein 1A/1B-light chain 3; DAPI, 4′,6-diamidino-2-phenylindole; GFP, green fluorescent protein.

Autophagy regulation involves the participation of MiR-30a-5p

According to a prior investigation, miR-30a-5p effectively hinders the process of autophagy and is accountable for the decline in imatinib-triggered cell death in chronic myeloid leukemia cells through an autophagy-associated mechanism [19]. To examine if autophagy is induced in HPMECs due to decreased miR-30a-5p expression, HPMECs were transfected with the miR-30a-5p mimic, miR-30a-5p inhibitor, mimic NC, or inhibitor NC. A significant reduction in the levels of miR-30a-5p mRNA expression was noted in the group treated with the miR-30a-5p inhibitor, while an elevation was observed in the miR-30a-5p mimic group, thus confirming the successful establishment of the cellular model (Fig. 4A). In the miR-30a-5p inhibitor group, a significant rise was observed in LC3-II/I, Beclin-1, and Atg3 levels according to Western blotting analysis, in contrast to the inhibitor NC group. Additionally, there was a notable decrease in p62 levels. Furthermore, there was no notable distinction observed between the mimic NC and miR-30a-5p mimic group (Fig. 4B). LC3 fluorescence staining analysis with confocal microscopy also showed an increase in the quantity of autophagosomes in the miR-30a-5p inhibitor group when compared to the inhibitor NC group, but no such increase was observed in the mimic NC and miR-30a-5p mimic group (Fig. 4C). Based on the result, miR-30a-5p is involved in the regulation of autophagy in HPMECs.
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Figure 4: MiR-30a-5p regulates cell autophagy in HPMECs. HPMECs were transfected with miR-30a-5p mimic, miR-30a-5p inhibitor, or nonspecific controls, and then treated with LPS. (A) The efficiency of transfection was validated using qRT-PCR. ###p < 0.001 vs. mimic NC; ***p < 0.001 vs. inhibitor NC, n = 3. (B) Western blotting assessment of the levels of autophagy-related proteins. #p < 0.05, ##p < 0.01, ###p < 0.001 vs. mimic NC; ***p < 0.001 vs. inhibitor NC, n = 3. (C) LC3 fluorescence was determined using confocal microscopy analysis. Autophagosomes appear as green dots. All scale bars indicate 10 μm. ***p < 0.001 vs. inhibitor NC, n = 3. All data are representative of three independent experiments. LPS, lipopolysaccharide; HPMEC, human pulmonary microvascular endothelial cell; p62, sequestosome 1; Atg3, autophagy related 3; LC3-1, cytoplasmic microtubule-associated protein 1A/1B-light chain 3; LC3-II, membrane bound, microtubule-associated protein 1A/1B-light chain 3; DAPI, 4′,6-diamidino-2-phenylindole; GFP, green fluorescent protein; NC, nonspecific control.

During the treatment with LPS, autophagy is suppressed by MiR-30a-5p

In order to learn more about the functional role of miR-30a-5p in autophagy induced by LPS, the expression of autophagy markers was detected using Western blotting. This suggests that the up-regulation of miR-30a-5p in HPMECs treated with LPS can increase the levels of p62, decrease the amount of Beclin-1 and Atg3, and cause a reduction in the LC3-II/LC3I ratio. The illustration depicted in Fig. 5A. Likewise, upregulation of miR-30a-5p hindered the augmentation of autophagosomes in HPMECs treated with LPS (Fig. 5B). Nevertheless, there were no discrepancies observed in the levels of autophagy-associated proteins or the quantity of autophagosomes between the LPS group and the LPS+NC group. Both TargetScan (www.targetscan.org) (Fig. 6A) and prior research have demonstrated that miR-30a-5p has the ability to suppress autophagy by targeting Beclin-1. The luciferase reporter assays (Fig. 6B) further validated this information.
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Figure 5: MiR-30a-5p attenuates LPS-induced cell autophagy in HPMECs. HPMECs were transfected with miR-30a-5p mimic or nonspecific controls, and then treated with LPS. (A) Levels of autophagy markers (p62, Beclin-1, and Atg3) and the LC3II/LC3I ratio) in different groups were determined using Western blotting analysis, n = 3. (B) Confocal microscopy analysis of LC3 fluorescence. Autophagosomes appear as green dots. All scale bars indicate 10 μm, n = 3. ***p < 0.001 vs. non-specific control. All data are representative of three independent experiments. LPS, lipopolysaccharide; HPMEC, human pulmonary microvascular endothelial cell; p62, sequestosome 1; Atg3, autophagy related 3; LC3-1, cytoplasmic microtubule-associated protein 1A/1B-light chain 3; LC3-II, membrane bound, microtubule-associated protein 1A/1B-light chain 3; DAPI, 4′,6-diamidino-2-phenylindole; GFP, green fluorescent protein; NC, nonspecific control.
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Figure 6: Beclin-1 is a target gene of miR-30a-5p. (A) Result of TargetScan (www.targetscan.org). (B) Result of luciferase reporter assay. N = 3, ***p < 0.001. WT, wild-type; Mut, mutated; NC, nonspecific control.

Discussion

Organ dysfunction can result from severe sepsis, with injury to ECs being a common cause. When stimulated or injured, ECs will start autophagy in order to preserve cellular metabolism and balance. In the presence of oxidative stress and exposure to toxins, this procedure enhances the viability of cells [4,20]. In general, this stimulated autophagy provides benefits. However, excessive autophagy resulting from a persistent or strong stimulus can lead to cell death and apoptosis, which often proves deleterious. Therefore, regulating autophagy could become a new strategy to treat ECs injury. LPS is a factor that promotes inflammation [21]. It directly induces apoptosis and multiple endothelial responses, and triggers ECs injury [22]. Apoptosis was triggered by LPS in various kinds of ECs, for example HUVEC, HPMEC and normal human microvascular ECs [23]. In our study, we discovered that the introduction of miR-30a-5p through transfection resulted in a notable decrease in the rise of HPMECs apoptosis induced by LPS, as well as a reduction in cell viability and proliferation.

Autophagy is a complex and essential self-protection mechanism for cells. It plays a dual role in the regulation of apoptosis, encompassing both excessive and low levels. Autophagy induced by LPS not only aids in removing pathogens, but also mitigates cellular harm caused by the toxin. It consists of several successive steps, each with a distinct role, such as sequestering, lysosomal transport, degrading and using degraded products. Autophagy in mammalian cells is primarily controlled by proteins known as autophagy-related proteins (Atgs). Atgs, critical proteins responsible for the movement of LC3 towards the isolation membrane [24], are essential in autophagy initiation, autophagosome formation, elongation, maturation, and degradation processes [25]. In the early stages of autophagosome formation, Atg3 acts as an E2-like enzyme. The enzyme facilitates the creation of the Atg8-phosphatidylethanolamine (Atg8-PE) compound, which is essential for the process of autophagy to take place [26]. Autophagy is also tightly regulated by LC3. Activation of autophagic mechanisms may be indicated by alterations in LC3-II or the ratio of LC3-II/LC3-I [27,28]. LC3 is a specific marker of cellular autophagy. Type I (LC3-I, cytoplasmic) and Type II (LC3-II, autophagolysosome membrane) can be distinguished [29]. During the process of autophagy, LC3 undergoes a transformation into soluble LC3-I within the cytoplasm. Subsequently, the autophagy-associated protein Atg7 identifies and triggers the activation of LC3-I, leading to its modification through ubiquitination and resulting in the formation of LC3-II. The quantity of autophagosomes corresponds to the amount of LC3-II. LC3-II is also a frequently-used indicator of autophagy intensity, as it is expressed during the late stages of autophagy [18]. A high proportion of LC3-II/LC3-I suggests a significant amount of autophagosomes can generated through the conversion of LC3-I to LC3-II. P62 serves as a substrate for autophagic degradation and plays a vital role as an indicator, with its expression levels showing an inverse correlation to autophagy levels. To ascertain whether LPS leads to excessive autophagy in HPMECs, we measured autophagy-related protein levels, LC3-II accumulation and autophagosome number. The findings from all these experiments suggested that LPS induced cellular harm through the activation of excessive autophagy, aligning with a prior study [30].

The involvement of miR-30a is essential during autophagy and it controls the expression of different genes associated with autophagy. MiR-30a downregulated Atg5, which suppressed autophagy and reduced fibrosis in airway remodeling in asthma model [31]. MiR-30a-5p reduced A549 injury and lung injury in a model of acute lung inflammation by targeting and controlling the mRNA that encodes human runt-associated transcription factor 2 [32]. SMAD family member 4 (Smad4) is essential to regulate autophagy activation. According to the findings from gene software analysis and the dual luciferase assay, it is indicated that miR-30a has the ability to target and suppress the expression of Smad4 in cell lines of ovarian carcinoma. Additionally, the involvement of the TGF-β/Smad signaling pathway in regulating autophagy inhibited by miR-30a is suggested [33]. Furthermore, Beclin-1 plays a crucial part in vital cancer-related biological processes. Some of these factors comprise of cellular growth, infiltration, spread, and self-degradation [12,34,35]. In a study by Zhang et al. [36], it was found that mice subjected to a high-fat diet exhibited notably reduced levels of autophagy in endothelial cells. The reason for this was the inhibition of Beclin-1 levels by miR-30. In a mouse model of cyclical intermittent hypoxia (CIH), the upregulation of miR-30a’s complementary strand resulted in a notable elevation in Beclin-1 concentrations. Consequently, this led to enhanced autophagy of endothelial cells both in vitro and in vivo, ultimately enhancing ECs viability and resilience against CIH [37]. The administration of LPS in our research led to a decrease in the expression of miR-30a-5p in HPMECs. Inhibition of excessive autophagy by restoring miR-30a-5p levels may protect against LPS-induced cell damage, preventing mortality and promoting viability and proliferation. This indicates that miR-30a-5p has the potential to alleviate injury in HPMECs caused by LPS-induced excessive autophagy. Likewise, restoration of miR-30a-5p levels in HPMECs hindered the LPS-triggered augmentation in autophagy, encompassing the manifestation of diverse autophagic markers and the quantity of autophagosomes. Furthermore, we employed TargetScan and luciferase reporter assays to confirm that miR-30a-5p mitigates LPS-induced HPMEC injury by regulating autophagy through its interaction with Beclin-1.

Conclusion

In conclusion, our study showed that the anti-apoptotic activity of miR-30a-5p safeguards HPMECs from injury induced by LPS. Our findings indicate that miR-30a-5p shows potential as a viable option for addressing sepsis-related harm to the ECs. Nevertheless, the current study is limited by its failure to detect the formation of autophagosomes. Further investigation is needed to confirm the relationship between miR-30a-5p and autophagy in HPMECs exposed to LPS.
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Figure S1: The viability of LPS-treated HPMECs. CCK-8 assay was used to analyze the effect of LPS on the viability of HPMECs. N = 6, ***p < 0.001 vs. the control (0 μg/mL LPS). All data are representative of three independent experiments. LPS, lipopolysaccharide.
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Figure S2: The viability of LPS-treated HPMECs after transfection. Cell viability was assessed with the CCK-8 assay. N = 6, ***p < 0.001 vs. LPS+NC. All data are representative of three independent experiments. LPS, lipopolysaccharide; HPMEC, human pulmonary microvascular endothelial cell; NC, inhibitor nonspecific control; inhibitor, miR-30a-5p inhibitor.
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AGTGTCCAATTTCCCAGAGTCCCT
AGTGTTCAATCCCAGAGTCCCT
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GCTCTTTTCACATTGTGCTACT
TACCACAGGGTAGAACCACGG
GTCCAGTTTTCCCAGGAATCCCT
GGATATCATCATATACTGTAAG
GTGTTTGGTAATACACGACGAT
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TAGCAGCACGTAAATATTGGCG
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TCACACTCAAGATGGTAACGGTTT
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CGGTTATAAAGACACGACGAT
TAAAGTGCTTATAGTGCAGGTAG
CTTTGGGTCGTCTGTTACATCGA
TGGGTCATCGGTCTACATCGA
TGTCAGTTTGTCAAATACCCCA
TGGCTCAGTTCAGCAGGAACAG
AGTCTGGCTCTGTTCACGTTAC
TTCAAGTAATCCAGGATAGGCT
ACTGATTTCTTTTGGTGTTCAG
TGTAAACATCCTCGACTGGAAG
ACGTTGAATCATTACACGTTAT
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TTATAAAGCAATGAGACTGATT
AATCCTTGGAACCTAGGTGTGAGT
ATGTCTACCTATGGCACGTTAA
AGTGGTAACGATTTCACGTTAA
AATAATACATGGTTGATCTTT
AATATAACACAGATGGCCTGT
AAGTTTTGTACTTAACGACGAC
TATGTGCCTTTGGACTACATCG
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