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Obstructive Sleep Apnea Impacts Cardiac Function in Dilated Cardiomyopathy Patients Through Circulating Exosomes
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Background: Obstructive sleep apnea (OSA) is common and independently associated with heart failure. This study aimed to investigate the impact of OSA on heart function in patients with dilated cardiomyopathy (DCM) as well as the possible mechanism related to exosomes regulated autophagy.

Methods and Results: A total of 126 patients with DCM who underwent sleep evaluations were analyzed retrospectively. Cardiomyocytes were treated with exosomes isolated from untreated OSA patients and healthy controls. Fibrotic and hypertrophic markers were evaluated, and Akt/mTOR pathway-mediated autophagy was investigated. DCM patients with severe OSA had larger right ventricular end-diastolic diameter (RVEDd) and right atrial diameter (RAD) and increased N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels than DCM patients without OSA. Moreover, NT-proBNP and diabetes mellitus were independently correlated with the apnea-hypopnea index in multiple linear regression analysis. Treatment with OSA-derived exosomes significantly increased Col1A1, ANP, and BNP protein expression and decreased the expression of the autophagy markers LC3B II/I and beclin1. Rapamycin treatment significantly increased the decreased autophagy markers and attenuated the increased expression of Col1A1, ANP and BNP induced by OSA-derived exosomes.

Conclusion: The severity of OSA is significantly associated with cardiac injury and remodeling. The underlying mechanism may be related to changed autophagy levels, which are regulated by circulating exosomes via the Akt/mTOR signaling pathway. This study may provide a new clue for the treatment of heart failure with OSA.
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INTRODUCTION

Dilated cardiomyopathy (DCM) is the leading cause of heart failure (HF), which accounts for 60% of HF (1, 2). Without treatment, the 1-year survival rate is 70–75%, and the 5-year survival rate is as low as 50% (3, 4). Many factors contribute to the development and progression of HF; obstructive sleep apnea (OSA) is among these factors.

OSA is a sleeping disorder caused by repeated obstruction of the upper airway during nighttime sleep, resulting in episodes of interrupted respiration, fragmented sleep and intermittent hypoxia (IH) (5). Accumulating evidence has demonstrated that OSA is closely associated with an increased risk of cardiovascular disease, including HF. The prevalence of OSA is substantially increased in HF patients (6), and OSA is also a poor prognostic indicator for HF patients (7).

The concurrence of OSA and DCM is not uncommon in clinical practice (8–10), but this phenomenon has not received sufficient attention. Only a few studies have reported that OSA may contribute to impaired left ventricular function in patients with DCM, and nasal continuous positive airway pressure (CPAP) can significantly improve the symptoms and left ventricular ejection fraction (LVEF). The relationship of cardiac function in DCM patients with OSA severity was not indicated (10, 11). In this context, we retrospectively analyzed the clinical characteristics of DCM patients with and without OSA to understand whether the different degrees of OSA are associated with changes in heart structure and function.

Although CPAP is generally employed to treat OSA, the prognosis of HF with OSA remains poor. This observation suggests that in addition to mechanical obstruction, other mechanisms, such as endocrine, paracrine and autocrine changes induced by OSA, may also exert a role in the pathophysiology of HF (12, 13). Circulating microparticles (MPs) can induce endothelial dysfunction by reducing endothelial-derived nitric oxide production (14), and discontinuation of CPAP therapy leads to a significant increase in endothelium-derived MP levels in OSA patients (15). These studies provide evidence that circulating extracellular vesicles may be important messengers linking OSA to cardiovascular diseases.

Exosomes are types of extracellular vesicles that range between 30 and 100 nm in size. Exosomes are present in almost all biological fluids, including blood, urine, saliva, cerebrospinal fluid, and breast milk (16, 17). Exosomes carry numerous biologically active substances, such as cytokines, proteins, lipids, mRNAs, microRNAs and many other non-coding RNAs. Exosomes play significant roles in mediating intercellular communication via these cargoes (18, 19). Some exosomes can be released into the blood circulation and are known as circulating exosome (20). These exosomes reach tissues through blood circulation and directly interact with target cells and exert biological functions (21). Studies have shown that exosomes play a role in cardiovascular diseases, including HF (22). It has been demonstrated that IH exposure induces exosomes release into the circulation and promote increased permeability and dysfunction of endothelial cells in healthy young adults (23); circulating exosomes in untreated OSA produce a significant increase in endothelial cell senescence, which is an important contributor of end-organ dysfunction (24). Thus, we hypothesize that IH-induced changes in circulating exosomes would also disrupt the structure and function of cardiomyocytes, which represents the pathological basis of HF. Therefore, we isolated plasma exosomes from untreated OSA patients and investigated their effects on markers of cardiomyocyte damage in vitro.



METHODS


Human Subjects

One hundred and twenty-six DCM patients with polysomnography (PSG) data hospitalized in the Second Xiangya Hospital from 2015 to 2020 were retrospectively analyzed. Among these patients, PSG was performed due to the clinical suspicion of OSA based on the presence of obesity and a history of loud snoring and daytime somnolence. The diagnostic criteria of DCM were consistent with the 2013 American Heart Association/American College of Cardiology guidelines (25). Exclusion criteria included the following: (1) ischemic cardiomyopathy; (2) valvular heart disease; (3) obstructive lung disease; (4) renal function impairment; and (5) history of malignancy. OSA was defined as the number of apnea-hypopnea index (AHI) ≥ 5 events per hour of sleep. The severity of OSA was evaluated based on the AHI. According to the AHI results, the DCM patients were divided into three groups: no OSA group (AHI <5.0 events per hour), mild to moderate OSA group (AHI: 5.0–29.9 events per hour), and severe OSA group (AHI ≥ 30.0 events per hour). The demographics, complications and electrocardiograms of the patients were retrospectively reviewed and recorded. This study was approved by the institutional ethics committee of the Second Xiangya Hospital of Central South University.

In the part of cell experiments, Exosomes were isolated from peripheral venous blood of 10 OSA patients and 10 healthy controls. Individuals aged 18–60 years who underwent PSG in the physical examination center were enrolled. Exclusion criteria included cardiovascular heart diseases, hepatic or renal dysfunction, acute infection, autoimmune diseases, cancer, metabolic syndrome, etc. All subjects were informed of the purpose, risks, and benefits of the study and signed informed consent forms.



Polysomnography (PSG)

An overnight PSG was performed in all subjects using standard technique (SOMNO lab2, Weinmann, Germany). Prior to sleep study, body weight, body height, body mass index (BMI), and neck size were measured. The PSG device includes oximetry, thermistor measurements of airflow, electroencephalography, electromyography, electrooculography, and measurements of costal and abdominal movements when breathing. The respiratory events were identified by experienced technicians according to the standard criteria. The hourly number of episodes of apnea and hypopnea was calculated as AHI. All data were recorded on a computerized sleep scoring system.



Echocardiography

Echocardiographic images were collected in the parasternal long and short axis, the apical long axis, and the apical four chamber view. The measurements of left ventricular end-diastolic diameter (LVEDd), left atrial diameter (LAD), right ventricular end-diastolic diameter (RVEDd), right atrial diameter (RAD), and LVEF were determined following the American Society of Echocardiography recommendations.



Circulating Plasma Exosome Preparation and Cardiomyocyte Culture

Exosomes were isolated from peripheral venous blood of OSA patients (OSA-Exos) and healthy controls (Ctrl-Exos) using the Exoquick TC exosome isolation kit (Echo9101A) according to the manufacturer's standard protocol. PSG were performed in all subjects. The number of OSA-Exos in each sample was determined using a BCA protein assay kit (Beyotime) as described by the manufacturer's guidelines. The isolated exosomes were characterized by Western blot analysis of the exosome markers CD9, CD81, TSG101, and Calnexin. A NanoSight instrument (Zeta VIEW, Germany) and Zeta View 8.04.02 software was used for nanoparticle tracking analysis (NTA). Exosome morphology was observed directly under a transmission electron microscope (FEI Tecnai G2 Spirit).

The rat cardiomyocyte cell line H9C2 was purchased from the Cell Bank of China Science Academy (Shanghai, China). Cells were maintained in Dulbecco's modified Eagle medium (DMEM) with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (15140-122, Gibco, China) in a humidified incubator at 37°C and 5% CO2 atmosphere. H9C2 cells were treated with OSA-Exos or Ctrl-Exos for 24 h.



Western Blot Analysis

Total protein was extracted from H9C2 cells using a total protein extraction kit (Beyotime). A BCA protein assay kit was used to measure the protein concentration. Each sample (10 μg) was subject to 10 or 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis and then transferred to polyvinylidene difluoride membranes (Millipore, Bedford, MA). Membranes were blocked with 5% milk for 1 h at room temperature and incubated with the following primary antibodies: CD9, CD81, TSG101, Calnexin (Abcam, Cambridge, UK; #ab275018, dilution 1:1000), Collagen 1A1 (Col1A1) (CST; #72026, dilution 1:1000), atrial natriuretic peptide (ANP) (Abcam, #ab225844, dilution 1:1000), brain natriuretic peptide (BNP) (Abcam, #ab92500, dilution 1:1000), LC3B (Abcam, Cambridge, UK; #ab48394, dilution 1:1000), beclin1 (Abcam; ab210498, dilution 1:1000), Akt (CST; #4691, dilution 1:1000), p-Akt (CST; #4060, dilution 1:1000), mTOR (CST; #2983, dilution 1:1000), p-mTOR (CST; #5536, dilution 1:1000) and GAPDH (Abcam, Cambridge, UK; #ab9485, dilution 1:5000) at 4°C overnight. After 3 washes with TBST, the membranes were incubated with secondary antibodies for 1 h at room temperature. Finally, the membranes were visualized using a chemiluminescence detection system.



Immunofluorescence Staining

H9C2 cells were plated in 35 mm dishes, washed with PBS and then fixed with 4% paraformaldehyde for 20 mins at room temperature. After being washed thrice with PBS, the H9C2 cells were blocked in 5% goat serum for 1 h. The cells were subsequently incubated with primary antibodies specific for Col1A1 (1:400, Abcam) overnight at 4°C. On the next day, the H9C2 cells were washed with PBS and incubated with fluorescence-conjugated secondary antibodies (Beyotime, China) followed by DAPI. Images were captured under a fluorescence microscope.



Statistical Analysis

SPSS 22.0 statistical software was used for statistical analysis. Quantitative data are expressed as the mean value ± standard deviation (SD). Continuous variables with non-normal distributions are presented as median values (interquartile range), and qualitative variables are presented as frequencies. Normally distributed data were compared using Student's t-test between two groups, and one-way analysis of variance (ANOVA) was used to compare the differences among multiple groups. Spearman correlation analysis was performed to determine the correlation between two factors. Variables with p < 0.05 on univariate analysis were entered into multivariate linear regression models to determine the factors associated with HF. All reported probability values were two-tailed, and a p-value <0.05 was considered statistically significant.




RESULTS


Demographic and Clinical Characteristics of the Patients

The baseline demographic and clinical characteristics of the study population are shown in Table 1. A total of 126 DCM patients were enrolled. According to the PSG results, 15 DCM patients had no OSA, 50 had mild to moderate OSA, and 61 had severe OSA. The mean AHI values were 3.1 (1.9, 3.6) vs. 15.1 (10.0, 24.4) vs. 41.5 (33.7, 48.9) (p < 0.05), respectively. The prevalence of OSA was significantly greater in male subjects than in female subjects, and DCM patients with mild to moderate were older than those without OSA in this study. Compared to patients without OSA and mild to moderate OSA patients, body mass index (BMI) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels were significantly increased in severe OSA patients. DCM patients with severe OSA had the greatest prevalence of hypertension and diabetes mellitus. No significant differences in fasting plasma glucose (FPG), systolic blood pressure (SBP), diastolic blood pressure (DBP), or the New York Heart Association functional classification (NYHA class) were observed among the three groups. LVEDd, LAD and LVEF were not significantly different among the three groups. RVEDd and RAD were similar in the non-OSA group and the mild to moderate OSA group, whereas these parameters were significantly greater in severe OSA patients compared with two other groups. Regarding guideline guided medical therapy, including angiotensin converting enzyme inhibitors, angiotensin receptor blockers, angiotensin receptor-neprilysin inhibitors, beta receptor blockers, spironolactone, Furosemide/Torasemide, and digoxin, there was no significant difference among the three groups.


Table 1. Baseline characteristic, echocardiographic data, and medical therapy of all patients.
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Correlations of Patients' Clinical Parameters With the AHI

Spearman correlation analysis was performed to determine factors that correlated with the AHI. The results revealed that BMI (r = 0.243, p = 0.009), NT-proBNP (r = 0.512, p = 0.001), RVEDd (r = 0.292, p = 0.001), RAD (r = 0.188, p = 0.039), hypertension (r = 0.216, p = 0.017) and diabetes mellitus (r = 0.245, p = 0.007) were positively correlated and age (r = −0.212, p = 0.02) and HDL-C (r = −0.187, p = 0.04) were negatively correlated with the AHI. Sex, TG, TC, LDL-C, LVEDd, LAD, and LVEF had no correlation with the AHI. Multiple linear regression analysis was performed to further evaluate the correlation of age, BMI, HDL-C, NT-proBNP, RVEDd, RAD, hypertension and diabetes mellitus with the AHI. The results revealed that NT-proBNP and diabetes mellitus remained independently associated with the AHI (Table 2).


Table 2. Spearman correlation and multiple linear regression analysis of the factors associated with AHI.
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Exosomes Characterization

Exosomes were extracted from untreated OSA patients and healthy controls. The characteristics of the subjects are shown in Supplementary Table 1. Age, BMI and AHI were higher in OSA patients than in controls. Thus, a multivariate stepwise regression analysis was performed to correct the differences between the two groups. The results showed that only AHI (standardized β = 0.814, 95% confidence interval [CI]: (0.012,0.027), p = 0.000) was significantly associated with the presence of OSA (Supplementary Table 2). This analysis showed that age and BMI had no effect on the results in this study.

Exosome morphology was observed by transmission electron microscopy. The image showed that the vesicles had a typical cup shape with a diameter of ~100 nm (Figure 1A). NanoSight analysis showed that the mean diameter of exosomes was 79.2 nm, and the concentration was 1.24 × 109 particles/ml (Figure 1B). Exosome surface markers were detected by Western blot. The results showed that the exosomal positive markers CD9, CD81 and TSG101 were significantly higher and the negative marker Calnexin was significantly lower in the exosomes group than in the plasma group (Figure 1C). These results suggested that exosomes were purified successfully from plasma in our experiments.


[image: Figure 1]
FIGURE 1. Identification of isolated plasma exosomes. (A) Image of isolated exosomes under a transmission electron microscope. Scale bar = 100 nm. (B) The mean diameter was ~79.2 nm, and the particle concentration was 1.24 × 109 particles/ml as determined by NanoSight analysis. Horizontal axis, particle size (nm); vertical axis, particle concentration (particles/ml). (C) Protein levels of exosomal positive markers CD9, CD81 and TSG101 were significantly increased and negative marker Calnexin was significantly reduced in the exosomes group compared with the plasma group.




Effects of OSA-Derived Exosomes on Fibrotic and Hypertrophic Markers in Cardiomyocytes

The effects of exosomes derived from the plasma of OSA patients and healthy controls on cardiomyocytes were examined, and fibrotic and hypertrophic markers were evaluated. First, exosomes from the same OSA patient (OSA-Exos) at the protein concentrations of 0 (control), 5, 10, and 15 μg/ml were used to treat H9C2 cells for 24 h. The results showed that 5, 10, and 15 μg/ml OSA-Exos treatments significantly increased the expression of the fibrotic marker Col1A1 and hypertrophic markers ANP and BNP compared to the 0 μg/ml (control), and the highest level was observed with 10 μg/ml exosomes treatment (Figures 2A,B). Thus, 10 μg/ml exosomes in the culture media were used in the subsequent experiments. To further explore the pro-fibrotic and pro-hypertrophic effects of OSA-Exos on cardiomyocytes, H9C2 cells were treated with exosomes from different OSA patients and healthy controls (Ctrl-Exos) at a concentration of 10 μg/ml for 24 h. Col1A1, ANP and BNP expression was significantly increased in the OSA-Exos-treated group compared with the Ctrl-Exos group (Figures 2C,D). Additionally, robust accumulation of Col1A1-positive cells was observed by immunofluorescence staining in the OSA-Exos group (Figure 2E). These results indicated that OSA-Exos may contribute to cardiomyocyte damage.


[image: Figure 2]
FIGURE 2. Exosomes from OSA patients (OSA-Exos) increased the expression of Col1A1, ANP and BNP in H9C2 cells. (A) Col1A1 and BNP protein expression was significantly increased in H9C2 cells after treatment with 5, 10, and 15 μg/ml exosomes from one OSA patient compared with the control (0 μg/ml); ANP protein expression was significantly increased in H9C2 cells after treatment with 10 and 15 μg/ml exosomes compared with the control (0 μg/ml). (B) Densitometric analyses of the Western blot presented in A. (C) Col1A1, ANP and BNP protein expression was significantly increased in H9C2 cells treated with 10 μg/ml OSA-Exos compared with exosomes from healthy controls (Ctrl-Exos) as assessed by Western blot. (D) Densitometric analyses of the Western blot presented in C. GAPDH served as the internal control. (E) H9C2 cells were treated with 10 μg/ml OSA-Exos and Ctrl-Exos. Col1A1 (green) expression was detected by immunofluorescence staining. The bars indicate the mean ± SD of three separate experiments. *p < 0.05, **p < 0.01, ***p < 0.001 vs. OSA-Exos 0 group. #p < 0.05, ###p < 0.001, ####p < 0.0001 vs. Ctrl-Exos groups. ns, no significant.




OSA-Derived Exosomes Inhibited Akt/MTOR-Mediated Autophagy in Cardiomyocytes

Autophagy has been demonstrated to play a role in controlling the hypertrophic response of cardiomyocytes in previous studies, so we first detected the autophagy protein markers light chain 3B (LC3B) and beclin1 in this study. The results showed that LC3B II/I and beclin1 expression decreased after 5, 10, and 15 μg/ml OSA-Exos treatment (Figures 3A,B). When treated with exosomes from different OSA patients and healthy controls at a concentration of 10 μg/ml for 24 h, the expression of LC3B II/I and beclin1 was also significantly lower in the OSA-Exos group than in the Ctrl-Exos groups (Figures 3C,D). These results suggested that autophagy was inhibited by OSA-Exos and may be involved in the process of cardiomyocyte injury.


[image: Figure 3]
FIGURE 3. OSA-Exos inhibited autophagy via the Akt/mTOR signaling pathway in H9C2 cells. (A) LC3B II/I expression decreased in H9C2 cells treated with 10 and 15 μg/ml exosomes from one OSA patient compared with the 0 (control) and 5 μg/ml. Beclin1 protein expression decreased, p-Akt/Akt and p-mTOR/mTOR expression increased in H9C2 cells treated with 5, 10 and 15 μg/ml exosomes compared with the control (0 μg/ml). (B) Densitometric analyses of the Western blot presented in A. (C) LC3B II/I and beclin1 protein expression decreased, p-Akt/Akt and p-mTOR/mTOR expression increased in H9C2 cells treated with 10 μg/ml OSA-Exos compared with the control as determined by Western blot analysis. (D) Densitometric analyses of the Western blot presented in C. GAPDH served as the internal control. The bars indicate the mean ± SD of three separate experiments. **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. OSA-Exos 0 group. Δp < 0.05, ΔΔp < 0.01, ΔΔΔp < 0.001, ΔΔΔΔp < 0.0001 vs. Ctrl-Exos groups. ns, no significant.


The Akt/mTOR pathway is a major negative regulator of autophagy (26). We then determined the expression of Akt and mTOR after treatment with OSA-Exos. As shown in Figures 3A,B, higher levels of p-Akt/Akt and p-mTOR/mTOR were observed after treatment with 5, 10, and 15 μg/ml OSA-Exos than in the control (0 μg/ml) from the same OSA patient. P-Akt/Akt and p-mTOR/mTOR were also increased in OSA-Exos from different OSA patients compared with healthy controls (Figures 3C,D). These results suggested that Akt/mTOR-mediated autophagy was inhibited by OSA-Exos and may participate in OSA-Exos induced cardiomyocyte injury.



Akt/MTOR Pathway-Regulated Autophagy Was Involved in OSA-Exos Induced Cardiomyocyte Injury

Rapamycin is an inhibitor of mTOR and an autophagy inducer. Rapamycin was used to further verify whether Akt/mTOR was involved in OSA-Exos induced cardiomyocyte injury. As shown in Figure 4, rapamycin treatment significantly decreased the increased p-mTOR/TOR expression and exacerbated OSA-derived exosome-induced inhibition of LC3B II/I and beclin1 expression. Furthermore, rapamycin significantly inhibited the expression of Col1A1, ANP and BNP protein induced by OSA-Exos treatment. These results demonstrated that OSA-Exos promoted cardiomyocyte injury could be alleviated by elevated autophagy levels through the Akt/mTOR signaling pathway.


[image: Figure 4]
FIGURE 4. Akt/mTOR-mediated autophagy was involved in OSA-Exos induced cardiomyocyte damage. (A) Rapamycin treatment significantly decreased the increased p-mTOR/mTOR, Col1A1, ANP, and BNP protein expression and increased the decreased LC3B II/I and beclin1 expression induced by OSA-Exos treatment. (B) Densitometric analyses of the Western blot presented in A. GAPDH served as the internal control. The bars indicate the mean ± SD of three separate experiments. Δp < 0.05, ΔΔp < 0.01, ΔΔΔp < 0.001, ΔΔΔΔp < 0.0001 vs. OSA-Exos groups. rapa, rapamycin.





DISCUSSION

In our study, we found that DCM patients with severe OSA had larger RVEDd and RAD and increased NT-proBNP levels compared with DCM patients without OSA. In contrast, LVEDd, LAD and LVEF had no significant differences among the three groups. Moreover, NT-proBNP and diabetes mellitus were independently correlated with the AHI in multiple linear regression analysis. These findings suggest that OSA may be a significant risk factor for HF. In addition, we provided evidence that circulating exosomes derived from untreated OSA patients increased myocardial fibrosis and hypertrophy by inhibiting autophagy through the Akt/mTOR signaling pathway. Thus, OSA might trigger or exacerbate HF via exosomes through autophagy-related pathways.

HF is the leading cause of hospitalization in elderly patients (13), and the mortality rate remains high despite great progress in treatment. Because PSG was performed based on the history of obesity, loud snoring and daytime somnolence, >90% of OSA patients were male in this study. This finding indicated that the prevalence of OSA in males is greater than that in females. In addition, the patients with OSA had a higher BMI and higher prevalence of diabetes mellitus than those without OSA. These results were consistent with previous studies showing that the prevalence and severity of OSA were significantly related to male sex, obesity, and diabetes mellitus (27, 28).

OSA is associated with cardiac functional and structural changes. During obstructive apnea, negative intrathoracic pressure was generated against an occluded upper airway, thereby increasing the left ventricle transmural pressure, an important determinant of left ventricular afterload (29). Consistent with this notion, Malone and colleagues illustrated that OSA contributes to impaired left ventricular function in DCM patients, and the reversal of OSA by nasal CPAP can improve LVEF (11). Our study found enlarged LVEDd and LAD in patients with DCM and OSA compared with DCM patients without OSA, although these variables were not statistically significant. We hypothesized that the discrepancy between our study and others arose from the smaller sample size. In contrast, we found that the RVEDd and RAD were significantly greater in severe OSA patients than in non-OSA patients and were associated with the AHI. This finding may be explained by the fact that during apnea, futile inspiratory efforts against the occluded pharynx cause a reduction in intrathoracic pressure and enhancement in venous return, inducing a leftward shift of the interventricular septum and right ventricle dilatation (30, 31). Repeated and periodic apneic episodes eventually lead to enlargement of the right ventricle and atrium. Early cineradiographic studies in humans and dogs also showed increased right heart size during the apneic episodes (32). This finding reflects that OSA was associated with right cardiac structural changes. In addition, considering that the cavity of the right ventricle has an irregular geometry with thin walls, the inflow tract and outflow tract are not in the same plane, which makes accurate evaluation of right ventricular function quite difficult. Therefore, our results may have certain flaws. Elevated NT-proBNP levels are evidence of clinical HF or increased wall stress, which might be caused by elevated ventricular filling pressure (33, 34). In this study, DCM patients with severe OSA had significantly greater NT-proBNP levels than patients with mild to moderate OSA and those without OSA. More importantly, NT-proBNP was independently correlated with the AHI. These findings provide a clue that OSA may aggravate the degree of HF in DCM patients.

OSA has been implicated as a contributor to the prevalence and severity of CVD. However, CPAP treatment did not reduce the risk of vascular outcomes for patients with OSA in recent trials (35–37). Therefore, it is essential to develop a novel strategy to counteract the pathophysiological mechanisms of the adverse consequences associated with OSA. One study reported that cardiac fibroblasts promote the hypertrophic response of cardiomyocytes through the transfer of exosomal miR-21 (38). MiR-200a is abundantly expressed in adipose tissue, inhibits TSC1 (a repressor of mTOR signaling) expression, promotes mTOR expression and leads to cardiomyocyte hypertrophy (39). Circulating exosomes derived from untreated OSA patients significantly increased endothelial cell senescence and endothelial dysfunction (24). These results suggested that OSA-derived exosomes and their cargo may be associated with cardiomyocyte injury. Thus, we studied the effects of exosomes derived from untreated OSA patients on cardiomyocyte fibrosis and hypertrophy and explored the possible mechanism.

In our study, we found that Col1A1, ANP and BNP expression levels were significantly increased with OSA-Exos treatment. These results demonstrate that exosomes may be a mediator to induce cardiomyocyte injury.

Autophagy is a highly conservative process that contributes to the elimination of superfluous materials and plays an important role in cardiac hypertrophy (40). Decreased autophagy disrupts energy and protein metabolism and induces severe cardiac hypertrophy (41), whereas the autophagy inducer rapamycin reduces aging-induced cardiac remodeling and hypertrophy (42). Therefore, we hypothesized that autophagy was also involved in OSA-Exos-induced cardiomyocyte injury. Our results confirmed that the level of autophagy decreased with OSA-Exos treatment as characterized by a decreased ratio of LC3B II/I and beclin1 expression.

mTOR, a serine/threonine kinase, promotes cell growth and autophagy via various pathways (43). mTOR is a critical downstream target of Akt, which plays an important role in extracellular matrix synthesis and cardiomyocyte hypertrophy in the progression of HF (44). In our experiments, p-Akt/Akt and p-mTOR/mTOR in our experiments, levels were increased by OSA-Exos treatment. These results illustrate that OSA-Exos also inhibited autophagy through the Akt/mTOR signaling pathway. In addition, rapamycin significantly decreased the elevated expression of Col1A1, ANP and BNP induced by OSA-Exos treatments and alleviated OSA-Exos-induced cardiomyocyte injury. Taken together, OSA-Exos promoted cardiomyocyte injury via Akt/mTOR signaling pathway-mediated autophagy.

There are several limitations in this study that merit discussion. First, this is a single-center retrospective study with a relatively small sample size; therefore, selection bias may exist in this study. Further prospective studies with a larger cohort of subjects are needed to support the present findings and investigate the exact effects of OSA on HF. Additionally, given the lack of data on CPAP treatment, whether the changes in cardiac structure and function will be reversed by CPAP treatment has not been confirmed; studies involving OSA-derived exosomes from pre- and post- treated patients are also needed to elucidate the effects and possible mechanism of OSA-Exos.



CONCLUSIONS

Based on the clinical data, we showed that DCM patients with severe OSA had larger RVEDd and RAD and increased NT-proBNP levels than DCM patients without OSA. Moreover, NT-proBNP and diabetes mellitus were independently correlated with the AHI in multiple linear regression analysis. The AHI is significantly associated with cardiovascular remodeling and may be a potential variable to predict cardiac dysfunction and remodeling. In basic experiment, we found that exosomes derived from OSA patients induce the expression of HF markers in cardiomyocytes, and this process may be related to the decreased autophagy mediated by the Akt/mTOR signaling pathway. Identification of critical elements within exosomal cargo in OSA patients with accelerated HF may enable the development of novel therapeutic strategies for these patients.
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