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A B S T R A C T   

Aims: Previous studies have demonstrated a significant upregulation of Integrin Beta 1 (ITGB1) in 
Telocytes. This study aims to explore the roles and underlying mechanisms of ITGB1 in inflam
mation and oxidative stress following Lipo-polysaccharide (LPS) administration in Telocytes. 
Methods: We observed an increase in reactive oxygen species (ROS) production, accompanied by a 
reduction in ITGB1 levels post-LPS treatment. 
Results: Notably, inhibiting ROS synthesis markedly reduced LPS-induced ITGB1 expression. 
Additionally, ectopic ITGB1 expression mitigated LPS-induced inflammation and oxidative stress, 
evident through decreased levels of pro-inflammatory markers such as Tumor Necrosis Factor- 
alpha (TNF-α), Interleukin (IL)-1β, IL-6, and Monocyte Chemoattractant Protein (MCP)-1. 
Depletion of endothelial Yes-Associated Protein 1 (YAP1) notably diminished the levels of in
flammatory markers and ROS production. Furthermore, exosomes secreted by ITGB1-modified 
Telocytes promoted Human Umbilical Vein Endothelial Cells (HUVECs) proliferation and 
inhibited apoptosis. In vivo experiments revealed that exosomes from ITGB1-modified Telocytes 
modulated functional and structural changes, as well as inflammatory responses in Acute Lung 
Injury (ALI). 
Conclusion: These findings highlight the critical role of the YAP1/ROS axis in LPS-induced 
Telocyte injuries, underlining the therapeutic potential of targeting ITGB1 for mitigating 
inflammation and oxidative stress in these cells.   

1. Introduction 

Acute Lung Injury (ALI), characterized by the exudation of protein-rich inflammatory fluid, infiltration of inflammatory cells, and 
lung tissue hemorrhage, leads to damage alveolar epithelial and capillary endothelial cells [1–3]. When the alveolar oxygen partial 
pressure to inhaled oxygen fraction (PaO2/F1O2) ratio falls below 300, ALI progresses to acute respiratory distress syndrome (ARDS), 
which still has a mortality rate exceeding 50% due to the complex molecular mechanisms and a lack of effective therapies [2,4]. 
Despite significant advancements, the annual mortality rate of ALI/ARDS remains high [5,6], underscoring the need for new 
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therapeutic strategies and the exploration of potential combination therapies. 
Telocytes (TCs), a unique type of stromal cell with extensive telopodes (Tps) [7,8], have been identified in various organs, including 

the lungs, heart, spleen, skin, and reproductive system [9–11]. TCs engage in extensive crosstalk with neighboring tissues and cells, 
suggesting their involvement in multiple biological functions [12,12,13,13]. Prior studies have highlighted distinct gene expression 
profiles in pulmonary TCs compared to other local cell types, indicating unique biological properties and behaviors [14,15]. TCs form 
three-dimensional network structures through Tps to contact with the homocytic or heterocytic cells, transmitting signaling molecules 
through pre-secretion and/or para-secretion, which enter the vascular, neural and endocrine systems through the growth and shedding 
of vesicles [16]. Thus, TCs can protect tissue from acute injury via cell–cell communication. Integrin Beta 1 (ITGB1), a subunit of 
integrins, is a critical factor for extracellular matrix (ECM)-receptor interaction and focal adhesion and involved in the regulation of 
various signaling pathways including FAK signaling, Wnt/β-catenin, and Hippo pathways, and has been associated with inflammatory 
responses in renal ischemia/reperfusion injury [17–20]. These findings suggest a potential protective role for ITGB1 in ALI. 

This study aims to elucidate the functional role of ITGB1 in TCs and in tissue repair. We assessed ITGB1 expression in TCs treated 
with LPS or N-Acetylcysteine (NAC) and investigated the anti-inflammatory and antioxidative effects of ITGB1, including the un
derlying molecular mechanisms in vitro. Additionally, we explored the protective effects of exosomes from ITGB1-modified TCs in 
HUVECs post-LPS treatment. 

2. Materials and methods 

2.1. Cell culture and treatment 

Murine pulmonary Telocytes (TCs) were isolated and characterized as previously described [9]. The HUVEC cell lines were ob
tained from Cell Bank of the Chinese Academy of Sciences (Shanghai, China). All cells were cultured in DMEM (GIBCO, USA), sup
plemented with 10% FBS and 100 U/ml penicillin/100 μg/mL streptomycin (Sigma-Aldrich, St. Louis, MO, USA), in a humidified 
environment of 37 ◦C and 5% CO2. For Lipopolysaccharide (LPS) treatment, cells were exposed to LPS concentrations of 1, 2, 4, 8, and 
16 μg/ml for 24 h. We observed that the protein expression level of ITGB1 decreased most significantly when the LPS concentration 
reached 8 μg/ml, so we chose 8 μg/ml LPS for subsequent experiments. 8 μg/ml LPS was used for durations of 6, 12, 24, and 48 h. A 
sterile saline solution served as the control. Post-incubation, analyses were conducted on cell apoptosis, ROS levels, tube formation 
assay, and protein expression were analyzed. The levels of IL-6, TNF-α, MCP, IL-1β, and VEGF in the culture medium were measured. 

2.2. RNA extraction and quantitative real-time PCR (qPCR) 

Total RNA from cultured cells and mouse kidneys was extracted using Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s instructions. 500 ng of total RNA from each sample was reverse-transcribed into cDNA using the PrimeScript RT 
reagent kit (Takara, China). qPCR to measure gene expression was performed using SYBR Green I Master Mix (Takara) on an Applied 
Biosystems 7500 Real-time PCR System (Applied Biosystems; Foster City, CA, USA). The primer sequences used were as follows: ITGB1 
forward primer: GTCTTGGAACGGATTTGATGA and reverse: TTTGCTGGGGTTGTGCTAAT; GAPDH forward: CGGAGTCAACG
GATTTGGTCGTAT and reverse: AGCCTTCTCCATGGTGGTGAAGAC. GAPDH served as the internal control. 

2.3. Animal model 

All animal studies were conducted in accordance with the national guide for the care and use of laboratory animals, with ethical 
approval from the Institutional Review Board of the Department of Laboratory Animal, Shanghai ZY (Permit No. SHZY-202105143). 
The acute lung injury model was performed as previously described [9]. Mice were randomly divided into four groups: PBS-treated 
(VV), 2 μg/kg LPS-treated (VA), 2 μg/kg LPS plus EXO-Vector (300 μg of total protein in 50 μL), and 2 μg/kg LPS plus EXO-ITGB1 
(300 μg of total protein in 50 μL). Exosomes were intraperitoneally injected for 24 h, followed by LPS administration. All mice 
were euthanized using an overdose of pentobarbital. 

2.4. Plasmid construction and cell transfection 

The full-length cDNA of the ITGB1 gene was PCR-amplified from TCs and cloned into the pCDH-CMV-MCS-EF1-Puro lentiviral 
vector (System Biosciences, Mountain View, CA, USA). The plasmids were confirmed by sequencing. Lentiviruses carrying ITGB1 were 
produced in HEK293T cells co-transfected with pCDH-ITGB1, pMD2. G, and pSPAX.2 plasmids using Lipofectamine 3000 (Invitrogen). 
Viral supernatant was collected after 48 h and transduced into TCs with 4 μg/ml polybrene (Sigma-Aldrich). TCs were selected using 2 
μg/ml puromycin (Sigma-Aldrich) for 48 h. 

2.5. Apoptosis analysis 

Following the aforementioned treatments, cells were harvested, washed with PBS, and stained with an Annexin V-FITC/PI 
apoptosis detection kit (Invitrogen). After 15-min incubation in darkness, samples were analyzed using flow cytometry (Becton 
Dickinson, NJ, USA). 
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2.6. Tube formation assay 

TCs, with or without ITGB1 overexpression, were treated with 8 μg/ml LPS for 24 h. Following a wash with PBS and a subsequent 
refresh with serum-free culture medium, the supernatant was harvested for tube formation assays. 200 μl of Matrigel (BD Biosciences) 
was plated in a 6-well plate and incubated at 37 ◦C for 1 h to pre-solidify. Then, HUVECs (3 × 105) were resuspended in the above 
medium, and capillary-like structure formation was monitored under a light microscope (100×) 6 h later. The branch points of the 
tubes were quantified by randomly selecting five fields per well. 

2.7. Isolation and characterization of exosomes from TCs 

Exosomes isolated from TCs or ITGB1-modified TCs, referred to as EXO-Vector and EXO-ITGB1, respectively, were extracted from 
cell culture media using Total Exosome Isolation Reagent (ThermoFisher) following the manufacturer’s instructions. Exosomes were 
characterized by TEM and Western blotting, as previously described [21]. 

2.8. Enzyme-linked immunosorbent assay 

Levels of IL-6, IL-1β, MCP-1, TNF-α, and VEGF in the cell supernatant were assessed using respective ELISA Kits (Invitrogen) ac
cording to the manufacturer’s protocols. 

2.9. Reactive oxygen species (ROS) staining 

Intracellular ROS levels were measured using 2,7-dichlorofluorescein diacetate (DCFH-DA, Sigma, USA) following a previous 
method [22]. Briefly, after a 24-h treatment, cells were incubated with serum-free media containing 10 μM DCFH-DA probe at 37 ◦C in 
darkness for 30 min. DCFH-DA fluorescence intensity was determined using a fluorescence microscope and quantified by ImageJ 
software (version 1.48v, NIH, Bethesda, MD). 

2.10. Western blot analysis 

Cells were lysed in RIPA lysis buffer (Cell Signaling Technology, Danvers, MA, USA) with a Protease/Phosphatase Inhibitor Cocktail 
(Cell Signaling Technology). Protein concentrations were quantified using a BCA kit (Thermo Scientific). Equal amounts of protein 
were separated on 10% SDS-PAGE gels and transferred to PVDF membranes. After blocking, membranes were incubated with primary 
antibodies: anti-ITGB1 (cat: 26918-1-AP, Proteintech Group, Inc, IL, USA), anti-YAP1 (cat: 4912, Cell Signaling Technology), anti- 
phospho-YAP1 (Ser127) (cat: 4911, Cell Signaling Technology), and anti-GAPDH (cat: CW0100, Cwbiotech, China). Immunoreac
tive bands were visualized using the Pierce™ ECL Plus Western Blotting Substrate (Thermo Scientific™) and quantified with ImageJ 
software. 

Fig. 1. Downregulation of ITGB1 Expression in TCs Treated with LPS, (A) Real-time qPCR analysis of ITGB1 expression in TCs treated with varying 
LPS concentrations (left) for 24 h and different time points (right), (B) Protein expression of ITGB1 in TCs under similar conditions, (C) ROS 
production in TCs with or without 8 μg/ml LPS, (D) Apoptosis levels in TCs post-LPS treatment. **p < 0.01 indicates significant differences. 
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Fig. 2. ITGB1 Modulation of Inflammation, ROS, and VEGF in TCs, (A–B) Western blot analysis of ITGB1 overexpression efficiency in TCs, with or 
without LPS treatment, (C) Immunofluorescence staining for CD34 (red) and vimentin (green), with DAPI (blue) for nuclear staining. Magnification: 
400×, scale bar: 50 μm, (D–E) qRT-PCR and ELISA analysis of IL-1β, IL-6, TNF-α, and MCP-1 expression, (F) qRT-PCR and ELISA for VEGF levels in 
TCs culture supernatants after ITGB1 overexpression, (G) Intracellular ROS levels in TCs following ITGB1 overexpression with/without LPS 
treatment. **p < 0.01 signifies statistical significance. 
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Fig. 3. Essential Role of YAP1 in ITGB1-Regulated Inflammatory and ROS Response to LPS, (A) YAP1 protein expression post-ITGB1 overexpression 
assessed via real-time PCR and Western blot, (B) Immunostaining of YAP1 in TCs after ITGB1 overexpression. Magnification: 400×, scale bar: 50 μm, 
(C) Correlation analysis between ITGB1 and YAP1 based on GTEx and TCGA databases, (D) Western blot analysis of ITGB1, total YAP1, and 
phosphorylated YAP1 in TCs with ITGB1 overexpression and YAP1 knockdown, (E–F) qRT-PCR and ELISA for IL-1β, TNF-α, IL-6, MCP-1, and VEGF 
levels in TCs with ITGB1 overexpression and siYAP1 transfection, with or without LPS treatment, (G) Intracellular ROS levels in similar experimental 
conditions. **p < 0.01 indicates significant differences. 
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2.11. Statistical analysis 

Data are presented as mean ± SD (standard deviation). Two-group comparisons were performed using paired or unpaired Student’s 
t-test, while multiple group comparisons were analyzed using one-way ANOVA followed by Tukey’s post hoc test. Statistical analyses 
were conducted using GraphPad Prism (version 5.0; GraphPad Software, Inc.). Each experiment was repeated three times. P < 0.05 
was considered statistically significant. 

3. Results 

3.1. Expression of ITGB1 in LPS-induced TCs 

Our previous research identified high expression levels of ITGB1 in mouse lung TCs, suggesting a role in tissue repair and recovery 

Fig. 4. NAC Reverses LPS-Induced Effects in TCs, TCs were incubated with 5 mM NAC (a ROS scavenger) for 24 h before adding 8 μg/ml LPS, (A) 
ITGB1 mRNA expression in TCs under specified conditions, (B) ITGB1 and YAP1 protein levels in TCs, (C–G) ELISA for inflammatory factors:IL-1β, 
TNF-α, IL-6, MCP-1 and VEGF levels in TCs culture supernatants, (H) ROS production in TCs culture supernatants. **p < 0.01 compared to the blank 
group; #p < 0.05 compared to the LPS group. 
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post-injury [23]. To investigate ITGB1’s role in stress-induced injury, we examined its expression in LPS-treated TCs. Fig. 1A shows 
that LPS treatment did not alter ITGB1 mRNA levels in TCs. However, ITGB1 protein levels decreased at 4 μg/ml LPS and were most 
reduced at 8 μg/ml LPS (Fig. 1B). Subsequent experiments used 8 μg/ml LPS. Given the known role of ROS in LPS-induced inflam
mation, we measured ROS production in TCs post-LPS treatment. Fig. 1C reveals significantly upregulated ROS levels following LPS 
exposure. Flow cytometry indicated a notable increase in TC apoptosis after LPS treatment (Fig. 1D), suggesting that LPS reduces 
ITGB1 expression and induces cell apoptosis. 

3.2. Overexpression of ITGB1 protects TCs from LPS-induced injury 

Western blot analysis confirmed the efficacy of ITGB1 overexpression in TCs, even post-LPS treatment (Fig. 2A and B). Immuno
fluorescence cytochemistry verified TC markers, CD34 and vimentin (Fig. 2C). We observed no significant difference in inflammatory 
factors or VEGF at the mRNA and secretion levels without LPS treatment (Fig. 2D–F). Similarly, ROS production showed no statistically 
significant change (Fig. 2G). Interestingly, ITGB1 overexpression reversed the LPS-induced increase in inflammatory factors (IL-1β, IL- 
6, TNF-α, MCP-1) at both mRNA and secretion levels (Fig. 2D and E). LPS inhibited VEGF expression, while ITGB1 overexpression had 
the opposite effect (Fig. 2F). Additionally, ITGB1 overexpression negated LPS-induced ROS production (Fig. 2G), indicating ITGB1’s 
role in tissue repair under pathological conditions. 

3.3. YAP1 is essential for ITGB1-regulated ROS 

There are mounting pieces of evidence highlighting the eminence of Hippo pathway-YAP/TAZ in organ size control, tissue 
regeneration, and self-renewal [24]. Considering the significance of the Hippo pathway-YAP/TAZ in tissue regeneration, we examined 
the modulation of YAP1 expression by ITGB1. Fig. 3A shows no significant change in YAP1 mRNA levels between vector and ITGB1 
overexpression, under normal or LPS-treated conditions (data not shown). However, LPS treatment significantly reduced YAP1 protein 
levels. Confocal microscopy revealed increased YAP1 in TCs following ITGB1 overexpression (Fig. 3B). The GEPIA database analysis 
demonstrated a positive correlation between ITGB1 and YAP1 expression in normal lung tissues, tissues adjacent to lung cancer, and 
lung cancer tissues (Fig. 3C). ITGB1 overexpression counteracted LPS-induced YAP1 and phosphorylated YAP1 inhibition (Fig. 3D). 
Silencing YAP1 partly negated the inhibitory effects of ITGB1 overexpression on inflammatory factors (IL-1β, IL-6, TNF-α, MCP-1) and 
VEGF expression, both at mRNA and secretion levels (Fig. 3E and F), as well as ROS production (Fig. 3G). These findings suggest that 
YAP1 activation is necessary for ITGB1-regulated inflammatory response and oxidative stress. 

3.4. NAC mitigates LPS-induced TC injuries 

We investigated whether ROS affects ITGB1 expression and inflammatory factor release. Following LPS treatment, TCs were treated 
with NAC (a ROS scavenger). No notable change in ITGB1 mRNA levels was observed in TCs, regardless of LPS or NAC treatment 
(Fig. 4A). NAC effectively mitigated ITGB1 and p-YAP1 inhibition post-LPS treatment (Fig. 4B). NAC treatment significantly decreased 
IL-1β, IL-6, TNF-α, and MCP-1 following LPS treatment, while remarkably increasing VEGF expression (Fig. 4C–G). ROS release 
decreased, confirming NAC’s efficacy (Fig. 4H). These results suggest that ROS is upstream of ITGB1 and involved in ITGB1-mediated 
YAP1 activation and inflammatory factor release. 

Fig. 5. Characterization of Exosomes Derived from TCs, (A) Transmission electron microscopy images of exosomes. Scale bar: 200 nm, (B) 
Nanoparticle Tracking Analysis (NTA) for exosome particle size, (C) Western blot analysis for exosomal markers CD9 and CD63. 
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3.5. Extraction and characterization of exosomes from TCs 

Previous reports indicated that TCs possess long extensions and bead-like portions, facilitating cellular connections [25,26]. TEM 
analysis showed round-shaped exosomes with diameters ranging from 60 to 700 nm (Fig. 5A and B), and Western blotting confirmed 

Fig. 6. Protective Effects of EXO-ITGB1 on HUVECs Against LPS-Induced Injury In Vitro, (A) Cell viability of HUVECs post-LPS treatment and 
incubation with EXO-ITGB1, (B) Flow cytometry analysis of HUVECs post-LPS treatment and incubation with EXO-ITGB1, (C) Tube formation assay 
in HUVECs post-LPS treatment and incubation with EXO-ITGB1, (D) Transwell cell migration assay in HUVECs post-LPS treatment and incubation 
with EXO-ITGB1. **p < 0.01 compared to the vector group; #p < 0.05 compared to the vector with LPS treatment group. 
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Fig. 7. Therapeutic Effects of EXO-ITGB1 in LPS-Induced Acute Lung Injury, (A) Histological images of lungs from mice intraperitoneally injected 
with vehicle (VV), LPS-induced ALI with vehicle (VA), EXO-Vector, or EXO-ITGB1, stained with H&E, (B) Histological lung injury scores for each 
group, (C) Double fluorescence immunohistochemistry for CD31 (red) and CD54 (green) with DAPI (blue) for nuclei. Endothelial cells are iden
tifiable as CD31+/CD54+ cells. Scale bar: 50 μm, (D–I) Measurement of leukocytes, neutrophils, total proteins, albumin, IL-1β, and IL-6 levels in 
bronchoalveolar lavage fluid at 24 h **p < 0.01 compared to vehicle-administered mice; #p < 0.05 compared to ALI mice administered with EXO- 
ITGB1 (n = 8/group). 
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exosomal surface markers CD9 and CD63 (Fig. 5C), indicating these particles were authentic exosomes. 

3.6. ITGB1 enhances HUVEC survival and angiogenesis post-LPS stimulation 

Increasing evidence has shown that exosomes play an important role in material and information exchange between cells [27]. 
Given the role of exosomes in cell-to-cell communication, we explored the protective effects of ITGB1-modified TC exosomes 
(EXO-ITGB1) on HUVECs. EXO-ITGB1 alleviated LPS-induced HUVEC survival inhibition (Fig. 6A) and significantly reduced apoptosis 
(Fig. 6B). Matrigel-based tube formation assays demonstrated that EXO-ITGB1 treatment enhanced HUVEC vessel-like tube formation 
compared to EXO-Vector treatment (Fig. 6C). Transwell migration assays showed increased HUVEC migration rates in the EXO-ITGB1 
group compared to the EXO-Vector group (Fig. 6D), indicating that EXO-ITGB1 offers significant cytoprotective effects and angiogenic 
potential. 

3.7. Local injection of EXO-ITGB1 alleviates inflammation in LPS-induced lung injury 

In vivo, EXO-ITGB1 remarkably repaired pathological features and lung interstitial inflammation in LPS-induced mice (Fig. 7A) and 
reduced lung injury scores (Fig. 7B). EXO-ITGB1 significantly attenuated LPS-induced lung endothelial cell injury (Fig. 7C) and 
reduced leukocyte recruitment, neutrophil infiltration, protein leakage, and over-production of IL-1β and IL-6 in bronchoalveolar 
lavage fluid (Fig. 7D–I). These findings highlight EXO-ITGB1’s therapeutic potential in ALI. 

4. Discussion 

Acute Lung Injury (ALI), a common respiratory complication often precipitated by acute and severe hypoxia, can progress into 
acute respiratory distress syndrome (ARDS) when inflammation becomes uncontrollable [4,6]. Hypoxia-induced excessive Reactive 
Oxygen Species (ROS) disrupt normal physiological structures and functions, exacerbating this condition [28,29]. Our prior studies 
have highlighted the role of Telocytes (TCs) in ameliorating LPS-induced inflammation and lung injury, with ITGB1 showing high 
expression in TCs [23]. This study further elucidates the complex interplay between Telocytes (TCs), Integrin Beta 1 (ITGB1), and the 
regulatory mechanisms underlying acute lung injury (ALI) and its progression to acute respiratory distress syndrome (ARDS). Our 
findings highlight the pivotal role of ITGB1 in modulating the inflammatory and oxidative stress responses in TCs following LPS 
treatment, and importantly, underscore the therapeutic potential of ITGB1-modified TC-derived exosomes in mitigating endothelial 
dysfunction in ALI [3,11]. 

Consistent with prior research, our study observed a significant reduction in ITGB1 protein levels post-LPS treatment, despite stable 
mRNA levels, suggesting post-transcriptional regulation mechanisms might be involved in ITGB1 degradation under oxidative stress 
conditions induced by LPS [23,28,29]. The increase in ROS production following LPS treatment and the protective effect of NAC in 
preventing ITGB1 degradation further supports the hypothesis that oxidative stress is a key factor in modulating ITGB1 expression and 
function in TCs. 

The beneficial effect of ITGB1 overexpression in reducing the release of inflammatory markers (IL-1β, IL-6, TNF-α, and MCP-1) and 
ROS in TCs underlines ITGB1’s role in the cellular defense mechanism against LPS-induced injury. These observations are in line with 
the increasing body of evidence suggesting that ITGB1 plays a crucial role in tissue repair processes, partly by modulating the in
flammatory response and oxidative stress [23,25]. Exosomes, as highlighted in our study, serve as critical mediators of intercellular 
communication, capable of transferring bioactive molecules such as proteins, lipids, RNA, and DNA between cells [27,30]. The for
mation of these nanoscale vesicles and their role in physiological and pathological processes, including tissue repair and inflammation, 
provides a novel insight into the mechanisms of disease progression and potential therapeutic strategies [31,32]. The inclusion of 
exosome-related findings in our discussion emphasizes their emerging significance in the context of ALI/ARDS, particularly as vehicles 
for delivering therapeutic agents like ITGB1-modified TC-derived exosomes to injured tissues. 

Yes-Associated Protein 1 (YAP1), a central effector of the Hippo pathway, is known for its regulatory role in organ development and 
tissue homeostasis, perceiving and communicating with the tissue environment [33,34]. Previous studies have linked YAP1 over
expression to various malignancies, correlating positively with proto-oncogenes such as KRAS, Wnt/β-catenin, and CTGF [24,35], 
influencing tumor progression through regulation of the tumor microenvironment. In our study, YAP1 also emerged as a regulatory 
molecule for ITGB1 under stress conditions, influencing the expression of inflammatory factors and ROS. Silencing YAP1 attenuated 
the inhibitory effects of ITGB1 on LPS-treated TCs, indicating ITGB1’s role in activating YAP1 phosphorylation to inhibit inflammatory 
factor and ROS production. 

The primary pathogenesis of ALI includes loss of alveolar-capillary membrane integrity and increased permeability of pulmonary 
capillary endothelial cells [4,22]. Endothelial cell apoptosis, triggered by inflammatory factors and hypoxia, jeopardizes vascular and 
alveolar epithelial cell integrity, impairing lung respiratory function [6]. Hence, pulmonary microvascular barrier dysfunction is a 
hallmark of ALI. TCs participate in various biological functions through cell-to-cell signaling, extracellular shedding vesicles, and 
paracrine molecules [12,25]. The investigation into the effects of EXO-ITGB1 on HUVECs presents a novel approach to addressing the 
endothelial dysfunction characteristic of ALI. By effectively negating LPS-induced inhibition of HUVEC function, EXO-ITGB1 not only 
demonstrates the therapeutic potential of ITGB1-modified TC-derived exosomes but also reinforces the critical role of the ITGB1/YAP1 
signaling axis in the repair and regeneration of lung tissue. 
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5. Conclusion 

In conclusion, our study provides compelling evidence that aberrant ITGB1 expression plays a crucial role in the pathogenesis of 
ALI, with ITGB1’s protective effects being modulated through the YAP1 signaling pathway (Fig. 8). The novel use of ITGB1-modified 
TC-derived exosomes as a therapeutic strategy offers promising insights into the treatment of ALI/ARDS. Future research should focus 
on further elucidating the molecular mechanisms underlying ITGB1 and YAP1’s effects on lung tissue repair and exploring the 
therapeutic potential of exosome-based interventions in clinical settings. 
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ALI Acute lung injury 
ARDS Acute respiratory distress syndrome 
EXO exosomes 
PaO2/FIO2 alveolar oxygen partial pressure/inhaled oxygen fraction 
TCs Telocytes 
Tps telopodes 
MSCs mesenchymal stem cells 
FBs fibroblasts 
ATII alveolar type II cells 
qPCR Quantitative Real-Time PCR 
BCA bicinchoninic acid assay 

Fig. 8. Proposed Model Illustrating the ITGB1-YAP1/ROS Axis in LPS-Induced Inflammatory Injury and ROS Release. This model shows that LPS- 
induced ROS decreases ITGB1 expression, affecting YAP1 expression. YAP1 decreases ROS release, creating a negative feedback loop with ROS 
attenuating ITGB1 expression. 
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HDMEC human dermal microvascular endothelial cell 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e27086. 

References 

[1] M. Briel, M. Meade, A. Mercat, R.G. Brower, D. Talmor, S.D. Walter, A.S. Slutsky, E. Pullenayegum, Q. Zhou, D. Cook, et al., Higher vs lower positive end- 
expiratory pressure in patients with acute lung injury and acute respiratory distress syndrome: systematic review and meta-analysis, JAMA 303 (2010) 865–873. 

[2] A.P. Wheeler, G.R. Bernard, Acute lung injury and the acute respiratory distress syndrome: a clinical review, Lancet 369 (2007) 1553–1564. 
[3] N. Kodaka, C. Nakano, T. Oshio, K. Watanabe, K. Niitsuma, C. Imaizumi, T. Hirouchi, Y. Yoshida, Y. Yamada, H. Matsuse, Waterproofing spray-associated lung 

injury review: differences between cases of early and delayed improvement of waterproofing spray-associated lung injury, J. Clin. Med. (2023) 12. 
[4] S.C. Ben, H. Hmouda, K. Bouraoui, Acute lung injury and acute respiratory distress syndrome, Lancet 370 (383) (2007) 384–385. 
[5] J. Villar, J. Blanco, J.M. Anon, A. Santos-Bouza, L. Blanch, A. Ambros, F. Gandia, D. Carriedo, F. Mosteiro, S. Basaldua, et al., The ALIEN study: incidence and 

outcome of acute respiratory distress syndrome in the era of lung protective ventilation, Intensive Care Med. 37 (2011) 1932–1941. 
[6] G. Bellani, J.G. Laffey, T. Pham, E. Fan, L. Brochard, A. Esteban, L. Gattinoni, F. van Haren, A. Larsson, D.F. McAuley, et al., Epidemiology, patterns of care, and 

mortality for patients with acute respiratory distress syndrome in intensive care units in 50 countries, JAMA 315 (2016) 788–800. 
[7] S.M. Cretoiu, L.M. Popescu, Telocytes revisited, Biomol. Concepts 5 (2014) 353–369. 
[8] P.M. Faussone, L.M. Popescu, Telocytes, Biomol. Concepts 2 (2011) 481–489. 
[9] D. Zhang, D. Song, L. Shi, X. Sun, Y. Zheng, Y. Zeng, X. Wang, Mechanisms of interactions between lung-origin telocytes and mesenchymal stem cells to treat 

experimental acute lung injury, Clin. Transl. Med. 10 (2020) e231. 
[10] D. Cretoiu, B.M. Radu, A. Banciu, D.D. Banciu, S.M. Cretoiu, Telocytes heterogeneity: from cellular morphology to functional evidence, Semin. Cell Dev. Biol. 64 

(2017) 26–39. 
[11] L.M. Popescu, E.T. Fertig, M. Gherghiceanu, Reaching out: junctions between cardiac telocytes and cardiac stem cells in culture, J. Cell Mol. Med. 20 (2016) 

370–380. 
[12] D. Cretoiu, J. Xu, J. Xiao, S.M. Cretoiu, Telocytes and their extracellular vesicles-evidence and hypotheses, Int. J. Mol. Sci. 17 (2016). 
[13] T.V. Sukhacheva, N.V. Nizyaeva, M.V. Samsonova, A.L. Cherniaev, A.A. Burov, M.V. Iurova, A.I. Shchegolev, R.A. Serov, G.T. Sukhikh, Morpho-functional 

changes of cardiac telocytes in isolated atrial amyloidosis in patients with atrial fibrillation, Sci. Rep. 11 (2021) 3563. 
[14] D. Song, D. Cretoiu, M. Zheng, M. Qian, M. Zhang, S.M. Cretoiu, L. Chen, H. Fang, L.M. Popescu, X. Wang, Comparison of Chromosome 4 gene expression profile 

between lung telocytes and other local cell types, J. Cell Mol. Med. 20 (2016) 71–80. 
[15] J. Wang, L. Ye, M. Jin, X. Wang, Global analyses of Chromosome 17 and 18 genes of lung telocytes compared with mesenchymal stem cells, fibroblasts, alveolar 

type II cells, airway epithelial cells, and lymphocytes, Biol. Direct 10 (2015) 9. 
[16] S. Babadag, B. Celebi-Saltik, A cellular regulator of the niche: telocyte, Tissue Barriers 11 (2023) 2131955. 
[17] K. Liu, L. Cheng, A. Flesken-Nikitin, L. Huang, A.Y. Nikitin, B.U. Pauli, Conditional knockout of fibronectin abrogates mouse mammary gland lobuloalveolar 

differentiation, Dev. Biol. 346 (2010) 11–24. 
[18] R. Chang, X. Xiao, Y. Fu, C. Zhang, X. Zhu, Y. Gao, ITGB1-DT facilitates lung adenocarcinoma progression via forming a positive feedback loop with ITGB1/Wnt/ 

beta-catenin/MYC, Front. Cell Dev. Biol. 9 (2021) 631259. 
[19] Y. Li, C. Sun, Y. Tan, H. Zhang, Y. Li, H. Zou, ITGB1 enhances the radioresistance of human non-small cell lung cancer cells by modulating the DNA damage 

response and YAP1-induced epithelial-mesenchymal transition, Int. J. Biol. Sci. 17 (2021) 635–650. 
[20] F. Chen, Y. Hu, Y. Xie, Z. Zhao, L. Ma, Z. Li, W. Tan, Total glucosides of paeony alleviate cell apoptosis and inflammation by targeting the long noncoding RNA 

XIST/MicroRNA-124-3p/ITGB1 Axis in renal ischemia/reperfusion injury, Mediat. Inflamm. 2020 (2020) 8869511. 
[21] H.Y. Tian, Q. Liang, Z. Shi, H. Zhao, Exosomal CXCL14 contributes to M2 macrophage polarization through NF-kappaB signaling in prostate cancer, Oxid. Med. 

Cell. Longev. 2022 (2022) 7616696. 
[22] J. McGrath, L.E. Kane, S.G. Maher, The influence of MicroRNA-31 on oxidative stress and radiosensitivity in pancreatic ductal adenocarcinoma, Cells (2022) 11. 
[23] D. Song, L. Tang, J. Huang, L. Wang, T. Zeng, X. Wang, Roles of transforming growth factor-beta and phosphatidylinositol 3-kinase isoforms in integrin beta1- 

mediated bio-behaviors of mouse lung telocytes, J. Transl. Med. 17 (2019) 431. 
[24] F. Zanconato, M. Cordenonsi, S. Piccolo, YAP and TAZ: a signalling hub of the tumour microenvironment, Nat. Rev. Cancer 19 (2019) 454–464. 
[25] L. Wang, D. Song, C. Wei, C. Chen, Y. Yang, X. Deng, J. Gu, Telocytes inhibited inflammatory factor expression and enhanced cell migration in LPS-induced skin 

wound healing models in vitro and in vivo, J. Transl. Med. 18 (2020) 60. 
[26] C.G. Manole, O. Simionescu, The cutaneous telocytes, Adv. Exp. Med. Biol. 913 (2016) 303–323. 
[27] A.G. Ibrahim, K. Cheng, E. Marban, Exosomes as critical agents of cardiac regeneration triggered by cell therapy, Stem Cell Rep. 2 (2014) 606–619. 
[28] Y. Zhang, G. Yu, N. Kaminski, P.J. Lee, PINK1 mediates the protective effects of thyroid hormone T3 in hyperoxia-induced lung injury, Am. J. Physiol. Lung Cell 

Mol. Physiol. 320 (2021) L1118–L1125. 
[29] L. Cui, Q. Zhou, X. Zheng, B. Sun, S. Zhao, Mitoquinone attenuates vascular calcification by suppressing oxidative stress and reducing apoptosis of vascular 

smooth muscle cells via the Keap1/Nrf2 pathway, Free Radic. Biol. Med. 161 (2020) 23–31. 
[30] K. Denzer, M.J. Kleijmeer, H.F. Heijnen, W. Stoorvogel, H.J. Geuze, Exosome: from internal vesicle of the multivesicular body to intercellular signaling device, 

J. Cell Sci. 113 (19) (2000) 3365–3374. 
[31] M. Nowak, J. Gorczynska, K. Kolodzinska, J. Rubin, A. Choromanska, Extracellular vesicles as drug transporters, Int. J. Mol. Sci. (2023) 24. 
[32] M.A. Tienda-Vazquez, J.M. Hanel, E.M. Marquez-Arteaga, A.P. Salgado-Alvarez, C.Q. Scheckhuber, J.R. Alanis-Gomez, J.I. Espinoza-Silva, M. Ramos-Kuri, 

F. Hernandez-Rosas, E.M. Melchor-Martinez, R. Parra-Saldivar, Exosomes: a promising strategy for repair, regeneration and treatment of skin disorders, Cells 12 
(2023). 

[33] A. Totaro, T. Panciera, S. Piccolo, YAP/TAZ upstream signals and downstream responses, Nat. Cell Biol. 20 (2018) 888–899. 
[34] F. Zanconato, M. Cordenonsi, S. Piccolo, YAP/TAZ at the roots of cancer, Cancer Cell 29 (2016) 783–803. 
[35] T. Gebhardt, K.F. Harvey, Hippo wades into cancer immunology, Dev. Cell 39 (2016) 635–637. 

R. Qi et al.                                                                                                                                                                                                              

https://doi.org/10.1016/j.heliyon.2024.e27086
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref1
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref1
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref2
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref3
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref3
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref4
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref5
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref5
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref6
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref6
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref7
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref8
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref9
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref9
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref10
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref10
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref11
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref11
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref12
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref13
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref13
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref14
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref14
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref15
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref15
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref16
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref17
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref17
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref18
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref18
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref19
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref19
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref20
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref20
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref21
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref21
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref22
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref23
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref23
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref24
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref25
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref25
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref26
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref27
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref28
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref28
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref29
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref29
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref30
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref30
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref31
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref32
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref32
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref32
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref33
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref34
http://refhub.elsevier.com/S2405-8440(24)03117-7/sref35

	Exosomes derived from ITGB1 modified Telocytes alleviates LPS-induced inflammation and oxidative stress through YAP1/ROS axis
	1 Introduction
	2 Materials and methods
	2.1 Cell culture and treatment
	2.2 RNA extraction and quantitative real-time PCR (qPCR)
	2.3 Animal model
	2.4 Plasmid construction and cell transfection
	2.5 Apoptosis analysis
	2.6 Tube formation assay
	2.7 Isolation and characterization of exosomes from TCs
	2.8 Enzyme-linked immunosorbent assay
	2.9 Reactive oxygen species (ROS) staining
	2.10 Western blot analysis
	2.11 Statistical analysis

	3 Results
	3.1 Expression of ITGB1 in LPS-induced TCs
	3.2 Overexpression of ITGB1 protects TCs from LPS-induced injury
	3.3 YAP1 is essential for ITGB1-regulated ROS
	3.4 NAC mitigates LPS-induced TC injuries
	3.5 Extraction and characterization of exosomes from TCs
	3.6 ITGB1 enhances HUVEC survival and angiogenesis post-LPS stimulation
	3.7 Local injection of EXO-ITGB1 alleviates inflammation in LPS-induced lung injury

	4 Discussion
	5 Conclusion
	Ethics statement
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Abbreviations
	Appendix A Supplementary data
	References


