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Background: Cell proliferation of oral squamous cell carcinoma (OSCC) is precisely

regulated with a cascade of genes and pathways. Previous studies have identified NR4A1

as an oncogene and plays a crucial role in colorectal cancer development and progression.

This study was performed to investigate the potential interaction between lncRNA

NR4A1AS and miR-221 and how their interaction is modulated in periodontitis.

Patients and Methods: Research subjects of this study included 62 OSCC patients. Cell

transfection and RT-qPCR were applied to detect the expression levels of NR4A1AS and

miR-221. Methylation-specific PCR (MSP) was carried out to determine the demethylation

of miR-221 by NR4A1AS. CCK-8 assay was used to detect the proliferation of OSCC cells

with the overexpression of NR4A1AS or/and overexpression of miR-221.

Results: In this study, we observed that NR4A1AS was upregulated in tumor tissue samples of

OSCC, and its high expression levels were significantly correlated with poor survival in patients

with OSCC. In addition, miR-221 was significantly down-regulated in OSCC tumors.

NR4A1AS and miR-221 were significantly and positively correlated in OSCC tumors but not

in non-dysplastic tissue. In OSCC cells, overexpression of NR4A1AS led to upregulation of

miR-221 and decreased the methylation of miR-221 gene. However, overexpression of miR-221

did not affect the expression of NR4A1AS in OSCC cells. In addition, overexpression of

NR4A1AS or miR-221 increased the proliferation rate of OSCC cells.

Conclusion: This study is the first to report that NR4A1AS is upregulated in OSCC. Moreover,

we also propose that miR-221 is modulated by NR4A1AS through demethylation and the

upregulation of NR4A1AS or miR-221 promotes the proliferation of OSCC cells, which

suggests that anti-NR4A1AS might be a perspective approach for the therapy of OSCC.
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Introduction
Oral cancer is a common malignancy in clinical practices.1 According to the latest

GLOBOCAN statistics, oral cancer affected 354,864 new cases, accounting for

2.0% of all cancer cases. In addition, 1.9% of all cancer deaths in 2018 were caused

by oral cancer.2 Oral squamous cell carcinoma (OSCC) is a specific kind of oral

cancer, which mainly invades the floor of mouth and tongue.3 Smoking, drinking as

well as areca (betel) chewing are the major risk factors for OSCC.4–6 However,

early diagnosis of OSCC is extremely difficult and considered as an effective

strategy to increase survival rate of patients. Even though anti-cancer therapy has

been developed over decades, OSCC patients without timely early-stage diagnosis
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still have low survival rates.7 Therefore, a precise and

practicable diagnosis approach for early-stage OSCC is

urgently needed.

The progression of OSCC is accompanied by the abnor-

mally altered signaling transduction pathways of multiple

molecules.8 Therefore, it is pivotal to understand the func-

tions of different molecular pathways, which can provide

a perspective insight into the development of OSCC

therapies.9 It has been demonstrated that the molecular

pathogenesis of OSCC also requires the participation of non-

coding RNAs (ncRNAs), such as miRNA and long (>200 nt)

ncRNAs (lncRNAs).10 lncRNAs were first reported to be

involved in OSCC in 2013. Studies investigating the differ-

ential expression of lncRNAs in clinical cohorts of OSCC or

tongue squamous cell carcinoma (TSCC) patients have iden-

tified several differentially expressed lncRNAs associated

with the presence of disease or with clinic-pathological fea-

tures including survival.11,12 Furthermore, the regulation of

key ncRNA players might assist OSCC cells to promote or

suppress cancer progression.13,14 However, the functions of

most lncRNAs in OSCC are still unclear. Recently, lncRNA

NR4A1AS was demonstrated to be an oncogenic lncRNA in

colorectal cancer,15 while its role in OSCC is unknown. Our

preliminary RNA-sequence analysis revealed that the expres-

sion of NR4A1AS in OSCC was abnormally changed, and

NR4A1AS displayed an inverse correlation with miR-221,

an oncogenic miRNA discovered in OSCC.16 This study was

carried out to explore the potential interaction between miR-

221 and NR4A1AS in OSCC and attempt to reveal the

underlying mechanisms.

Patients and Methods
OSCC Patients and Specimens
Research subjects of this study were 62 OSCC patients (37

males and 25 females, 44 years to 68 years old, mean age

57.4 ± 6.2 years old) who were admitted to Ningbo Dental

Hospital between April 2012 and April 2014. More infor-

mation about clinical features of OSCC patients was

described in Table 1. All patient specimen collection meth-

ods were reviewed and approved by the Ethics Review

Committee of aforementioned hospital. Two surgeons par-

ticipated in the fine needle biopsy operations for every

patient recruited in our research. Patients’ inclusion cri-

teria were: 1) newly diagnosed cases; 2) no therapies for

any diseases were initiated within 3 months before this

study; 3) no other systemic diseases were diagnosed.

Exclusion criteria were: 1) recurrent cases; 2) multiple

chronic diseases were diagnosed. All patients were

informed of the experimental principle of this project and

all of them signed the informed consent. All patients

strictly followed follow-up strategy: 1) Recheck every

three months within 2 years; 2) Recheck every half

a year within 5 years; 3) After 5 years, recheck at any

time when patients felt physically unpleasant. Paired

OSCC and adjacent (within 3 cm around tumors) non-

dysplastic tissues were collected from each patient through

fine needle biopsies and their distinction with dysplastic

tissue was distinguished by histopathological microscope.

All tissue samples were stored in liquid nitrogen

before use.

Treatments and Follow-Up
Treatment strategies were approached mainly based on

patients’ clinical stages and health conditions. According

to AJCC staging criteria, 12 (stage I), 13 (stage II), 18

Table 1 Clinicopathological Data of Patients with OSCC

Variable OSCC Patient

Gender

Male 37

Female 25

Age 57.4 ± 6.2

Smoking habit

Yes 30 (51.6%)

No 32 (48.4%)

Site

Tongue 33 (53.2%)

Other 29 (46.8%)

AJCC pathological stage

I 15 (24.2%)

II 17 (27.4%)

III 10 (16.3%)

IV 20 (32.1%)

Tumor classification

T1 11 (17.7%)

T2 15 (24.2%)

T3 19 (30.6%)

T4 17 (27.5%)

Node classification

N0 35 (56.4%)

N1 14 (22.6%)

N2 13 (21.0%)

Abbreviations: OSCC, oral squamous cell carcinoma; AJCC, American Joint

Committee on Cancer.
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(stage III) and 19 (stage IV) OSCC patients were recruited

from the day of admission. All 62 patients were followed

up every month to record their survival, and all of them

had completed follow-up strategies.

OSCC Cells and Cell Culture
Human OSCC cell lines SCC25 and SCC090 were pur-

chased from ATCC (USA) and used in the following experi-

ments. According to the instructions from ATCC, cells were

cultivated in a medium composed of 90% Eagle’s Minimum

Essential Medium and 10% fetal bovine serum (FBS) sup-

plemented with 2 mM L-Glutamine. Cells were cultured at

37°C with 5% CO2. Cells were harvested at 5% confluence

and used to perform subsequent transfections.

Transient Transfections
Human NR4A1AS sequence was amplified and subcloned

into pcDNA3.1 vector at EcoRI and NotI sites to generate

pcDNA3.1-NR4A1AS overexpression vector. Control mi-

RNA and miR-221 mimic were obtained from Ji Kai Gene

(Shanghai, China). SCC25 and SCC090 cells were trans-

fected with 10 nM NR4A1AS overexpression vector or 40

nM miRNA using lipofectamine 2000 (Invitrogen) as trans-

fection reagent. Control (C) cells were untransfected cells.

Cells transfected with empty pcDNA3.1 or control miRNA

were used as negative control (NC) cells. The sequence of

miR-221 mimic was: 5′-AGCUACAUUGUCUGCUGGGU

UUC-3′. The sequence of control miRNA was: 5′-

UCAGCAUAGCAGCGUACCUAGCU-3′. All the follow-

ing experiments were performed at 48 h post-transfection.

RNA Preparations
Trizol reagent (Invitrogen) was used to isolate total RNAs

from tissue samples as well as SCC25 and SCC090 cells.

To harvest miRNAs, 85% ethanol was used for washing

and RNA precipitations. Genomic DNA was removed by

DNase I digestion. NanoDrop™ 2000 spectrophotometers

(Thermo Scientific) was used to measure RNA concentra-

tions. RNA integrity was analyzed by 5% urine-PAGE gel.

Real-Time Quantitative PCR (RT-qPCR)
RNA samples with satisfactory quality were subjected to

reverse transcription (RT) using Precision nanoScript2

Reverse Transcription Kit (PrimerDesign) to synthesize

cDNAs. QuantiTect SYBR Green PCR Kit (Qiagen) was

used to prepare qPCR reactions. The expression levels of

NR4A1AS were measured with GAPDH as endogenous

control. All-in-One™ miRNA qRT-PCR Reagent Kit

(Genecopoeia) was applied to measure the expression

levels of mature miR-221 with U6 as endogenous control.

All PCR reactions were repeated 3 times and 2−ΔΔCT

method was used to normalize gene expression. The pri-

mer sequences were as follows:

NR4A1AS forward: 5′-AGGGCTGCAAGGGCTTCT-3′,

NR4A1AS reverse: 5′-GGCAGATGTACTTGGCGTT

TTT-3′,

GAPDH forward: 5′-CCATCCACAGTCTTCTGGGT-3′,

GAPDH reverse: 5′-GATCATCAGCAATGCCTCCT-3′,

MiR-221 forward: 5′-GGGAAGCTACATTGTCTGC-3′,

MiR-221 reverse: 5′-CAGTGCGTGTCGTGGAGT-3′,

U6 forward: 5ʹ-GCTTCGGCAGCACATATACTAAAAT-3′,
U6 reverse: 5ʹ-CGCTTCACGAATTTGCGTGTCAT-3′.

Methylation-Specific PCR (MSP)
SCC25 and SCC090 cells harvested at 48 h post-

transfection were subjected to isolation of genomic DNA

using Monarch® Genomic DNA Purification Kit (NEB).

NanoDrop™ 2000 spectrophotometer was used to measure

DNA concentrations. Genomic DNA was converted using

EZ DNA Methylation-GoldTM kit (ZYMO RESEARCH).

Taq 2X Master Mix (NEB) was used to prepare PCR

reactions to analyze gene demethylation. The primers

were designed by using Methylation Primer Express

(Applied Biosystems). The sequences of primers used

were:

Cell Counting Kit-8 (CCK-8) Assay
SCC25 and SCC090 cells harvested at 48 h post-

transfection were subjected to cell proliferation assay by

CCK-8 kit (Dojindo). At first, cells were counted and 3000

cells with 0.1 mL culture medium were planted to each

well of 96-well plate. Cells were cultivated under afore-

mentioned conditions and were collected every 24 h for

a total of 4 d. CCK-8 solution was added to reach 10%

final concentration at 4 h before cell collection. OD values

were measured at 450 nm to reflect cell proliferation.

Statistical Analysis
Data of at least 3 biological replicates were expressed as

mean ± SEM. Paired t test was used to compare differences

between OSCC and non-dysplastic tissues of the same

patient. ANOVA (one-way) and Tukey’s test were used to

compare differences among multiple groups. Spearman cor-

relation coefficient was used to analyze correlations. Sixty-

two OSCC patients were sub-grouped into high or low

NR4A1AS level group (n = 31) according to the RT-qPCR
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data. The cutoff value was defined by using the median value

of the expression of NR4A1AS in OSCC tissues. Survival

curves were plotted by Kaplan-Meier and compared by Log

rank test. P < 0.05 was set to be statistically significant.

Results
Upregulation of NR4A1AS in OSCC

Predicted Poor Survival
The expression of NR4A1AS in OSCC tumor or non-

dysplastic samples from 62 OSCC patients were detected

by performing RT-qPCR experiments. It was observed that

the expression levels of NR4A1AS were significantly higher

in OSCC tumor tissues compared to that in non-dysplastic

tissues (Figure 1A, p < 0.05). Survival curves were plotted

for both high and low NR4A1AS expression groups. The

survival rate of patients with high expression levels of

NR4A1AS was significantly lower than that of patients

with low expression levels of NR4A1AS (Figure 1B),

which suggested that high expression levels of NR4A1AS

might be closely associated with poor survival in OSCC and

possibly a negative factor in the pathogenesis of OSCC.

MiR-221 Was Also Upregulated in OSCC

and Positively Correlated with NR4A1AS
Expression of miR-221 in OSCC tumor and non-dysplastic

tumor samples from 62 OSCC patients was also detected

by RT-qPCR. It was observed that the expression levels of

miR-221 were significantly higher in OSCC tumor tissues

compared to that in non-dysplastic tissues (Figure 2A, p <

0.05). Correlation analysis showed that the expression

levels of miR-211 and NR4A1AS were significantly and

positively correlated across OSCC tissues (Figure 2B), but

not across non-dysplastic tissues (Figure 2C). The

correlation between NR4A1AS and miR-211 indicated

a regulatory mechanism underlying the relationship

between these two molecular factors.

Overexpression of NR4A1AS Led to

Upregulation of miR-221 and Induced

Demethylation of miR-221 Gene in

OSCC Cells
SCC25 and SCC090 cells were transfected with NR4A1AS

overexpression vector or miR-221 mimic. Overexpression of

NR4A1AS or miR-221 was confirmed by RT-qPCR at 48

h post-transfection (Figure 3A, p < 0.05). It was observed

that overexpression of NR4A1AS led to a significant elevation

of miR-221 in OSCC cells compared to that in C and NC

groups (Figure 3B, p < 0.05). However, overexpression of

miR-221 did not affect the expression of NR4A1AS

(Figure 3C). MSP was performed to analyze the effects of

overexpression of NR4A1AS on the demethylation of miR-

221 gene. Compared to the transfection with empty pcDNA

3.1 vector, cells transfected with NR4A1AS overexpression

vector showed a significant demethylation of miR-221

(Figure 3D), which suggested that the positive regulation of

miR-221 by NR4A1AS might be due to this demethylation

effect.

Overexpression of NR4A1AS or/and

miR-221 Led to Increased Cell

Proliferation Rate of OSCC Cells
The effects of overexpression of NR4A1AS or/and miR-

221 on the proliferation of SCC25 and SCC090 cells were

assessed by CCK-8 assay. Compared to non-transfection

control group and empty vector transfection negative con-

trol group, overexpression of NR4A1AS or/and miR-221

Figure 1 Upregulation of NR4A1AS predicted poor survival rate of OSCC patients. Expression of NR4A1AS in tumor samples and non-dysplastic samples from the 62

OSCC patients was analyzed by performing RT-qPCR experiments. PCR reactions were repeated 3 times and mean values were compared by paired t test (A). *p < 0.05.

The 62 patients with OSCC were grouped into high and low NR4A1AS level groups (n = 31, respectively) with the median expression level of NR4A1AS as cutoff value.

Survival curves were plotted and compared by Log rank test (B). OSCC patients with higher expression levels of NR4A1AS had a lower survival rate.
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induced dramatic increases in OSCC cell proliferation rate.

However, there was no difference between the two control

groups (C and NC) (Figure 4, p < 0.05). These results

indicated the involvement of NR4A1AS and miR-221 in

the pathogenesis of OSCC, and inhibiting the promotive

roles of NR4A1AS or miR-221 in OSCC cell proliferation

might be an effective approach for the therapy of OSCC.

Discussion
This study mainly aimed to explore the roles of NR4A1AS

and miR-221 in OSCC pathogenesis, especially at the

aspect of cell proliferation. We found that the

expressions of NR4A1AS and miR-221 were both ele-

vated in OSCC, and miR-221 upregulation might be

modulated through demethylation by the overexpression

of NR4A1AS.

The functionality of NR4A1AS has only been reported

in colorectal cancer.15 It was shown that NR4A1AS was

significantly upregulated in colorectal cancer, and silen-

cing of NR4A1AS led to inhibited cancer cell prolifera-

tion, invasion and migration as well as promoted cancer

cell apoptosis, indicating the important roles of NR4A1AS

as an oncogenic lncRNA in colorectal cancer.15 However,

the role of NR4A1AS in other diseases is unknown. Our

study is the first to report the upregulation of NR4A1AS

and its inverse correlation with miR-221 in OSCC. In

addition, overexpression of NR4A1AS resulted in an

increased cell proliferation rate in OSCC, which suggests

NR4A1AS might be an oncogenic lncRNA in OSCC.

A major cause of high mortality of OSCC is the lack

of sensitive early diagnosis marker for this disease.17 An

accurate early diagnosis may provide a reliable guidance

for the selection of treatment strategy for OSCC. Besides,

there is no practical evaluation factor for the prognosis of

OSCC patients. This study firstly demonstrated that

NR4A1AS is overexpressed in tumor tissues of OSCC

patients, which revealed that NR4A1AS might be

a negative actor in the pathogenesis of OSCC. From

our preliminary RNA-sequence analysis, we can obtain

that the expression of NR4A1AS was significantly

increased in OSCC tumors compared to normal tissues

(Supplementary Figure S1). Moreover, it was also found

that high expression levels of NR4A1AS were closely

correlated with the poor survival of OSCC patients,

Figure 2 MiR-221 was also upregulated in OSCC and positively correlated with NR4A1AS. Expression of miR-221 in tumor tissues and non-dysplastic tissues from 62

OSCC patients was evaluated by RT-qPCR experiments. PCR reactions were repeated 3 times and mean values were compared by paired t test (A). *p < 0.05. Spearman

correlation coefficient was used to analyze the correlation between miR-211 and NR4A1AS across OSCC tumor tissues and non-dysplastic tissues (B and C). MiR-211 is

positively correlated with NR4A1AS in OSCC tumor tissues, but not in non-dysplastic tissues of OSCC patients.
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indicating the potential clinical application of NR4A1AS

as a prognostic evaluation factor for OSCC. MiR-221 is

a well-established oncogenic miRNA in different types of

cancer, including OSCC.18,19 MiR-221 not only regulates

cancer cell behaviors in OSCC but also participates in the

resistance of cancer cells to chemotherapies.18,19 The

present study confirmed our previous RNA-sequence ana-

lysis showing the upregulation of miR-221 in OSCC

(Supplementary Figure S1), and also revealed that miR-

221 had a positive correlation with NR4A1AS.

Furthermore, the overexpression of NR4A1AS could

strongly elevates the expression levels of miR-221 in

OSCC cell lines, but there was no effect of overexpres-

sion of miR-221 on the expression of NR4A1AS, which

suggests that miR-221 did not affect degradation of

NR4A1AS.

Figure 3 Overexpression of NR4A1AS led to the upregulation of miR-221 by demethylation of miR-221 in OSCC cells. SCC25 and SCC090 cells were transfected with

NR4A1AS expression vector or miR-221 mimic. Overexpression of NR4A1AS and miR-221 was confirmed by RT-qPCR at 48 h post-transfection (A). The regulation of

overexpression of NR4A1AS on miR-221 was evaluated by RT-qPCR at 48 h post-transfection (B). The effect of overexpression of miR-221 on NR4A1AS was detected by

RT-qPCR at 48 h post-transfection (C). MSP was performed to analyze the effects of overexpression of NR4A1AS on miR-221 demethylation (D). All experiments were

repeated 3 times and mean values were presented and compared. *p < 0.05.
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It has been reported that lncRNAs can regulate the

expression of genes through methylation or

demethylation.20,21 In this study, our MSP experiments

proved that NR4A1AS could induce demethylation of

miR-221 so as to upregulate the expression of miR-221

in OSCC. However, the underlying mechanism is still

elusive and needs to be further explored. In order to

clarify how NR4A1AS and miR-221 affect OSCC cell

behaviors, the expression levels of NR4A1AS or/and

miR-221 were elevated by in vitro transfection in

OSCC cell lines. The results of CCK-8 assay showed

that overexpression of NR4A1AS and miR-221 could

promote cell proliferation. However, how and why

NR4A1AS or miR-221 affect OSCC cell behaviors are

still unknown. For the limitations of this study, firstly, we

have not supplied any experimental evidence for the

methylation site of miR-221 regulated by NR4A1AS to

verify our findings in MSP experiments. Secondly, the

underlying mechanism of how NR4A1AS or miR-221

affect OSCC cell behaviors is still a question and needs

to be further explored.

In conclusion, the expression levels of NR4A1AS are

strongly elevated as a negative regulator in OSCC, and the

upregulation of miR-21 induced by overexpression of

NR4A1AS might be through miR-21 demethylation.

NR4A1AS and miR-21 promote the proliferation of

OSCC cells and they might be considered as novel gene

targets for OSCC therapy.

Figure 4 Overexpression of NR4A1AS or/and miR-221 promote the proliferation of OSCC cells. The effects of overexpression of NR4A1AS or/and miR-221 on the

proliferation of SCC25 and SCC090 cells were determined by CCK-8 assay. Overexpression of NR4A1AS could significantly increase the proliferation rate of OSCC cells.

MiR-221 also had the same effect on the proliferation of OSCC cells, and there was no difference observed between C and NC groups. All experiments were repeated 3

times and mean values were presented and compared. *p < 0.05.
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Abbreviations
OSCC, oral squamous cell carcinoma; ncRNAs, non-

coding RNAs; lncRNAs¸ long (>200nt) ncRNAs.
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