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Abstract. Oral squamous cell carcinoma (OSCC) is a 
frequent malignant tumor worldwide. Long non‑coding 
RNAs (lncRNAs) are known to play key roles in different 
types of cancer, including OSCC. It was previously reported 
that lncRNA deleted in lymphocytic leukemia 1 (DLEU1) is 
notably upregulated in OSCC; however, the role of DLEU1 in 
OSCC remains unclear. Gene and protein expression levels in 
OSCC cells were detected by reverse transcription‑quantitative 
PCR and western blotting, respectively, in the present study. A 
Transwell assay was performed to measure cell migration and 
invasion. Flow cytometry was used to detect cell apoptosis, 
and the dual‑luciferase reporter assay was applied to confirm 
the interaction between DLEU1, microRNA (miR)‑149‑5p 
and CDK6 in OSCC cells. DLEU1 expression was negatively 
associated with the survival rate of patients with OSCC. In 
addition, silencing of DLEU1 notably inhibited the prolif‑
eration of OSCC cells by inducing apoptosis. Meanwhile, 
DLEU1 directly bound to miR‑149‑5p, and CDK6 was found 
to be the direct target of miR‑149‑5p. Furthermore, DLEU1 
knockdown‑induced inhibition of OSCC cell proliferation 
was significantly reversed by the miR‑149‑5p antagomir. 
Knockdown of lncRNA DLEU1 reversed the proliferation 
of OSCC cells via regulation of the miR‑149‑5p/CDK6 axis. 
Thus, DLEU1 may serve as a novel target for treating OSCC.

Introduction

Oral squamous cell carcinoma (OSCC) is one of the most 
frequent malignant tumors with a poor prognosis (1,2), and 

the incidence of OSCC is ~300,000 new cases per year world‑
wide  (3). Recent reports revealed that betel quid chewing, 
smoking and human papillomavirus infections are the three 
biggest risk factors that contribute to the tumorigenesis of 
OSCC (4,5). In addition, OSCC is known to exhibit a high 
propensity for metastasis (6). Currently, the primary treat‑
ment options for OSCC are surgery, chemotherapy and 
radiotherapy (7); however, these therapeutic strategies have 
limited effects, particularly for the patients with advanced 
stage OSCC (8). Therefore, it is necessary to investigate novel 
effective strategies for the treatment of OSCC.

Previous studies have reported that non‑coding RNAs 
(ncRNAs) play important roles in multiple diseases  (9,10). 
Among these ncRNAs are long ncRNAs (lncRNAs), which 
are >200 nucleotides in length (11). In addition, lncRNAs are 
involved in OSCC. For example, Ghapanchi et al (12) revealed 
that lncRNA H19 could increase the proliferation of OSCC 
cells. Wu et al (13) revealed that lncRNA RC3H2 was an onco‑
gene via regulating microRNA (miRNA/miR)‑101‑3p in OSCC.

Meanwhile, the lncRNA deleted in lymphocytic 
leukemia  1  (DLEU1) has been confirmed to regulate the 
progression of multiple types of cancer (12,13), and elevated 
DLEU1 expression contributes to the development of OSCC, 
suggesting that DLEU1 may play an important role in 
OSCC (14); however, the detailed function of DLEU1 in OSCC 
remains unclear.

miRNAs are endogenic non‑coding small RNAs that 
are found in abundance in the human body (15). In addition, 
dysregulation of miRNAs are known to be associated with 
the progression of OSCC (16). For example, it was previously 
reported that miR‑770 could promote the migration and inva‑
sion of OSCC cells by regulating the NAD‑dependent protein 
deacetylase sirtuin‑7 (Sirt7)/Smad4 pathway (17). Moreover, 
miR‑128 and miR‑142 could regulate the tumorigenesis and 
epithelial‑mesenchymal transition in OSCC through mediation 
of homeobox protein Hox‑A10 (18). Meanwhile, Luo et al (19) 
found that miR‑149‑5p could regulate cisplatin chemosensi‑
tivity, cell growth, and metastasis of OSCC cells by targeting 
TGFβ2. However, the association between DLEU1 and 
miR‑149‑5p in OSCC is unclear.

The present study aimed to investigate the biological func‑
tion of DLEU1 in OSCC, in order to identify novel potential 
therapeutic strategies for treating OSCC.

Knockdown of lncRNA DLEU1 inhibits the tumorigenesis of oral 
squamous cell carcinoma via regulation of miR‑149‑5p/CDK6 axis

TIANZHU LV1,  HONGJING LIU1*,  YADONG WU2*  and  WENTAO HUANG3

Departments of 1Emergency General and 2Oral and Maxillofacial Surgery, The Affiliated Stomatological Hospital of  
Guizhou Medical University, Guiyang, Guizhou 550025; 3Department of Basic Stomatology,  

School of Savaid Stomatology, Hangzhou Medical College, Hangzhou, Zhejiang 310053, P.R. China

Received September 23, 2020;  Accepted February 3, 2021

DOI: 10.3892/mmr.2021.12086

Correspondence to: Professor Wentao Huang, Department of 
Basic Stomatology, School of Savaid Stomatology, Hangzhou 
Medical College, 481 Binwen Road, Hangzhou, Zhejiang  310053, 
P.R. China
E‑mail: huangwentao_12@126.com

*Contributed equally

Key words: oral squamous cell carcinoma, deleted in lymphocytic 
leukemia 1, microRNA‑149‑5p, cyclin dependent kinase 6



LV et al:  DLEU1 INDIRECTLY TARGETS CDK6 IN OSCC CELLS2

Materials and methods

Cell culture and cell transfection. OSCC cell lines (Cal‑27 
and SCC‑9; American Type Culture Collection) were main‑
tained in DMEM (Gibco; Thermo Fisher Scientific, Inc.), 
supplemented with 10% fetal bovine serum (Gibco; Thermo 
Fisher Scientific, Inc.) and antibiotics (100 U/ml penicillin and 
100 µg/ml streptomycin) in an incubator at 37˚C with 5% CO2.

Small interfering (si)RNAs targeted against DLEU1 
(DLEU1 siRNA1, DLEU1 siRNA2 and DLEU1 siRNA3; 
10 nM) and a negative control (NC) siRNA (siRNA‑NC) were 
purchased from Guangzhou RiboBio Co., Ltd., and were trans‑
fected into OSCC cells (5x103) using Lipofectamine® 2000 
(Thermo Fisher Scientific, Inc.). Then, cells were incubated at 
37˚C for 6 h and the transfection efficiency was determined via 
reverse transcription‑quantitative PCR (RT‑qPCR). After 24 h 
of incubation, transfected cells were used for subsequent experi‑
ments. The siRNA sequences were as follows: siRNA‑NC, 
5'‑UUCUCCGAACGUGUCACGUTT‑3'; DLEU1 siRNA1, 
5'‑GGAAUGAAGCAACUGAGAUUU‑3'; DLEU1 siRNA2, 
5'‑GGGTTACGATTGCCCAGAT‑3'; and DLEU1 siRNA3, 
5'‑CGTTAAGGTTCCGGACGAC‑3'.

The NC, miR‑149‑5p agomir and miR‑149‑5p antagomir 
were synthesized and obtained from Shanghai GenePharma 
Co., Ltd. Cells (5x103) were transfected with 10 nM control 
agomir (NC), miR‑149‑5p agomir or miR‑149‑5p antagomir for 
24 h with Lipofectamine 2000 at 37˚C. After 24 h of transfec‑
tion, transfected cells were used for subsequent experiments. 
Meanwhile, the concentration of miR‑149‑5p agomir/antagomir 
(50 nM) was selected according to the instructions of the manu‑
facturer. The sequences were as follows: miR‑149‑5p agomir, 
5'‑UCUGGCUCCGUGUCUUCACUCCC‑3'; miR‑149‑5p 
antagomir, 5'‑GGGAGUGAAGACACGGAGCCAGA‑3'; and 
NC, 5'‑UUCUCCGAACGUGUCACGUTT‑3'.

Tissue collection. In total, 10 pairs of OSCC samples and 
adjacent normal tissues (~2 cm from tumor) were collected 
from the Affiliated Stomatological Hospital of Guizhou 
Medical University (Guiyang, China) between April  2018 
and April 2019. The patients were informed of the purpose of 
the experiments and provided written informed consent. The 
clinical information of the patients is listed in Table I. Patients 
were diagnosed with OSCC following the American College 
of Rheumatology classification criteria for the diagnosis of 
OSCC (20). Meanwhile, the samples were used for investi‑
gation of DLEU1 and CDK6 levels. The present study was 
approved by the Institutional Ethical Committee of Affiliated 
Stomatological Hospital of Guizhou Medical University 
(approval no. ASHGMU20190523).

RT‑qPCR. Total RNA was extracted from OSCC cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
Total RNA was reverse transcribed into cDNA using the 
PrimeScript RT reagent kit (Takara Bio, Inc.) according to the 
manufacturer's instructions. Then, RT‑qPCR was performed 
using a SYBR® Premix Ex Taq™ II kit (Takara Bio, Inc.) on 
a 7900HT system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) according to the following conditions: 60˚C for 1 min, 90˚C 
for 15 min, followed by 40 cycles of application at 90˚C for 15 sec 
and 55˚C for 60 sec. The primers used were as follows: U6 

forward, 5'‑CGCTTCGGCAGCACATATAC‑3' and reverse, 
5'‑AAATATGGAACGCTTCACGA‑3'; DLEU1 forward, 
5'‑GGTCCACGGCACGTTAACA‑3' and reverse, 5'‑CCAATT 
GAAGGCCTTAAGG‑3'; miR‑149‑5p forward, 5'‑TGCGCTA 
GCAGCGGGAACAGTTC‑3' and reverse, 5'‑CCAGTGCAGG 
GTCCGAGGTATT‑3'; and β‑actin forward, 5'‑GTCCACCGCA 
AATGCTTCTA‑3' and reverse, 5'‑TGCTGTCACCTTCACCG 
TTC‑3'. The relative expression level was quantified by normal‑
izing to β‑actin or U6 using the 2‑ΔΔCq method (21).

Bioinformatics analysis. The survival curve was calculated 
based on the data from The Cancer Genome Atlas (TCGA). 
The result shown here is in part based upon data generated by 
the TCGA Research Network (https://www.cancer.gov/tcga). 
In addition, the data from TCGA were analyzed using Gene 
Expression Profiling Interactive Analysis (GEPIA) as previ‑
ously described (22).

Bioinformatics prediction. The potential downstream miRNA 
of DLEU1 was predicted using StarBase (http://starbase.
sysu.edu.cn/index.php). In addition, the target mRNA of 
miR‑149‑5p was predicted using TargetScan (http://www.
targetscan.org/vert_72/), miRDB (http://www.mirdb.org/) and 
miRWalk (http://mirwalk.umm.uni‑heidelberg.de/).

Cell Counting Kit‑8 (CCK‑8) assay. SCC‑9 or Cal‑27 cells 
(5.0x103 cells/well) were transfected with siRNA‑NC, DLEU1 
siRNA2 or DLEU1 siRNA3 for 0, 24, 48 or 72 h. Then, 10 µl 
CCK‑8 reagent (Beyotime Institute of Biotechnology) was 
added into each well, and the plate was incubated for 2 h at 
37˚C. The absorbance was detected at 450 nm using a micro‑
plate reader (Bio‑Rad Laboratories, Inc.).

Immunofluorescence staining. OSCC cells were plated onto 
a 96‑well plate at a density of 5.0x103 cells/well. Following 
incubation, cells were transfected with siRNA‑NC or 
DLEU1 siRNA2 for 72 h. After that, cells were fixed with 
4%  paraformaldehyde for 20  min at room temperature 
and blocked with 2%  bovine serum albumin (Beyotime 
Institute of Biotechnology) at room temperature for 30 min. 
Subsequently, cells were incubated with rabbit monoclonal 
antibody anti‑Ki67 (1:100; cat. no. ab92742; Abcam) at 4˚C 
overnight. Then, cells were incubated with anti‑rabbit IgG 
secondary antibody (1:1,000; cat. no.  ab150077; Abcam) 
for 1  h at room temperature. The results were observed 
under a fluorescence microscope (Olympus BX53; Olympus 
Corporation).

Transwell assay. For the cell migration assay, 2x105 OSCC 
cells were seeded into the upper chambers of the 24‑well 
plates in 200 µl serum‑free DMEM (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 0.2% bovine serum albumin 
(Beyotime Institute of Biotechnology). The lower chambers 
contained RPMI‑1640 medium supplemented with 1% FBS. 
After incubation for 24 h at 37˚C, the non‑migrating cells were 
gently removed from the upper side of each chamber with 
a cotton swab, while the cells that had migrated were fixed 
with 95% alcohol for 10 min at room temperature and stained 
with 0.1%  crystal violet (Sigma‑Aldrich; Merck  KGaA) 
for 5 min at room temperature. Finally, cells were counted 
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under an inverted light microscope (Olympus Corporation) at 
x400 magnification.

For the cell invasion assay, the upper chamber was 
pre‑treated with 100 µl Matrigel (BD Biosciences) for 4 h 
at 37˚C. Subsequently, transfected OSCC cells (2x105) were 
seeded into the upper chambers with serum‑free DMEM, 
while the media in the lower chambers was supplemented with 
1% FBS. After incubation for 24 h, the Transwell chambers 
were fixed with 95% alcohol for 10 min at room temperature 
and stained with 0.1% crystal violet for 5 min at room temper‑
ature. The Transwell chamber was observed and the invaded 
cells were counted under a microscope.

Flow cytometry assay. Cells were trypsinized and resus‑
pended in binding buffer. Then, cells were stained with 5 µl 
Annexin V‑FITC (BD Biosciences) and propidium iodide (PI; 
BD Biosciences) in the dark at 37˚C for 30 min. Flow cytom‑
etry (FACScan™; BD Biosciences) was applied to analyze 
the apoptosis rate using CellQuest™ software (version 5.1; 
BD Biosciences).

Western blotting. OSCC cells were lysed in RIPA lysis 
buffer (Nanjing KeyGen Biotech Co., Ltd.), and the protein 
concentration was determined using a BCA Assay kit (Beijing 
Solarbio Science & Technology Co., Ltd.). Proteins (30 µg 
per lane) were separated via SDS‑PAGE (10% gel), and sepa‑
rated proteins were then transferred onto PVDF membranes 
(Thermo Fisher Scientific, Inc.). The membranes were blocked 
in 5% non‑fat dried milk in TBS with Tween‑20 (10%) for 1 h 
at room temperature. Then, the PVDF membranes were incu‑
bated at 4˚C overnight with the following primary antibodies: 
Anti‑Bax (cat. no. ab182733; 1:1,000), anti‑cleaved caspase‑3 
(cat. no.  ab49822; 1:1,000), anti‑Bcl‑2 (cat. no.  ab196495; 
1:1,000), anti‑CDK6 (cat. no. ab131469; 1:1,000), anti‑CDK4 
(cat. no.  ab68266; 1:1,000), anti‑cyclin‑dependent kinase 
inhibitor p27 (p27 Kip1; cat. no.  ab32034; 1:1,000) and 
anti‑β‑actin (cat. no. ab8226; 1:1,000). Then, the membrane 

was incubated with horseradish peroxidase‑labeled goat 
anti‑rabbit secondary antibody (cat. no. ab7090; 1:5,000) at 
room temperature for 1 h. All antibodies were obtained from 
Abcam. Enhanced chemiluminescence reagent (Thermo 
Fisher Scientific, Inc.) was used to visualize the protein bands. 
ImageJ software (version 2.0; National Institutes of Health) 
was used to quantify the intensity of the bands.

Dual‑luciferase reporter assay. CDK6 3'‑untranslated region 
(3'UTR) containing the putative binding site of miR‑149‑5p 
(CDK6 WT 3'UTR) and the CDK6 3'UTR with the mutation 
binding site (CDK6 MT 3'UTR) were synthesized by Shanghai 
GenePharma Co., Ltd. The mutation was generated using a 
site directed mutagenesis kit (Promega Corporation). The 
partial sequences of DLEU1 were synthesized by Shanghai 
GenePharma Co., Ltd. These were then cloned into the 
vectors (pmirGLO; Promega Corporation). Subsequently, 
DLEU1 (WT/MT) and CDK6 (WT/MT) were transfected 
into OSCC cells using Lipofectamine 2000. After 48 h of 
transfection, the relative luciferase activity was detected using 
the Dual‑Luciferase Reporter kit (Promega Corporation). The 
data were normalized to Renilla luciferase activity.

RNA pull‑down assay. Probe‑control or probe‑DLEU1 was 
transcribed and labeled with a Biotin RNA Labeling Mix 
(Roche Diagnostics). Cells were lysed with Poly‑lysis buffer 
(ELK bioscience), washed with PBS and centrifuged at 
1000 x g for 5 min at 4˚C. Secondary structure formation in 
the biotin‑labeled RNAs was induced with RNA structure 
buffer (Thermo Fisher Scientific, Inc.). Streptavidin beads 
(75 µl; Thermo Fisher Scientific, Inc.) were washed and incu‑
bated overnight. After that, streptavidin bead‑RNA complexes 
were obtained by separating the mixture. Then, cell lysates 
(5x107 cells) were added to the complexes and incubated for 
1 h. Following incubation, the mixture was separated again, 
and the supernatant of cell lysates was utilized to detect the 
enrichment of miR‑149‑5p. RT‑qPCR was used to detect the 
enrichment of miR‑149‑5p.

Cell cycle detection. Cell cycle distribution was assessed as 
previously described (23). Briefly, OSCC cells (5x105) were 
harvested, fixed with 75% ethanol on ice for 20 min, permea‑
bilized with 0.25% Triton X‑100 and stained with Pharmingen 
PI/RNase (BD Biosciences). After incubation for 15 min at 4˚C, 
cells were analyzed using a flow cytometer (BD FACSAria III; 
BD Biosciences) and ModFit (version 3.0; Verity Software 
House, Inc.). The data were quantified using FlowJo software 
(version 3.0; FlowJo, LLC).

Statistical analysis. Data are presented as the mean ± SD. The 
CCK‑8 assay was performed five times. Immunofluorescence 
staining, RT‑qPCR, western blotting, flow cytometry and 
Transwell invasion assays were repeated in triplicate. In addi‑
tion, all other experiments were repeated three times. One‑way 
analysis of variance and Tukey's post hoc tests were used for 
comparisons between ≥3 groups. A paired Student's t‑test was 
used for comparisons between tumor tissues and adjacent normal 
tissues of the same patients, while an unpaired Student's t‑test 
was used for comparisons between unpaired groups. P<0.05 
was considered to indicate a statistically significant difference.

Table I. Clinical characteristics of patients with OSCC in the 
present study.

Clinical characteristics	N umber

Age, years
  ≥60	 4
  <60	 6
Sex
  Male	 7
  Female	 3
Tumor size, cm
  ≥3	 6
  <3	 4
TNM stage
  I/II	 6
  III/IV	 4

OSCC, oral squamous cell carcinoma; TNM, tumor node metastasis.
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Results

DLEU1 expression is negatively associated with the survival 
rate of patients with OSCC. To detect the role of DLEU1 in 
OSCC, TCGA data were analyzed. As presented in Fig. 1A, 
DLEU1 level was negatively associated with the survival 
rate of patients with OSCC. In addition, DLEU1 was closely 
associated with patients with advanced stage OSCC (Fig. 1B). 
Furthermore, the expression of DLEU1 was significantly 
higher in OSCC tissues (Fig. 1C). Taken together, the expres‑
sion of DLEU1 was upregulated in OSCC.

Silencing of DLEU1 significantly inhibits the proliferation of 
OSCC cells. In order to evaluate the efficacy of cell transfection, 
RT‑qPCR was performed. The data indicated that the expres‑
sion of DLEU1 was significantly downregulated in OSCC cells 
when transfected with DLEU1 siRNAs (Fig. 2A and B). In 
addition, knockdown of DLEU1 significantly suppressed the 
cell viability of OSCC cells (Fig. 2C and D). DLEU1 siRNA2 
had the most significant inhibitory effects on the expression of 
DLEU1, thus DLEU1 siRNA2 was used in subsequent investi‑
gations. Furthermore, the results of the Ki67 staining revealed 
that DLEU1 siRNA2 significantly inhibited the proliferation 
of OSCC cells (Fig. 2E and F), and it was revealed that Cal‑27 
cells were more susceptible to DLEU1 siRNA2 treatment. 
Thus, Cal‑27 cells were selected for use in the subsequent 
analyses. Overall, silencing of DLEU1 significantly inhibited 
the proliferation of OSCC cells.

DLEU1 sponges miR‑149‑5p in OSCC. In order to investigate 
the underlying mechanism by which DLEU1 mediated the 
proliferation of OSCC cells, StarBase was used. As indicated 
in Fig. 3A, DLEU1 had a putative miR‑149‑5p targeting site. In 
addition, miR‑149‑5p is known to regulate the tumorigenesis of 
OSCC (19). Thus, miR‑149‑5p was selected for further analysis. 
The level of miR‑149‑5p in OSCC cells was upregulated by 
miR‑149‑5p agomir, but was downregulated by miR‑149‑5p 
antagomir (Fig. 3B). This result suggested that miR‑149‑5p 
agomir or antagomir was stably transfected into OSCC cells. 
Co‑transfection of the WT‑DLEU1 vector with miR‑149‑5p 
agomir resulted in a significant decrease in the luciferase 
activity when compared with the MT‑DLEU1 vector (Fig. 3C). 

Furthermore, the expression of miR‑149‑5p in OSCC cells was 
significantly increased by the knockdown of DLEU1, while this 
was completely reversed by miR‑149‑5p antagomir (Fig. 3D). 
In addition, the results of the pull‑down assay suggested that 
DLEU1 bound to miR‑149‑5p directly in OSCC cells (Fig. 3E). 
Overall, DLEU1 could sponge miR‑149‑5p in OSCC.

Knockdown of DLEU1 inhibits the tumorigenesis of OSCC via 
regulation of miR‑149‑5p. In order to further investigate the 
underlying mechanism by which DLEU1 regulated the progres‑
sion of OSCC, flow cytometry was used. As indicated in Fig. 4A, 
DLEU1 siRNA2 significantly induced cell apoptosis, which was 
partially reversed by miR‑149‑5p antagomir (Fig. 4A). In addi‑
tion, the migration and invasion of OSCC cells was significantly 
inhibited following knockdown of DLEU1, and this was also 
reversed by the miR‑149‑5p antagomir (Fig. 4B). Meanwhile, the 
expression levels of Bax and cleaved caspase‑3 in OSCC cells 
were significantly increased by DLEU1 siRNA2 (Fig. 4C‑E). By 
contrast, DLEU1 siRNA2 significantly inhibited the expression 
of Bcl‑2 in OSCC cells (Fig. 4C and F). However, the effects of 
DLEU1 knockdown on these three proteins were significantly 
reversed by miR‑149‑5p antagomir (Fig. 4C‑F). Knockdown of 
DLEU1 inhibited the tumorigenesis of OSCC via mediation of 
miR‑149‑5p.

miR‑149‑5p directly targets CDK6 in OSCC cells. In order to 
identify the downstream target of miR‑149‑5p, TargetScan, 
miRDB and miRWalk were used in the present study. As 
presented in  Fig.  5A, CDK6 was demonstrated to be the 
potential target of miR‑149‑5p using these three online tools. 
The co‑transfection of the WT‑CDK6 vector with miR‑149‑5p 
agomir significantly decreased the luciferase activity when 
compared with the MT‑CDK6 vector (Fig. 5B). In addition, 
the level of CDK6 was significantly higher in OSCC tissues, 
compared with adjacent normal tissues (Fig. 5C). Furthermore, 
the protein expression of CDK6 in OSCC cells was signifi‑
cantly inhibited by miR‑149‑5p agomir (Fig. 5D and E). In 
summary, miR‑149‑5p directly targeted CDK6 in OSCC cells.

Knockdown of DLEU1 induces G1 arrest in OSCC cells via 
mediation of CDK6. In order to determine cell cycle distribu‑
tion, flow cytometry was performed in the present study. The 

Figure 1. DLEU1 expression is negatively associated with the survival rate of patients with OSCC. (A) TCGA dataset was used to explore the association 
between DLEU1 expression and the survival rate of patients with OSCC. (B) The relationship between DLEU1 and different stages of OSCC was ana‑
lyzed using TCGA dataset. (C) The expression of DLEU1 in OSCC and adjacent normal tissues was assessed via reverse transcription‑quantitative PCR. 
**P<0.01 vs. normal tissues. DLEU1, deleted in lymphocytic leukemia 1; OSCC, oral squamous cell carcinoma; TCGA, The Cancer Genome Atlas.
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data revealed that DLEU1 knockdown significantly induced 
G1 cell cycle arrest in OSCC cells, which was partially rescued 

by miR‑149‑5p antagomir (Fig. 6A). In addition, the expression 
of CDK6 in OSCC cells was significantly inhibited by DLEU1 

Figure 2. Silencing of DLEU1 significantly inhibits the proliferation of OSCC cells. (A) Cal‑27 or (B) SCC‑9 cells were transfected with NC, DLEU1 siRNA1, 
DLEU1 siRNA2 or DLEU1 siRNA3 for 24 h. Then, the efficiency of DLEU1 siRNA transfection was detected via reverse transcription‑quantitative PCR. 
(C) Cal‑27 or (D) SCC‑9 cells were treated with NC, DLEU1 siRNA2 or DLEU1 siRNA3 for 0, 24, 48 or 72 h. Then, OD values of OSCC cells were determined 
via a Cell Counting Kit‑8 assay. (E and F) The proliferation of OSCC cells was measured by Ki67 staining. Red fluorescence shows Ki67 expression. Blue 
fluorescence shows DAPI staining. Scale bar, 100‑µm. *P<0.05, **P<0.01 vs. control. DLEU1, deleted in lymphocytic leukemia 1; OSCC, oral squamous cell 
carcinoma; NC, negative control; siRNA, small interfering RNA.
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siRNA2, while this phenomenon was partially reversed by 
miR‑149‑5p antagomir  (Fig.  6B  and C ). Meanwhile, the 
expression levels of CDK4 and p27 Kip1 in OSCC cells were 
not affected by the knockdown of DLEU1 or the addition of 
miR‑149‑5p antagomir (Fig. 7A‑C). In summary, knockdown 
of DLEU1 induced G1 cell cycle arrest in OSCC cells via 
mediation of CDK6.

Discussion

Several lncRNAs have been found to be up‑ or downregulated 
in OSCC, and dysregulated lncRNAs have been impli‑
cated to play an important role during the tumorigenesis of 
OSCC (24‑26). A previous study indicated that the expression 
of DLEU1 was upregulated in OSCC tissues (14). The present 
study further investigated the function of DLEU1 in OSCC, 
confirming that DLEU1 could act as a key biomarker in OSCC. 
In addition, Lin et al (27) reported that upregulation of DLEU1 
could promote the tumorigenesis of esophageal squamous cell 
carcinoma. Miao et al (24) revealed that DLEU1 promoted the 

progression of clear cell renal cell carcinoma. Based on these 
data, it can be suggested that DLEU1 could function as an 
oncogene in certain tumor types. According to Liu et al (28), 
Sp1 transcription factor (SP1) could bind to the promoter region 
of DLEU1 to activate DLEU1 transcription. In addition, SP1 
could promote the tumorigenesis of OSCC (29). Thus, DLEU1 
may be upregulated by SP1 in OSCC.

It was previously reported that miR‑149‑5p could act as a 
suppressor in certain types of malignancies (30,31). Luo et al (19) 
revealed that miR‑149‑5p could regulate cell proliferation and 
tumor metastasis in OSCC by targeting TGFβ2. Consistently, 
the results of the present study indicated that miR‑149‑5p 
antagomir could inhibit the effect of DLEU1 knockdown on 
the proliferation of OSCC cells, suggesting that DLEU1 could 
sponge miR‑149‑5p in OSCC. However, Chen et al (32) indi‑
cated that knockdown of DLEU1 inhibited the proliferation of 
osteosarcoma cells via sponging miR‑671‑5p. This difference 
may be due to the different tumor type.

miRNAs can mediate cancer tumorigenesis via the repres‑
sion of target gene expression (33). In the present study, it 

Figure 3. DLEU1 can sponge miR‑149‑5p in OSCC. (A) Gene structure of DLEU1 indicated the binding site of miR‑149‑5p in its 3'UTR. (B) OSCC cells were 
transfected with antagomir/agomir NC, miR‑149‑5p agomir/antagomir for 24 h. Then, the expression of miR‑149‑5p in OSCC cells was detected via RT‑qPCR. 
(C) The relative luciferase activity in Cal‑27 cells after co‑transfection with miR‑149‑5p and WT/MT DLEU1 3'UTR was measured using a dual‑luciferase 
reporter assay. (D) Cal‑27 cells were treated with NC, DLEU1 siRNA2 or DLEU1 siRNA2 + miR‑149‑5p. Then, the expression of miR‑149‑5p in Cal‑27 
cells was detected via RT‑qPCR. (E) The association between DLEU1 and miR‑149‑5p was explored using an RNA pull‑down assay. **P<0.01 vs. control; 
##P<0.01 vs. DLEU1 siRNA2. DLEU1, deleted in lymphocytic leukemia 1; OSCC, oral squamous cell carcinoma; NC, negative control; siRNA, small inter‑
fering RNA; miR, microRNA; UTR, untranslated region; WT, wild‑type; MT, mutant; RT‑qPCR, reverse transcription‑quantitative PCR.
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Figure 4. Silencing of DLEU1 inhibits the tumorigenesis of OSCC via sponging miR‑149‑5p. (A) The apoptosis of Cal‑27 cells was detected via flow cytometry. 
(B) The migration and invasion of Cal‑27 cells were determined using Transwell assays (magnification, x400). (C) The protein expression levels of Bax, cleaved 
caspase‑3 and Bcl‑2 in Cal‑27 cells were detected via western blotting. The relative expression levels of (D) Bax, (E) cleaved caspase‑3 and (F) Bcl‑2 were 
semi‑quantified via normalization to β‑actin. **P<0.01 vs. control; ##P<0.01 vs. DLEU1 siRNA2. DLEU1, deleted in lymphocytic leukemia 1; OSCC, oral 
squamous cell carcinoma; NC, negative control; siRNA, small interfering RNA; miR, microRNA.
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was revealed that miR‑149‑5p could directly target CDK6 in 
OSCC cells. CDK6 is a regulator of the cell cycle that can 
prevent G0/G1 arrest in non‑small cell lung, liver and gastric 
cancer cell lines (34‑36). In addition, CDK6 has a specific 
oncogenic role in a variety of tumors (32). Li et al (33) revealed 
that Tanshinone IIA  promoted cardiac differentiation and 
enhanced cell motility via mediation of CDK6; Liu et al (34) 
confirmed that CDK6 was directly targeted by miR‑149‑5p 
in lung cancer. Consistently, the results of the present study 
suggested that DLEU1 siRNA inhibited the tumorigenesis of 
OSCC via indirectly targeting CDK6. Meanwhile, a previous 
report revealed that knockdown of DLEU1 could induce 
G1 phase cell cycle arrest in gastric cancer cells, and DLEU1 
could mediate the expression of KLF2 (37). The present study 
revealed that silencing of DLEU1 could increase G1 phase 
distribution in OSCC cells. KLF2 is known to act as a key 
regulator in G1 phase distribution (38,39). This similar func‑
tion between CDK6 and KLF2 may contribute to the consistent 
data between the present study and the previous report. On 
the other hand, knockdown of DLEU1 could inhibit the 

invasion of OSCC cells, while miR‑149‑5p antagomir reversed 
this phenomenon. In addition, miR‑149‑5p directly targeted 
CDK6. Thus, DLEU1 knockdown may inhibit the invasion 
of OSCC cells via indirectly targeting CDK6. According 
to Chen  et  al  (40), overexpression of CDK6 relieved the 
inhibitory action of miR‑770‑5p upregulation on cancer cell 
invasion. Thus, the present study was consistent with this 
previous research.

There are some limitations in this research, which are as 
follows: i) The underlying mechanism by which DLEU1 is 
upregulated in OSCC is unknown; ii) the detailed effect of 
CDK6 on cell invasion of OSCC is not clear; iii) the asso‑
ciation between DLEU1 and three risk factors (betel quid 
chewing, smoking and human papillomavirus infections) 
for OSCC needs to be further investigated; iv) more tissue 
samples need to be collected in further study; and v) DLEU1 
overexpression experiments need to be supplemented. Thus, in 
future studies, we will improve these limitations. In addition, 
more underlying mechanisms by which DLEU1 mediates the 
tumorigenesis of OSCC will be investigated.

Figure 5. miR‑149‑5p directly targets CDK6. (A) Gene structure of CDK6 at the position of 1562‑1568 indicated the binding site of miR‑149‑5p in its 3'UTR. 
(B) The relative luciferase activity in Cal‑27 cells after co‑transfection with miR‑149‑5p and WT/MT CDK6 3'UTR was measured using a dual‑luciferase 
reporter assay. (C) The expression of CDK6 in OSCC or adjacent normal tissues was detected via reverse transcription‑quantitative PCR. (D and E) The 
protein expression of CDK6 in Cal‑27 cells was measured via western blotting. **P<0.01 vs. control. UTR, untranslated region; WT, wild‑type; MT, mutant; 
OSCC, oral squamous cell carcinoma; NC, negative control; miR, microRNA.
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In conclusion, silencing of DLEU1 suppressed the tumori‑
genesis of OSCC via mediation of the miR‑149‑5p/CDK6 axis 

in the present study. Therefore, DLEU1 may serve as a target 
for the treatment of OSCC.

Figure 6. Silencing of DLEU1 induces G1 arrest in Cal‑27 cells. (A) The cell cycle distribution was determined by flow cytometry. (B and C) The protein expression 
of CDK6 in Cal‑27 cells was detected via western blotting. The relative expression was semi‑quantified via normalization to β‑actin. *P<0.05, **P<0.01 vs. control; 
##P<0.01 vs. DLEU1 siRNA2. DLEU1, deleted in lymphocytic leukemia 1; NC, negative control; siRNA, small interfering RNA; miR, microRNA.

Figure 7. Silencing of DLEU1 did not affect the expression of CDK4 and p27 Kip1 in OSCC cells. (A) The protein expressions levels of CDK4 and p27 Kip1 
in OSCC cells were detected via western blotting. The relative expression levels of (B) CDK4 and (C) p27 Kip1 were semi‑quantified via normalization to 
β‑actin. OSCC, oral squamous cell carcinoma; DLEU1, deleted in lymphocytic leukemia 1; siRNA, small interfering RNA; miR, microRNA; p27 Kip1, 
cyclin‑dependent kinase inhibitor p27.
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