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Abstract. The incidence of thyroid nodules has been 
increasing worldwide; however, there are currently no feasible 
and robust methods to differentiate malignant thyroid nodules 
from benign thyroid nodules. The present study aimed to 
establish a practical method to determine the malignancy of 
thyroid nodules. Reverse transcription‑quantitative PCR and 
western blot analyses were performed to compare the levels 
of long non‑coding RNA nuclear enriched abundant tran-
script 1 (NEAT1), microRNA (miR)‑9, miR‑124, PTEN and 
programmed cell death protein 6 (PDCD6) in the peripheral 
blood and thyroid tissue samples between patients with malig-
nant and benign thyroid nodules. Additionally, a regulatory 
relationship between NEAT1, miR‑124, miR‑9, PTEN and 
PDCD6 was established in the present study. The diagnostic 
value of NEAT1, miR‑124 and miR‑9 was determined using 
a ROC analysis. The expression levels of NEAT1, PTEN 
and PDCD6 in peripheral blood and thyroid tissue samples 
collected from the benign group were higher compared with 
those in the malignant group, whereas the expression levels 
of miR‑124 and miR‑9 were lower in the benign group. In the 
peripheral blood, NEAT1 expression exhibited an area under 
the curve (AUC) value of 0.8546, whereas miR‑124 and miR‑9 
expression had AUC values of 0.7657 and 0.7019, respectively. 
In the thyroid tissue, NEAT1, miR‑124, and miR‑9 had AUC 
values of 0.9304, 0.8221 and 0.7757, respectively. Additionally, 
miR‑9 and miR‑124 expression levels in BCPaP and SW579 
cells was decreased after transfection with a NEAT1 expres-
sion vector compared with those in cells transfected with the 
control vector, whereas the expression of PTEN and PDCD6 

was upregulated. By contrast, transfection with short hairpin 
RNA targeting NEAT1 notably increased the expression of 
miR‑9 and miR‑124 while downregulating the expression of 
PTEN and PDCD6 compared with that in the control cells. 
In conclusion, the results of the present study demonstrated 
that the dysregulation of NEAT1 expression may be used to 
differentiate benign and malignant thyroid nodules.

Introduction

Common thyroid nodules are usually benign (1,2). However, 
according to studies on fine‑needle aspiration cytology, among 
the nodules identified through clinical examinations, ~15% of 
the nodules are malignant (3,4). Correspondingly, the identifi-
cation of a thyroid nodule with a diameter of ≥1 cm frequently 
prompts the initialization of a more thorough diagnostic 
evaluation (5). Fine‑needle aspiration is the key method for 
the evaluation of thyroid nodules, enabling the evaluation of 
cellular morphology features that cannot be identified through 
clinical imaging or assessment (6). Preoperative fine‑needle 
aspiration‑guided ultrasonography has been indicated to 
accurately identify ≤80% of all thyroid nodules, thus avoiding 
surgery for diagnosis (7).

According to genome‑wide sequencing results, non‑coding 
genes account for up to ≤98% of the whole genome (8). Among 
these non‑coding genes, long non‑coding RNAs (lncRNAs), 
which are >200 nt long, exert crucial effects on different 
cellular processes and are dysregulated under abnormal condi-
tions, including rare diseases such as cat eye, Klinefelter's and 
Down's syndromes (9,10). In addition, lncRNAs modulate the 
expression of genes through multiple mechanisms, such as 
miRNA degradation, epigenetic modification, transcription 
control and gene imprinting (11,12). Other types of non‑coding 
RNAs include microRNAs (miRNAs), which are ~22 nt long 
and repress the expression of genes under various biological 
conditions by binding to the 3'‑untranslated regions (UTRs) 
of target mRNAs and by triggering the degradation or 
suppressing the translation of mRNAs (13).

LncRNAs are involved in tumourigenesis. For example, 
the expression of lncRNA nuclear enriched abundant tran-
script 1 (NEAT1) is significantly enhanced in cervical cancer 
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cell lines and tissues (14,15). In a molecular study, NEAT1 has 
been demonstrated to function as a competing endogenous 
RNA (ceRNA) by repressing miR‑9‑5p expression; in addi-
tion, high levels of NEAT1 expression reduced the inhibitory 
effect of miR‑9‑5p on the expression of POU class 2 transcrip-
tion factor 1 (POU2F1) and PTEN (16). Consistent with the 
observation that NEAT1 negatively regulated miR‑9‑5p, the 
upregulation of miR‑9‑5p suppressed NEAT1‑induced cancer 
cell proliferation (17,18). The expression of miR‑9 was also 
observed to be negatively associated with the expression of 
PTEN, a tumour suppressor gene that was confirmed as a 
direct target gene of miR‑9, in laryngocarcinoma cells, and 
the introduction of miR‑9 mimics into laryngocarcinoma cells 
facilitated cell metastatic capability and proliferation (19). In 
nasopharyngeal carcinoma (NPC) cells and tissues, NEAT1 
was also upregulated, whereas miR‑124 was downregulated; 
knockdown of NEAT1 suppressed NPC progression and 
facilitated apoptosis, whereas overexpression of NEAT1 
resulted in the opposite outcome (20). Furthermore, NEAT1 
was confirmed to inhibit the expression of miR‑124 through 
direct interaction in NPC cells (20). In addition, the anti‑apop-
totic and pro‑proliferative effects mediated by NEAT1 were 
reversed by miR‑124 (20).

Using bioinformatics methods and in vitro experiments, 
programmed cell death protein 6 (PDCD6) was identified as 
a protein directly targeted by miR‑124‑3p (21). The restora-
tion of the expression of PDCD6 impaired the suppressive 
effect of miR‑124‑3p on metastasis by facilitating the infiltra-
tion of cancer cells (21). In addition, miR‑124‑3p expression 
levels were inversely related to the levels of PDCD6 mRNA 
in clinical samples of breast tumours (21). Therefore, these 
results suggested that miR‑124‑3p suppressed the metastasis of 
tumours by repressing the expression of PDCD6, and that the 
miR‑124‑3p/PDCD6 signalling axis may be a target for new 
treatments for patients with advanced breast cancer (BC) (21).

Deregulated miR‑9 and miR‑124 have been used as 
biomarkers to differentiate benign and malignant thyroid 
nodules (22). Previous studies have reported that NEAT1 may 
function as a sponge of miR‑9 and miR‑124 (16,20). In addi-
tion, PTEN and PDCD6 have also been identified as possible 
targets of miR‑9 and miR‑124, respectively. PTEN and 
PDCD6 have been implicated in tumourigenesis (23‑25). In 
the present study, peripheral blood and thyroid tissue samples 
were collected to investigate the roles of NEAT1/miR‑9/PTEN 
and NEAT1/miR‑124/PDCD6 signalling in the differentiation 
of benign and malignant thyroid nodules, and to establish a 
practical method to determine the malignancy of thyroid 
nodules.

Materials and methods

Human subjects and sample collection. A total of 98 patients 
diagnosed with thyroid nodules between August 2014 and 
March 2017 at Shangluo Central Hospital (Shangluo, China) 
were enrolled in the present study. The subjects included 
52 patients with malignant thyroid nodules (MTN or the malig-
nant group; nodule size range, 2.03‑3.63 cm) and 46 patients 
with benign thyroid nodules (BTN or the benign group; nodule 
size range, 2.06‑3.46 cm). Peripheral blood and thyroid tissue 
samples were collected from all participants. The demographic 

and clinicopathological characteristics of the participants, such 
as age, sex, nodule size, solitary nodule, free triiodothyronine 
(FT3), free thyroxine (FT4) and thyroid‑stimulating hormone 
(TSH) levels, were recorded and analysed. The inclusion 
criteria of the participants were as follows: i) 18‑70 years old 
without gender restrictions; ii) confirmed diagnosis of thyroid 
nodules by imaging and histological examinations; iii) not 
received medication that may have influenced the metabolism 
of the thyroid in the previous three months; and iv) no diseases 
that influence the metabolism of the thyroid, including chronic 
thyroid dysfunction. The protocol of the present study was 
approved by the Ethics Committee of Shangluo Central 
Hospital, and all subjects signed informed consent forms.

RNA isolation and reverse transcription‑quantitative PCR 
(RT‑qPCR). To establish the accuracy of the microRNA assays, 
RT‑qPCR was used to confirm the differential miRNA expres-
sion in the samples. Total RNA was isolated from the collected 
samples and cells using TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.), and the purification was performed 
using the Qiagen RNeasy mini kit (Qiagen GmbH). RNA 
concentration was measured by a spectrophotometer. Reverse 
transcription with the cDNA Synthesis kit (Invitrogen; Thermo 
Fisher Scientific, Inc.) and qPCR (PowerUp SYBR®‑Green; 
Thermo Fisher Scientific, Inc.) were performed using an 
ABI real‑time PCR System (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The cDNA synthesis was performed 
according to the manufacturer's instructions. The thermocy-
cling conditions of the qPCR were as follows: 95˚C for 10 min, 
followed by 40 cycles of 95˚C for 15 sec and 60˚C for 60 sec. 
U6 (for miRNA) and GAPDH (for mRNA) were used as the 
internal control to calculate the normalized relative expres-
sion levels of NEAT1, miR‑124, miR‑9, PTEN and PDCD6 
mRNA using the 2‑∆∆Cq method  (26). Primer Premier  5.0 
(Premier Biosoft) was used to design primers for qPCR. The 
primers used were as follows: NEAT1 forward, 5'‑GCT​GGA​
CCT​TTC​ATG​TAA​CGG​G‑3' and reverse, 5'‑TGA​ACT​CTG​
CCG​GTA​CAG​GGA​A‑3'; miR‑124 forward, 5'‑TTC​ACA​GCG​
GAC​CTT​GA‑3' and reverse, 5'‑GAA​CAT​GTC​TGC​GTA​TCT​
C‑3'; miR‑9 forward, 5'‑TCT​TTG​GTT​ATC​TAG​CTG​T‑3' and 
reverse, 5'‑GAA​CAT​GTC​TGC​GTA​TCT​C‑3'; PTEN forward, 
5'‑TGA​GTT​CCC​TCA​GCC​GTT​ACC​T‑3' and reverse, 5'‑GAG​
GTT​TCC​TCT​GGT​CCT​GGT​A‑3'; PDCD6 forward, 5'‑ACA​
TCA​CGG​ACT​GGC​AGA​ACG​T‑3' and reverse, 5'‑AGG​ATG​
TCG​TGG​AAC​TGG​TCA​G‑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'‑GTC​TCC​TCT​GAC​TTC​
AAC​AGC​G‑3' and reverse, 5'‑ACC​ACC​CTG​TTG​CTG​TAG​
CCA​A‑3'.

Cell culture and transfection. BCPaP and SW579 cells were 
obtained from the Shanghai Cell Bank of the Chinese Academy 
of Sciences. All cells were routinely cultured in DMEM 
(Gibco; Thermo Fisher Scientific, Inc.) containing 10% FBS 
in an incubator with 5% CO2 at 37˚C. When the cells were 
80% confluent, they were transfected with 30 nM sh‑NEAT1 
(Guangzhou RiboBio Co., Ltd.), scramble control (Guangzhou 
RiboBio Co., Ltd.), pcDNA3.1‑NEAT1 overexpression vector 
(p‑lncRNA‑NEAT1; Shanghai GenePharma Co., Ltd.) or 
pcDNA3.1 empty vector (p‑vector; Shanghai GenePharma Co., 
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Ltd.) using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions 
for 48  h at room temperature. At 48  h post‑transfection, 
the expression levels of NEAT1, miR‑9 and miR‑124 in 
the transfected cells were measured by RT‑qPCR.

Western blot analysis. Protein was extracted from the whole‑cell 
lysate using RIPA buffer (Cell Signaling Technology, Inc.). 
Subsequently, western blotting was performed using a routine 
method. Briefly, the protein concentration was measured 
with a BCA assay kit (Bio‑Rad Laboratories, Inc.), and 
50 µg/lane of protein was resolved by a 10% Mini‑PROTEAN 
TG gel (Bio‑Rad Laboratories, Inc.) and loaded onto a PVDF 
membrane. The membranes were blocked using a Tris buffer 
containing 5% skim milk and 0.1% Tween‑20 for 60 min at 
room temperature. Subsequently, the membrane was incubated 
overnight at room temperature with anti‑PDCD6 (1:1,000; 
cat no.  ab109181; Abcam) and anti‑PETN (1:1,000; cat 
no. ab267787; Abcam) primary antibodies, washed with a Tris 
buffer containing 0.1% Tween‑20 three times and incubated 
with an HRP‑conjugated secondary antibody (1:2,000; cat 
no. ab6721; Abcam) at room temperature for 1 h. The gel was 
visualized using Pierce™ ECL Western Blotting Substrate 
(cat. no. 32109; Thermo Fisher Scientific, Inc.) and analysed 
by ImageJ 1.44e software (National Institutes of Health). 
Anti‑β‑actin (1:1,000; cat. no.  MA5‑15739; Invitrogen; 
Thermo Fisher Scientific, Inc.) was used as the internal control 
to calculate the relative expression levels of PDCD6 and PTEN 
proteins.

Immunohistochemistry. The expression of PDCD6 and PTEN 
in paraffin‑embedded thyroid nodule tissues was determined 
using immunohistochemistry. Briefly, 4‑µm sections were 
prepared from representative paraffin‑embedded specimens 
of thyroid nodule tissues. Surrounding normal thyroid nodule 
tissues were used as the control. Xylene was used to deparaf-
finize the sections twice, and five gradient ethanol baths (100, 
95, 85, 75 and 60%) were used to rehydrate the resultant sections. 
Antigen retrieval was performed by heating the sections for 
15 min in a pressure cooker, and EDTA buffer (Ph 8.0) was 
added prior to incubation with 3% H2O2 for 10 min to block 
endogenous peroxidase activity. Subsequently, 1X PBS (Gibco; 
Thermo Fisher Scientific, Inc.) was used to wash the sections, 
and the sections were incubated with primary anti‑PDCD6 (cat. 
no. ab9181; 1:1,000 dilution) and anti‑PTEN (cat. no. ab267787; 
1:1,000 dilution; both from Abcam) antibodies was performed 
overnight at 4˚C. Horseradish peroxidase‑labelled anti‑rabbit 
IgG secondary antibodies (cat. no. ab6721; 1:2,000 dilution; 
Abcam) were used to treat samples for 30 min at room temper-
ature. 3,3'‑Diaminobenzidine was used to develop the sections, 
which were counterstained with haematoxylin and observed 
under an Olympus light microscope (magnification, x200; 
Olympus Corporation).

Statistical analysis. Data are presented as the mean ± SD. 
P‑values and fold‑changes were used to evaluate the differences 
in mRNA, miRNA and lncRNA expression between different 
groups. Receiver operating characteristic (ROC) curves were 
generated to evaluate the diagnostic values of NEAT1, miR‑124 
and miR‑9 for malignant thyroid nodules by analysing the area 

under the curve (AUC) of the candidate genes. The intergroup 
differences were analysed with unpaired Student's t‑test using 
SPSS version 16.0 software (SPSS, Inc.). The χ2 test was used 
for the analysis of characteristic distribution of the patients 
enrolled in this study. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Demographic, clinicopathological and genotypic param‑
eters of the study participants. The demographic and 
clinicopathological characteristics of the 98 participants 
diagnosed with thyroid nodules are summarized in Table I. 
The majority of the MTN or BTN subjects were female, aged 
between 42 and 60 years. In addition, parameters including 
nodule size, solitary nodule, FT3, FT4 and TSH were also 
compared between the two groups; no significant differences 
in these parameters were observed between the MTN and 
BTN groups.

Differential expression of NEAT1, miR‑9 and miR‑124. 
RT‑qPCR was performed to compare the levels of NEAT1, 
miR‑9 and miR‑124 in the peripheral blood and thyroid tissue 
samples between the MTN and BTN groups. The NEAT1 
levels in the peripheral blood (Fig. 1A) and thyroid tissue 
(Fig. 2A) samples of the BTN group were higher compared 
with those in the MTN group, whereas lower levels of miR‑124 
(Figs. 1B and 2B) and miR‑9 (Figs. 1C and 2C) were detected 
in the BTN group, suggesting that malignant thyroid nodules 
were associated with the downregulation of NEAT1 and 
upregulation of miR‑124/miR‑9.

Differential expression of PTEN and PDCD6. RT‑qPCR 
and IHC were performed to compare the levels of PTEN and 
PDCD6 in the peripheral blood and thyroid tissue samples 
between the MTN and BTN groups. An evident increase in 
the mRNA (Fig. 3A) and protein (Fig. 3B) levels of PTEN 
was observed in thyroid tissues collected from the BTN group 
compared with those from the MTN group, along with higher 
mRNA (Fig.  4A) and protein (Fig.  4B) levels of PDCD6, 
suggesting that malignant thyroid nodules were associated 
with downregulation of PTEN and PDCD6 expression.

Diagnostic values of NEAT1, miR‑124 and miR‑9 for malig‑
nant thyroid nodules. ROC analysis was performed to evaluate 
the diagnostic values of NEAT1, miR‑124 and miR‑9 for 
malignant thyroid nodules. In the peripheral blood samples, 
NEAT1, miR‑124 and miR‑9 exhibited AUC values of 0.8946, 
0.7657 and 0.7019, respectively (Fig. 5A). In thyroid tissue 
samples, NEAT1, miR‑124 and miR‑9 had AUC values of 
0.9304, 0.8221 and 0.7757, respectively (Fig. 5B).

The regulatory relationship among NEAT1, miR‑124, miR‑9, 
PTEN and PDCD6. RT‑qPCR and western blot analyses 
were performed to explore the regulatory relationship among 
NEAT1, miR‑124, miR‑9, PTEN and PDCD6. The levels of 
miR‑124, miR‑9, PTEN and PDCD6 in BCPaP and SW579 
cells were determined following transfection with NEAT1 
constructs. As presented in Fig.  6, miR‑9 (Fig.  6A) and 
miR‑124 (Fig. 6B) levels in BCPaP and SW579 cells were 
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markedly downregulated following transfection with the 
NEAT1 overexpression construct compared with those in the 
corresponding negative control groups, along with markedly 
upregulated PTEN mRNA (Fig. 6C) and protein (Fig. 6E) 
expression. In addition, BCPaP and SW579 cells transfected 
with the NEAT1 overexpression construct exhibited higher 
mRNA (Fig. 6D) and protein (Fig. 6F) levels of PDCD6 
compared with those in cells transfected with the negative 
control vector. The transfection of BCPaP and SW579 cells 
with sh‑NEAT1 inhibited NEAT1 expression (Fig.  7A), 
along with increased levels of miR‑9 (Fig. 7B) and miR‑124 
(Fig. 7C) compared with those in the negative control groups. 
In addition, the transfection of BCPaP and SW579 cells with 
sh‑NEAT1 substantially downregulated the expression of 
PTEN mRNA (Fig. 7D) and protein (Fig. 7F), as well as the 
expression of PDCD6 mRNA (Fig. 7E) and protein (Fig. 7G) 
compared with those in the negative control groups. The 
successful transfections of NEAT1 overexpression vector 
and sh‑NEAT1 were verified by the evidently upregulated 
(Fig.  S1A) and downregulated (Fig.  1B) expression of 
NEAT1, respectively.

Discussion

It is essential to identify an approach to effectively differ-
entiate benign nodules from thyroid carcinoma as they are 
difficult to distinguish using fine‑needle aspiration, leading to 
unnecessary thyroidectomy (26). The present study compared 
the levels of NEAT1, miR‑9 and miR‑124 in the peripheral 
blood and thyroid tissue samples collected from subjects with 
malignant and benign thyroid nodules. The results demon-
strated that NEAT1 expression was significantly higher in the 
peripheral blood and thyroid tissue samples of the BTN group 
compared with that in samples from the MTN group, whereas 
the expression levels of miR‑124 and miR‑9 were lower in the 
BTN group. The levels of PTEN and PDCD6 expression in 
the peripheral blood and thyroid tissues of the BTN group 
were higher compared with those in the tissues from the MTN 
group. Previous studies have demonstrated that, compared 
with patients with benign nodules, the expression of circulating 
miR‑5691, miR‑9‑3p and miR‑124‑3p was increased in patients 
with papillary thyroid cancer (PTC), along with decreased 
levels of miR‑196b‑5p and miR‑4701 (22). The abnormalities 

in the regulation of miR‑196b‑5p, miR‑4701, miR‑9‑3p and 
miR‑124‑3p were further confirmed using RT‑qPCR; the levels 
of miR‑9‑3p and miR‑124‑3p were increased in patients with 
PTC compared with those of other candidate miRNAs (22). 
Another previous study demonstrated that miR‑124‑3p and 
miR‑9‑2p could differentiate between benign and malignant 
nodules with high specificity and sensitivity compared with 
other candidate miRNAs  (26), which was consistent with 
the results of the present study. In addition, the present study 
identified that the lncRNA NEAT1 regulated the expression 
of multiple miRNAs by sponging them, and the results also 
demonstrated that, compared with the other studied candidate 
genes, NEAT may be a more accurate biomarker for the differ-
entiation between malignant and benign thyroid nodules with 
higher sensitivity and specificity.

PTEN is involved in the regulation of metastasis, apop-
tosis, proliferation and cell cycle progression, and low PTEN 
expression has been reported to be associated with the progres-
sion and development of human pharyngeal squamous cell 
cancer (27,28). A previous study reported that PTEN acted as 
a downstream target gene of miR‑9 and functioned as a medi-
ator of miR‑9 in laryngocarcinoma cells, which suggested that 
miR‑9 could bind to the PTEN 3'‑UTR to inhibit its transcrip-
tion (19). Another study demonstrated that miR‑9 modulated 
PTEN expression at the posttranscriptional level (19). PTEN 
has been reported to act as a cancer suppressor gene modu-
lating the PTEN/PI3K/AKT/mTOR signalling pathway, 
which is often dysregulated in breast and prostate cancer (29). 
Therefore, by modulating the miR‑9/PTEN signalling axis, 
NEAT1 may participate in the differentiation of benign and 
malignant thyroid nodules.

PDCD6 is a Ca2+‑binding protein with a molecular 
weight of 22 kDa and an open reading frame encoding a 
sequence of 191 amino acids  (31). In addition, PDCD6 
has five EF‑hand‑like motifs that are serially repetitive 
and form a region comprising Ca2+‑binding domains (32). 
The mRNA expression of PDCD6 is ubiquitous among 
various tissues in mammals, and this pattern of expres-
sion is associated with the process of apoptosis  (31). In 
lower eukaryotes (such as Dictyostelium  discoideum), 
plants and insects, proteins resembling PDCD6 have also 
been observed and identified to function similarly to their 
homologs in mammals (33). The mRNA and protein levels 

Table I. Characteristics of the participants of the present study.

Characteristics of patients	 BTN (N=46)	 MTN (N=52)	 P‑value

Sex, male (%)	 9 (19.6)	 11 (21.2)	 0.685
Age, years, mean ± SD	 51.3±8.9	 50.6±7.4	 0.788
Nodule size, cm, mean ± SD	 2.83±0.8	 2.76±0.7	 0.453
Solitary nodule, n (%)	 18 (39.1)	 21 (40.4)	 0.963
FT3, pmol/l, median (IQR)	 4.6 (3.7‑5.3)	 4.4 (3.8‑5.1)	 0.748
FT4, pmol/l, median (IQR)	 15.3 (13.3‑17.6)	 15.5 (14.3‑16.9)	 0.957
TSH, mIU/ml, median (IQR)	 1.2 (0.6‑2.1)	 1.2 (0.5‑2.1)	 0.994

BTN, benign thyroid nodule; MTN, malignant thyroid nodule; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid‑stimulating 
hormone; IQR, interquartile range.
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of PDCD6 are high in metastatic ovarian cancer as well as 
in mesenchymal tumours (34,35). According to a previously 
published study by Zhang et al (21), the role of miR‑124‑3p 
in BC metastasis is regulated by the suppression of PDCD6. 
A functional correlation between PDCD6 and miR‑124 in 
primary tumours has been indicated by the characterization 
of the miR‑124‑3p/PDCD6 signalling axis in patients with 
BC (21). Therefore, NEAT1 may interfere with the differen-
tiation of benign and malignant thyroid nodules, possibly via 
the miR‑124/PDCD6 signalling axis.

Previous studies have indicated that the expression of 
NEAT1 is upregulated in various types of human cancer, 
such as leukaemia, lung cancer and gastric carcinoma (17,18). 
NEAT1 upregulation facilitates the malignancy of stomach 
tumours (17). In addition, the oncogenic effect of NEAT1 has 
also been observed in BC (36,37). Han et al (38) also reported 
that NEAT1 enhanced the resistance of cervical cancer to 

radiation by regulating miR‑193b‑3p/cyclin D1 signalling. 
Overexpression of NEAT1 was observed to promote cervical 
cancer cell proliferation, and NEAT1 acted as a ceRNA to 
negatively regulate miR‑9‑5p expression; the levels of the down-
stream targets of miR‑9‑5p such as POU2F1 and PTEN were 
accordingly elevated following NEAT1 overexpression (16). 
Upregulation of miR‑9‑5p could reverse the NEAT1‑facilitated 
cancer cell proliferation, suggesting that miR‑9‑5p may be a 
target molecule of NEAT1 in a signalling cascade associated 
with cervical cancer progression (16). It was also observed 
that NEAT1 was located in the interchromatin space of the 
nucleus  (39). Previous studies have reported that NEAT1 
is an oncogene in a number of types of cancer such as lung, 
oesophageal and colorectal cancer as well as hepatocellular 
carcinoma (40). Of note, radioimmunoprecipitation assays 
also confirmed that NEAT1 targeted miR‑124 and was able to 
inhibit the expression of miR‑124 (41). A previous study also 

Figure 1. Differential expression of NEAT1, miR‑9 and miR‑124 in 
peripheral blood samples between the MTN and BTN groups. (A) NEAT1 
was more highly expressed in peripheral blood samples of the BTN group 
compared with that in the MTN group. (B) miR‑124 was expressed at lower 
levels in peripheral blood samples from the BTN group compared with those 
in the MTN group. (C) miR‑9 was expressed at lower levels in peripheral 
blood samples from the BTN group compared with those in the MTN group. 
*P<0.05. BTN, benign thyroid nodule; MTN, malignant thyroid nodule; 
NEAT1, nuclear enriched abundant transcript 1; miR, microRNA.

Figure 2. Differential expression of NEAT1, miR‑9, and miR‑124 in thyroid 
tissues. (A) NEAT1 levels in thyroid tissues of the BTN group were higher 
compared with those in the MTN group. (B) miR‑124 levels in thyroid tissues 
of the BTN group were lower compared with those in the MTN group. 
(C) miR‑9 levels in thyroid tissues of the BTN group were lower compared 
with those in the MTN group. *P<0.05. BTN, benign thyroid nodule; MTN, 
malignant thyroid nodule; NEAT1, nuclear enriched abundant transcript 1; 
miR, microRNA.
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demonstrated a correlation between NEAT1 and miR‑124‑3p 
expression levels in ovarian cancer cells  (41). However, a 

contradictory statement was published by Idogawa et al (42); 
in their study, lncRNA NEAT1 was identified as a direct 

Figure 5. ROC analysis of the diagnostic values of NEAT1, miR‑124 and miR‑9 for malignant thyroid nodules. (A) NEAT1, miR‑124 and miR‑9 ROC curves 
using peripheral blood samples. (B) NEAT1, miR‑124 and miR‑9 ROC curves using thyroid tissue samples. NEAT1, nuclear enriched abundant transcript 1; 
miR, microRNA; ROC, receiver operating characteristic; AUC, area under the curve.

Figure 4. Differential expression of PDCD6 in thyroid tissues was determined using reverse transcription‑quantitative PCR and immunohistochemistry. 
(A) The PDCD6 mRNA expression in thyroid tissue samples of the BTN group was higher than compared with that in the MTN group. (B) The PDCD6 
protein expression in thyroid tissue samples of the BTN group appeared higher compared with that in the MTN group. Scale bar, 100 µm. *P<0.05 vs. BTN. 
BTN, benign thyroid nodule; MTN, malignant thyroid nodule; PDCD6, programmed cell death protein 6.

Figure 3. Differential expression of PTEN in thyroid tissues was determined using reverse transcription‑quantitative PCR and immunohistochemistry. (A) The 
PTEN mRNA expression in thyroid tissue samples of the BTN group was higher compared with that in the MTN group. (B) The PTEN protein expression in 
thyroid tissue samples of the BTN group appeared higher compared with that in the MTN group. Scale bar, 100 µm. *P<0.05 vs. BTN. BTN, benign thyroid 
nodule; MTN, malignant thyroid nodule.
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transcriptional target of p53. The suppression of NEAT1 
induced by p53 attenuated the inhibitory effect of p53 on 
cancer cell proliferation and modulated gene transactivation, 
indicating that NEAT1 may contribute to the potential 
tumour‑suppressor function of p53 (42). In the present study, 
the diagnostic value of NEAT1, miR‑124, and miR‑9 was 
assessed using ROC analysis. The results demonstrated that 

the AUC values of NEAT1 were higher compared with those 
of miR‑124 and miR‑9 in peripheral blood samples and thyroid 
tissues. Therefore, the results of the present study suggested 
that NEAT1 could be used as a biomarker to differentiate 
between benign and malignant thyroid nodules.

In conclusion, the results of the present study demonstrated 
the use of NEAT1 as a potential biomarker to differentiate 

Figure 6. Upregulation of NEAT1 affects the regulatory relationship among NEAT1, miR‑124, miR‑9, PTEN and PDCD6 determined using reverse tran-
scription‑quantitative PCR and western blot analysis in BCPaP and SW579 cells. (A) Transfection with the NEAT1 overexpression vector downregulated 
miR‑9 expression compared with that in the empty vector‑transfected cells. (B) Transfection with the NEAT1 overexpression vector downregulated miR‑124 
expression compared with that in vector‑transfected cells. (C) PTEN mRNA expression in BCPaP and SW579 cells was upregulated after transfection with the 
NEAT1 overexpression vector compared with that in the control cells. (D) PDCD6 mRNA expression in BCPaP and SW579 cells was upregulated after trans-
fection with the NEAT1 overexpression vector compared with that in the control cells. (E) The protein level of PTEN was upregulated following transfection 
with the NEAT1 overexpression vector compared with that in the empty vector‑transfected cells. (F) The protein level of PDCD6 was upregulated following 
transfection with the NEAT1 overexpression vector compared with that in the empty vector‑transfected cells. *P<0.05 vs. vector. NEAT1, nuclear enriched 
abundant transcript 1; p‑vector, plasmid‑vector; miR, microRNA; PDCD6, programmed cell death protein 6.
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benign and malignant thyroid nodules. In addition, NEAT1 
may function as a sponge of miR‑9 and miR‑124. The present 

study also identified PTEN and PDCD6 as possible targets of 
miR‑9 and miR‑124, respectively.

Figure 7. Downregulation of NEAT1 affects the regulatory relationship among NEAT1, miR‑124, miR‑9, PTEN and PDCD6 determined using reverse 
transcription‑quantitative PCR and western blot analysis in BCPaP and SW579 cells. (A) sh‑NEAT1 reduced NEAT1 expression. (B) Transfection with 
sh‑NEAT1 upregulated miR‑9 expression compared with that in cells transfected with the control vector. (C) Transfection with sh‑NEAT1 upregulated 
miR‑124 expression compared with that in cells transfected with the control vector. (D) PTEN mRNA expression in cells was decreased after transfection 
with sh‑NEAT1 compared with that in cells transfected with the control vector. (E) PDCD6 mRNA expression in cells was reduced after transfection with 
sh‑NEAT1 compared with that in cells transfected with the control vector. (F) Protein expression of PTEN was downregulated following transfection with 
sh‑NEAT1 compared with that in cells transfected with the control vector. (G) Protein expression of PDCD6 was downregulated following transfection with 
sh‑NEAT1 compared with that in cells transfected with the control vector. *P<0.05 vs. p‑vector. NEAT1, nuclear enriched abundant transcript 1; p‑vector, 
plasmid‑vector; miR, microRNA; PDCD6, programmed cell death protein 6.
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