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Introduction: Gene expression association studies of tumor samples have uncovered
several long non-coding RNAs (IncRNAs) closely related to various types of cancer.
Several IncRNAs have been reported to play essential roles in the progression of papillary
thyroid carcinoma (PTC). Novel IncRNA inhibiting proliferation and metastasis (Inc-
NLIPMT) is a known regulator of mammary cell proliferation and motility, but its involve-
ment in PTC is unclear.

Materials and Methods: We investigated the role of Inc-NLIPMT in PTC by quantitative
real-time polymerase chain reaction (QRT-PCR) on various PTC tissue samples and cell lines.
We assessed the effects of overexpression or knockdown of Inc-NLIPMT on the prolifera-
tion, migration, and invasion of PTC cells using CCK-8, cell clone formation, and transwell
assays. Changes in the expression of N-cadherin and vimentin were detected by
immunoblotting.

Results: Our results revealed a downregulation of the expression of Inc-NLIPMT in PTC
and a negative correlation between Inc-NLIPMT expression and tumor size (P=0.006).
Overexpression of Inc-NLIPMT in TPC-1 and B-CPAP cells significantly suppressed cell
proliferation, migration, and invasion, while Inc-NLIPMT knockdown had the opposite
effect. In addition, Inc-NLIPMT played an important role in the regulation of the expression
of N-cadherin and vimentin.

Conclusion: Inc-NLIPMT inhibits cell proliferation and metastasis of PTC cells and is
a potential diagnostic and prognostic biomarker in PTC.

Keywords: papillary thyroid carcinoma, long non-coding RNA, invasion, proliferation,

metastasis

Introduction

Thyroid carcinoma (TC) has seen a steady increase in incidence and mortality
worldwide and has become the most common malignant tumor of the endocrine
system.'™ During the last few decades, the morbidity of TC increased by 3%
annually in the United States.* Meanwhile, TC is the most prevalent cancer among
women under the age of 30 in China.’ Differentiated thyroid cancer (DTC), derived
from thyroid follicular epithelial cells, represents the majority (95%) of TC cases.® In
this category, papillary thyroid carcinoma (PTC) is the most common subtype
followed by follicular TC.® After comprehensive treatment, PTC shows favorable
survival rates, but the recurrence rate and metastasis of PTC remain high.”* In recent
years, molecular and genetic biomarkers gained importance in the diagnosis, therapy
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and observation of PTC.’ For example, the BRAF (V600E)
mutation is present in nearly 80% of PTC, although the
influence of the BRAF (V600E) mutation is still doubtful,
some publications claiming that this mutation giving rise to
an aggressive variant frequently associated with distant
metastases.'”!! Although there are many basic research
studies on PTC, the precise molecular mechanisms of TC
remain elusive. Therefore, it is crucial to identify the under-
lying mechanisms of PTC and to develop novel biomarkers
and targeted therapies.

Long non-coding RNAs (IncRNAs) are a class of RNA
molecules of more than 200 nucleotides in length without
protein-coding capacity. They constitute more than 90% of
transcripts in human cells and were once regarded as
transcriptional noise.'>'* Compared with messenger-
RNAs (mRNAs), IncRNAs are usually characterized by
lower abundance, increased nuclear localization, increased
tissue-specific expression and less interspecies sequence
conservation. ' However, more and more studies have
revealed the biological implication of IncRNAs on genetic
imprinting, including transcriptional, translational, and
epigenetic regulation.'® It has been reported that
IncRNAs are involved in the pathogenesis and progression
of many diseases, especially in the invasion, metastasis,
autophagy, and differentiation of tumor cells.'”'® For
example, Li et al revealed that IncRNA ANCR could
promote the phosphorylation of EZH2 and suppress the
invasion and metastasis of breast cancer.'” Another study
showed that LINC00473 is a potential biomarker and
therapeutic target for LKB1-inactivated NSCLC by facil-
itating CRTC/CREB-mediated transcription.”’ Moreover,
Zhu et al found that IncRNA HOTAIR is an oncogene in
PTC and its haplotype-tagging single nucleotide poly-
morphisms (htSNP) were associated with susceptibility to
PTC.?!

Lnc-NLIPMT is a newly reported IncRNA transcript of
681 bp with 6 exons which is localized on chromosome 7.
We previously demonstrated that Inc-NLIPMT could inhi-
bit the proliferation and motility of breast cancer cells by
interacting with glycogen synthase kinase 3 (GSK-3p).*
In this study, we aimed to elucidate the expression and
biological functions of Inc-NLIPMT in PTC. Our results
indicated that Inc-NLIPMT expression levels are down-
regulated in PTC compared with normal thyroid tissue.
A negative correlation existed between Inc-NLIPMT
expression and tumor size (P=0.006). Our in vitro results
demonstrated that overexpression of Inc-NLIPMT sup-
presses the proliferation and invasion of PTC cells by

regulating the expression of N-cadherin and vimentin.
Therefore, Inc-NLIPMT may both be a diagnostic and
prognostic biomarker in PTC as well as serve as
a potential therapeutic target.

Materials and Methods

Tissue Samples

A total of 87 PTC samples and adjacent non-cancerous
thyroid samples were collected from patients who under-
went surgery at the First Affiliated Hospital of Wenzhou
Medical University, China, from March to November in
2017. None of the patients had received radiotherapy or
chemotherapy prior to the surgery and all were diagnosed
with PTC via a pathological diagnosis. Tissue samples
were rapidly snap-frozen in liquid nitrogen immediately
after excision and stored at —80 °C until RNA extraction.
This study was approved by the Institutional Research
Ethics Committee of the First Affiliated Hospital of
Wenzhou Medical University and informed consent was
provided by all patients.

RNA Extraction and Quantitative
Real-Time PCR

Total RNA was extracted from tissue samples or cell lines
using TRIzol reagent (Invitrogen Life Technologies,
Carlsbad, CA) according to the manufacturer’s instructions.
The concentration and purity of the RNA were determined
using a NanoDrop ND-1000 Spectrophotometer (NanoDrop
Products, Wilmington, DE). The RNA samples were reverse
transcribed into cDNA with ReverTra Ace qPCR RT Kit
(Toyobo, Shanghai, China) following the manufacturer’s
instructions. The expression levels of Inc-NLIPMT were
quantified by qRT-PCR using a S1000 Thermal Cycler (BIO-
RAD, CA, USA) with SYBR Green Realtime PCR Master
Mix (Toyobo, Shanghai, China). The primer sequences for
IncNLIPMT were as follows: 5'-GGCCCAGAGGCAGT
AAAGTT-3' (forward) and 5-TGTCATGGTGCCAAAC
AGGA-3' (reverse). B-actin was used as the internal refer-
ence when calculating the relative expression of Inc-
NLIPMT by means of the 2-AACt method. The experiments
were performed in triplicate.

Cell Culture and Transfection

Human papillary thyroid carcinoma cell lines TPC-1 and
B-CPAP were generously donated by Professor Mingzhao
Xing of the Johns Hopkins University School of Medicine,
Baltimore, MA, USA. The use of the cell lines were
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approved by the ethics committee of the First Affiliated
Hospital of Wenzhou Medical University. And B-CPAP
were authenticated by STR profile. Cells were cultured in
RPMI 1640 medium (GIBCO, USA) supplemented with
10% fetal bovine serum (FBS; GIBCO) and 100 U/mL
penicillin and 100 upg/mL streptomycin (Invitrogen,
Shanghai, China). All cells were cultivated in a standard
cell culture incubator (Thermo Fisher, Waltham, MA,
USA) at 37°C with 5% CO,.

Small interfering RNA (siRNA) used to silence the
expression of Inc-NLIPMT was designed and synthesized
by Shanghai Gene Pharma (Shanghai, China). TPC-1 cells
were transfected with siRNA using Lipofectamine 2000
(Invitrogen, USA) according to the product’s specification.
The si-NLIPMT sequence was as follows: Forward 5'-G
CACCCGGCUUACAUGAAATT-3" and Reverse 5-UUU
CAUGUAAGCCGGGUGCTT-3".

The primary sequence of Inc-NLIPMT was amplified
through PCR and cloned into pCDNA 3.1 and retrovirus
vector MSCV-puro (Clontech, Palo Alto, CA) to construct
the plasmid that expressed Inc-NLIPMT in mammalian
cells. TPC-1 and B-CPAP cells were transfected with
that plasmid wusing Lipofectamine 3000 (Invitrogen,
USA) to overexpress the Inc-NLIPMT. The empty plasmid
was used as a negative control.

Cell Proliferation Assay

The cell growth was assessed by the Cell Counting Kit-8
(CCK-8, Dojindo Laboratories, Japan) following the man-
ufacturer’s protocols. Briefly, TPC-1 cells (1x10° cells/
well) or B-CPAP cells (1x10° cells/well) were seeded
into a 96-well plate with 100uL complete medium of
CCK-8 solution (10 pL) was added every 24 hours, fol-
lowed by incubation for 2h in a dark cell incubator at 37°C
with 5% CO2 afterward. Five multiple pores were con-
ducted for every group. Absorbance was measured at 450
nm using a SpectraMax Plus 384 Microplate Reader
(Molecular Devices, CA, USA). Each assay was per-
formed in triplicate.

Cell Colony Formation Assay

Cells were trypsinized and resuspended in complete med-
ium 48h following transfection. TPC-1 cells (1x10° cells/
well) and B-CPAP cells (2x10* cells/well) were seeded in
6-well plates, cultured for 68 days and then fixed with
methanol and stained with 0.1% crystal violet. Images

Cell Migration and Invasion Assays

Transwell chambers (8um pore size; Costar, WA, USA)
were used to assess the migration and invasion of PTC
cells. 48h following transfection, TPC-1 and B-CPAP
cells were detached with trypsin and resuspended with
medium containing 10% FBS. 200uL suspension, con-
taining 2x10* TPC-1 cells (migration) or 4x10° cells
TPC-1 cells (invasion), 5x10* B-CPAP cells (migration)
or 1x10° B-CPAP cells (invasion) were added to the
upper chamber and 600uL medium containing 30%
FBS in the lower compartment, respectively. Following
24h incubation, the cells were fixed with methanol and
stained with 0.1% crystal violet. For the invasion assay,
the pores were covered with a layer of Matrigel (Corning,
NY, USA). Each assay was performed in triplicate.
Images from four randomly selected fields of view
under 20x magnification were obtained for calculation

of cell migration and invasion.

Western Blot Assay

Total proteins were extracted from treated cells by RIPA
lysis buffer (Beyotime Biotechnology, Haimen, China)
containing 1mM PMSF. Protein concentrations were deter-
mined by BCA Protein Assay Kit
Biotechnology). Proteins were separated by 10% sodium

(Beyotime

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene fluoride (PVDF)
membranes (0.22 or 0.45um; Millipore, Billerica, MA).
After blocking with 5% skim milk, the membranes were
incubated with primary antibodies at 4°C overnight, fol-
lowed by secondary anti-rabbit immunoglobulin
G antibody coupled to horseradish peroxidase. The signals
were detected using the Western Bright ECL detection
system (Bio-Rad, Hercules, CA). The primary antibodies
used were anti-vimentin, anti-B-actin and anti-N-cadherin

from Abcam (Cambridge, MA).

Statistical Analysis

The results were expressed as meantSD from three
independent experiments. Statistical analyses were car-
ried out using SPSS 23.0 (IBM, Chicago, IL, USA).
Differences between groups were assessed using
Pearson’s y2 test, paired sample z-test, Student’s #-test,

or One-way ANOVA as appropriate. P < 0.05 was

were captured using a camera. Experiments were con- considered statistically significant, and two-tailed
ducted in triplicate. P values were assumed.
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Results
Inc-NLIPMT Was Down-Regulated in

Human PTC Tissues and Cells

In a previous study, we demonstrated that Inc-NLIPMT inhibits
the proliferation and motility of breast cancer cells.** To iden-
tify the potential role of Inc-NLIPMT in PTC, we first mea-
sured Inc-NLIPMT expression in 87 pairs of PTC (Tumor) and
adjacent normal tissues (Normal) using RT-qPCR. The results
indicated that Inc-NLIPMT expression was significantly
decreased in cancer tissues compared with the corresponding
adjacent normal tissues (P<0.0001) (Figure 1A). Similarly, we
employed qRT-PCR to assess Inc-NLIPMT expression in two
PTC cell lines (TPC-1 and B-CPAP) and in the normal thyroid
cell line HTORI3. The expression level of Inc-NLIPMT was
lower in both PTC cell lines than in the normal thyroid cell line
HTORI-3 (P<0.001) (Figure 1B). Together, these results sug-
gested that Inc-NLIPMT is downregulated in PTC.

Relationship Between Inc-NLIPMT

Expression and Clinicopathological Features
To establish whether
involved in tumorigenesis and progression of PTC, we
investigated the relationship between the Inc-NLIPMT
expression and the clinical characteristics by collecting

Inc-NLIPMT expression was

relevant clinicopathologic information of the 87 patients.
Based on the median value of the Inc-NLIPMT expression
level, we categorized the PTC tissues into a high-
expression group (n=44) and a low-expression group
(n=43). The results from the validation cohort showed
that lower expression of Inc-NLIPMT corresponded to
larger tumor size (P= 0.006) (Table 1).

Inc-NLIPMT Inhibits PTC Cell

Proliferation and Cell Colony Formation

Based on the above results, we conjectured that Inc-NLIPMT
may play a suppressor role in PTC initiation and progression.
We then conducted a series of in vitro experiments to verify
our hypothesis. Considering that Inc-NLIPMT expression is
decreased in PTC tissues compared with normal tissues, we
first tested the hypothesis that the Inc-NLIPMT overexpression
would attenuate proliferation and metastasis. We prepared
B-CPAP and TPC-1 cells over-expressing Inc-NLIPMT by
transfection with an Inc-NLIPMT expression plasmid. In addi-
tion, we tested the impact of Inc-NLIPMT down-regulation on
tumorigenesis and progression. TPC-1, which had higher
expression of Inc-NLIPMT than B-CPAP, was transfected
with siRNA. As confirmed by qRT-PCR, Inc-NLIPMT expres-
sion was effectively upregulated (Figure 2A) or downregu-
lated (Figure 2B) in relevant TC cell lines. As shown, cell
proliferation (Figure 2C) and colony formation (Figure 2D)
were significantly inhibited compared to the control group
when Inc-NLIPMT was overexpressed, while cell proliferation
and colony formation were enhanced when Inc-NLIPMT
expression was knocked down (Figure 2E and F, respectively).
These results indicated that Inc-NLIPMT plays an inhibitory

role in PTC germination and development.

Inc-NLIPMT Inhibits Migratory and
Invasive Capacities of PTC Cell Lines

in vitro

Next, we investigated the role of Inc-NLIPMT in the
migratory and invasive potential of PTC cell lines. The

results revealed that overexpression of Inc-NLIPMT in
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Figure | Inc-NLIPMT expression in PTC tissues and cell lines. (A) Inc-NLIPMT transcripts in PTC tissues and corresponding noncancerous tissues were analyzed using RT-
PCR (*¥***P<0.0001; Mann-Whitney U-test). (B) Relative expression of Inc-NLIPMT in HTORI-3 human normal thyrocyte cell line compared with two PTC cell lines

(***P<0.001). B-actin was used as an internal control.
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Table | The Relationship Between NLIPMT Expression and Dijscussion
Clinicopathologic Features in the Validated Cohort LncRNAs play key roles in various biological processes,

Characteristics Low High P value
Expression | Expression
(n=43) (n=44)
Age at diagnosis, years
< 45 years 21 24 0.594
>45 years 22 20
Gender
Female 35 35 0.828
Male 8 9
Tumor size in mm
< 10 mm 12 25 0.006*
> 10 mm 31 19
Lymph node metastasis
YES 7 9 0.294
NO 36 35
Clinical stage
| 35 31 0.615
1l 8 13

Notes: I: < 45 years anyT anyN MO0, >45 years TINOMO. II: < 45 years anyT anyN
M1, >45 years T2NOMO. *P<0.05.

TPC-1 or B-CPAP cells dramatically suppressed their
migration (Figure 3A) and invasion (Figure 3B). On the
other hand, migration and invasion were enhanced when
IncRNA-NLIPMT was silenced in TPC-1 (Figure 3C
and D, respectively).

Inc-NLIPMT Suppresses Migration and

Invasion via N-Cadherin and Vimentin
The above indicated that Inc-NLIPMT is
a potential tumor-suppressor factor which inhibits the

results

migration and invasion of PTC cells. It has been
reported that epithelial-mesenchymal transition (EMT)
plays a key role in the process of tumor migration and
invasion.”>** To explore whether EMT was affected by
Inc-NLIPMT in PTC, we examined the levels of epithe-
lial and mesenchymal markers in TPC-1 and B-CPAP
via Western blot. The results showed that Inc-NLIPMT
overexpression was associated with an increase in
N-cadherin and vimentin expression (Figure 4A), while
silencing of Inc-NLIPMT reduced the expression levels
of N-cadherin and vimentin (Figure 4B). Therefore, we
demonstrated that IncRNA-NLIMPT inhibits cell moti-
lity by modulating the expression of N-cadherin and

vimentin.

especially the occurrence and development of tumors.'¢'®

Recent studies have revealed several IncRNAs that are
involved in PTC. For example, IncRNA FALI, IncRNA
MALAT-1, and LncRNA IQGAP1 were found tightly
associated with the malignant behavior of PTC.>>*® High-
throughput sequencing has become an important method
to identify differentially expressed IncRNAs. We pre-
viously reported that the novel Inc-NLIPMT was repressed
in breast cancer and showed that it can inhibit the aggres-
siveness of breast cancer by reducing phosphorylated gly-
cogen synthase kinase 3B (GSK-3p).>> However, its
impact on PTC remained unknown.

Here, our work focused on the role of Inc-NLIPMT
dysregulation in PTC. Lnc-NLIPMT acts as a tumor sup-
pressor in breast cancer. Overexpression of Inc-NLIPMT
reduces the amount of phosphorylated glycogen synthase
kinase 3 in breast cancer, thus repressing the proliferation
and motility of breast cancer cells. The present study
demonstrated that Inc-NLIPMT expression was signifi-
cantly lower in PTC tissues and cell lines compared to
normal counterparts. Moreover, Inc-NLIPMT overexpres-
sion remarkably restrained malignant behaviors of PTC
cells, such as proliferation, colony formation, invasion,
and migration. Additionally, knockdown of Inc-NLIPMT
enhanced the proliferation and invasion of TPC-1 cells.
Taken together, these results are consistent with a role of
Inc-NLIPMT in PTC and mirror its role in breast cancer.

The underlying mechanisms of the inhibition of cellu-
lar proliferation and invasion by Inc-NLIPMT overexpres-
sion need further study. Certain IncRNAs have been
reported to play important roles in the proliferation of
PTC cells and their function and mechanism have been
investigated in detail. For example, IncRNA AB074169
inhibits proliferation of PTC cells via modulation of
KH-type

expression.”’

splicing regulatory protein-mediated p21
LncRNA HIT000218960 increases PTC
cell proliferation by promoting high-mobility group
AT-hook2 expression.”® LncRNA RP11-476D10.1 pro-
motes proliferation of PTC cells by downregulating miR-
138-5p which is associated with upregulation of LRRK2
expression.”” LncRNA RPL34-AS1 inhibits cell prolifera-
tion and invasion while promoting apoptosis in PTC by
competitively binding to miR-3663-3p/RGS4.*" Research
has shown that epithelial-mesenchymal transition (EMT)

plays a pivotal role in tumor invasion and metastasis.>>**
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Figure 2 Inc-NLIPMT inhibits the growth of PTC cells in vitro. (A) The overexpression of Inc-NLIPMT(oe-NLIPMT) was confirmed by qRT-PCR. Inc-NLIPMT expression
was dramatically increased in TPC-1 and B-CPAP transfected with the NLIPMT plasmid, compared with the negative control (NC). (B) The knockdown of Inc-NLIPMT in
TPC-1 cell transfected with si-NLIPMT compared with NC was validated by qRT-PCR. (C) CCK-8 assays and (D) colony formation assays show growth inhibition of TPC-1
and B-CPAP cells overexpressing Inc-NLIPMT compared with their corresponding control cells. (E) CCK-8 assays and (F) colony formation assays showing down-regulation
of Inc-NLIPMT in TPC-| cell stimulates proliferation compared with control cells. (P-values were calculated by Student’s t-test, *P < 0.05; **P < 0.0l; **P < 0.001;

*¥£P<0.0001).

In addition, studies have shown that EMT is active in TC
cells and this is closely associated with extensive invasion
and distant metastasis of TC.*'*? The process of EMT is
very complex involving a variety of growth factors, tran-
scriptional regulators, and multiple signaling pathways and
affected by the the
meantime.>*>* EMT is characterized by a deficiency of

tumor microenvironment in
epithelial markers E-cadherin and B-catenin and by the up-
regulation of the interstitial markers N-cadherin, vimentin,
anda-smooth muscle actin (SMA), which results in
decreased cellular adhesion and tumor metastasis.*>°
Similarly, we found that IncRNA-NLIPMT regulates the
invasiveness of PTC through the process of EMT. The

expression of mesenchymal markers N-cadherin and

vimentin were reduced by Inc-NLIPMT overexpression,
while their expression was increased when Inc-NLIPMT
was silenced. This result demonstrated that Inc-NLIPMT
may act as a tumor suppressor in TC and may reveal
another potential mechanism for metastasis inhibition by
IncRNA-NLIPMT.

MicroRNAs (miRNAs) are a class of endogenous non-
coding RNAs of about 22 nucleotides in length that parti-
cipate in tumorigenesis and development through various
biological mechanisms.>’” Numerous studies have found
that IncRNAs can interact with miRNAs and thereby
induce tumor occurrence and progression.’®*’ LncRNA
MALAT1 was shown to enhance the invasiveness of eso-
phageal squamous carcinoma cells by inhibiting miR-101
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Figure 3 Inc-NLIPMT inhibits the metastasis of PTC cells. (A, B) Up-regulation of Inc-NLIPMT expression in TPC-1 and B-CPAP cells inhibits migration (A) and invasion (B)
compared with control cells (NC). (C, D) Down-regulation of Inc-NLIPMT expression by transfection of TPC-I cells with si-NLIPMT enhances migration (C) and invasion
(D) compared with NC Statistical analysis was performed using Student’s t-test. (*P < 0.05; **P < 0.01).

and miR-207.*" Using the DIANA-IncBase website we
identified the miRNAs that are predicted to interact with
IncRNA NLIPMT. Our results suggested that Inc-NLIPMT

may regulate multiple miRNAs, including miR-4778-3p,
miR-17-3p, miR-593-3p and others. Xu et al found that
miR-17-3p is associated with radiosensitivity of advanced
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Figure 4 Inc-NLIPMT regulates migration and invasion of PTC cell lines by modulating N-cadherin and vimentin expression. (A) The effect of the overexpression (oe) of Inc-
NLIPMT on N-cadherin and vimentin expression in TPC-1 and B-CPAP was assessed by Western blot. (B) The effect of the downregulation of Inc-NLIPMT on N-cadherin

and vimentin expression in TPC-| was assessed by Western blot.

prostate cancer, and that up-regulation of miR-17-3p sig-
nificantly inhibits the activity of major antioxidant
enzymes in mitochondria, thereby enhancing the sensitiv-
ity to radiotherapy in advanced prostate cancer.*' It has
also been found that miR-17-3p may be a tumor suppres-
sor in breast cancer.*” This may be another molecular
mechanism by which Inc-NLIPMT inhibits TC tumorigen-
esis. We will explore the interaction between NLIPMT and
miR-17-3p in future experiments.

In summary, our study found that the expression of Inc-
NLIPMT was low in PTC compared with normal thyroid
tissue and that Inc-NLIPMT may function as a tumor
suppressor in PTC. Additionally, NLIPMT may inhibit
tumor invasion in PTC wvia suppression of EMT.
Therefore, we propose that Inc-NLIPMT is a reliable bio-
marker for the diagnosis and prognosis of PTC. Since Inc-
NLIPMT plays an important role in the development and
progression of PTC it might also be a potential therapeutic
target.
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