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mTOR pathway

Zekai Wanga† , Yulu Zhaob† , Ming Luob† , Jinling Yangb,c , Zhixiang Gengb,c , Shining Oua , Zhenxuan Huanga , 
Ruiqi Suna , Xiang Luod , Keke Jina , Fangyan Wanga  and Xiaolong Zhangb,c 

aDepartment of Pathophysiology, School of Basic Medical Sciences, The Research Institute of Microbiota and Host Inflammation-Related 
Diseases, Wenzhou Medical University, Wenzhou, China; bThe Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou 
Medical University, Wenzhou, China; cDepartment of Anesthesiology, Critical Care and Pain Medicine, The Second Affiliated Hospital and 
Yuying Children’s Hospital of Wenzhou Medical University, Wenzhou, China; dDepartment of Chemical and Environmental Engineering, 
The University of Nottingham Ningbo China, Ningbo, PR China

ABSTRACT
Background: Alveolar type II (AT2) cell injury plays an important role in the pathogenesis of acute lung 
injury (ALI), but the corresponding treatment options are limited in clinical practice. Endocan has been 
proved to exert a protective effect in ALI, however, the underlying mechanism remains unclear. The phos-
phoinositide 3-kinase (PI3K)/protein kinase B (AKT)/mechanistic target of rapamycin (mTOR) signaling 
pathway was found to exhibit beneficial effects in lipopolysaccharide-induced ALI. This study aimed to 
investigate protective effects of endocan on AT2 cells and the signal pathway in LPS-induced ALI.
Methods: Pulmonary function testing and hematoxylin–eosin staining were employed to evaluate the 
effects of endocan on the LPS-induced ALI in mice. Transmission electron microscopy (TEM) analysis, im-
munofluorescence and Western blot were used to assess the AT2 protection of endocan.  Mouse lung 
epithelial cell line 12 (MLE-12) cells were facilitated to observe the activation of PI3K/AKT/mTOR pathway.
Results: Endocan administration effectively ameliorated respiratory parameters in LPS-challenged ALI 
mice. TEM revealed that endocan treatment preserved AT2 cell integrity and maintained lamellar body 
ultrastructure compared to the mice injected LPS only. Western blot analysis showed a higher surfactant 
protein C expression in endocan-treated mice than that of model group. Moreover, the phosph-PI3K, -AKT, 
-mTOR levels detected by Western blot were significantly observed upregulated after endocan treatment. 
However, rapamycin, an mTOR inhibitor, abolished the protective effects of endocan against ALI, indicat-
ing this pathway may be critical for its action on AT2 cells. In LPS-treated MLE-12 cells, the Western blot 
analysis further confirmed that rapamycin suppressed endocan-induced activation of the PI3K/AKT/mTOR 
pathway, thereby attenuating the protective effects of endocan on MLE-12 cells.
Conclusion: Endocan protects AT2 cells against ALI through activating PI3K/AKT/mTOR pathway, suggest-
ing its therapeutic potential for AT2 in patients with ALI.
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Introduction

Acute lung injury (ALI) is characterized by excessive pulmonary 
inflammation of leukocyte diapedesis, resulting in alveolar 
epithelial damage and pulmonary edema, which may progress 
to acute respiratory distress syndrome (ARDS) in severe cases 
(1–3). Alveolar type II epithelial (AT2) cells produce surfactant 
and repair damaged cells, playing a pivotal role in maintaining 
barrier function and preventing fluid leakage in ALI (4, 5). 
Given that AT2 cell injury substantially contributes to the 

development of ALI (6), strategies aimed at preserving AT2 cell 
integrity may represent a potential therapeutic approach.

Endocan, also known as endothelial cell-specific molecule-1,  
is a novel soluble circulating proteoglycan secreted by endothelial 
cells (7, 8). Present in the pulmonary microcirculation, endocan is 
implicated in endothelial dysfunction, inflammation, and altered 
vascular permeability, making it a potential biomarker and 
therapeutic target for ALI and ARDS (9–12). Our previous 
study  demonstrated that endocan could significantly suppress 
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inflammatory responses in ALI (13). Additionally, clinical analysis 
also found that plasma endocan concentrations effectively reflect 
the severity and prognosis of ARDS (14, 15). However, its effects on 
AT2 cells in the context of LPS-induced ALI remain underexplored.

The PI3K/AKT/mTOR pathway is a highly conserved 
network  critical for cellular functions, including survival and 
differentiation (16, 17). In LPS-induced ALI of mice, the PI3K/
AKT/mTOR pathway mediates the anti-inflammatory effects of 
liensinine by modulating autophagy (18). Moreover, Feng et al. 
demonstrated that Acacia catechu (L.f.) Willd and Scutellaria 
baicalensis Georgi exerted potent anti-inflammatory effects in 
LPS-induced ALI in rats by attenuating the NF-κB, Mitogen-
activated protein kinase (MAPK), and PI3K-Akt signaling 
pathways (19). These findings suggest that regulating the PI3K/
AKT/mTOR signaling pathway may represent a novel therapeutic 
strategy for ALI and ARDS.

Our study utilized LPS intratracheal administration to 
simulate the pathological conditions of ALI and originally focus 
on the role of AT2 cells in mediating the therapeutic effects of 
endothelin through activating PI3K/AKT/mTOR pathway. These 
findings aimed to further reveal a novel mechanism of endocan 
in ALI and highlight its potential as a therapeutic target for 
inflammatory lung diseases.

Materials and methods

Experimental animals

Male C57BL/6 mice, aged 6–8 weeks, were purchased from 
Beijing Weitonglihua Experimental Animal Technology Co. Ltd. 
(Beijing, China). The mice were housed in a Specific pathogen-
free (SPF)-grade facility at the Animal Experimental Center of 
Wenzhou Medical University and provided with a standard diet, 
free drinking water, and a 12:12 h light-dark cycle.

Ethical approval

The animal study protocol was approved by the Institutional 
Animal Care and Use Committee of the Experimental Animal 
Centre of Wenzhou Medical University (xmsq2024-0691). All 
methods were carried out in accordance with relevant guidelines 
and regulations. This study was carried out in compliance with 
the ARRIVE (Animal Research Reporting In Vivo Experiment) 
guidelines.

In vivo LPS-induced lung injury model

Mice were randomly divided into seven groups (n = 4): Control, 
LPS, LPS + Endocan (0.1 mg/kg), LPS + Endocan (0.3 mg/kg), 
LPS + Endocan (0.5 mg/kg), LPS + Rapamycin (2 mg/kg), and 
LPS + Endocan (0.3 mg/kg) + Rapamycin (2 mg/kg). Outcome 
assessors for pulmonary function, histology, and Western 
blot  densitometry were blinded to group allocation. Group 
size  (n = 4) was determined based on feasibility and 
prior  pilot  experiments, and key experiments were replicated 
independently at least twice to ensure reproducibility.

Anesthesia was induced using 2% isoflurane, confirmed by 
muscle relaxation and a lack of response to external stimuli. LPS 
was injected intratracheally at a dose of 5 mg/kg to establish the 
mouse model of ALI using a pipette tip for intratracheal 
instillation. Endocan was administered intraperitoneally 30 min 
before LPS to model prophylactic intervention, based on 
previous studies indicating early endothelial targeting 
maximizes protective effects. The 6-h timepoint was chosen as it 
represents the critical phase of ALI progression characterized by 
maximal inflammatory response and alveolar injury (13).

Rapamycin was administered intraperitoneally for three 
consecutive days prior to LPS challenge in the relevant groups 
to inhibit mTOR signaling. Post-procedural recovery was 
facilitated under thermoneutral conditions using temperature-
controlled heating pads.

At the 6-h critical phase of ALI progression, euthanasia 
was  performed through intraperitoneal injection of sodium 
pentobarbital (200 mg/kg), and lung tissues were harvested for 
subsequent analysis.

Non-invasive measurement of pulmonary function

Whole Body Plethysmography (WBP) (Tow Intelligent 
Technology, Shanghai, China) was used to assess pulmonary 
function. After instrument calibration, mice were placed in 
the plethysmography box and respiration was monitored 
continuously. The respiratory parameters measured included 
frequency (F), peak expiratory flow (PEF), peak inspiratory 
flow (PIF), Time of Expiration (TE), minute volume (Mv), Time 
of Inspiration (TI), tidal volume (Vt).

Hematoxylin–eosin staining

Hematoxylin–eosin (H&E) staining was conducted to examine 
the lung morphology in mice. The left lung tissues were fixed in 
4% paraformaldehyde overnight, followed by dehydration, 
paraffin embedding, and serial sectioning into 5 μm slices. 
Subsequently, the sections were stained with H&E, visualized 
and imaged using an optical microscope (Nikon, Tokyo, Japan).

Myeloperoxidase (MPO) activity assays

MPO activity assays were conducted on homogenized lung 
tissues using an MPO Detection Kit (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China). The activity was 
quantified by measuring spectrophotometric absorbance 
changes at 460 nm and presented as units per gram of total 
protein (U/g). Total protein concentrations were determined via 
the Bicinchoninic acid (BCA) protein assay kit (Yamei, ZJ101).

Western blotting

Total protein samples were extracted from lung tissues using 
RIPA buffer (Yamei, PC101). Protein concentrations were also 
assessed using a BCA protein assay kit (Yamei, ZJ101). Proteins 
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were separated by 7.5 and 10% sodium dodecyl sulfate–
polyacrylamide gel electrophoresis and transferred to 
polyvinylidene fluoride membranes. The membranes were 
blocked in 8% skimmed milk for 2 h and then incubated 
overnight at 4°C with primary antibodies: surfactant protein C 
(SP-C) (Invitrogen, PA5-71680), mTOR (Cell Signaling Technology 
(CST), 2983S), p-mTOR (CST, 5536S), PI3K (CST, 4292S), 
p-PI3K (CST, 4228S), AKT (CST, 4691S), p-AKT ((CST), 4060S), 
GAPDH (HUABIO, ET1601-4). After three times washes with Tris-
buffered saline, the membranes were incubated with appropriate 
secondary antibodies at room temperature for 1 h. Imprinting 
was observed using chemiluminescence (Yamei, SQ201) and an 
Odyssey imaging system (Li-Cor Biosciences, NE, USA).

Transmission electron microscopy analysis

Lung tissues were excised and washed with precooled PBS (pH 
7.4). The right lung apex was incubated overnight in 2.5% 
glutaraldehyde for fixation. Selected lung areas were postfixed in 
1% osmium tetroxide for 1 h, and dehydrated through a graded 
acetone series and embedded in epoxy resin. The polymerization 
was performed at 60°C for 48 h. Ultrathin sections (100 nm) were 
cut, and stained with uranyl acetate and lead citrate, and viewed 
under a H-7500 transmission electron microscopy (TEM) (Hitachi, 
Tokyo, Japan). Five fields were randomly selected for each 
sample.

Immunofluorescent staining

Frozen tissue sections were washed in PBS for 5 min and 
incubated overnight at 4°C with a primary antibody against 
SP-C (Invitrogen, PA5-71680, 1:200). Following PBS washes, the 
sections were incubated with a secondary antibody (Proteintech, 
SA00013-2, 1:500) at room temperature for 1 h. After rinsing 
three times in PBS, the sections were mounted with 
4’,6-diamidino-2-phenylindole (Beyotime Biotechnology, China) 
and observed under an orthographic fluorescence microscope.

Cell culture and treatment

mouse lung epithelial cell line 12 (MLE-12) (FuHeng Cell Bank, 
Shanghai, China) was cultured in DMEM/F12 medium (Procell, 
Cat# CM-0680) supplemented with 10% fetal bovine serum and 
1% penicillin/streptomycin at 37°C with 5% CO2. When cells 
reached approximately 85% confluence, MLE-12 cells were 
seeded into 12-well and cultured until adherence. Cells were 
randomly assigned to six groups: Control, Endocan (30 ng/mL), 
LPS (10 μg/mL), LPS + Rapamycin (250 nM), LPS + Endocan 
(30 ng/mL), LPS + Endocan (30 ng/mL) + Rapamycin (250 nM) 
(20). After 24 h of incubation, cells were collected for protein 
extraction and Western blot analysis.

Statistical analysis

GraphPad Prism (version 9.0) was used for statistical analysis. 
Experimental data were shown as the mean ± standard deviation. 

The normality of sample distributions was assessed using the 
Kolmogorov–Smirnov test, and all variables included in parametric 
analyses met the normality assumption (P > 0.05). Two-tailed 
unpaired Student’s t-test and one-way analysis of variance with 
Tukey’s correction were used for all comparisons of mice-related 
experiments. P-value < 0.05 was considered significant.

Results

Endocan attenuated LPS-induced pulmonary function 
impairment

To investigate the protective effects of endocan on pulmonary 
function, we established an LPS-induced ALI model treated with 
varying concentrations of endocan prior to LPS administration 
(Figure 1A). LPS exposure resulted in significant impairment 
of  respiratory parameters, including frequency (F), minute 
ventilation (Mv), tidal volume (Vt), peak expiratory flow (PEF), and 
peak inspiratory flow (PIF), as well as prolonged inspiratory time 
(TI) and expiratory time (TE). Treatment with endocan led to 
significant improvements in these parameters, indicating a 
consistent alleviation of LPS-induced pulmonary dysfunction. 
Notably, given the fact that 0.3 mg/kg dose demonstrated optimal 
and consistent alveolar protection, we chose this selection as 
the  experimental concentration for subsequent investigations. 
Collectively, these findings indicate that endocan alleviated LPS-
induced respiratory dysfunction, maximal at 0.3 mg/kg.

Endocan preserved AT2 cells integrity in LPS-induced lung 
tissues and activated PI3K/AKT/mTOR pathway

AT2 cells play a critical role in the pathophysiology of ALI (21). 
To investigate the involvement of AT2 cells in ALI-associated 
pathological changes, we utilized TEM to examine their 
morphology. In the LPS group, lamellar bodies (LBs), the 
hallmark organelles of AT2 cells, were significantly enlarged, 
exhibited vacuolization, and displayed extensive structural 
damage. Conversely, these pathogenic changes were 
significantly reversed with endocan treatment (Figure 2A). 
Additionally, SP-C, a well-established AT2 marker that reflects 
AT2 activity to some extent (22), was upregulated after 
endocan administration (Figure 2B). This finding was further 
supported by immunofluorescence analysis (Figure 2C), 
strongly indicating that endocan confers protective effects 
on  AT2 cells and has therapeutic potential in mitigating 
ALI.  Existing research suggests that endocan significantly 
influences cell proliferation (23). Concurrently, mTOR, a serine/
threonine protein kinase, is known to regulate cell growth (24). 
Therefore, we investigated the mTOR signaling pathway. As 
expected, our results revealed a significant increase in the 
protein expression levels of p-PI3K, p-AKT, and p-mTOR in 
lung tissues of endocan-treated mice compared to the LPS 
group (Figure 2D). These findings suggest that endocan 
effectively mitigates LPS-induced damage in AT2 cells with 
PI3K/AKT/mTOR pathway stimulation, underscoring its 
potential therapeutic value in the treatment of lung injuries.
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Endocan attenuated LPS-induced injury in MLE-12 cells via 
activation of the PI3K/AKT/mTOR pathway

Given the observed preservation of AT2 cells in lung tissues, 
we next employed MLE-12 cells as an in vitro model of alveolar 
epithelial cells. Western blot analysis showed that endocan 
treatment alone did not significantly alter SP-C expression 
under basal conditions (Figure 3A). However, upon co-
treatment with LPS, endocan partially restored SP-C levels 
(Figure 3B), suggesting that there existed a protective role 
against LPS-induced injury. To confirm whether the PI3K/AKT/
mTOR signaling pathway mediates the protective effects of 
endocan, we examined the activation status of key components 
in this pathway, as well as the impact of pharmacological 
inhibition using rapamycin. We found that endocan attenuated 
the LPS-induced reduction in the phosphorylation of PI3K, 

AKT, and mTOR (Figure 3C). Furthermore, the protective effects 
of Endocan were abolished by rapamycin, an mTOR inhibitor, 
as evidenced by decreased SP-C expression and suppression 
of PI3K/mTOR phosphorylation (Figure 3D). As a consequence, 
these findings provide cellular-level evidence that endocan 
protects alveolar epithelial cells against LPS-induced injury 
through activation of the PI3K/AKT/mTOR pathway, consistent 
with the in vivo observations.

Rapamycin diminished the beneficial effects of endocan 
on AT2 cells in vivo

To further validate the role of the PI3K/AKT/mTOR pathway in the 
protective effects of endocan on AT2 cells in vivo, rapamycin was 
used to inhibit mTOR activation. Compared to the Endocan group, 

Figure 1.  Endocan significantly mitigated LPS-induced respiratory function impairment in mice. (A) Schematic of the LPS-induced lung injury mice model. 
(B–H) Male C57BL/6 mice were randomized into 5 groups (n = 4): Control, LPS, LPS + Endocan (0.1 mg/kg), LPS + Endocan (0.3 mg/kg), and LPS + Endocan 
(0.5 mg/kg). Pulmonary function parameters, including: B: frequency (F), C: peak expiratory flow (PEF), D: peak inspiratory flow (PIF), E: Time of Expiration 
(TE), F: minute volume (Mv), G: Time of Inspiration (TI), H: tidal volume (Vt) were assessed 6 h after LPS instillation as described in the Methods. n = 4, data are 
expressed as mean ± SD. One-way analysis of variance (ANOVA) was used to statistical analyze; *P < 0.05, **P < 0.01, ***P < 0.001.
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mice pretreated with rapamycin exhibited a decline in respiratory 
parameters, including F, Mv, Vt, PEF and PIF (Figure 4A), along 
with increased MPO levels and exacerbated histopathological 

changes, such as alveolar wall thickening and heightened 
inflammatory cell infiltration (Figure 4B and C). Mechanistically, 
rapamycin pretreatment suppressed the endocan-mediated 
upregulation of SP-C expression (Figure 4D) and significantly 
inhibited the activation of the PI3 K/AKT/mTOR signaling pathway 
(Figure S1). To exclude the potential effects of rapamycin, we 
contrasted the Rapamycin group with the Control group and 
found no significant differences in lung function, histopathological 
features and the expression levels of inflammatory cytokines 
TNF-α and IL-6 (Figure S2). These findings confirm that rapamycin 
alone did not induce any significant alterations in lung tissue 
structure or function. These findings confirm that the PI3K/AKT/
mTOR pathway is a critical mechanism through which endocan 
protected AT2 cells from LPS-induced ALI.

Discussion

ALI is a serious respiratory disease that currently lacks effective 
treatment options (25). Endocan, a 50 kDa proteoglycan 
primarily expressed in the renal and pulmonary endothelium, is 
considered a novel biomarker of endothelial cell function (26). 
Researches on respiratory disorders, especially ALI and ARDS, 
have shown a strong association between circulating endocan 
levels and disease severity (12, 27, 28). Notably, patients with 
ALI or respiratory failure exhibit significantly reduced serum 
endocan levels, suggesting its potential as a prognostic 
biomarker for these conditions (9). In addition, studies have 
shown that endocan can inhibit the interaction between  
lymphocyte function-associated antigen 1 (LFA-1)  and 
intercellular adhesion molecule 1 (ICAM-1), thereby modulating 
leukocyte adhesion and tissue infiltration (29, 30). Our previous 
study demonstrated that endocan could significantly suppress 
inflammatory responses in ALI by attenuating UPRmt-
associated apoptosis and modulating cellular bioenergetics. 
Building on these evidences, our study aimed to further explore 
whether endocan protects AT2 cells and mitigates lung injury 
through activation of the PI3K/AKT/mTOR signaling pathway.

In this study, we established LPS-induced ALI mice model 
and treated it with endocan. Our results demonstrated that 
endocan markedly alleviated LPS-induced pulmonary function 
impairment. Given the central role of AT2 cells in surfactant 
production and alveolar repair, we further investigated the 
impact of endocan on AT2 cell function. Lung surfactant is a 
lipid–protein complex composed of approximately 90% lipids, 
with phosphatidylcholine as the principal component, along 
with four specific surfactant proteins: SP-A, SP-B, SP-C, and 
SP-D (31, 32). SP-C, predominantly synthesized by AT2 cells, 
plays a vital role in reducing surface tension at the air–liquid 
interface within the alveoli, thereby preventing lung collapse 
during the ventilatory cycle (33, 34). In our study, endocan 
treatment led to a marked improvement in LBs, characterized 
by more defined and organized lamellar layers following LPS 
administration. These morphological improvements were 
accompanied by increased SP-C expression, as confirmed 
by  both Western blot and immunofluorescence analysis. 
Consistently, in the MLE-12 cell line, endocan also restored 

Figure 2.  Endocan mitigated LPS-induced morphological and molecular 
changes in AT2 cells. (A) Transmission electron microscopy (TEM) images 
illustrate the cellular morphology and the structure of LBs in the control, LPS, 
and endocan-treated groups in AT2 cells. (B) Western blot analysis showing 
the expression levels of surfactant protein C (SP-C). (C) Immunofluorescent 
staining of lung tissues in control, LPS, and endocan-treated groups. (D) 
Western blot analysis showing the expression levels of PI3K and p-PI3K, Akt 
and p-Akt, mTOR and p-mTOR in AT2 cells. Scale bar = 50 μm. n = 3, data are 
expressed as mean ± SD. One-way analysis of variance (ANOVA) was used for 
statistical analyze; *P < 0.05, **P < 0.01, ****P < 0.0001.
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LPS-suppressed SP-C expression, further supporting that 
endocan supports AT2 cell function under inflammatory 
conditions.

To investigate the underlying mechanisms, we focused on 
the PI3K/AKT/mTOR signaling pathway, a crucial regulator of cell 
growth and metabolism that govern various physiological 
functions including cell proliferation, protein synthesis, 
metabolism, and autophagy (24, 35). MicroRNA-107 was found 
to alleviate ferroptosis of HK-2 cells by regulating the PI3K/Akt/
mTOR pathway in acute kidney injury (36). In osteoporosis 
and  osteolysis, alendronate inhibits autophagy via activation 
of  the TLR4-MyD88/PI3K-AKT-mTOR pathway, in which 
the  impairment prevents the clearance of dysfunctional 
mitochondria, thereby  sustaining superoxide production (37). 
Wu et al. also demonstrated that exposure to particulate matter 
enhanced macroautophagy/autophagy in human bronchial 
epithelial cells and mouse airway epithelium by inactivating 
mTOR, leading to impaired lysosomal activity and subsequent 
airway inflammation (38). As a consequence, we hypothesized 
that endocan mitigates LPS-induced epithelial injury targeting 
AT2 cells through the PI3K/AKT/mTOR pathway. Subsequent 
Western blot analysis measuring phosphorylation levels of PI3K, 
AKT and mTOR as well as rapamycin inhibition assays further 
confirmed the involvement of the PI3K/AKT/mTOR pathway.

However, given that our findings indicate that endocan 
protects AT2 cells by activating the PI3K/AKT/mTOR pathway to 
alleviate lung injury, the role of the PI3K/AKT/mTOR pathway in 
ALI still remains contradictory across studies. For instance, Xie 
et  al. found that LPS activates the PI3K/Akt/mTOR pathway, 

promoting the proliferation of mouse lung fibroblasts and the 
progression from ALI to ARDS (39), while Hu et al. similarly 
concluded that this activation exacerbates lung injury by 
promoting collagen synthesis (40). Conversely, Qiao et al. 
reported that the PI3K/Akt pathway can improve ALI by 
regulating macrophage M2a polarization (41). These findings 
suggest that the activation of PI3K/Akt/mTOR may be 
compartmentalized among different cell types, leading to varied 
disease outcomes.

Our findings highlight the importance of PI3K/Akt/mTOR 
pathway in preserving AT2 cell integrity and further 
support  the notion that AT2 cells represent a primary target 
of endocan in the context of ALI. However, several limitations 
should be acknowledged. Firstly, only a single early time 
point  (6 h) was analyzed, which mainly reflects the acute 
inflammatory phase rather than the full spectrum of ARDS 
progression (42). Secondly, although rapamycin was applied 
to inhibit mTOR  signaling, its action is primarily directed 
toward mTORC1, and the potential contribution of 
mTORC2  remains to be clarified (43). In addition, in vitro 
experiments were conducted using MLE-12 cells instead of 
primary AT2 cells, which may not fully recapitulate the in vivo 
characteristics of AT2 cells (44). Future studies incorporating 
multiple observation time points, and validation in primary 
cell models are warranted to  substantiate and extend these 
findings.

In conclusion, endocan protects AT2 cells to attenuate 
LPS-induced lung injury by activating the PI3K/Akt/mTOR 
pathway. These findings elucidate a novel cell-specific protective 

Figure 3.  Endocan mitigated LPS-induced epithelial injury and activated the PI3K/AKT/mTOR signaling pathway in MLE-12 cells. MLE-12 cells 
were divided into six groups: Control, Endocan (30 ng/mL), LPS (10 μg/mL), LPS + Rapamycin (250 nM), LPS + Endocan (30 ng/mL), LPS + Endocan  
(30 ng/mL) + Rapamycin (250 nM). (A) Western blot analysis showing surfactant protein C (SP-C) expression in Normal and Endocan group. (B) SP-C expres-
sion in LPS and LPS + Endocan group. (C) Phosphorylation levels of PI3K, AKT, and mTOR in LPS and LPS + Endocan group. (D) SP-C and PI3K/mTOR phosphor-
ylation levels in cells treated with LPS + Endocan or LPS + Endocan + Rapamycin. (E) Densitometric analysis of grayscale band intensities for the indicated 
proteins shown in (A, B) (n = 3). (F) Densitometric analysis of grayscale band intensities for the indicated proteins shown in (C, D) (n = 3). Data are expressed 
as mean ± standard deviation. One-way analysis of variance (ANOVA) was used to statistical analyze; **P < 0.01, ***P < 0.001, ****P < 0.0001, *P < 0.05.
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mechanism and suggest potential clinical utility of endocan as a 
therapeutic target in ALI.
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analyze; **P < 0.01, ***P < 0.001, ****P < 0.0001.
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experiments were performed in accordance with relevant 
guidelines and regulations. This study was carried out in 
compliance with the ARRIVE (Animal Research Reporting In Vivo 
Experiment) guidelines.
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