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Abstract: Long noncoding RNAs (IncRNAs) have been shown to have several functional roles in tumor biology, and
they are deregulated in many types of cancer. The role of a novel IncRNA, NORAD, in papillary thyroid carcinoma
(PTC) is still unknown. In this study, we demonstrated that NORAD expression was upregulated in PTC cell lines and
samples. Ectopic expression of NORAD promoted PTC cell growth, invasion and migration. Overexpression of NORAD
promotes epithelial-to-mesenchymal transition (EMT) progression in the PTC cell. Furthermore, overexpression of
NORAD suppressed miR-202-5p expression in PTC cells. The data suggested that miR-202-5p expression was down-
regulated in PTC cell lines and samples and was negatively correlated with NORAD expression in PTC tissues. Over-
expression of miR-202-5p suppressed PTC cell growth, invasion and migration. In addition, we demonstrated that
elevated expression of NORAD promoted PTC cell growth, invasion and migration by inhibiting miR-202-5p expres-
sion. These results suggested that the IncRNA NORAD acts as an oncogene in PTC progression, partly by regulating

miR-202-5p expression.
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Introduction

Thyroid cancer is the most frequent endocrine
malignancy, and 80-90% of thyroid malignan-
cies are papillary thyroid carcinoma (PTC) [1-5].
The incidence and prevalence of PTC have rap-
idly increased over the past twenty years [6, 71].
PTC patients in the early stage have excellent
prognosis, and the five-year survival rate is
approximately 97% [8, 9]. However, the 5-year
survival rate of PTC cases at later stages is less
than 59% [10, 11]. Therefore, there is an urgent
need to investigate new factors that affect the
diagnosis and pathogenesis of PTC.

Long noncoding RNAs (IncRNAs) were previous-
ly regarded as transcriptional noise but have
emerged as novel modulators in the tumor
paradigm [12-17]. Emerging evidence suggests
that IncRNA expression is misregulated in nu-
merous tumor types, and aberrant expression
of IncRNA may contribute to tumorigenesis [18-
21]. Furthermore, IncRNAs plays multiple cru-
cial roles in cellular processes such as cell

development, growth, differentiation, invasion,
migration and apoptosis [22-24]. Recently, a
novel INcRNA, NORAD, was identified [25]. Wu
et al. [26] showed that the expression of NO-
RAD was upregulated in esophageal squamous
cell carcinoma (ESCC) tissues compared to
adjacent normal samples. Li et al. [27] showed
that the expression of NORAD was upregulated
in pancreatic cancer samples, and higher ex-
pression of NORAD was correlated with shorter
OS (overall survival). Ectopic expression of NO-
RAD increased pancreatic carcinoma cell inva-
sion and migration. Furthermore, Zhang et al.
[28] indicated that NORAD expression was
upregulated in colorectal cancer (CRC) sam-
ples, and high NORAD expression was correlat-
ed with poor prognosis and CRC metastasis.
However, the expression and function of NO-
RAD are largely unknown in PTC.

In the present study, we tried to measure the
expression of the IncRNA NORAD in PTC cell
lines and samples. We demonstrated that
NORAD expression was upregulated in PTC cell
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Figure 1. NORAD was increased in PTC cell lines and samples. A. The ex-
pression of the INcRNA NORAD in four PTC cell lines (NPA187, TPC1, BC-
PAP and K1) and in a normal thyroid cell line (HT-ori3) was determined by
gRT-PCR analysis. B. The expression of the IncRNA NORAD in PTC tissues
was measured by gRT-PCR. C. Of 40 PTC samples, 29 (72.5%) showed up-
regulation of NORAD expression compared to adjacent tissues. Data are
presented as the log2 fold change in PTC tissues relative to nontumor tis-

sues. **P < 0.01.

lines and samples. Ectopic expression of NO-
RAD promoted PTC cell growth, invasion and
migration.

Materials and methods

Patient tissues and culture and transfection of
cell lines

Forty freshly frozen PTC tissues and adjacent
noncancerous samples were collected from
PTC patients who underwent tumor resection
at the Affiliated Tumor Hospital of Harbin
Medical University. All tissues were preserved
immediately in liquid nitrogen. All patients si-
gned the informed consent form allowing our
research on the collected specimens. Our stu-
dy was conducted with approval of the Insti-
tutional Review Board of the Affiliated Tumor
Hospital of Harbin Medical University and fol-
lowed the Declaration of Helsinki. One normal
thyroid cell line (HT-ori3) and four PTC cell lines
(K1, BCPAP, TPC1 and NPA187) were pur-
chased from ATCC (American Type Culture Col-
lection; Manassas, VA, USA). All cell lines were
kept in DMEM (Gibco, USA) supplemented with
fetal bovine serum in the humidified atmo-
sphere with 5% CO, at 37°C. The PTC cell lines
were transfected with pcDNA-NORAD, negative
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8) (Dojindo, Kumamoto, Japan)
according to manufacturer’s
protocol. Cell growth was mea-
sured every day. In brief, ten
microliters of CCK8 solution
was placed in each cell well,
and the plates continued to
incubate for 2 hours. The ab-
sorbance (OD) at 450 nm was
determined on the microplate
reader. For cell migration, cells
were seeded in 6-well plates
and cultured to the appropria-
te confluence. The cell wound
was created with sterile plastic
tips. Cells were cultured for 48
hours with serum-free medium. Images were
taken at different time points by using a micro-
scope. For the cell invasion assay, transwell
chambers were utilized. The upper chamber
was coated with Matrigel, and the cells were
cultured in the upper chamber with serum-free
medium. After 48 hours, the cells were fixed
with ethanol, stained with crystal violet and
then counted under a microscope (Olympus
Corp., Japan).

Quantitative real-time PCR (QRT-PCR)

Total RNA from cells or samples was extracted
by using TRIzol (Invitrogen, USA) and then
reverse transcribed into cDNA using a reverse
transcriptase reagent (Takara Bio, Japan). The
INncRNA, miRNA and mRNA expression was ana-
lyzed by qRT-PCR by using SYBR green (Takara
Biotechnology Co., Dalian, China) on an ABI
7500 Real-Time PCR system (Applied Biosy-
stems, CA, USA). The relative mRNA expression
was normalized to GAPDH expression, and mi-
RNA and IncRNA expression was relative to U6
expression. The PCR primer sequences were
as follows: NORAD, forward: 5-TCCTGTTTACA-
GCGAGGCAA-3’ and reverse: 5'-CCATCTCCATC-
AACCCAGAAGA-3’; GAPDH, forward: 5-GGAGC-
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Figure 2. miR-202-5p was decreased in PTC cell lines and samples. A. The expression of miR-202-5p in four PTC cell
lines (NPA187, TPC1, BCPAP and K1) and a normal thyroid cell line (HT-ori3) was determined by qRT-PCR analysis. B.
The expression of miR-202-5p in PTC tissues was measured by qRT-PCR. C. Of 40 PTC samples, 28 (70%) showed
downregulation of NORAD expression compared to adjacent tissues. Data are presented as the log2 fold change in
PTC tissues relative to nontumor tissues. D. The expression of miR-202-5p was negatively correlated with NORAD

expression in PTC samples. **P < 0.01.

GAGATCCCTCCAAAA-3’' and reverse: 5-GGCT-
GTTGTCATACTTCTCATGG-3'. The relative expres-
sion was calculated using the 222" method.

Western blot analysis

Equal Protein was separated on the 10% sodi-
um dodecyl sulfate (SDS)-PAGE gel and trans-
ferred to the nitrocellulose membrane (Bio-
Rad, China). After treated with non-fat milk,
membrane was incubated with primary anti-
bodies (ZEB1, Vimentin and N-cadherin, E-ca-
dherin, Sigma, USA). After being washed for
three times, anti-mouse secondary antibodies
were added to the membrane. The membrane
was then visualized using enhanced chemilu-
minescence.

Statistical analysis

Statistical analysis was determined by using
SPSS software (version 18.0, IBM, Chicago,
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USA). The significance of differences between
groups was analyzed by one-way ANOVA or
Student’s t-test. A P value < 0.05 was consid-
ered significant.

Results

NORAD was increased in PTC cell lines and
samples

To study the role of the IncRNA NORAD in PTC,
we first measured the expression of NORAD in
PTC samples and cell lines. By qRT-PCR analy-
sis, we demonstrated that NORAD expression
was upregulated in four PTC cell lines (NPAL187,
TPC1, BCPAP and K1) compared to the normal
thyroid cell line (HT-ori3) (Figure 1A). As shown
in Figure 1B, NORAD expression was higher in
PTC samples than in adjacent noncancerous
samples. Of the 40 PTC samples, 29 (72.5%)
showed upregulation of NORAD expression co-
mpared to adjacent tissues (Figure 1C).
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Figure 3. NORAD regulated miR-202-5p expression in PTC cells. A. There is a potential binding site for miR-202-5p
in NORAD. B. The expression of miR-202-5p in TPC1 cells was determined by qRT-PCR. C. The expression of NORAD
in TPC1 cells was determined by qRT-PCR. D. Ectopic expression of miR-202-5p decreased luciferase activity in PTC
cells transduced with the WT NORAD-reporter vector. E. Overexpression of NORAD suppressed miR-202-5p expres-

sion in TPC1 cells. **P < 0.01.

miR-202-5p was decreased in PTC cell lines
and samples

To further investigated the role of miR-202-5p
in PTC, we measured the expression of miR-
202-5p in PTC samples and cell lines. By qRT-
PCR analysis, we demonstrated that miR-202-
5p expression was downregulated in four PTC
cell lines (NPA187, TPC1, BCPAP and K1) com-
pared to the normal thyroid cell line (HT-ori3)
(Figure 1A). As shown in Figure 2B, miR-202-5p
expression was lower in PTC samples than in
adjacent noncancerous samples. Of the 40
PTC samples, 28 (70%) showed downregulation
of miR-202-5p expression compared to adja-
cent tissues (Figure 2C). Furthermore, we
showed that miR-202-5p expression was nega-
tively correlated with NORAD expression in the
PTC samples (Figure 2D).

NORAD regulated miR-202-5p expression in
PTC cells

To study the downstream genes regulated by
NORAD, we searched for its associated miR-
NAs. There was a potential binding site for miR-
202-5p on NORAD (Figure 3A). The expression
of miR-202-5p and NORAD was upregulated in
PTC cells transduced with the miR-202-5p mi-
mic or pcDNA-NORAD, respectively (Figure 3B).
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We further performed luciferase reporter as-
says and found that ectopic expression of
miR-202-5p decreased luciferase activity in
PTC cells transduced with the WT NORAD re-
porter vector (Figure 3C). Furthermore, we
showed that overexpression of NORAD sup-
pressed miR-202-5p expression in PTC cells
(Figure 3D).

Ectopic expression of NORAD promoted PTC
cell growth, invasion and migration

By using the CCK-8 assay, we showed that the
ectopic expression of NORAD increased PTC
cell proliferation (Figure 4A). We also found
that overexpression of NORAD promoted cyclin
D1 expression in PTC cells (Figure 4B). Fur-
thermore, we showed that ectopic expression
of NORAD promoted PTC cell invasion, and the
relative cell invasion is shown (Figure 4C). To
study the effect of NORAD on cell migration,
wound scratch assays were performed. It was
found that elevated expression of NORAD pro-
moted PTC cell migration (Figure 4D).

Overexpression of NORAD promotes epithelial-
to-mesenchymal transition (EMT) progression
in the PTC cell

Furthermore, we showed that ectopic expres-
sion of NORAD induced the expression of ZEB1

Am J Transl Res 2019;11(1):290-299
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Figure 4. Ectopic expression of NORAD promoted PTC cell growth, invasion and migration. A. Ectopic expression of
NORAD increased PTC cell proliferation, as shown by CCK-8 assays. B. Overexpression of NORAD promoted cyclin D1
expression in TPC1 cells. C. Ectopic expression of NORAD promoted PTC cell invasion, and relative cell invasion is
shown on the right. D. Elevated expression of NORAD promoted PTC cell migration; relative wound closure is shown

on the right. **P < 0.01 and ***P < 0.001.

expression in the PTC cell (Figure 5A). In addi-
tion, overexpression of NORAD promoted the
expression of Vimentin (Figure 5B) and N-ca-
dherin (Figure 5C) in the PTC cell. Elevated
expression of NORAD decreased the E-cadherin
expression in the PTC cell. In line with this, we
demonstrated that overexpression of NORAD
promoted the expression of ZEB1, Vimentin
and N-cadherin and suppressed the expression
of N-cadherin in the PTC cell (Figures 5D, S1).
These data suggested that Overexpression of
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NORAD promotes EMT progression in the PTC
cell.

Overexpression of miR-202-5p suppressed
PTC cell growth, invasion and migration

By CCK-8 assay, we found that ectopic expres-
sion of miR-202-5p decreased PTC cell prolif-
eration (Figure 6A). We also showed that over-
expression of miR-202-5p suppressed cyclin
D1 expression in PTC cells (Figure 6B). Fur-
thermore, we showed that ectopic expression

Am J Transl Res 2019;11(1):290-299
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Figure 5. Overexpression of NORAD promotes epithelial-to-mesenchymal transition (EMT) progression in the PTC
cell. A. The expression of ZEB1 was detected by using gRT-PCR analysis. B. Ectopic expression of NORAD promoted
the vimentin expression in the PTC cell. C. The expression of N-cadherin was measured by using qRT-PCR analysis.
D. Ectopic expression of NORAD suppressed the E-cadherin expression in the PTC cell. E. The protein expression
of ZEB1, vimentin, N-cadherin and E-cadherin was measured by western blotting. GAPDH was used as the internal

control.

of miR-202-5p suppressed PTC cell invasion,
and the relative cell invasion is shown (Figure
6C). To study the effect of miR-202-5p on cell
migration, wound scratch assays were per-
formed. The data indicated that elevated ex-
pression of miR-202-5p inhibited PTC cell mi-
gration (Figure 6D).

Elevated expression of NORAD promoted PTC
cell growth, invasion and migration by regulat-
ing miR-202-5p

To further explore the molecular mechanisms
by which NORAD influences cell function, we
conducted rescue experiments. We demon-
strated that ectopic expression of miR-202-5p
decreased PTC cell proliferation induced by
NORAD overexpression (Figure 7A). We also
showed that overexpression of miR-202-5p
inhibited the cyclin D1 expression induced by
NORAD (Figure 7B). Furthermore, the data indi-
cated that ectopic expression of miR-202-5p
decreased the PTC cell invasion induced by
NORAD (Figure 7C). Via the wound scratch
assay, we found that miR-202-5p overexpres-
sion suppressed NORAD-induced PTC cell
migration (Figure 7D).

xidentified. Wu et al. [26] showed that the
expression of NORAD was upregulated in eso-
phageal squamous cell carcinoma (ESCC) tis-
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sues compared to adjacent normal samples. In
addition, high NORAD expression was associ-
ated with T stage and larger tumor size. ESCC
patients with high expression of NORAD have
poor disease-free survival. Li et al. [27] show-
ed that the expression of NORAD was upregu-
lated in pancreatic cancer samples, and hig-
her expression of NORAD was correlated with
shorter OS (overall survival). Ectopic expres-
sion of NORAD increases pancreatic carcino-
ma cell invasion and migration. Furthermore,
Zhang et al. [28] indicated that NORAD expres-
sion was upregulated in colorectal cancer (CRC)
samples, and high NORAD expression was cor-
related with poor prognosis and CRC metasta-
sis. Knockdown of NORAD suppresses CRC cell
invasion, migration and proliferation by regu-
lating miR-202-5p expression. However, the
expression and function of NORAD are largely
unknown in PTC. In our study, we first deter-
mined the expression of NORAD in PTC cells
and tissues. We demonstrated that NORAD
expression was upregulated in PTC cell lines
and samples. Ectopic expression of NORAD
promoted PTC cell growth, invasion and mi-
gration.

LncRNAs can act as sponges by binding to
miRNAs and modulating their function [37-39].
Wang et al. [40] showed that the INcRNA MEG3

Am J Transl Res 2019;11(1):290-299
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Figure 6. Overexpression of miR-202-5p suppressed PTC cell growth, invasion and migration. A. Ectopic expression
of miR-202-5p decreased PTC cell proliferation, as shown by CCK-8 assays. B. Overexpression of miR-202-5p sup-
pressed cyclin D1 expression in TPC1 cells. C. Ectopic expression of miR-202-5p inhibited PTC cell invasion, and
relative cell invasion is shown on the right. D. Elevated expression of miR-202-5p decreased PTC cell migration;
relative wound closure is shown on the right. **P < 0.01 and ***P < 0.001.

was downregulated in cervical cancer tissues
and suppressed cell growth by modulating miR-
21 expression. Sun et al. [41] demonstrated
that the expression of the IncRNA MALAT1 was
upregulated in uveal melanoma tissues and
that overexpression of MALAT1 increased uveal
melanoma cell proliferation and invasion by
silencing miR-140 expression. Moreover, Zhang
et al. [28] showed that knockdown of NORAD
inhibited CRC cell invasion, migration and pro-
liferation by regulating miR-202-5p expression.
We also performed luciferase reporter assays
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and found that overexpression of NORAD sup-
pressed miR-202-5p expression in PTC cells.
We then showed that the expression of miR-
202-5p was downregulated in PTC cell lines
and samples and that miR-202-5p expression
was negatively correlated with NORAD expres-
sion in PTC tissues. Overexpression of miR-
202-5p suppressed PTC cell growth, invasion
and migration. In addition, we demonstrated
that elevated expression of NORAD promoted
PTC cell growth, invasion and migration by
inhibiting miR-202-5p expression.

Am J Transl Res 2019;11(1):290-299
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Figure 7. Elevated expression of NORAD promoted PTC cell growth, invasion and migration by regulating miR-202-
5p. A. Cell growth was determined by using CCK-8 assays. B. The mRNA expression of cyclin D1 was analyzed by
gRT-PCR analysis. C. Ectopic expression of miR-202-5p decreased PTC cell invasion induced by NORAD; relative cell
invasion is shown on the right. D. By wound scratch assay, we found that miR-202-5p overexpression suppressed
PTC cell migration induced by NORAD. The relative wound closure is shown on the right. *P < 0.05, **P < 0.01 and

***p < 0.001.

In summary, we demonstrated that the ex-
pression of NORAD was upregulated in PTC
cell lines and tissues. Ectopic expression of
NORAD increased PTC cell proliferation, inva-
sion and migration, partly by regulating miR-
202-5p expression. These results suggest that
the IncRNA NORAD acts as an oncogene in PTC
progression, partly by regulating miR-202-5p
expression.
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Figure S1. The protein expression of ZEB1, vimentin, N-cadherin and E-cadherin was measured by western blotting.



