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Diabetic peripheral neuropathy is a common complications of Type 2 Diabetes and its main pathological feature 

is myelin sheath damage of peripheral nerve that was induced by Schwann cells (SCs) apoptosis. Increasing 

evidence suggested that noncoding RNAs might play a role in improving DPN because of its ability to prevent 

SCs apoptosis. In this study, we explore the effect of autophagy-related circular RNA on preventing SCs apoptosis 

and its underlying mechanism. Our study found that ACR could relieve HG-aroused RSC96 cell apoptosis, 

autophagy, and oxidative stress via reducing miR-144-3p and then promoting PI3K/AKT/ mTOR pathway 

activation, which provides some clues that ACR might be effective and feasible candidate for the treatment of 

DPN. 
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Diabetes mellitus (DM), a chronic metabolic disorder, gets 

more and more public attention [1]. World Health 

Organization estimated that about 422 million people suffered 

from DM in 2018 worldwide [2]. Type 2 DM encompasses the 

most prevalent form of the disease, which is associated with a 

wide range of complications. One common of complications 

is diabetic peripheral neuropathy (DPN) that has been defined 

as peripheral nerve dysfunction in diabetes [1, 3]. The disorder 

affects both somatic and autonomic peripheral nerves with 

significant morbidities, such as pain, sensory loss, foot ulcers, 

and potentially, lower extremity amputations. These 

morbidities have been reported affecting about fifty percent of 

diabetic patients with a high morbidity, mortality and quality 

of life. It was well known that one of the mainly characteristic 

pathogenesis of DPN is myelin sheath damage [4]. Myelin 

sheath played a critical role in nerve development by 

ensheathing the axons and providing structural and functional 

support to the nerves in the peripheral nervous system. Studies 

have confirmed that myelin sheath damage leaded to 

neuropathy of peripheral nerve in diabetic patients and 

experimental diabetic models [4, 5]. Diabetic patients showed 

that a loss of myelinated fibers observed in transverse nerve 

sections [4]. Moreover, the similar structural abnormalities 

have been found in experimental diabetic rats, and showed 

increased morphological alterations in myelinated fibers of the 

sciatic nerve, including demyelination and degenerating 

myelinated fibers as well as myelinated fiber loss [5]. In the 

peripheral nervous system, myelin sheath was formed by 
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Schwann cells (SCs). 

SC is important regulator of nerve function, including 

regulating and maintaining myelin thickness and providing 

neurotrophic support [6-8]. It has found that SCs loss or 

damage was noted in patients suffering from diabetic 

neuropathy [9]. In addition, previous studies have also 

demonstrated that apoptosis of SCs was occurred in the 

progress of DPN in experimental animals. De Gregorio et al. 

reported that SCs apoptosis was increased as diabetic progress 

in diabetic (db/db) compared with non-diabetic (db/+) mice 

[10]. Delaney and his colleague found apoptotic SCs with 

classic features of chromatin clumping and prominent 

vacuolation, as well as the disruption of myelin surrounding 

the axons in a diabetic animal’s model of streptozotocin 

(STZ)-treated rats [9]. Moreover, other researchers also 

reported that SCs apoptosis played a role in DPN procession, 

while, preventing apoptosis of SCs could ameliorate injury of 

the myelin sheath in DPN [11]. These studies demonstrated 

that SCs apoptosis is one of the mechanisms that cause DPN 

via inducing myelin sheath damage. Therefore, controlling 

apoptosis of SCs was contributed to protect against myelin 

sheath damage and then slow the peripheral nerve 

degeneration in DPN. 

Circular RNAs (circRNAs), a type of novel discovered 

single‐stranded and closed noncoding RNAs in cells, are 

formed by reverse cleavage of mature messenger RNA 

(mRNA) exon [12]. In recent years, circRNAs have attracted 

widespread attention in the field of genomics [13]. Compared 

with linear RNA, circRNA are more conservative and stable 

due to covalently closed loop and the deficiency of 

polyadenylation tail. Recent literatures discovered that 

circRNAs acted as sponge of microRNAs (miRNAs), another 

type of noncoding RNAs in cells, and bond to miRNAs sites 

to release the inhibitory effects of miRNAs on target mRNAs 

[14,15]. CircRNAs exhibit gene expression regulatory 

functions and then engage in the development of human 

diseases generally via negative modulating miRNAs 

expression [16]. In terms of DPN, Wang et al found that 

circHIPK3 expression was positively related to the 

neuropathic pain of patients with type 2 diabetes, and silencing 

circHIPK3 could relieve neuropathic pain in diabetic rats 

through reducing miRNA-124 expression [17]. Autophagy-

related circular RNA (ACR), a newly discovered circRNA, 

was proved to take part in the regulation of cardiomyocytes 

autophagy, which could weaken myocardial ischemia/ 

reperfusion damage via repressing cardiomyocytes autophagy 

and death [18]. However, until now, there is no any literature 

can be searched regarding the possible impact of ACR on 

neuroglial cell apoptosis and autophagy in DPN. In recent 

years, study has found that miRNAs were involved in many 

important processes of diabetes through the regulation of 

cytokine expression [15]. Recently, miR-144-3p has been 

discovered to be associated with the modulation of apoptosis 

and autophagy of cisplatin-resistance of human thyroid 

carcinoma cells [19].  

This study tried to investigate the underlying effect and 

mechanism of ACR protecting SCs against apoptosis in the 

diabetic rats, which provides some clues that ACR might be 

effective and feasible candidate for the treatment of DPN.  

Materials and methods 

Cell culture and HG irritation 

RSC96 cells, a kind of myelin cells in rat peripheral system, 

were utilized to establish the DPN cell model. RSC96 cells 

were supplied by American Type Culture Collection (CRL‐

2765; VA) and grown in Dulbecco modified Eagle medium 

(DMEM; PM150210; Procell Inc) containing 10% fetal 

bovine serum (164210; Procell Inc) with 5% CO2 and 95% air 

at 37°C. D‐glucose (purity >98.0%) was purchased from 

MedChem Express (HY‐B0389; NJ). D‐glucose powder was 

dissolved in DMEM to a final concentration of 150 mM. Next, 

RSC96 were cultured in DMEM containing 150 mM D‐

glucose for 48 hours to simulate HG condition.  

qRT-PCR  

Total RNAs were separated using RiboPure RNA 

Purification Kit (AM1924; Invitrogen). Complementary DNA 

(cDNA) was composited using High‐Capacity RNA‐to‐cDNA 

Kit (4387406; Applied Biosystems). Then, TaqMan 

noncoding RNA Assay (4426961; Applied Biosystems) was 

carried out for measuring ACR expression and compared to β‐

actin. mirVana qRT‐PCR miRNA Detection kit (AM1558; 

Invitrogen) was used for measuring miR-144-3p expression 

and compared to U6 small nuclear RNA expression.  

Lentivirus transfection 

Full‐length sequence of ACR was sub‐cloned into PLCDH‐

circ vector (GS0104; Geneseed Biotech Co) to form PLCDH‐

ACR. Unloaded PLCDH‐circ vector was utilized as negative 

control (NC). Lentifectin transfection reagent (G074; Applied 

Biological Materials Inc) was used for PLCDH‐ACR and 

unloaded PLCDH‐circ vector transfection. miR-144-3p mimic 

and its NC mimic were supplied by Life Technologies.  

Cell viability and apoptosis 

Cell Counting Kit‐8 assay (40203; Yeasen Biotechnology 

Co) was carried out for testing RSC96 cell viability. The 

absorbance of every group at 450 nm was detected using 

Microplate reader. Annexin V‐PE/7‐AAD Apoptosis 

Detection Kit (40310; Yeasen Biotechnology Co) was used for 

testing RSC96 cell apoptosis. Results were measured using 

Attune NxT Acoustic Focusing Cytometer (Invitrogen).  
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ROS generation  

ROS expression in RSC96 cells was detected by 2,7‐

dichlorodihydrofluorescein diacetate (DCFH‐DA; C3890; 

APExBIO) staining. RSC96 cells were cultivated into six‐well 

plate (1 × 105 cells/well) and subjected to different irritation. 

Then, cells were gathered in line with the experimental group, 

rinsed with phosphate buffer saline and stained using 10 μM 

DCFH‐DA for twenty minutes at 37°C protected from light. 

Subsequently, the ROS level in every group was detected 

using Attune NxT Acoustic Focusing Cytometer (488 nm 

excitation and 521 nm emission) and shown as the percentage 

of control.  

Western blotting 

Total proteins were separated by Radioimmunoprecipi-

tation assay lysis buffer (20101ES60; Yeasen Biotechnology 

Co containing Halt Protease Inhibitor Cocktail (78438; 

Thermo Fisher Scientific). Bradford Protein Quantification 

Kit (20202ES76; Yeasen Biotechnology Co) was used for 

measuring protein concentration. Some of the primary 

antibodies, including Bax (#2772), caspase 3 (#9662), caspase 

9 (#9508), p62 (#5114), Beclin‐1 (#3738), LC3 (#4108), and 

β‐actin (#4970) were purchased from Cell Signaling 

Technology. Other primary antibodies, including p‐PI3K 

(ab182651), t‐PI3K (ab191606), p‐AKT (ab38449), t‐AKT 

(ab18785), p‐mTOR (ab137133), and t‐mTOR (ab2732) were 

purchased from Abcam Biotechnology. Secondary antibodies, 

including anti-mouse immunoglobulin G (IgG; H+L; DyLight 

680 Conjugate; #5470) and anti‐rabbit IgG (H+L; DyLight 

680 Conjugate; #5366), were purchased from Cell Signaling 

Technology. The relative expression of proteins was 

normalized against β‐actin. The gray values of proteins were 

quantified by utilizing the ImageJ software (NIH, Bethesda, 

MD).  

Statistical analysis  

Data was expressed as mean ± Standard error (SEM) and 

analyzed by Graphpad Prism 5 using one-way analysis of 

variance (ANOVA) followed by least significant difference 

(LSD) test. 

Results 

HG lowered ACR expression in RSC96 cells  

In order to know the ACR expression after HG irritation in 

RSC96 cells, HG irritation model was established and the 

circular RNA ACR expression was measured. HG irritation 

reduces the ACR expression in RSC96 cells (P < 0.05), which 

indicates that ACR might play an important role in the 

pathophysiology of HG irritation (Figure 1). 

 

Figure 1. ACR expression in RSC96 cells. In RSC96 cells which were 
subjected to high glucose (HG) irritation, the circular RNA ACR 
expression was measured. The ACR expression in RSC96 cells was 
decreased significantly. *P < 0.05. 

 

Exogenous PLCDH‐ACR transfection inhibited RSC96 cell 

apoptosis and autophagy  

In order to know the ACR role in RSC96 cellS, exogenous 

PLCDH‐ACR transfection was applied to overexpressing 

ACR in RSC96 cells (Figure 2A; P < 0.05). Figure 2B showed 

that HG irritation decreased the RSC96 cell viability (P < 0.05), 

while exogenous PLCDH‐ACR transfection alleviated the 

HG‐aroused decrease of RSC96 cell viability (P < 0.05). 

Figure 2C presented that HG irritation elevated the RSC96 cell 

apoptosis (P < 0.05), while exogenous PLCDH‐ACR 

transfection decreased the HG‐aroused RSC96 cell apoptosis 

(P < 0.05). In addition, HG irritation raised the Bax, cleaved/ 

procaspase 3 (Cleaved/Procaspase 3), and cleaved/procaspase 

9 expression in RSC96 cells (Figure 2D; P < 0.05). In contrast 

with the HG+PLCDH group, the Bax, cleaved/procaspase 3, 

and cleaved/ procaspase 9 expression were reduced in 

HG+PLCDH-ACR group (P < 0.05). Furthermore, Figure 2E 

pointed out that HG irritation decreased the p62 expression, 

but raised the Beclin‐1 and LC3‐II/LC3‐I expression in 

RSC96 cells (P < 0.05), which suggested that HG irritation 

could cause RSC96 cell autophagy. However, exogenous 

PLCDH‐ACR transfection notably inhibited the impacts of 

HG irritation on p62, Beclin‐1, and LC3‐II/ LC3‐I expression 

in RSC96 cells (P < 0.05). 

Exogenous PLCDH‐ACR transfection reduced HG‐aroused 

ROS generation  

The ROS levels were measured in RSC96 cells after HG 

irritation and/or exogenous PLCDH‐ACR transfection. As 

presented in Figure 3, HG irritation enhanced the ROS level 

in RSC96 cells (P < 0.05), while exogenous PLCDH‐ACR 

transfection reduced the ROS level in HG‐irritated RSC96 

cells (P < 0.05). 

Reduced miR-144-3p expression in HG‐irritated RSC96 cells  

Subsequently, the miR-144-3p expression in RSC96 cells  
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Figure 2. Exogenous PLCDH‐ACR transfection relieved HG‐aroused RSC96 cell apoptosis and autophagy. Accompanying with exogenous PLCDH 

or PLCDH‐ACR transfection, the ACR expression in RSC96 cells were measured (A). RSC96 cells were subjected to HG irritation and/or exogenous 

PLCDH‐ACR transfection. Then cell viability (B), cell apoptosis (C), Bax, caspase 3, caspase 9, p62, Beclin‐1, and LC3 expression were tested, 

respectively (D,E). *,#,@P < 0.05, **,##,@@P < 0.05. 

  

Figure 3. HG‐aroused ROS generation. Exogenous PLCDH‐ACR 

transfection relieved HG‐aroused ROS generation after HG irritation 

and/or exogenous PLCDH‐ACR transfection. *P < 0.05, **P < 0.05. 

Figure 4. Exogenous PLCDH‐ACR transfection decreased miR-144-3p 

expression in HG‐irritated RSC96 cells after HG irritation and/or 

exogenous PLCDH‐ACR transfection. *P < 0.05, **P < 0.05. 
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Figure 5. Role of miR-144-3p in ACR on HG‐aroused RSC96 cell apoptosis and autophagy. Overexpression of miR-144-3p in RSC96 cells is observed 

(A). HG‐aroused RSC96 cell viability and apoptosis after exogenous PLCDH‐ACR transfection were both inhibited by miR-144-3p mimic transfection 

(B and C). In contrast with HG+PLCDH‐ACR+NC mimic group, the Bax, cleaved/procaspase 3, and cleaved/procaspase 9 expression were all 

enhanced in HG+PLCDH‐ACR+miR-144-3p mimic group (D). Furthermore, Beclin‐1 and LC3‐II/LC3‐I expression in HG‐irritated RSC96 cells were 

reduced by miR-144-3p mimic transfection (E). *,#,@P < 0.05, **,##,@@P < 0.05. 

 

was tested after HG irritation and/or exogenous PLCDH‐ACR 

transfection. Data in Figure 4 showed that HG irritation raised 

the miR-144-3p expression in RSC96 cells (P < 0.05). In 

contrast with the HG+PLCDH group, the miR-144-3p 

expression was decreased in the HG+PLCDH‐ACR group (P 

< 0.05). 

Apoptosis and autophagy regulated by miR-144-3p 

miR-144-3p mimic was applied to overexpress miR-144-3p 

in RSC96 cells (Figure 5A; P < 0.05). HG‐aroused RSC96 cell 

viability and apoptosis after exogenous PLCDH‐ACR 

transfection were both inhibited by miR-144-3p mimic 

transfection (Figure 5B and C; P < 0.05). In contrast with 

HG+PLCDH‐ACR+NC mimic group, the Bax, cleaved/ 

procaspase 3, and cleaved/procaspase 9 expression were all 

enhanced in HG+PLCDH‐ACR+miR-144-3p mimic group 

(Figure 5D; P < 0.05). Furthermore, Beclin‐1 and LC3‐

II/LC3‐I expression in HG‐irritated RSC96 cells were reduced 

by miR-144-3p mimic transfection (Figure 5E; P < 0.05). 

ROS generation regulated by miR-144-3p 
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Figure 6. miR-144-3p engaged in the impact of ACR on HG‐aroused 

ROS generation. Compared to HG+PLCDH‐ACR+NC mimic group, the 

ROS level in RSC96 cells was raised in HG+PLCDH‐ACR+miR-144-

3p mimic group. *,#P < 0.05, **,##P < 0.05. 

 

Whether miR-144-3p engaged in the impact of ACR on 

HG‐aroused ROS generation in RSC96 cells was also probed. 

Data in Figure 6 showed that relative to HG+PLCDH‐

ACR+NC mimic group, the ROS level in RSC96 cells was 

raised in HG+PLCDH‐ACR+miR-144-3p mimic group (P < 

0.05), which illustrated that exogenous PLCDH‐ACR 

transfection relieved HG‐aroused ROS generation in RSC96 

cells also could be achieved through reducing miR-144-3p 

expression. 

miR-144-3p/PI3K/AKT/ mTOR pathway regulated by ACR  

In order to know the miR-144-3p/PI3K/AKT/mTOR 

pathway regulated by ACR, the PI3K/AKT/mTOR pathway 

activity in RSC96 cells was assessed. HG irritation repressed 

the PI3K/AKT/mTOR pathway in RSC96 cells through 

reducing p/t‐PI3K, p/t‐AKT, and p/t‐mTOR expression 

(Figure 7; P < 0.05). However, exogenous PLCDH‐ACR 

transfection notably reversed the HG irritation‐aroused 

inactivation of PI3K/AKT/mTOR pathway (P < 0.05). Besides, 

miR-144-3p mimic transfection inhibited the impact of 

exogenous PLCDH‐ACR transfection on HG‐aroused 

inactivation of PI3K/AKT/mTOR pathway (P < 0.05). 

Discussion 

DPN is the most common complication of diabetes, 

affecting up to 50% of diabetic patients, and it makes an 

important contribution to pain, loss of sensation, numbness, 

injury and lower extremity amputation [1, 3]. This disorder is 

characterized by myelination defects, vascular insufficiency 

and axonal atrophy. Because complex pathophysiology are 

implicated in the DPN, available treatments to date consist of 

improved metabolic control and a focus on symptoms 

effective medications [3, 4], while, there are no effective   

 

 

Figure 7. Exogenous PLCDH‐ACR transfection promoted PI3K/AKT/ 

mTOR pathway through miR-144-3p. HG irritation repressed the 

PI3K/AKT/ mTOR pathway in RSC96 cells through reducing p/t‐PI3K, 

p/t‐AKT, and p/t‐mTOR expression. Meanwhile, miR-144-3p mimic 

transfection inhibited the impact of exogenous PLCDH‐ACR 

transfection on HG‐aroused inactivation of PI3K/AKT/mTOR pathway. 
*,#,@P < 0.05, **,##,@@P < 0.05. 

 

treatments doing concentrate on fundamental mechanisms in 

the pathogenesis of neuropathy. 

SCs are special gliocytes and peripheral myelin–forming 

cells in the peripheral nervous system. It is an essential 

element in the pathogenesis and development of peripheral 

nerves as well as maintaining normal morphology and 

function. Preview study suggested the important role of the 

SCs as a support cell for neuronal function, SCs may be a 

natural target for treating DPN. Recently, it was demonstrated 

that SCs apoptosis induced myelin sheath damage, which is 

considered one of the mechanisms leading to DPN [9-11]. 

Moreover, preventing apoptosis of SCs ameliorated the injury 

of the myelin sheath in DPN [11]. 

In the present study, HG irritation decreased Schwann 

RSC96 cell viability, but elevated cell apoptosis, which was 

accompanied by the raised Bax, cleaved/procaspase 3 and 
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cleaved/procaspase 9 expression. As key proteins participat-

ing in cell autophagosome formation, Beclin‐1 and LC3‐II 

expression were both enhanced in RSC96 cells after HG 

irritation. On the contrary, as a negative marker of cell 

autophagy, p62 expression was decreased after HG irritation 

[20, 21]. Apoptosis and autophagy are two kinds of 

programmed cell deaths associated with disease suppression. 

Autophagy is a cell degradation process that provides cells 

with alternative energy by recovering damaged organelles, 

which helps cells maintain intracellular environment and 

viability under metabolic stress [22]. Apoptosis refers to the 

process by which cells can end its life under certain 

physiological or pathological conditions, following its own 

procedures [23]. At present, the relationship between 

autophagy and apoptosis in diabetes is mainly divided into two 

types: first, autophagy antagonizes apoptosis by damaging 

organelles and changing endoplasmic reticulum folding 

protein, thereby inhibiting apoptosis and protecting cells [24, 

25]. Second, autophagy is the premise of apoptosis, autophagy 

is activated after deprivation of nutrition and eventually leads 

to apoptosis [26]. In our paper, the data revealed that 

exogenous ACR relieved HG‐aroused RSC96 cell apoptosis 

and autophagy, indicating that autophagy and apoptosis might 

co‐operate in DPN. Besides, earlier literatures proved that 

persistent HG environment‐caused oxidative stress in 

neuroglial cells contributed to the neuroglial cell apoptosis and 

autophagy [27, 28]. Herein, followed by HG irritation, the 

ROS level in RSC96 cells was boosted, which suggested that 

the oxidative stress was increased in RSC96 cells after HG 

irritation. Taken together, these outcomes illustrated that HG‐

irritated RSC96 cells could be applied to probe the impact of 

ACR on DPN. CircRNAs are a new type of noncoding RNAs 

produced by nonsequential back‐splicing of pre‐mRNA 

transcripts [29]. Being different from traditional linear 

noncoding RNAs (containing 5′ and 3′ ends), circRNAs 

present a covalent closed circular structure [30]. So, it is not 

influenced by RNA exonuclease and can maintain a more 

stable expression in cells. Some circRNAs have been 

discovered to be dysregulated in diabetes and diabetes‐related 

complications, including DPN,which suggested that 

circRNAs might be as effective diagnostic biomarkers and 

therapeutic targets for diabetes and diabetes‐related 

complications [31, 32]. ACR is a recently discovered circRNA, 

which has been reported to engage in the modulation of 

cardiomyocytes autophagy. In the current research, we 

discovered that HG irritation lowered the ACR expression in 

RSC96 cells. What's more, exogenous PLCDH‐ACR 

transfection notably relieved the RSC96 cell apoptosis, 

autophagy, and ROS generation aroused by HG, which 

illustrated that ACR engaged in the modulation of Schwann 

cell apoptosis, autophagy, and oxidative stress under HG 

environment, and implied that ACR might be as the potential 

diagnostic biomarker and therapeutic target for DPN. 

CircRNAs, including ACR, generally exert regulatory 

functions on cellular biological processes via acting as 

miRNAs sponge. miRNAs can bind to the 3′‐untranslated 

region of the target mRNAs and then cause posttranscriptional 

gene expression silencing, while circRNAs can weaken the 

posttranscriptional gene expression silencing function of 

miRNAs on target mRNAs [33]. Meanwhile, miR-144-3p has 

been discovered to be associated with the modulation of 

apoptosis and autophagy of cisplatin-resistance of human 

thyroid carcinoma cells [19]. 

Herein, we discovered that HG irritation raised the miR-

144-3p expression in RSC96 cells, while exogenous PLCDH‐

ACR transfection decreased the miR-144-3p expression in 

HG‐ irritated RSC96 cells. What's more, overexpression of 

miR‐144‐3p mitigated the impacts of exogenous PLCDH‐

ACR transfection on HG‐aroused RSC96 cell apoptosis, 

autophagy and ROS generation. These outcomes illustrated 

that ACR engaged in the modulation of Schwann cell 

apoptosis, autophagy, and oxidative stress under HG 

environment at least be implemented through reducing miR-

144-3p. PI3K/AKT/mTOR signaling pathway is proved to be 

essential for cell survival [34]. Previous literatures reported 

that HG irritation could repress PI3K/AKT/mTOR pathway in 

Schwann cells [35, 36]. Moreover, miR-144-3p has been 

demonstrated to attend to the regulation of PI3K/AKT/mTOR 

pathway [37]. In consistent with the previous literatures, 

PI3K/AKT/mTOR pathway was also repressed by HG 

irritation in our experiment. We discovered that exogenous 

PLCDH‐ACR transfection reversed the HG‐aroused 

PI3K/AKT/mTOR pathway repression, while miR-144-3p 

overexpression inhibited the influence of exogenous PLCDH‐

ACR transfection, which illustrated that ACR relieved HG‐

aroused RSC96 cell apoptosis, autophagy, and oxidative stress 

could be via reducing miR-144-3p and then promoting PI3K/ 

AKT/mTOR pathway activation. To sum up, this study 

confirmed the impacts of ACR on Schwann cell apoptosis, 

autophagy, and ROS generation under HG environment. ACR 

could relieve HG‐aroused RSC96 cell apoptosis, autophagy, 

and oxidative stress via reducing miR-144-3p and then 

promoting PI3K/AKT/mTOR pathway activation.  
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