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Abstract. Laryngeal squamous cell carcinoma (LSCC) is a 
malignant tumor with increasing incidence and poor prog‑
nosis. Circular RNAs (circRNAs) are known to modulate 
tumorigenesis and cancer development that may function 
through microRNAs (miRs). The aim of the present study was 
to investigate the functional roles of circ_0001883 in LSCC 
and the underlying molecular mechanism. The expression of 
circ_0001883 was upregulated and measured using reverse 
transcription‑quantitative PCR (RT‑qPCR) and RNase  R. 
miR‑125b‑5p expression was downregulated in LSCC tissues 
and cells as determined using RT‑qPCR. Subsequently, 
knockdown of circ_0001883 inhibited LSCC cell migra‑
tion, invasion and epithelial‑mesenchymal transition (EMT), 
which were tested by wound healing assays, Transwell assays 
and western blotting, respectively. Bioinformatics analysis 
predicted that circ_0001883 was a sponge of miR‑125b‑5p, 
which was verified using a dual‑luciferase reporter assay. 
Knockdown of circ_0001883 played a functional role by 
sponging miR‑125b‑5p. Additionally, circ_0001883 and 
miR‑125b‑5p influenced phosphorylation of PI3K and AKT, 
detected via western blotting. In an in  vivo study, knock‑
down of circ_0001883 reduced tumor volume and weight 
in mice, along with enhanced miR‑125b‑5p and E‑cadherin 
expression levels, and decreased N‑cadherin, phosphorylated 
(p)‑PI3K/PI3K and p‑AKT/AKT ratios. In conclusion, knock‑
down of circ_0001883 inhibited cell migration, invasion and 
EMT of LSCC by sponging miR‑125b‑5p. This is hypothesized 

to be via the PI3K/AKT signaling pathway, which suggested 
that circ_0001883 has potential for LSCC therapy.

Introduction

Laryngeal carcinoma is the most common head and neck 
malignant tumor, with an increasing incidence trend in the last 
decade (1). The primary type is laryngeal squamous cell carci‑
noma (LSCC), which accounts for 5% of all types of human 
cancer (2). Tobacco, alcohol and genetic polymorphisms are 
the main risk factors for the development of LSCC (3). There 
are three traditional treatments of LSCC: Surgery, radio‑
therapy and chemotherapy, either alone or in combination (4). 
The overall survival rate has decreased over the last couple 
of decades, as a large number of patients are diagnosed at 
an advanced stage and do not opt for surgical treatment (5). 
With the development of molecular therapy, the pathogenesis 
of LSCC has been revealed to be associated with abnormal 
expression of oncogenes and tumor suppressors  (6). There 
are numerous targeted drugs for cancer treatment; however, 
the majority of them are prone to developing resistance (7,8). 
In addition, molecular targeted therapy is effective and less 
toxic but it has limitations, as it is only effective in patients 
who express specific biomarkers, such as EGFR, KRAS and 
NRAS (9). Therefore, an improved understanding of the devel‑
opment of LSCC and finding effective molecular therapies 
will benefit patients' survival rate and life quality.

Circular RNAs (circRNAs) are a class of endogenous, 
long non‑coding RNAs, characterized by covalently closed 
loop structures (10). The biological functions of circRNAs 
include isolating microRNAs (miRNAs/miRs) or proteins, 
modulating transcription and interfering with splicing and 
translating (11). Previous evidence has revealed that circRNAs 
play notable roles in numerous types of human cancer as 
diagnostic biomarkers and therapeutic targets (12). A previous 
study revealed that circ_0001883 expression is upregulated in 
LSCC tissues compared with normal tissues (13). However, the 
functional roles of circ_0001883 in LSCC remain unknown.

miRNAs are also non‑coding RNAs that influence 
biological processes through negatively regulating target 
mRNA in both normal development and pathological reac‑
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tions (14). Previous studies have shown a strong association 
between miRNA dysregulation and tumorigenesis and cancer 
development (14,15). The mammalian miR‑125 family that is 
located in three genomic loci and is composed of miR‑125a 
and miR‑125b, is a high conserved miRNA family and 
has a notable role in hematopoiesis  (16,17). miR‑125b (or 
miR‑125b‑5p) commonly acts as a tumor suppressor in various 
solid types of cancer but serves as an oncomiR in hemato‑
logical malignancies (18). Therefore, the roles of miR‑125b‑5p 
in LSCC need to be investigated.

The present study analyzed the effects of circ_0001883 on 
LSCC cell migration, invasion and epithelial‑mesenchymal 
transition (EMT). The underlying molecular mechanism and 
roles of the miR‑125‑5p/PI3K/AKT axis were explored in vitro 
in LSCC cells and the effects of circ_0001883 were explored 
in vivo. These findings demonstrated that circ_0001883 may 
be a potential target for treatment of LSCC.

Materials and methods

Patients. The present study included a total of 33 patients 
diagnosed with LSCC through histopathological examination 
and confirmed by two pathologists who were not involved in 
the study. The patients (25 males and 8 females; mean age, 
59.03 years; age range, 44‑75 years) underwent surgery in 
The Eye and ENT Hospital of Fudan University (Shanghai, 
China) between June 2018 and October 2019. Patients with any 
previous treatments were excluded. The paired tumor tissues 
and adjacent normal tissues (5 cm away from tumor tissues) 
were stored at ‑80˚C until used. Written informed consent was 
provided by each participant. The present study was approved 
by The Ethics Committee of Eye and ENT Hospital of Fudan 
University.

Cell culture. The human bronchial epithelial cell line (16HBE) 
and LSCC cells (AMC‑HN‑8 and Tu686) were purchased from 
American Type Culture Collection. All these cells were incu‑
bated in RPMI‑1640 medium supplemented with 10% FBS 
(both Thermo Fisher Scientific, Inc.) and 1% penicillin/strep‑
tomycin at 37˚C with CO2.

RNA isolation and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA from LSCC or normal tissues, and 
AMC‑HN‑8 and Tu686 cells was isolated using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). After 
quantification using spectrophotometry, a TaqMan MicroRNA 
Reverse Transcription kit (Thermo Fisher Scientific, Inc.) was 
used to reverse transcribe miR‑125b‑5p, and a PrimeScript RT 
reagent kit (Takara Bio, Inc.) was used to reverse transcribe 
circ_0001883. RT reactions were performed according to the 
manufacturer's instructions. The PCR reaction was performed 
using PowerUp SYBR® Green Master Mix (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) with the conditions 
of 95˚C for 2 min (pre‑denaturation) followed by 40 cycles at 
95˚C for 15 sec (denaturation), 58˚C for 15 sec (annealing) and 
72˚C for 1  min (extension) on a 7500 Real‑Time PCR 
Instrument (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The relative expression levels of miR‑125b‑5p and 
circ_0001883 were normalized to U6 and GAPDH, respec‑
tively, and were quantified using the 2‑ΔΔCq method (19). The 

specific primers were as follows: circ_0001883 forward, 
5'‑AGTTCAACCCTGGCTGGGCAC‑3', and reverse, 5'‑TCC 
ATGTGAGATTCGGGTGG‑3'; GAPDH forward, 5'‑TGG 
TCACCAGGGCTGCTT‑3', and reverse, 5'‑AGCTTCCCG 
TTCTCAGCC‑3'; miR‑125b‑5p forward, 5'‑ACACTCCAGCT 
GGGTCCCTGAGACCCTAAC‑3', and reverse, 5'‑CTCAAC 
TGGTGTCGTGGAGTCGGCAATTCAGTTGA‑3'; U6 
forward, 5'‑CTCGCTTCGGCAGCACA‑3', and reverse, 5'‑AA 
CGCTTCACGAATTTGCG‑3'.

RNase R treatment. Total RNA (2.5  µg) isolated from 
AMC‑HN‑8 and Tu686 cells was incubated with 10 U RNase R 
(Guangzhou Geneseed Biotech Co., Ltd.) at 37˚C for 30 min, 
and the RNase R digestion reaction was tested using RT‑qPCR 
as aforementioned.

Cell transfection. Three small interfering RNAs (siRNAs; 
si‑circ_0001883#1, 5'‑CGGCAGGTCCTAAGTGCACAGTA 
AA‑3'; si‑circ_0001883#2, 5'‑CCACCTCAAACATTTACC 
ATTTCTT‑3'; and si‑circ_0001883#3, 5'‑GGGCTCATGATT 
GACAGCCTCTTGT‑3'), corresponding negative control 
(si‑NC, 5'‑UUCUCCGAACGUGUCACGUTT‑3'), miR‑NC 
(5'‑UUCUCCGAACGUGUCACGUTT‑3'), anti‑miR‑NC 
(5'‑CAGUACUUUUGUGUAGUACAA‑3'), miR‑125b‑5p 
agomir (miR‑125b‑5p, 5'‑UCCCUGAGACCCUAACUU 
GUGA‑3') and miR‑125‑5p antagomir (anti‑miR‑125b‑5p, 
5'‑UCACAAGUUAGGGUCUCAGGGA‑3') were all provided 
by Shanghai GenePharma Co., Ltd. AMC‑HN‑8 and Tu686 
cells were seeded into 6‑well plates at a density of 
1x106  cells/well. A total of 100  nM siRNAs and 50  nM 
miR‑125b‑5p/anti‑miR‑125b‑5p were used for transfection. 
The t ransfect ion ana lysis  was per formed using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) following the manufacturer's instructions. After incuba‑
tion for 48 h at 37˚C with 5% CO2, transfection efficiency was 
determined using RT‑qPCR. si‑circ_0001883#3 was used in 
subsequent experiments.

Bioinformatical analysis and dual‑luciferase reporter 
assay. The targets of circ_0001883 were predicted using 
bioinformatical analysis via the online StarBase v2.0 data‑
base (http://starbase.sysu.edu.cn/). Subsequently, one of the 
targets was selected, and the relationship was analyzed using 
a dual‑luciferase reporter assay. AMC‑HN‑8 and Tu686 cells 
were seeded into 24‑well plates at a density of 2x105 cells/well. 
circ_0001883‑wild‑type (WT) and circ_0001883‑mutant 
(MUT) 3'‑untranslated region (UTR) sequences were inserted 
into pGL3 vectors (Promega Corporation). The cells were 
co‑transfected with miR‑NC or miR‑125b‑5p (2 µg) as well 
as circ_0001883‑WT or circ_0001883‑MUT (2  µg) using 
Lipofectamine® 2000. After 48 h, the relative luciferase and 
firefly activity was normalized to Renilla luciferase activity, 
and was measured using a Dual‑Luciferase Assay System 
(Promega Corporation).

Wound healing assay. AMC‑HN‑8 and Tu686 cells were 
transfected and incubated in RPMI‑1640 medium supple‑
mented with 10% FBS and 1% penicillin/streptomycin until 
cell confluence reached ~90%. A scratch of the same width 
in each well was made using a 10‑µl sterile pipette tip. Any 
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floating cells and debris were washed using PBS. Serum‑free 
RPMI‑1640 medium supplemented with 1% penicillin/strepto‑
mycin was added to incubate with cells at 37˚C. At 0 and 24 h 
of incubation, the wound was observed and images were 
captured using a light microscope (magnification, x100; 
Olympus Corporation). Wound closure rate was calculated as 
follows: (wound width at 24 h/wound width at 0 h) x 100.

Transwell assay. For the invasion assay, 24‑well Transwell 
chambers (8‑µm pore size) coated with Matrigel were 
supplied by BD Biosciences. Cell suspensions at a density of 
5x104 cells/well were added into top chambers with serum‑free 
medium. The lower chambers were filled with RPMI‑1640 
medium supplemented with 10% FBS. After incubating for 
24 h at 37˚C, the invaded cells on the lower chamber were 
mixed with 4% paraformaldehyde for 30 min and 0.1% crystal 
violet for 15 min at 37˚C. The number of invaded cells was 
manually counted under a light microscope (magnification, 
x200; Olympus Corporation) at five random fields.

Protein extraction and western blotting. Total protein was 
isolated from LSCC cells and mice tissues using RIPA lysis 
and extraction buffer (Thermo Fisher Scientific, Inc.) on ice 
after washing twice with PBS. To detect the concentration 
of protein, BCA assay was conducted using a Bicinchoninic 
Acid kit for Protein Determination (Sigma‑Aldrich; Merck 
KGaA). Equal quantities of protein (30 µg) was separated 
via 10%  SDS‑PAGE. Then, the protein was transferred 
to PVDF membranes and blocked with 5% skim milk at 
room temperature for 1 h. The protein was incubated with 
primary antibodies against E‑cadherin (cat. no.  ab40772; 
1:10,000), N‑cadherin (cat. no. ab18203; 1:1,000), MMP3 (cat. 

no. ab53015; 1:1,000), PI3K (cat. no. ab191606; 1:1,000), phos‑
phorylated (p)‑PI3K (cat. no. ab182651; 1:1,000), AKT (cat. no. 
ab8805; 1:500), p‑AKT (cat. no. ab38449; 1:500) and GAPDH 
(cat. no. ab9485; 1:2,500) at 4˚C overnight, followed by incu‑
bation with secondary antibodies goat anti‑rabbit IgG H and 
L HRP (cat. no. ab205718; 1:10,000) at room temperature for 
1 h. All antibodies were purchased from Abcam. GAPDH was 
used as the internal control. ECL western blotting substrate kit 
(BioVision, Inc.) was used to test each signal. Gray analysis 
was assessed using ImageJ 1.8.0 software (National Institutes 
of Health).

Xenografts in mice in vivo. All animal studies were approved 
by the Institutional Animal Care and Use Committee of Eye & 
ENT Hospital of Fudan University. BALB/c nude mice 
(total,  12; female; 6 weeks old; 20‑22 g; Shanghai SLAC 
Laboratory Animal Co., Ltd.) were purchased for in  vivo 
analysis. Before study, the mice were maintained in 12‑h 
light/12‑h dark conditions at 20‑22˚C and 50‑60% humidity, 
and they had free access to food and water. The mice were 
divided into two groups (6 mice/group): Short hairpin (sh)‑NC 
and sh‑circ_0001883. sh‑NC (5'‑TCCACTTGATCCCAA 
CTCA‑3') and sh‑circ_0001883 (5'‑GGTCCTAAGTGCACA 
GTAAAT‑3') were purchased from Shanghai GenePharma 
Co., Ltd. and inserted into pLKO.1‑Puro vectors (Shanghai 
Qincheng Biological Technology Co., Ltd.; https://www.
shqcsw.com/plus/view.php?aid=6682). Recombinant plasmids 
(2 µg) and packing vectors (2 µg) were co‑transfected into 
293T cells using Lipofectamine® 2000 for 48 h. Supernatant 
containing virus was obtained using centrifugation (400 x g at 
room temperature for 5 min). AMC‑HN‑8 cells were seeded 
into 24‑well plates at a density of 1x105 cells/well and were 

Figure 1. Expression of circ_0001883 and miR‑125b‑5p expression is increased and decreased, respectively, in LSCC tissues and cells. (A) circ_0001883 
expression in 33 pairs of LSCC tissues and corresponding normal tissues was measured using RT‑qPCR. (B) Expression of circ_0001883 was measured 
using RT‑qPCR in human bronchial epithelial cell line 16HBE and LSCC cell lines (AMC‑HN‑8 and Tu686). circ_0001883 and its matching linear mRNA 
expression were tested in (C) AMC‑HN‑8 and (D) Tu686 cells, which were treated with RNase R. (E) miR‑125b‑5p level was detected in tumor and matched 
non‑tumor tissues (n=33) by RT‑qPCR. (F) Expression level of miR‑125b‑5p was detected using RT‑qPCR in 16HBE, AMC‑HN‑8 and Tu686 cell lines. 
*P<0.05. circ, circular; miR, microRNA; LSCC, laryngeal squamous cell carcinoma; RT‑qPCR, reverse transcription‑quantitative PCR.
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then transfected with 10 µg polybrene and 20 µl plasmids at 
37˚C for 14 days. The experiments were performed according 
to The Guide for the Care and Use of Laboratory Animals (20). 
No mice died before the treatment. AMC‑HN‑8 cell suspen‑
sion (200 µl contained 2x105 cells in PBS) after transfection 
was injected in the dorsal scapula region of mice. Tumor length 
and width were measured every 4 days, starting 7 days after 
transfection until the end of 27 days, and tumor volumes were 
calculated using (length x width2)/0.5. The mice were then 
sacrificed via intraperitoneal injection of pentobarbital sodium 
(200 mg/kg) and their tumors were dissected and weighed.

Immunohistochemistry (IHC). The tissues were fixed in 
4%  paraformaldehyde at room temperature for 24  h and 
embedded in paraffin. The paraffin sections (4‑µm‑thick) of the 
tumor in mice were dewaxed and then rehydrated in alcohol. 
Endogenous peroxidase activity was blocked with 3% H2O2 
for 15 min at room temperature. After antigen retrieval, the 
sections were blocked with 10% normal goat serum (Beijing 
Solarbio Science & Technology Co., Ltd.) for 1 h at 37˚C. The 
aforementioned primary antibodies specific to E‑cadherin 
and N‑cadherin were added and incubated at 4˚C overnight, 
and subsequently, the aforementioned secondary antibody 
was added and incubated at room temperature for 30 min. 
The color was developed using DAB kit (BD Biosciences) 
for 15 min, and the sections were counterstained using hema‑

toxylin (Sigma‑Aldrich; Merck KGaA) for 3 min at room 
temperature. Finally, the sections were observed and images 
captured using a light microscope (magnification, x200; 
Olympus Corporation). The number of immuno‑positive cells 
was counted at three random fields of view.

Statistical analysis. SPSS 19.0 software (IBM Corp.) was used 
for statistical analysis, and the results are presented as the 
mean ± standard deviation. Significant differences between 
two groups were analyzed using paired (between paired 
tissues) or unpaired (between cell lines) Student's t‑test, and the 
differences among three or more groups were assessed using 
one‑way ANOVA followed by Tukey's post hoc test. Pearson 
correlation coefficient analysis was performed to evaluate the 
correlation between circ_0001883 and miR‑125b‑5p expres‑
sion in tissues. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of circ_0001883 is upregulated and miR‑125b‑5p 
is downregulated in LSCC tissues and cell lines. To investigate 
whether circ_0001883 was associated with LSCC, its expres‑
sion was measured using RT‑qPCR. As shown in Fig. 1A, the 
expression level of circ_0001883 was significantly upregulated 
in LSCC tissues compared with in adjacent normal tissues. In 

Figure 2. circ_0001883 depletion inhibits the migration, invasion and EMT in LSCC cells. (A) Transfection efficiency of AMC‑HN‑8 and Tu686 cells mea‑
sured using RT‑qPCR. Cell migration capability was tested and wound closure rate was quantified in (B) AMC‑HN‑8 and (C) Tu686 cells after transfection 
with si‑circ_0001883#3 at 0 and 24 h. Scale bar, 100 µm. Cell invasion was detected using Transwell assays after transfection of si‑circ_0001883#3 for 24 h in 
(D) AMC‑HN‑8 and (E) Tu686 cells, and the number of invaded cells was quantified. Scale bar, 50 µm. (F) Expression levels of EMT‑related markers MMP3, 
E‑cadherin and N‑cadherin were detected using western blotting. GAPDH was used as the internal control in LSCC cells. *P<0.05 vs. si‑NC. circ, circular; 
EMT, epithelial‑mesenchymal transition; LSCC, laryngeal squamous cell carcinoma; RT‑qPCR, reverse transcription‑quantitative PCR; si‑, small interfering; 
NC, negative control.
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addition, the expression levels of circ_0001883 were signifi‑
cantly upregulated in LSCC cells (AMC‑HN‑8 and Tu686), 
compared with the bronchial epithelial cell line 16HBE 
(Fig. 1B). Furthermore, in both AMC‑HN‑8 and Tu686 cells, 
RNase R treatment significantly decreased the RNA expres‑
sion of linear RNA compared with the mock group, but had 
no significant effect on circular RNA; therefore, it could digest 
linear RNA but not circular RNA (Fig. 1C and D). Inversely, 
the expression levels of miR‑125b‑5p were decreased in LSCC 
tissues compared with adjacent normal tissues (Fig. 1E). In 
addition, the expression levels of miR‑125b‑5p were reduced 
in AMC‑HN‑8 and Tu686 cells compared with 16HBE cells 
(Fig. 1F). The results indicated that circ_0001883 was upregu‑
lated and miR‑125b‑5p was downregulated in LSCC.

Knockdown of circ_0001883 induces the inhibition of 
LSCC cell migration, invasion and EMT in  vitro. The 
functional role of circ_0001883 in LSCC cells was further 
explored. The results of transfection efficiency detected via 
RT‑qPCR demonstrated that the expression of circ_0001883 
was significantly downregulated in si‑circ_0001883#1, 
si‑circ_0001883#2 and si‑circ_0001883#3 groups compared 
with the si‑NC, particularly in the si‑circ_0001883#3 group; 
therefore, si‑circ_0001883#3 was used in further studies 
(Fig. 2A). Wound healing assay results indicated that knock‑
down of circ_0001883 significantly inhibited cell migration 
in both AMC‑HN‑8 and Tu686 cells (Fig. 2B and C, respec‑
tively). Similarly, circ_0001883 knockdown significantly 
suppressed LSCC invasive capability (Fig.  2D  and  E). In 
addition, the protein expression level of E‑cadherin was signif‑

icantly increased, whereas expression levels of N‑cadherin 
and MMP3 were significantly decreased by transfection of 
si‑circ_0001883#3 in both cell lines, which are associated 
with the EMT process (Fig. 2F). These results suggested that 
circ_0001883 may be a tumor promotor of LSCC.

circ_0001883 sponges miR‑125b‑5p. Bioinformatics analysis 
predicted that the circ_0001883 3'‑UTR could bind with 
miR‑125b‑5p (Fig. 3A). RT‑qPCR revealed that transfection 
with miR‑125b‑5p mimic successfully resulted in miR‑125b‑5p 
overexpression in AMC‑HN‑8 and Tu686 cells (Fig.  3B). 
Dual‑luciferase reporter assay results revealed that AMC‑HN‑8 
and Tu686 cells co‑transfected with circ_0001883‑WT and 
miR‑125b‑5p suppressed the relative luciferase activity 
compared with miR‑NC. However, cells co‑transfected with 
miR‑125b‑5p and circ_0001883‑MUT exhibited no changes 
in luciferase activity compared with miR‑NC (Fig. 3C and D). 
Moreover, miR‑125b‑5p expression was negatively corrected 
with circ_0001883 expression in LSCC tissues (r=‑0.5566, 
P=0.0008; Fig. 3E). Furthermore, miR‑125b‑5p expression 
was significantly upregulated after LSCC cell knockdown of 
circ_0001883 compared with the NC (Fig. 3F). These results 
suggested that miR‑125b‑5p may be a target of circ_0001883.

circ_0001883 regulates migration, invasion and EMT 
through miR‑125b‑5p. To explore the molecular mechanism of 
circ_0001883 function, si‑circ_0001883#3 and anti‑miR‑125b‑5p 
were co‑transfected into LSCC cells, and transfection efficiency 
was detected using RT‑qPCR. RT‑qPCR revealed that trans‑
fection with anti‑miR‑125b‑5p successfully downregulated 

Figure 3. circ_0001883 acts as a sponge for miR‑125b‑5p. (A) miR‑125b‑5p was predicted using the StarBase v2.0 online database to bind with circ_0001883‑WT 
but not with circ_0001883‑MUT. (B) Transfection efficiency of miR‑125b‑5p mimics in AMC‑HN‑8 and Tu686 cells. Dual‑luciferase reporter assay was 
performed to test the targeted relationship by co‑transfection with circ_0001883‑WT or circ_0001883‑MUT together with miR‑NC or miR‑125b‑5p in 
(C) AMC‑HN‑8 and (D) Tu686 cells. (E) Spearman’s rank correlation analysis was performed to assess the relationship between circ_0001883 and miR‑125b‑5p 
expression in LSCC tissues. (F) Expression of miR‑125b‑5p was tested via reverse transcription‑quantitative PCR after transfection of si‑circ_0001883#3. 
*P<0.05 vs. miR‑NC or si‑NC. WT, wild‑type; MUT, mutant; miR, microRNA; LSCC, laryngeal squamous cell carcinoma; NC, negative control.

RETRACTED



CHEN et al:  circ_0001883 IN LARYNGEAL SQUAMOUS CELL CARCINOMA6

Figure 4. Anti‑miR‑125b‑5p rescues the effects of si‑circ_0001883 on migration, invasion and epithelial‑mesenchymal transition. Transfection efficiency 
was tested using reverse transcription‑quantitative PCR after (A) transfection of anti‑miR‑125b‑5p, and (B) co‑transfection of si‑circ_0001883#3 and 
anti‑miR‑125b‑5p. (C) AMC‑HN‑8 and Tu686 cell migration capability was tested using a wound healing assay, and (D) wound closure rate was quantified. 
Scale bar, 100 µm. (E) Invasion of AMC‑HN‑8 and Tu686 cells was detected using Transwell assays and (F) the number of invading cells was quantified. Scale 
bar, 50 µm. (G) MMP3, E‑cadherin and N‑cadherin levels were measured using western blotting and normalized to GAPDH. *P<0.05. miR, microRNA; circ, 
circular; si‑, small interfering; NC, negative control.

Figure 5. Knockdown of circ_0001883 suppresses PI3K/AKT pathway by sponging miR‑125b‑5p. In (A) AMC‑HN‑8 and (B) Tu686 cells, the protein expres‑
sion of p‑PI3K, PI3K, p‑AKT and AKT was detected using western blotting. GAPDH was used for normalization. *P<0.05. circ, circular; miR, microRNA; p‑, 
phosphorylated; si‑, small interfering; NC, negative control.
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miR‑125b‑5p in AMC‑HN‑8 and Tu686 cells (Fig. 4A). The 
expression level of miR‑125b‑5p was significantly upregulated 
after treatment of si‑circ_0001883#3 compared with the NC; 
however, its expression was downregulated by co‑transfection 
with si‑circ_0001883#3 + anti‑miR‑125b‑5p compared with 
si‑circ_0001883#3 + anti‑miR‑NC (Fig. 4B). For the migration 
and invasion assay, si‑circ_0001883 significantly decreased 
wound closure rate and the number of invading cells, while inhi‑
bition of miR‑125b‑5p attenuated the suppressive effects induced 
by knockdown of si‑circ_0001883 (Fig. 4C‑F). Additionally, 
si‑circ_0001883#3 significantly increased the expression level 
of E‑cadherin, but significantly repressed the expression levels of 
N‑cadherin and MMP3, while anti‑miR‑125b‑5p inverted these 
effects (Fig. 4G). The data suggested that circ_0001883 may 
regulate biological behaviors by sponging miR‑125b‑5p.

circ_0001883 hypothetically plays a functional role through 
the miR‑125b‑5p/PI3K/AKT axis. The expression levels of 
p‑PI3K, PI3K, p‑AKT and AKT were measured using western 
blotting in LSCC cells. The results demonstrated that the 
expression levels of p‑PI3K and p‑AKT were significantly 
decreased by circ_0001883 knockdown compared with 

si‑NC, but this effect was partially reversed by inhibition 
of miR‑125b‑5p expression in both AMC‑HN‑8 and Tu686 
cells. However, PI3K and AKT levels were not influenced 
by either circ_0001883 or miR‑125b‑5p. The ratio of 
p‑PI3K/PI3K and p‑AKT/AKT was reduced by knockdown 
of circ_0001883, which was partially reversed by inhibition 
of miR‑125b‑5p (Fig. 5A and B). The data suggested that 
circ_0001883 may regulate biological processes through the 
miR‑125b‑5p/PI3K/AKT axis.

circ_0001883 hypothetically regulates EMT through the 
miR‑125b‑5p/PI3K/AKT axis in vivo. Finally, the function 
of circ_0001883 was detected in  vivo. Xenograft models 
were established via injecting AMC‑HN‑8 cells transfected 
with sh‑NC or sh‑circ_0001883 into mice. As displayed in 
Fig. 6A and B, tumor volume and weight were significantly 
reduced in the sh‑circ_0001883 group compared with the sh‑NC 
group. Furthermore, the expression level of circ_0001883 was 
significantly downregulated, and miR‑125b‑5p was signifi‑
cantly upregulated in tumors from mice in the sh‑circ_0001883 
group (Fig.  6C  and  D). Additionally, the results of IHC 
demonstrated that knockdown of circ_0001883 significantly 

Figure 6. Downregulated circ_0001883 inhibits tumor epithelial‑mesenchymal transition through the miR‑125b‑5p/PI3K/AKT axis in vivo. (A) From 7 days 
post‑transfection, tumor volume was measured every 4 days until 27 days via testing tumor length and width. (B) Tumor in mice was dissected, images were 
captured and tumors were weighed. (C) circ_0001883 and (D) miR‑125b‑5p expression levels were measured using reverse transcription‑quantitative PCR in 
xenograft tumors. (E) E‑cadherin and (F) N‑cadherin levels were detected by immunohistochemistry in mice tumors. Scale bar, 50 µm. (G) Protein expression 
of p‑PI3K, PI3K, p‑AKT, and AKT was detected using western blotting and quantified through normalization of GAPDH. *P<0.05 vs. sh‑NC or as indicated. 
circ, circular; miR, microRNA; p‑, phosphorylated; sh‑, short hairpin; NC, negative control.
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increased the levels of E‑cadherin but significantly decreased 
the levels of N‑cadherin (Fig. 6E and F). Finally, western 
blotting indicated that sh‑circ_0001883 significantly reduced 
the expression levels of p‑PI3K and p‑AKT, and therefore the 
p‑PI3K/PI3K and p‑AKT/AKT ratio (Fig. 6G). The results 
demonstrated that circ_0001883 acted as an oncogene by 
regulating the miR‑125b‑5p/PI3K/AKT axis.

Discussion

circRNAs are a type of non‑coding RNA that serve as regula‑
tors in human cancer development and progression. A series of 
circRNAs have been revealed to be abnormally expressed in 
LSCC (13,21), but their functional roles require further study. 
To the best of our knowledge, no reports have indicated the 
roles of circ_0001883 in human diseases to date. As a novel 
circRNA, the present study initially measured the expres‑
sion of circ_0001883 in LSCC. The level of circ_0001883 
was increased in LSCC tissues and cell lines, indicating that 
circ_0001883 was associated with LSCC. Moreover, it was 
identified that circ_0001883 in LSCC was a circular RNA 
rather than a linear RNA.

In EMT, epithelial cells lose their polarized organiza‑
tion and acquire mesenchymal features, which is a notable 
process during embryonic development and organogen‑
esis (22). It has been reported that EMT participates in tumor 
initiation, invasion, metastasis and resistance to therapy in 
multiple types of cancer  (23). Moreover, dysregulation of 
circRNAs is always involved in pathological processes, 
such as proliferation, apoptosis, migration, invasion and 
EMT (24‑26). Yin et al (27) reported that circ_101882 acti‑
vates the EMT pathway in gastric cancer. Wang et al (28) 
revealed that circ_0008305 inhibits non‑small cell lung 
cancer cell EMT. In LSCC, a large number of circRNAs 
have been reported to play functional roles. For example, 
circ_0067934 is associated with tumor size, tumor stage 
and distant metastasis of LSCC, and depletion of it inhibited 
cell migration (29). circ_00036722 serves as a diagnostic 
biomarker, and its downregulation promotes LSCC cell 
proliferation  (30). Additionally, circ_0042666 suppresses 
LSCC cell proliferation and invasion by interacting with the 
miR‑223/transforming growth factor β receptor 3 axis (31). 
However, to the best of our knowledge, there are no studies 
on circRNAs affecting EMT in LSCC. The present study 
demonstrated that transfection of si‑circ_0001883 decreased 
wound closure rate, decreased the number of invading cells, 
increased epithelial marker (E‑cadherin) expression levels 
and reduced the expression levels of mesenchymal markers 
(N‑cadherin and MMP3). These results indicated that 
circ_0001883 was an EMT‑related circRNA, and its knock‑
down inhibited cell migration, invasion and EMT process of 
LSCC.

Cumulating evidence indicates that circRNAs can affect 
the activity of miRNAs as competing endogenous RNAs in 
tumorigenesis and, thus, further regulate mRNA expres‑
sion  (32,33). The circRNA‑miRNA axis could regulate 
cellular processes, including proliferation, apoptosis and 
metastasis (34). Therefore, investigating potential miRNAs 
is useful to increase understanding of the molecular 
mechanism of circ_0001883 in LSCC. In the present study, 

miR‑125b‑5p was highly expressed in LSCC tissues and 
cells. Bioinformatical prediction and dual‑luciferase reporter 
assay verification demonstrated that circ_0001883 served as 
a sponge of miR‑125b‑5p. Furthermore, miR‑125b‑5p expres‑
sion was negatively associated with circ_0001883. The data 
suggested that circ_0001883 may serve functional roles in 
LSCC by potentially regulating miR‑125b‑5p.

Previous studies have reported that miR‑125b‑5p plays 
a notable role in various types of cancer. For example, 
Li et al (35) demonstrated that overexpression of miR‑125b‑5p 
induces the suppression of breast cancer cell prolif‑
eration, migration and invasion. Wu et al (36) revealed that 
miR‑125b‑5p level is upregulated in highly invasive pancreatic 
cancer cells, which promotes migration, invasion and EMT. 
Additionally, miR‑125b‑5p participates in regulating cisplatin 
sensitivity in gallbladder cancer (37), and could be interact 
with circ_0000623 in mice (38). However, to the best of our 
knowledge, there are no studies on circRNAs regulating 
miR‑125b‑5p. In LSCC, previous research indicates that the 
expression level of miR‑125b‑5p decreases in LSCC tissues, 
and its overexpression inhibits LSCC cell proliferation and 
induces apoptosis  (39). In the present study, inhibition of 
miR‑125b‑5p expression rescued the suppression of migration, 
invasion and EMT induced by circ_0001883 knockdown, 
which suggested that circ_0001883 suppressed LSCC cell 
migration, invasion and EMT by sponging miR‑125b‑5p.

The PI3K/AKT signaling pathway is widely studied in the 
process of tumorigenesis, which is commonly altered in human 
cancer (40,41). AKT is activated by PI3K, and then modulates 
cell proliferation, survival rate, apoptosis and cell cycle progres‑
sion (42). This pathway can be regulated by non‑coding RNAs, 
such as miRNAs, long non‑coding RNAs and circRNAs (43). 
Several circRNAs are involved in cancer progression by 
mediating the PI3K/AKT pathway, such as circ_0067934 
and circ_103809 (44,45). Additionally, miR‑125b‑5p inhibits 
the PI3K/AKT pathway in bladder cancer (46). In the present 
study, p‑PI3K, p‑AKT, p‑PI3K/PI3K and p‑AKT/AKT were 
suppressed by circ_0001883 knockdown, which was partially 
reversed by downregulation of miR‑125b‑5p. These results 
demonstrated that knockdown of circ_0001883 inhibited 
LSCC cell migration, invasion and EMT, hypothetically via 
the miR‑125b‑5p/PI3K/AKT axis.

The functional roles of circ_0001883 were explored in vivo. 
Female mice were used in a xenograft model, which was consis‑
tent with a previous study (47). Additionally, six mice were 
selected for each group, which was consistent with previous 
studies  (48,49). Previous studies indicated that changing 
circRNA expression could regulate tumor growth (28,45). In 
LSCC, knockdown of circRASSF2 and circ‑cyclin D1 retards 
tumor growth in vivo (50,51). Similarly, the present study also 
revealed that knockdown of circ_0001883 inhibited tumor 
growth, demonstrated by reduced tumor volume and weight. 
Moreover, in vivo experiments demonstrated that, similar to 
the in vitro research, circ_0001883 depletion inhibited the 
EMT process and decreased the expression levels of p‑PI3K 
and p‑AKT. Consequently, the p‑PI3K/PI3K and p‑AKT/AKT 
ratios were also decreased. Collectively, these data further 
illustrated that circ_0001883 functions as a tumor promoter 
in LSCC, and its knockdown induced suppressive effects on 
EMT through the miR‑125b‑5p/PI3K/AKT axis.
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However, the present study was limited. First, the number 
of clinical samples was small. Additionally, there are numerous 
targets of circ_0001883, but only one target was further inves‑
tigated in the current study. Future studies should evaluate the 
deeper mechanism of circ_0001883 in LSCC.

In conclusion, to the best of our knowledge, the present 
study was the first to report that circ_0001883 served as a 
positive regulator for LSCC. circ_0001883 and miR‑125b‑5p 
expression was upregulated and downregulated, respec‑
tively, in LSCC tissues and cell lines. Notably, knockdown 
of circ_0001883 inhibited LSCC cell migration, invasion 
and EMT in  vitro, while also suppressing tumor volume, 
weight and EMT in vivo. This is hypothesized to be via the 
miR‑125b‑5p/PI3K/AKT axis. Thus, circ_0001883 serves as a 
potential therapeutic target for LSCC treatment.
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