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Abstract. Peroxiredoxin  3  (PRDX3) is an abundant and 
effective enzyme, which aids in the removal of H2O2 in the 
mitochondria, thereby inhibiting cell autophagy. PRDX3 is 
a target protein of microRNA (miRNA/miR)-383, the over-
expression of which has been found to inhibit the growth 
of glioma cells. We hypothesized that miR-383 serves an 
antitumor role by inhibiting oxidative stress during tumor 
growth. In the current study, human glioma U87 cells were 
transfected with pre-/short hairpin (sh)-PRDX3 vectors and 
miR-383 mimics/inhibitors. Apoptosis and reactive oxygen 
species (ROS) production were detected using flow cytometry. 
Autophagy was examined using acridine orange staining, 
and the expression of cytoplasmic autophagy-related proteins 
[autophagy-related protein  9  (ATG9), Ras-related protein 
Rab-1A (Rab1) and p62] was determined using western blot 
analysis. The interaction between miR-383 and PRDX3 was 
assessed using a dual-luciferase assay. The results indicated 
that both sh-PRDX3 and miR-383 mimics promoted apoptosis 
and increased the level of mitochondrial ROS, whilst acridine 
orange staining revealed that sh-PRDX3 promoted autophagy 
in U87 cells compared with that in the control cells. The 
detection of autophagic proteins indicated that sh-PRDX3 
and miR-383 mimics increased the protein expression level of 
ATG9 and RAB1, and inhibited that of p62. On the contrary, the 
effect of miR-383 mimics was opposite to that of pre-PRDX3 in 

U87 cells. Reverse transcription-quantitative PCR and western 
blot assays revealed that miR-383 was negatively associated 
with PRDX3 in U87 cells. miR-383 was indicated to interact 
with PRDX3, as demonstrated using a dual-luciferase assay. 
In conclusion, the present study demonstrated that miR-383 
induced cell apoptosis and mitochondrial ROS production 
by downregulating PRDX3 in U87 cells, thereby promoting 
oxidative stress-induced autophagy.

Introduction

Glioma has been indicated to be the most common primary 
brain tumor, accounting for 75% of all intracranial tumors 
in adults from 2010-2014 in USA  (1), with a diagnosis of  
~350,000 cases per year. There has been substantial progress 
in the treatment of glioma; however, the median survival time 
of patients with glioblastoma has been reported to be only 
12-15 months worldwide in 2013 (2). Therefore, the discovery 
of novel molecular targets and therapeutic methods for the 
treatment of glioma are required.

MicroRNAs (miRNAs/miRs) are small non-coding RNAs 
that have been discovered ~20  years ago  (3,4). miRNAs 
have been associated with a number of important biological 
processes, including developmental regulation, organ forma-
tion, cell proliferation and apoptosis (5,6). Previous studies have 
indicated that several miRNAs were abnormally expressed 
and participated in the occurrence and development of 
glioma (7,8). miR-383 has been indicated to be downregulated 
in hepatocellular carcinoma and non-small cell lung cancer, 
acting either as a tumor suppressor gene (9,10). Moreover, a 
previous study has reported that the inhibition of miR-383 in 
glioma tissue decreased the proliferation of glioma cells (11). 
However, the mechanism by which miR-383 may affect the 
proliferation or apoptosis of glioma cells is still unclear. 

Peroxiredoxin  3  (PRDX3) is an oxidation/reduction-
related protein found in the mitochondria, which has been 
found to exhibit protective antioxidant effects and inhibit 
autophagy  (12,13). PRDX3 has been reported to promote 
cancer cell survival by aiding cancer cells to escape cell 
oxidation, and the protein expression levels of PRDX3 has 
been negatively associated with autophagy (12,14). Previously, 
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PRDX3 has been identified as a target protein of miR-383, 
and a negative association between the expression levels of 
miR-383 and PRDX3 was found (15). Therefore, based on these 
studies, miR-383 may exert antitumor effects via the oxida-
tive stress pathway to inhibit tumor growth. Mitochondrial 
reactive oxygen species (ROS) are considered to be harmful 
products of oxidative metabolism, as they cause cell damage 
and result in diseases, including diabetes and cardiovascular 
diseases (16-19). Previous studies have reported that oxidative 
stress may disrupt endoplasmic reticulum function (20), acti-
vate endoplasmic reticulum stress (21,22) and downregulate 
autophagy (23,24). Whether an association between miR-383 
and autophagy via PRDX3-mediated oxidative stress exists, 
remains to be further elucidated.

The present study examined the effects of manipulating 
the expression levels of miR-383 and PRDX3 on apoptosis, 
mitochondrial ROS production and autophagy in human 
glioma U87 cells. In addition, the present study also explored 
whether PRDX3 is a downstream target gene of miR-383, with 
the aim to clarify the potential mechanism by which miR-383 
may regulate autophagy in human glioma cells.

Materials and methods

Cell culture. The U87 cell line (accession no. CVCL_0022; 
American Type Culture Collection), which is a glioblastoma 
cell line of unknown origin, that was authenticated using STR 
profiling, was maintained in DMEM (Invitrogen; Thermo 
Fisher Scientific, Inc.) supplemented with 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.), 50  U/ml penicillin and 
50 mg/ml streptomycin. The cells were cultured in an atmo-
sphere at 37˚C containing 5% CO2.

Construction of miR-383 mimics/inhibitors and PRDX3 inter-
ference/overexpression vectors. The commercial miR-383 
mimics/inhibitors and their negative controls (NCs) were 
purchased from Guangzhou RiboBio Co., Ltd. (miR-383 mimics, 
cat. no.  miR10000748-1-5; miR-383 inhibitors, cat. no. 
miR20000748-1-5; mimics NC, cat. no. miR1N0000001-1-5; 
inhibitors NC, cat. no. miR2N0000001-1-5). The sequences are 
as follows: miR-383 mimic, 5'-AGA​UCA​GAA​GGU​GAU​UGU​
GGC​U-3' and miR-383 inhibitor, 5'-AGC​CAC​AAU​CAC​CUU​
CUG​AUC​U-3'. 

The small interfering RNA Target Finder (https://rnaidesigner.
thermofisher.com/rnaiexpress/design.do; Ambion; Thermo Fisher 
Scientific, Inc.) was used to select a segment (5'-AAC​GAG​CTT​
GAC​AAT​CTC​TTG​AA-3') within the coding region of PRDX3 
(NC_000010.11) for the short hairpin (sh)RNA design. The corre-
sponding DNA template sequence containing restriction sites for 
EcoRI and BamHI was used, as a target sequence. The template 
primer sequences were as follows: Sense, 5'-GAT​CCG​GAA​
GAA​CGA​GCT​TGA​CAA​TTC​AAG​AGA​TTG​TCA​AGC​TCG​TTC​
TTC​CTT​TTT​TAC​GCG​TG-3'; antisense, 5'-AAT​TCA​CGC​
GTA​AAA​AAG​GAA​GAA​CGA​GCT​TGA​CAA​TCT​CTT​GAA 
TTG​TCA​AGC​TCG​TTC​TTC​CG-3'. The shRNA sequence, 
which was obtained using PCR, and pSIREN-RetroQ-shN 
plasmid vector, which was a gift from Joe Landry 
(Addgene plasmid  no.  73665; http://n2t.net/addgene:73665; 
RRID:Addgene_73665), was digested using EcoRI and BamHI 
enzymes (Thermo Fisher Scientific, Inc.) and subsequently 

ligated. The recombinant plasmid (pSIREN-sh-PRDX3) 
was transfected into U87 cells using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). 

The pre-PRDX3 plasmid was constructed using the same 
method as aforementioned. The corresponding DNA template 
containing restriction sites for EcoRI and XhoI was designed 
as a target sequence. The template primer sequences were as 
follows: Forward primer, 5'-CGG​AAT​TCC​GAT​GGC​GGC​
TGC​TGT​A-3'; reverse primer, 5'-CCC​TCG​AGG​GTT​ACC​
TTC​TGA​AAG​TA-3'. pcDNA3.1-HA plasmid, which was a 
gift from Oskar Laur (Addgene plasmid no. 128034; http://n2t.
net/addgene:128034; RRID:Addgene_128034), was digested 
using EcoRI and XhoI enzymes (Thermo Fisher Scientific, Inc.) 
and ligated to the PRDX3 sequence obtained using PCR from 
DNA template from U-87 MG cells according to the following 
system: 12.5 µl PCR mix (2xTaq Master Mix; Vazyme Biotech 
Co., Ltd.), 0.5 µl forward primer, 0.5 µl reverse primer, 1 µl DNA 
template and 10.5 µl ddH2O. The thermocycling conditions are 
as follows: Initial denaturation at 94˚C for 3 min, followed by 
30 cycles of denaturation at 94˚C for 60 sec, annealing at 56˚C 
for 60 sec, and extension at 72˚C for 60 sec; and final extension 
at 72˚C for 5 min. The recombinant plasmid (pcDNA3.1-pre-
PRDX3) was transfected into U87 cells using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.).

Cell transfection. U87 cells (1x105 cells/well) were seeded in 
6-well plates at 37˚C overnight and transfected with miR-383 
mimics/inhibitors (20 nM) and miR-383 mimics/inhibitors 
NCs, pre-/sh-PRDX3 (0.8-1.0 µg), scramble shRNA (sh-NC) 
or pre-NC using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.). During transfection, the cells were main-
tained in Opti-MEM reduced-serum medium (Gibco; Thermo 
Fisher Scientific, Inc.) for 6 h at 37˚C, and subsequently the 
medium was replaced with DMEM. The cells were analyzed 
using reverse transcription-quantitative PCR (RT-qPCR) and 
western blot analysis following 48 h of transfection.

Flow cytometry. To detect ROS levels, 2',7'-dichlorodihy-
drofluorescein diacetate (DCFH-DA; Sigma-Aldrich; Merck 
KGaA) was diluted with serum-free DMEM (1:1,000; 
HyClone; Cytiva) to a final concentration of 10 µmol/l. U87 
cells were collected by centrifugation at 400 x g, 4˚C for 5 min, 
suspended in diluted DCFH-DA (10 µmol/l) at 1x107 cells/ml 
and incubated at 37˚C for 20 min. The cell suspension was 
mixed every 3-5 min to fully integrate the probe with the 
cells. Following incubation, the cells were washed three times 
with serum-free medium to remove excessive DCFH-DA. The 
cells (1x106) were subsequently harvested by centrifugation at 
400 x g, 4˚C for 5 min, and ROS levels were detected using 
flow cytometry (FC500 MCL; Beckman Coulter, Inc.). The 
data was analyzed using CXP analysis version 2.0 (Beckman 
Coulter, Inc.).

To detect apoptosis, U87 cells (1x106) were collected and 
washed with 1 ml pre-cooled PBS. Annexin V-FITC and 
propidium iodide (10 µl each; both Beijing Solarbio Science 
and Technology Co., Ltd.) were added to the cells and the 
percentage of apoptosis in the stained cells was quantified 
using flow cytometry (FC500 MCL; Beckman Coulter, Inc.). 
The data was analyzed using CXP Analysis version  2.0 
(Beckman Coulter, Inc.).
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Western blot analysis. U87 cells were lysed in pre-cooled 
RIPA lysis buffer (Beyotime Institute of Biotechnology). 
Protein quantification was performed using bicinchoninic acid 
protein concentration determination assay (Thermo Fisher 
Scientific, Inc.). Following incubation in a water bath for 
10 min, 25 µg protein/lane were subjected to SDS-PAGE on 
12% gels. The proteins were transferred to a PVDF membrane 
(EMD Millipore), blocked in 5% skim milk at 25˚C for 2 h 
and incubated with primary antibodies (all 1:1,000) against 
PRDX3 (cat. no. ab73349; Abcam), autophagy-related protein 9 
(ATG9; cat. no. ab108338; Abcam), Ras-related protein Rab-1 
(RAB1; cat. no. 13075; Cell Signaling Technology, Inc.), p62 
(cat. no. ab91526; Abcam) and GAPDH (cat. no. 5174; Cell 
Signaling Technology, Inc.) overnight at 4˚C. The membranes 
were subsequently washed 3  times with PBS containing 
5% Tween-20 and incubated with goat anti-rabbit IgG horse-
radish peroxidase-conjugated secondary antibody (1:2,000; 
cat.  no.  ab6721; Abcam) at 25˚C for 1 h. The membranes 
were treated with ECL reagent (EMD Millipore) to detect the 
expression of proteins using an automatic chemiluminescence 
analyzer (Tanon 5200; Tanon Science and Technology Co., 
Ltd.). The band gray values were read using the Tanon GIS 4.2 
software (Tanon Science and Technology Co., Ltd.).

RT-qPCR. Total RNA was extracted from U87 cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
and reverse-transcribed into cDNA using the Advantage® 
RT-for-PCR Kit (cat. no. 639505; Takara Biotechnology Co., 
Ltd.). The reverse transcription condition were as follows: 
42˚C for 15 min and hold at 16˚C. SYBR® Premix Ex Taq™ II 
kit (Takara Biotechnology Co., Ltd.) was used for subsequent 
qPCR according to the manufacturer's instructions. The ther-
mocycling conditions were as follows: Initial denaturation at 
95˚C for 3 min, followed by 39 cycles of denaturation at 95˚C 
for 5 sec, annealing at 56˚C for 10 sec and extension at 72˚C 
for 25 sec, before final extension at 65˚C for 5 sec and 95˚C for 
50 sec. All primers were purchased from Nanjing Genscript 
Biological Technology Co., Ltd., and were as follows: PRDX3 
forward, 5'-TTCCAGTCAAGCAAAAT-3' and reverse, 
5'-GAA​GAA​AAG​CAC​CAA​AT-3'; miR-383 forward, 5'-GGG​
AGA​TCA​GAA​GGT​GA-3' and reverse, 5'-AAC​TGG​TGT​CGT​
GGA​GTC​GGC​-3'; U6 forward, 5'-CTC​GCT​TCG​GCA​GCA​
CA-3' and reverse, 5'-AAC​GCT​TCA​CGA​ATT​TGC​GT-3' 
and GAPDH forward, 5'-CCA​CTC​CTC​CAC​CTT​TG-3' and 
reverse, 5'-CAC​CAC​CCT​GTT​GCT​GT-3'. The experiments 
were performed independently with three biological replicates. 
The data was analyzed using the 2-ΔΔCq method (25), where 
GAPDH was used as the reference gene of PRDX3 and U6 was 
used as the reference gene of miR-383.

Acridine orange staining. An Acridine Orange detection kit 
(Beijing Leagene Biotech Co., Ltd.) was used to detect cell 
autophagy. A total of 1x106 U87 cells/ml were washed with 
acridine orange (AO) stain buffer  (1X) and subsequently 
mixed with AO stain buffer  (1X) at a ratio of 19:1  (v/v). 
The cells were stained at 25˚C for 15 min, placed on a glass 
slide and covered with a coverslip. Subsequently, images 
were obtained (magnification, x200) using a fluorescence 
microscope (excitation filter wavelength, 488 nm; blocking 
filter wavelength, 515 nm; IX53; Olympus Corporation).

Interaction between miR-383 and PRDX3. The 3'-untranslated 
region (3'-UTR) of the PRDX3 gene and potential targets of 
miR-383 were predicted using the TargetScanHuman v7.1 soft-
ware (http://www.targetscan.org/vert_71/). The QuikChange 
Site-Directed Mutagenesis kit (Agilent Technologies, Inc.) was 
used to mutate the 3'-UTR of PRDX3 at the putative binding 
site of miR-383. Wild-type (WT) and mutant (Mut) PRDX3 
3'-UTRs were cloned into the pmirGLO-vector (Promega 
Corporation). 293 cells were co-transfected with pmirGlO-3'-
UTR-PRDX3 (50 ng) and miR-383 mimics/inhibitor (50 nM) 
using Lipofectamine®  2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) in 24-well plates for 12 h. Following transfec-
tion, cell lysates were prepared using Passive Lysis Buffer 
(Promega Corporation) and luciferase activity was measured 
using a Dual-Luciferase® Reporter assay system according to 
manufacturer's protocol (Promega Corporation). All luciferase 
activities were normalized to that of Renilla luciferase activity.

Statistical analysis. SPSS v19.0 (IBM Corp.) was used to 
analyze all data, and the data are presented as the mean ± stan-
dard deviation from three experimental repeats. Statistical 
analysis was performed using one-way ANOVA followed by 
Dunnett's or Duncan's test. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Efficiency of pre-/sh-PRDX3 vectors and miR-383 mimics/inhib-
itor and their effect on the expression of autophagy-associated 
proteins. The mRNA and protein expression level of PRDX3 
was increased in the pre-PRDX3 group and decreased in 
sh-PRDX3-transfected cells compared with that in the control 
cells (P<0.05), indicating that the transfection of pre-/sh-PRDX3 
plasmids was successful (Fig. 1A and C). In addition, the mRNA 
expression level of miR-383 was increased following transfec-
tion with miR-383 mimics and decreased in cells transfected 
with miR-383 inhibitor compared with that in the control cells 
(P<0.05), demonstrating that transfection with miR-383 mimics 
and inhibitor was also successful (Fig. 1B). Additionally, neither 
miR-383 mimics/inhibitors negative controls or pre-/sh-PRDX3 
negative controls exerted an effect on miR-383 or PRDX3 
expression (Fig. S1). Therefore, the NC groups were not take into 
consideration in the follow-up study. Moreover, the autophagy-
related proteins, ATG9, RAB1 and p62, were examined using 
western blot analysis following pre-/sh-PRDX3 transfection. 
ATG9 and RAB1 were downregulated in cells transfected with 
pre-PRDX3 (P<0.05 and P<0.01, respectively), but were upregu-
lated in cells transfected with sh-PRDX3 (P<0.05 and P<0.01, 
respectively) compared with that in the control cells (Fig. 1C). 
By contrast, p62 was upregulated by pre-PRDX3 (P<0.01) and 
downregulated by sh-PRDX3 (P<0.05) compared with that in 
the control group (Fig. 1C).

PRDX3 and miR-383 are associated with ROS and autophagy 
in human glioma U87 cells. Apoptosis and ROS levels 
were detected using flow cytometry, following transfection. 
Compared with that in the control group, cells transfected 
with pre-PRDX3 exhibited no difference in the rate of apop-
tosis, whereas sh-PRDX3 significantly increased apoptosis in 
transfected cells (Fig. 2A; P<0.05). In addition, the miR-383 
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inhibitor did not affect apoptosis, whereas transfection with 
miR-383 mimics significantly increased apoptosis compared 
with that in the control cells (Fig. 2B; P<0.05). ROS levels were 
decreased following transfection with pre-PRDX3 (P<0.01), 
but were increased in the sh-PRDX3-transfected cells (P<0.05) 
compared with that in the control group (Fig. 2C). Moreover, 
transfection with miR-383 mimics significantly increased 
ROS levels (P<0.05), whereas cells transfected with miR-383 
inhibitor exhibited no significant difference compared with 
that in the control cells (Fig. 2D). Autophagy was examined 
in U87 cells using AO staining (Fig. 3). Cells transfected with 
sh-PRDX3 presented an increased autophagy compared with 
that in the control group and pre-PRDX3-transfected cells, as 
indicated by the increase in autolysosome formation (Fig. 3A; 
orange red staining). Similarly, autophagy was enhanced in 
cells transfected with miR-383 mimics compared with that 
in the control group and miR-383 inhibitor-transfected cells 
(Fig. 3B). In addition, the AO staining can also be used to 
evaluate the apoptosis of cells, which shows yellow-green 
staining. The increased yellow-green staining in sh-PRDX3 

and miR-383 mimics groups suggested increased levels of 
apoptosis, consistent with results that both sh-PRDX3 and 
miR-383 mimics promoted apoptosis.

Interaction between miR-383 and PRDX3. RT-qPCR was used 
to detect the mRNA expression levels of PRDX3 and miR-383 
following transfection with miR-383 mimics and inhibitors 
and pre/sh-PRDX3. The mRNA expression levels of PRDX3 
were significantly decreased following transfection with 
miR-383 mimics (P<0.05) and significantly increased with 
miR-383 inhibitor (P<0.05) compared with that in the control 
cells (Fig. 4A). In addition, the expression level of miR-383 
was significantly downregulated in cells transfected with pre-
PRDX3 (P<0.05), but was significantly upregulated following 
transfection with sh-PRDX3 (P<0.05) compared with that in 
the control group (Fig. 4B). The protein expression level of 
PRDX3 was similar to the mRNA levels in cells transfected 
with miR-383 mimics and inhibitor compared with that in 
the control cells (Fig. 4C; both P<0.05). Moreover, ATG9 and 
RAB1 were significantly downregulated in cells transfected 

Figure 1. Expression of proteins associated with autophagy after transfection with pre-/sh-PRDX3 vectors and miR-383 mimics/inhibitor. (A) mRNA 
expression level of PRDX3 in cells transfected with pre-PRDX3, sh-PRDX3 and the control group. (B) mRNA expression level of miR-383 in cells transfected 
with miR-383 mimics, miR-383 inhibitor and the control group. (C) Protein expression of PRDX3 and the autophagy-related proteins ATG9, RAB1 and p62 
in cells transfected with pre-PRDX3, sh-PRDX3 and the control group. n=3. *P<0.05, **P<0.01 and ***P<0.001 vs. Control group. PRDX3, peroxiredoxin 3; 
miR, microRNA; sh, short hairpin; ATG9, autophagy-related protein 9; RAB1, Ras-related protein Rab-1. 
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with miR-383 inhibitor (both P<0.01), but were significantly 
upregulated following transfection with miR-383 mimics (both 
P<0.05) compared with that in the control group (Fig. 4C). p62 
was also significantly upregulated following transfection with 
miR-383 inhibitor (P<0.05), but was significantly downregu-
lated in miR-383 mimics-transfected cells (P<0.01), compared 
with that in the control cells (Fig. 4C). The effect of miR-383 
on the expression level of autophagy-associated proteins was 
opposite to that of PRDX3 (Fig. 1C). The potential interaction 
between miR-383 and PRDX3 was investigated in U87 cells 
using a dual-luciferase assay (Fig. 4D). In the PRDX3 WT 
group, luciferase activity was significantly increased following 
transfection with miR-383 mimics (P<0.001) and significantly 
decreased with miR-383 inhibitor (P<0.001) compared with 
that in the control group. Moreover, in cells transfected with 
miR-383 mimics, the luciferase activity of the PRDX3 WT 
group was significantly increased compared with that in the 
PRDX3 Mut group (P<0.001), and in cells transfected with 

miR-383 inhibitor, the luciferase activity of the PRDX WT 
group was significantly decreased compared with that in the 
PRDX3 Mut group (P<0.001).

Discussion

Basu et al (26) previously reported that the expression level of 
PRDX3 in cells of patients with prostate cancer was higher 
compared with that in normal prostate cells, and suggested 
that PRDX3 served a cancer-promoting role. In addition, 
elevated expression levels of PRDX3 in the serum may be 
considered to be a marker of prostate carcinogenesis (26). In 
addition, PRDX3 was found to be overexpressed in glioblas-
toma and PRDX3 inhibition attenuated glioma cell growth (9). 
These indicated the tumorigenic role of PRDX3. The majority 
of PRDX3 is localized in the mitochondria  (27); however, 
PRDX3 expression on the cell membrane has been shown to 
be regulated by androgens in LNCaP cells, which is a prostate 

Figure 2. PRDX3 inhibits and miR-383 promotes ROS production in human glioma U87 cells. Flow cytometry detection of cell apoptosis following transfection with 
(A) pre-/sh-PRDX3 and (B) miR-383 mimics/inhibitor. Flow cytometry detection of ROS levels following transfection with (C) pre-/sh-PRDX3 and (D) miR-383 
mimics/inhibitor. n=3. *P<0.05 and **P<0.01 vs. Control group. PRDX3, peroxiredoxin 3; miR, microRNA; sh, short hairpin; ROS, reactive oxygen species. 
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cancer cell line (28). PRDX3 is a member of the peroxiredoxin 
family, which is responsible for neutralizing ROS (29), has been 
reported to be upregulated in a specific endocrine-regulated 
tumor (prostate cancer) (24). In androgen-resistant LNCaP 
cells, PRDX3 protein expression levels have been indicated to 
be upregulated, thereby preventing H2O2-induced apoptosis, 
while PRDX3 knockout has been demonstrated to restore the 
sensitivity of H2O2-induced apoptosis. Therefore, PRDX3 may 
serve an important role in inhibiting apoptosis induced by cell 
oxidation (24).

Mitochondria have been found to be directly or indirectly 
associated with the metabolism of cancer cells  (30-32), 
which results in an increased amount of ROS and abnormal 
mitochondria shape and function (33-35). Oxidative stress is 
caused by the imbalance between ROS production and the 
antioxidant capacity of the cells (36). Certain cancer treat-
ments, such as chemotherapy and radiation, have been reported 
to disrupt mitochondrial homeostasis and induce the release 
of cytochrome c, resulting in the formation and activation 
of apoptotic bodies (37,38). This is modulated by the degree 
of mitochondrial oxidative stress, and previous reports have 
suggested that mitochondrial oxidative stress may serve an 
important role in cancer development (39,40).

PRDX3 has been indicated to serve a major role in 
controlling mitochondrial ROS production (41). In a previous 
study (41), PRDX3-knockout mice have been reported to be 
lethargic with aging; moreover, compared with WT mice, 
PRDX3-knockout mice had increased oxidative damage and 
a decreased copy number of mitochondrial DNA in skeletal 
muscle. In addition, the apoptosis of brain cells in PRDX3-
knockout mice was increased compared with that in WT mice. 
These results indicated that the lack of PRDX3 accelerated 
the oxidative stress and mitochondrial damage, resulting in 
a reduced energy supply and cellular activity (41). Therefore, 

PRDX3 may be associated with the inhibition of the aging 
process (41).

In another study, PRDX3 knockdown in hepatoma cells 
has been performed to explore whether PRDX3 inhibition may 
prevent the oxidation of mitochondrial DNA and the down-
stream ATP synthesis and result in the inhibition of tumor 
cell growth or apoptosis (42). It was found that PRDX3 medi-
ated mitochondrial oxidative stress to promote tumor growth 
and migration (42). In the present study, cell apoptosis, ROS 
levels and autophagy were examined following overexpres-
sion and knockdown of PRDX3 (pre-PRDX3 and sh-PRDX3, 
respectively). The results indicated that sh-PRDX3 increased 
apoptosis, ROS levels and autophagy in U87 cells, and it was 
hypothesized that sh-PRDX3 may promote U87 cell apoptosis 
via ROS-mediated autophagy. These findings are consistent 
with those of previous studies aforementioned (42).

miRNAs are non-coding RNAs that regulate gene 
expression and have been associated with cancer pathogen-
esis (3,4,7,10). Owing to its abnormal downregulation in certain 
types of human cancers, including gastric cancer and non-
small cell lung cancer, miR-383 may be employed for cancer 
treatment and diagnosis by its upregulation (43,10). The gene 
of miR-383 is localized in the intron of the protein-coding gene 
SGCZ, which is dysregulated in various diseases (9,10,43). 
A previous study found that miR-383 was downregulated in 
intestinal gastric adenocarcinoma and it has been suggested 
that miR-383 may be used as a potential tumor marker for the 
diagnosis of gastric cancer and as a potential target for gene 
therapy (43).

The expression level of miR-383 has been reported to be 
downregulated in U87 human glioma cells and has been nega-
tively associated with the pathological grades of gliomas (44). 
It has been indicated that decreased miR-383 expression in 
glioma cells inhibited cell proliferation, migration and invasion, 

Figure 3. PRDX3 inhibits and miR-383 promotes autophagy in human glioma U87 cells. Autophagy in U87 cells was examined using acridine orange staining 
in cells transfected with (A) pre-/sh-PRDX3 and (B) miR-383 mimics/inhibitor. Scale bar, 100 µm. PRDX3, peroxiredoxin 3; miR, microRNA; sh, short hairpin. 
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affected the cell cycle regulation and induced apoptosis (45). 
Overexpression of miR-383 was found to inhibit the growth 
of U251 and U87 glioma cells, downregulate the protein 
expression level of cyclin D1, and induce cell cycle arrest at 
the G0/G1 phase (44). This is consistent with previous studies 
in different types of tumors, including colorectal cancer 
and glioma (11,46,47). In the present study, cell apoptosis, 
ROS levels and autophagy were examined in cells following 
transfection with miR-383 mimics and inhibitor. The results 

indicated that miR-383 mimics increased apoptosis, ROS 
levels and autophagy in U87 cells, suggesting that miR-383 
mimics promoted U87 cell apoptosis via ROS-mediated 
autophagy. The limitation of this study is that the NC groups 
were not taken into consideration in the follow-up study after 
transfection efficiency detection.

Li et al  (15) reported that PRDX3 was a target protein 
of miR-383, and miR-383 has been found to be negatively 
associated with PRDX3 expression. In the present study, the 

Figure 4. Interaction between miR-383 and PRDX3. Reverse transcription-quantitative PCR was used to detect the mRNA expression of PRDX3 and miR-383 
in cells transfected with (A) miR-383 mimics/inhibitor and (B) pre-/sh-PRDX3. (C) The protein expression of PRDX3 and the autophagy-related proteins 
ATG9, RAB1 and p62 was detected in cells transfected with miR-383 mimics/inhibitor via western blot. (D) The interaction between miR-383 and PRDX3 
was evaluated in U87 cells via a dual-luciferase assay. n=3; *P<0.05, **P<0.01 and ***P<0.001 vs. Control group. PRDX3, peroxiredoxin 3; miR, microRNA; 
sh, short hairpin; ATG9, autophagy-related protein 9; RAB1, Ras-related protein Rab-1; WT, wild-type; Mut, mutant. 
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interaction between miR-383 and PRDX3 was also verified. 
Moreover, as PRDX3 has been indicated to be a key enzyme 
in oxidative stress and autophagy, it may be hypothesized 
that miR-383 may serve an antitumor role via regulating the 
oxidative stress pathway to induce autophagy. 
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