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Abstract Current evidence suggests that the human genome
produces a large number of non-coding RNAs, including
microRNAs and long non-coding RNAs (IncRNAs). Gen-
erally, IncRNAs are defined as RNA transcripts longer than
200 nucleotides that are not transcribed into proteins. In
recent years, IncRNAs have been reported to play oncogenic
roles in tumourigenesis. However, minimal research has
been performed on the expression and clinicopathological
significance of IncRNAs in papillary thyroid cancer (PTC).
In the present study, we investigated not only the expression
and clinicopathological significance of a novel IncRNA,
NR_036575.1, in PTC tissues and adjacent non-cancerous
tissues but also its potential function in TPCI1 cells. The
expression levels of the IncRNA NR_036575.1 in 83 pairs of
PTC tissues and adjacent non-cancerous tissues were
detected via quantitative real-time polymerase chain reaction.
The relationships between the expression levels and clinico-
pathological characteristics of the IncRNA NR_036575.1
were analysed. In addition, we established two receiver
operating characteristic (ROC) curves to assess the diagnostic
value of NR_036575.1 expression. Cell Counting Kit-8 and
transwell assays were used to assess cell proliferation and
migration, respectively. The expression levels of the IncRNA
NR_036575.1 were significantly higher in PTC tissues than in
adjacent non-cancerous tissues. High NR_036575.1 expres-
sion was associated with extrathyroidal extension (ETE)
(P = 0.011) and tumour size (P = 0.006). The ROC curves
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indicated that NR_036575.1 could potentially serve as a bio-
marker for identifying PTC and related, non-cancerous dis-
eases (sensitivity, 80.7 %; specificity, 88 %), as well as for
differentiating between PTC with or without ETE (sensitivity,
57.8 %; specificity, 86.7 %). NR_036575.1 knock-down
significantly inhibited the proliferation and migration of
TPC1 cells. Our findings are the first to describe IncRNA
NR_036575.1 overexpression in PTC. NR_036575.1 expres-
sion was associated with both ETE and tumour size. In addi-
tion, NR_036575.1 modulation could regulate TPCI cell
proliferation and migration. The results of our study suggest
that NR_036575.1 could be applied as a potential biomarker
and a novel therapeutic target for PTC patients.

Keywords Papillary thyroid cancer - LncRNA -
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Introduction

Thyroid cancer is a common malignancy that has exhibited
a dramatically increasing incidence rate over the past
several decades. Papillary thyroid cancer (PTC) is the most
common histological subtype of thyroid cancer, constitut-
ing 80-85 % of all thyroid malignancies [1]. While dis-
ease-specific mortality is low for PTC patients, persistent
and recurrent disease rates remain significant [2]. A few
clinicopathological features, such as lymph node metasta-
sis, extrathyroidal extension (ETE), larger tumour size
(>3 cm), and advanced tumour-node-metastasis (TNM)
stage, have been associated with the necessity for extensive
operations or a poor prognosis. PTC patients with ETE
usually experience incomplete resection due to invasion
into surrounding structures, as well as a high incidence of
lymph node metastasis and recurrence [3]. ETE has also
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been studied as an independent prognostic factor of sur-
vival [4, 5]. Thus, exploring potential predictive biomark-
ers of ETE in PTC patients is becoming increasingly
important.

Long non-coding RNAs (IncRNAs) are RNAs consist-
ing of more than 200 nucleotides [6]. Similarly to micro-
RNAs, IncRNAs do not encode proteins [7]. Originally,
IncRNAs were considered to represent spurious transcrip-
tional noise without a biological function due to their
incapacity to encode proteins [8]. Recently, accumulating
evidence suggests that IncRNAs have multiple functions in
tumours over a wide range of biological processes, such as
proliferation, apoptosis, and cell cycle arrest [9]. In our
previous study (GSE66783) [10], we found that the novel
IncRNA NR_036575.1 was significantly overexpressed in
PTC tissues compared with adjacent non-cancerous tissues;
our microarray assay results indicated that the expression
of this IncRNA was 18.91-fold greater in PTC tissues than
in adjacent non-cancerous tissues (P < 0.05). However, the
expression, clinicopathological significance, and function
of NR_036575.1 in PTC tissues and cell lines require
further investigation on a large scale. The gene for
NR_036575.1 is located at Chr19: 18360760-18366229, on
the negative strand. The transcript of NR_036575.1 is 687
nucleotides in length. In the present study, we investigated
the expression of NR_036575.1 in PTC tissues and adja-
cent non-cancerous tissues and then analysed the potential
relationships between NR_036575.1 levels and clinico-
pathological features.

Methods

Eighty-three fresh PTC and adjacent non-cancerous tissues
were collected from patients who underwent thyroid sur-
gery at the First Hospital of China Medical University
between 2009 and 2015. All of the specimens were
immediately frozen in liquid nitrogen and stored at —80 °C
until later use. The diagnosis of PTC was pathologically
confirmed either intra- or postoperatively. None of the
patients recruited for this study had previously undergone
head and neck irradiation or oncological surgery. Written
informed consent for the experimental use of the surgical
specimens was obtained from all of the patients, according
to the hospital’s ethical guidelines.

Total RNA isolation and qRT-PCR

Total RNA was extracted from the tumour tissues and
adjacent non-cancerous tissues using RNAiso Plus
(TaKaRa, Japan). A reverse transcription kit (RR0O36A,
Takara, Japan) was used to transcribe total RNA and pro-
duce cDNA. Then, qRT-PCR was performed with SYBR
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Premix Ex Taq II (TaKaRa, Japan) and a LightCycler
480 system (Roche, USA). The qRT-PCR cycling profile
was as follows: 95 °C for 30 s, followed by 50 cycles of
95 °C for 5 s and 60 °C for 30 s. The following sequences
were used: NR_036575.1 S: 5-CCCCGTGAGTTACAC
AGGAA-3', AS: 5-TCATTCACGGATCCCATGGAC-3;
GAPDH S: 5-CAGGAGGCATTGCTGATGAT-3', AS:
5'-GAAGGCTGGGGCTCATTT-3". The double-standard
curves method was used to calculate the relative expression
of NR_036575.1.

Cell culture and transfection

The Nthy-ori 3-1 cell line was obtained from the European
Collection of Cell Culture (ECACC, England). The TPC1
cell line was a gift from Professor Meiping Shen
(Department of General Surgery, The First Affiliated
Hospital of Nanjing Medical University, Nanjing, Jiangsu).
IHH-4 cells were obtained from the Health Science
Research Resources Bank (Osaka, Japan). The Nthy-ori 3-1
cells were maintained in RPMI 1640 supplemented with
10 % foetal bovine serum (FBS), the TPC1 cells were
maintained in DMEM with 15 % FBS, and the IHH-4 cells
were maintained in a 1:1 mixture of RPMI 1640 and
DMEM, supplemented with 10 % FBS. The NR_036575.1
siRNA and the negative control (NC) were purchased from
GenePharma (Shanghai, China). Three siRNAs were ini-
tially designed and used in our study. However, prelimi-
nary qRT-PCR results indicated that both siRNA-1 and
siRNA-2 had a significantly higher silencing efficiency
than siRNA-3. Thus, siRNA-1 and siRNA-2 were chosen
for use in the cellular physiological function assays. The
sequences of siRNA-1, siRNA-2, and siRNA-3 were 5'-U
CAUCGGGUCUGUGGUCAUTT-3, 5-GAUCCGUGAA
UGACAGAUUTT-3, and 5-GCUGGUGUGAAUUACA
AUATT-3/, respectively. The sequence of the NC was 5'-U
UCUCCGAACGUGUCACGUTT-3'. The TPClI cells were
transfected using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s protocol.

Cell proliferation assay

Cell proliferation was assessed using the Cell Counting
Kit-8 (CCK-8) assay (Dojindo, Kumamoto, Japan);
3 x 10° TPC1 cells per well were seeded onto a 96-well
plate in a final volume of 100 pl and were then transfected
with NR_036575.1 siRNA or the NC. The samples were
evaluated at 0, 24, 48, and 72 h after gene transfection; 10
ul of CCK-8 solution was added to each well, and the cells
were then incubated for 3 h at 37 °C. Absorbance was
measured at 450 nm to calculate the number of viable cells.
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Cell migration assay

A transwell assay was used to assess cell migration
(Corning Co. Ltd., USA). At 24 h after being transfected
with NR_036575.1 siRNA or the NC, a total of 1 x 10’
cells in 100 pl of serum-free medium were added to each
well. After 6 h of incubation at 37 °C, the cells that had
migrated through the filters were fixed with methanol and
stained with 0.5 % crystal violet; cells in five random fields
were counted under a microscope at 100x magnification.
Each experiment was performed in triplicate.

Statistical analysis

All statistical analyses were performed using SPSS 20.0
(IBM, SPSS, Chicago, IL, USA). The Mann—Whitney
U test was used to compare the expression of the IncRNA
NR_036575.1 in the PTC and adjacent non-cancerous
tissues. The Chi-square test was applied to assess the
relationship between NR_036575.1 expression and clini-
copathological characteristics. ROC curves were estab-
lished to evaluate the diagnostic value of NR_036575.1 for
differentiating between PTC and non-cancerous tissues and
for identifying PTC with or without ETE. The ¢ test was
used for between-group comparisons. A difference was
considered significant if the P value was <0.05.

Results

NR_036575.1 was overexpressed in PTC tissues
and TPC1 cells

The expression of NR_036575.1 in 83 pairs of PTC and
adjacent non-cancerous tissues was detected and analysed
using qRT-PCR. NR_036575.1 expression was signifi-
cantly elevated in human PTC tissue samples compared
with paired adjacent non-cancerous tissue samples (Fig. 1a,
P < 0.01). The median fold-change value was 7.73. The
expression of NR_036575.1 was detected in two PTC cell
lines (i.e. TPC1 and IHH-4) and in a normal human thyroid
follicular epithelial cell line (i.e. Nthy-ori 3-1). We found
that NR_036575.1 expression was higher in TPC1 cells
than in Nthy-ori 3-1 cells (Fig. 1b).

Correlations of NR_036575.1 expression with PTC
clinicopathological features

To further understand the significance of NR_036575.1 in
PTC, we examined the correlations of NR_036575.1
expression with the clinical pathological features of PTC
and adjacent non-cancerous tissues. The median fold-

change value of IncRNA NR_036575.1 expression in PTC
tissues compared with adjacent non-cancerous tissues was
7.73, and this was used as a cut-off value. All of the
patients were divided into the following two groups: high
NR_036575.1 expression (>7.73; n=42) and low
NR_036575.1 expression (<7.73; n = 41). The clinico-
pathological features of the 83 PTC patients are shown in
Table 1. The large difference in NR_036575.1 expression
between the PTC and adjacent non-cancerous tissues was
significantly associated with tumour size (P = 0.006) and
ETE (P = 0.011) in PTC (Table 1).

Diagnostic value of NR_036575.1

Next, we explored the diagnostic value of NR_036575.1.
ROC curves were applied to evaluate whether
NR_036575.1 could serve as a biomarker for predicting
benign or malignant status. The area under the curve
(AUC) was 0915 (95 % CI 0.874-0.951, P < 0.001),
suggesting that NR_036575.1 could be applied as a
promising biomarker for PTC (Fig. 2a). The sensitivity and
specificity values were 80.7 and 88 %, respectively, when
the cut-off value was 0.34. The cut-off values for predict-
ing benign or malignant status refer to the relative
expression in the PTC and adjacent non-cancerous tissues,
as determined by gqRT-PCR. Moreover, we found that
NR_036575.1 might be a diagnostic biomarker for ETE
(Fig. 2b). The AUC was 0.704 (95 % CI 0.588-0.820,
P = 0.001), and the sensitivity and specificity values were
57.8 and 86.7 %, respectively, when the cut-off value was
11.19. The cut-off values for predicting ETE refer to the
fold-change in expression between the PTC and adjacent
non-cancerous tissues, as determined by qRT-PCR.

Knock-down of NR_036575.1 inhibits cell
proliferation and migration in vitro

Three siRNAs were initially designed to silence
NR_036575.1. However, after assessing their silencing
efficiency using qRT-PCR, both siRNA-1 and siRNA-2
were found to have a silencing efficiency significantly
higher than siRNA-3. Thus, siRNA-1 and siRNA-2 were
chosen for use in the cellular physiological function assays
(Fig. 3a). We conducted CCK-8 cell counting assays and
transwell assays to determine the influence of NR_036575.1
in vitro. We observed that compared with the control
treatment, NR_036575.1 knock-down in TPC1 cells led to a
notable reduction in cell viability (Fig. 3b). NR_036575.1
knock-down in TPCI1 cells also resulted in significantly
decreased cell migration ability (Fig. 3c, P < 0.01). Col-
lectively, these data suggested that NR_036575.1 con-
tributes to the proliferation and migration of TPC1 cells.
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Fig. 1 Expression of NR_036575.1 in PTC tissues and PTC cell
lines. a NR_036575.1 expression in 83 pairs of PTC and adjacent
non-cancerous tissues. The expression level of NR_036575.1 was
significantly higher in PTC tissues than in the paired, adjacent non-
cancerous tissues, as determined by qRT-PCR. b NR_036575.1
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expression in TPC1, IHH-4, and Nthy-ori 3-1 cells. The expression
level of NR_036575.1 was significantly higher in TPC1 PTC cells
than in Nthy-ori 3-1 normal human thyroid follicular epithelial cells.
*P < 0.05, **P < 0.01

Table 1 Correlation between

IncRNA NR_036575.1 Characteristics n High expression (%) Low expression (%) P
expression and Gender
clinicopathological features in
PTC (n = 83) Male 27 16(59.3 %) 11(40.7 %) 0.273
Female 56 26(46.4 %) 30(53.6 %)
Age(years)
<45 45 21(46.7 %) 24(53.3 %) 0.435
>45 38 21(55.3 %) 17(44.7 %)
Extrathyroidal extension
Yes 38 25(65.8 %) 13(34.2 %) 0.011*
No 45 17(37.8 %) 28(62.2 %)
Lymph node metastasis
Yes 60 31(51.7 %) 29(48.3 %) 0.754
No 23 11(47.8 %) 12(52.2 %)
Multicentricity
Yes 38 20(52.6) 18(47.7 %) 0.734
No 45 22(48.9 %) 23(51.1 %)
Tumour size(cm)
<3 cm 67 29(43.3 %) 38(56.7 %) 0.006%**
>3 26 13(81.3 %) 3(18.8 %)
TNM staging
I-1I 54 25(46.4 %) 29(53.7 %) 0.284
1I-1v 29 17(58.6 %) 12(41.4 %)
* P < 0.05; ** P <0.01
Discussion tissues susceptible to thyroid cancer invasion [12]. The

Thyroid cancer is the most common malignant tumour of
the endocrine system, and its incidence has been steadily
increasing over the past few decades [1, 11]. The proximity
of the thyroid gland to the aerodigestive tract (i.e. larynx,
trachea, pharynx, and oesophagus), recurrent laryngeal
nerve, strap muscles, and carotid artery renders all these
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direct invasion of these structures occurs in 7-31.9 % of
PTC patients [3, 13]. Some investigators have proposed
that ETE does not impact disease recurrence, even though
ETE has previously been associated with large tumour size
and multifocality [14, 15]. However, a large amount of
evidence indicates that local invasion is a critical deter-
minant of ultimate disease control, overall morbidity, and
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Fig. 2 Diagnostic value of IncRNA NR_036575.1. a Diagnostic
value of IncRNA NR_036575.1 for differentiating between PTC and
non-cancerous tissues. The area under the curve (AUC) was 0.915
(95 % CI 0.874-0.951, P < 0.001). The sensitivity was 80.7 %, and
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NR_036575.1 for differentiating between PTC with and without
ETE. The AUC was 0.704 (95 % CI 0.588-0.820, P = 0.001). The
sensitivity was 57.8 %, and the specificity was 86.7 %
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Fig. 3 NR_036575.1 knock-down inhibits cell proliferation and
migration in TPCI cells. a NR_036575.1 expression in TPC1 cells
after siRNA transfection. The expression level of NR_036575.1 was
significantly lower in the siRNA-1 and siRNA-2 groups than in the
NC group. However, there were no significant differences between
the NC and siRNA-3 groups. b NR_036575.1 knock-down inhibits
cell proliferation. The CCK-8 cell counting assay was applied to

mortality [12]. ETE is also considered to be a risk factor
associated with more extensive surgeries [16]. PTC
patients with ETE usually have a worse prognosis than

analyse the proliferation of TPC1 cells. Cell proliferation was
significantly inhibited in the NR_036575.1 siRNA groups.
¢ NR_036575.1 knock-down inhibits cell migration. The transwell
assay was applied to analyse the migration of TPC1 cells. Cell
migration was significantly inhibited in the NR_036575.1 siRNA
groups. *P < 0.05, **P < 0.01

those without ETE [12, 17]. ETE is commonly evaluated
preoperatively using ultrasound imaging and contrast-en-
hanced computed tomography; however, the predictive
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value of this approach is limited [18, 19]. Therefore, it is
necessary to identify potential biomarkers for preopera-
tively predicting the occurrence of ETE.

Over 90 % of the mammalian genome represents non-
coding RNAs (ncRNAs), which are transcribed but do not
encode proteins. miRNAs and IncRNAs are the two main
ncRNA types, and the deregulated expression of these
RNAs is considered to play an important role in tumour
development and progression [20]. Many miRNA
biomarkers have been reported for the differential diag-
nosis of thyroid neoplasms using fine-needle aspiration
biopsy (FNAB) samples. Pallante et al. found that miR-
221, miR-222, and miR-181b had changes in expression
ranging from 5- to 35-fold in FNAB samples of PTC
compared with that in samples from other thyroid nodules
[21]. Mazeh et al. found that miR-221 could be applied as a
biomarker for differentiating benign and malignant thyroid
nodules. The specificity of this marker was 100 %, and the
negative and positive predictive values were 96 and 100 %,
respectively [22]. These findings demonstrate that specific
miRNAs could potentially serve as highly accurate diag-
nostic tools in preoperative FNAB samples. Recently,
many studies have shown that IncRNAs are not only fre-
quently dysregulated in various tumours but also have
multiple functions in a wide range of biological processes
[9]. Although the mechanisms of IncRNA involvement in
tumourigenesis have not yet been thoroughly elucidated, a
few studies have initiated research on the diagnostic value
of IncRNAs in cancer. For example, the expression levels
of three IncRNAs in serum, CUDR, LSINCT-5, and
PTENPI1, have been reported to be potential diagnostic
markers of gastric cancer [23]. The IncRNA POU3F3
reportedly has a high diagnostic value for oesophageal
squamous cell carcinoma [24]. However, studies on
IncRNAs as potential biomarkers for and therapeutic tar-
gets of thyroid cancer are limited. The size of a PTC
tumour is an important factor in TNM staging; large
tumours are more likely to be aggressive [25]. In our study,
we found that the IncRNA NR_036575.1 was significantly
overexpressed in thyroid cancer tissues. In addition, the
expression of NR_036575.1 was associated with tumour
size and ETE. The IncRNA NR_036575.1 may be a diag-
nostic biomarker for thyroid cancer (sensitivity, 80.7 %;
specificity, 88 %). The fold-change of NR_036575.1
expression in PTC tissues relative to that in adjacent non-
cancerous tissues was a predictive marker for ETE (sen-
sitivity, 57.8 %; specificity, 86.7 %). Thus, NR_036575.1
can be applied as a biomarker for thyroid cancer and ETE.
Furthermore, we found that NR_036575.1 was overex-
pressed in PTC cell lines and NR_036575.1 knock-down
inhibited TPC1 cell proliferation and migration in vitro.

This study has several limitations. First, the mechanisms
of NR_036575.1 involvement in PTC remain incompletely
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understood. Second, large-scale studies with long-term
follow-ups will be necessary to confirm our results.

In conclusion, we have provided the first description of
the novel IncRNA NR_036575.1 being overexpressed in
PTC, and we found that the level of NR_036575.1
expression was correlated with ETE and tumour size.
NR_036575.1 may be a potential diagnostic biomarker and
a novel therapeutic target for PTC.
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