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miR-27a-3p regulates the inhibitory influence of endothelin 3
on the tumorigenesis of papillary thyroid cancer cells
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Abstract. Several studies on papillary thyroid cancer (PTC)
have been performed. However, the effects of endothelin 3
(EDN3) and microRNA (miR)-27a-3p on PTC cells has yet
to be investigated, to the best of the authors' knowledge.
The present study aimed to explore the biological functions
of EDN3 and miR-27a-3p in PTC cells. Bioinformatics
analysis was conducted to identify possible key genes and
miRs involved in PTC progression. Western blot analysis and
reverse transcription-quantitative (RT-q) PCR were employed
to confirm the key genes or miRs expressed in PTC cells.
Cytological methods were used to detect cell viability, prolif-
eration, apoptosis and migration and luciferase reporter assay
was performed to confirm the relationship between END3 and
miR-27a-3p. After analyzing the results of gene microarray
analyses and RT-qPCR, EDN3 with low expression was identi-
fied as the key gene associated with PTC progression. It was
also found that EDN3 overexpression in PTC cells impaired
cell viability, proliferation and migration but promoted cell
apoptosis. In addition, the findings revealed that miR-27a-3p
could relieve the inhibitory influence of EDN3 on PTC cells
by binding to EDN3 mRNA 3' untranslated region (UTR),
thereby suppressing EDN3 expression. Overall, the results
of the present study demonstrated that by binding to EDN3
mRNA 3'UTR, miR-27a-3p could attenuate the inhibitory
function of EDN3 in the tumorigenesis of PTC cells.

Introduction
Thyroid carcinoma is the most prevalent type of neck carci-

noma in the world and the various forms of thyroid carcinoma
include papillary thyroid cancer (PTC), medullary thyroid
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cancer and anaplastic thyroid cancer (1,2). Among them, PTC
is the commonest type of thyroid carcinoma and it accounts
for ~90% of thyroid carcinoma cases (3). According to the
National Cancer Institute, the most frequently used PTC
treatments include surgery (thyroidectomy or lobectomy),
radioactive iodine therapy and hormone therapy to prevent the
body from making thyroid-stimulating hormone (4). Although
patients with PTC have impressive survival outcomes, some
patients with PTC remain vulnerable to the risk of recurrence
due to the aggressive nature of PTC (5,6). Therefore, clinicians
and researchers still need to investigate the molecular mecha-
nisms of this type of cancer to improve the recurrence-free
survival rate.

Endothelin (EDN) 3 is a protein that belongs to the EDN
family, which consists of vasoactive peptides (EDN1, EDN2
and EDN3) that are widely expressed in the brain, pancreas,
colon, small intestine and skeletal muscle of humans (7,8). A
number of studies have demonstrated that this protein, found
in humans, participates in cell proliferation, migration and
differentiation by interacting with the cell surface receptors
[including EDN receptor A (EDNRA) and EDN receptor B
(EDNRB)] through an autocrine mechanism (9-13). EDNI can
directly affect tumor cells by stimulating cell proliferation,
migration and invasion and inhibiting cell apoptosis (14,15).
The overexpression of EDNI1 in PTC has also been
reported (16-18). Unlike EDN1, EDN3 has been only recently
been found to be frequently downregulated or silenced in
human tumors (19,20). Studies have documented the ability
of EDN3 to promote hypermethylation in breast cancer (21)
and colon carcinoma (20). EDN3 knockdown has also been
reported to impair tumor-sphere formation, cell spreading
and cell migration of glioblastoma stem cells (22). Although
Qiu et al (23) found in their bioinformatical analysis that the
downregulation of EDN3 was associated with the PTC stage,
the exact role of EDN3 in PTC cells remains to be elucidated.
Using bioinformatics analysis, the present study identified
EDN3 as a potentially critical participant in PTC in terms of
regulating cell development, migration and proliferation.

In recent years, miRs have been reported to be critical
to the development of human cancers (24-28). By binding to
the 3' untranslated region (UTR) of the target mRNA, these
small non-coding RNA molecules can impede mRNA tran-
scription (29-31). Previous studies have documented that
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miR-27a-3p, a member of the miR-27a family, can suppress
or enhance cancer development depending on the types of
human cancers. While miR-27a-3p acts as a tumor suppressor
in non-small cell lung carcinoma (32) and hepatocellular
carcinoma (33), it functions as a tumor promoter in gastric
cancer (34), colorectal cancer (35), ovarian carcinoma (36) and
esophageal carcinoma (37). In addition, miR-27a is demon-
strated to upregulate and promote cell migration in thyroid
cancer (38).

The object of the present study was to identify the key
genes and miRs in PTC cells using bioinformatics methods
and to explore the influence of the key genes and miRs on PTC
cells using in vitro cytological techniques. It was hypothesized
that EDN3 and miR-27a-3p could be promising biomarkers for
PTC treatments.

Materials and methods

Microarray data analysis. For analysis, two mRNA expres-
sion profiles, GSE33630 and GSE3678, were downloaded from
the NCBI GEO database (https://www.ncbi.nlm.nih.gov/geo/).
GSE33630 consisted of 45 normal thyroid tissue samples and
49 PTC tissue samples, while GSE3678 comprised 7 normal
thyroid tissue samples and 7 PTC tissue samples. The down-
regulated differentially expressed genes (DEGs) were identified
using the R software version 3.2.3 (https:/www.r-project.org/)
and limma R package version 3.26.8 with adjusted P<0.05
and log fold change (logFC) <-1. The downregulated DEGs
were then uploaded to the STRING database version 10.5
(https://string-db.org/) to perform Gene Ontology and Kyoto
Encyclopedia of Genes and Genomes enrichment analysis.
To confirm the key miRs, GSE113629 was downloaded
from the NCBI GEO database, including 5 normal thyroid
tissue samples and 5 PTC tissue samples. The significantly
overexpressed miRs were identified using the limma R
package with adjusted P<0.05 and logFC >1. TarBase
version 7.0 (http://carolina.imis.athena-innovation.gr/diana_
tools/web/index.php?r=tarbasev8/index) and TargetScan
version 7.1 (http:/www.targetscan.org/vert_71/) were the
online tools used to predict the binding site between miR and
mRNA 3'UTR.

The collection of clinical specimens. A total of 30 PTC tumor
tissues and 30 non-tumor tissues were collected from Wuhan
Puren Hospital (China). The present study was approved by
the Ethics Committee of Wuhan Puren Hospital (approval no.
A01401-LL201912-002). All clinical specimens were stored in
liquid nitrogen until experiments. The clinical characteristics
of patients with PTC are demonstrated in Table I.

Cell culture. TPC-1, GLAG-66 cell lines (human PTC cell
lines) and Nthy-ori 3-1 cell line (human thyroid cell line
transformed by simian virus 40) were provided by the Chinese
Academic of Sciences (China) and were cultured in DMEM
media (HyClone; Cytiva). Another human PTC cell line
(CUTC)), obtained from the University of Colorado Cancer
Center Tissue Culture Shared Resource, was kept in RPMI
1640 media (HyClone; Cytiva). The DMEM and RPMI 1640
media were supplemented with 2 mM L-glutamine (Gibco;
Thermo Fisher Scientific, Inc.) and 10% fetal bovine serum

(FBS, Gibco; Thermo Fisher Scientific, Inc.). All the cells were
cultured at 37°C in an atmosphere containing 5% CO,. The
fresh medium was replaced every 24 h during the cell culture.

mRNA preparation and reverse transcription-quantitative
(RT-g) PCR. The total RNAs from PTC tissues, non-tumor
tissues and Nthy-ori 3-1, TPC-1, CUTCS and GLAG-66 cells
(1x10° cells/ml) were extracted using TRIzol® (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocols.
Chloroform was then added to prepare the samples for centrif-
ugation at 1,2000 x g (15 min, 4°C). Subsequently, 500 ul 75%
ethanol was added to the supernatant to further purify all the
RNAs. Following purification, the RNA purity and concen-
tration were assessed by determining the spectrophotometric
absorbance of the samples at 230, 260 and 280 nm as well as
the ratios of A260:A280 and A260:A230. The PrimeScript RT
Reagent kit and SYBR Premix Ex Taq II kit, obtained from
Takara Bio, Inc., were used to synthesize cDNA (20 ul reac-
tion volume; thermocycling: 37°C for 15 min followed by 85°C
for 5 sec) and perform fluorescence RT-qPCR, respectively,
according to the manufacturer's protocols. The Fluorescent
Quantitative PCR System (Applied Biosystems; Thermo Fisher
Scientific, Inc.) was employed to measure gene expression with
the following reaction conditions: 95°C for 30 sec, 40 cycles
at 95°C for 3 sec followed by 60°C for 30 sec. All the primers
for RT-qPCR were synthesized by and purchased from Takara
Bio, Inc. The primer sequences used in the present study are
presented in Table II. The expression of mRNA was normal-
ized with B-actin miR expression and the expression of miR
was normalized with U6 expression. The experiments were
repeated three times. The 224% method was used to calculate
the relative mRNA expression (39).

Western blotting. The total protein from the pretreated
cells was lysed in RIPA reagent (Beyotime Institute of
Biotechnology) with 10 mM Tris-HCI, 1% NP-40 and
protease inhibitors. The supernatant containing the proteins
was centrifuged for 20 min at 12,000 x g at 4°C. The BCA
Protein Assay kit (Beyotime Institute of Biotechnology) was
applied to detect the concentration of isolated protein. All
the proteins (20 ug) were isolated with 12% SDS-PAGE. The
solution was transferred onto PVDF membranes (Membrane
Solutions). Following blocking with 5% non-fat milk at 25°C
for 2 h, the membranes were incubated with the primary
antibodies against EDN3 (1:1,000; cat. no. ab96709; Abcam)
and P-actin (1:1,000; cat. no. ab8224; Abcam) overnight at
4°C. The following day, the membranes were incubated with
corresponding secondary antibodies (1:5,000; Rabbit antibody
cat. no. ab6721; Mouse antibody cat. no. ab6789; Abcam) for
3 h. The Enhanced Chemiluminescence Reagent (Thermo
Fisher Scientific, Inc.) was used to enhance the signals of
protein bands. The densitometry of bands was analyzed by
Image] version 1.8.0 (National Institutes of Health).

Plasmid construction and cell transfection. The EDN3 over-
expression (EDN3-OE) plasmid was constructed by cloning
the full-length of EDN3 into the pcDNA3.1 vector (Shanghai
GeneChem Co., Ltd.). HinDI and BamHI restriction sites were
used. Briefly, the primers used to get the cloned portion of EDN3
were forward (5'-TCTAGGTTCATGGAGCCGGG-3') and
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Table I. Correlation of the expression of miR-27a-3p and EDN3 with clinicopathologic features.

miR-27a-3p EDN3
expression expression
High Low P-value® High Low P-value®
Age (years) 0.264 0.710
>45 7 11 8 10
<45 8 4 7 5
Sex 0.450 1
Male 7 5 6
Female 8 11 10 9
Tumor diameter (cm) 0.107 0.014
>2 7 2 1 8
<2 8 13 14 7
TNM stage 0.027 0.003
I+11 4 11 12 3
I+1v 11 4 3 12

“Analyzed with Fisher's exact test. Bold type, significant difference. miR, microRNA; EDN, endothelin.

Table II. The primer sequences for reverse transcription-
quantitative PCR.

Gene Primer sequences (5'—3")
miR- Forward: CGCGTTCACAGTGGCTAAGT
27a-3p  Reverse: GTGCAGGGTCCGAGGTATTC

U6 Forward: CTCGCTTCGGCAGCACA

Reverse: AACGCTTCACGAATTTGCGT
Forward: GCGCTCTGAAAGTTCGTGAC
Reverse: ACAGCTTTCGAGTCCTGTCG
CXCL12 Forward: AGAGCCAACGTCAAGCATCT
Reverse: TAATTTCGGGTCAATGCACA
Forward: GGAGATTACTGCCCTGGCTCCTAGC
Reverse: GGCCGGACTCATCGTACTCCTGCTT

EDN3

[-actin

reverse (5'-CACCGTCTGTTCGGGAGT-3'). The product was
subjected to double digestion with HinDI and BamHI enzymes
(Takara Bio, Inc.). The digested DNA products were ligated
into a 5.4-kb fragment of pcDNA3.1 (Shanghai GeneChem
Co., Ltd.) that was digested with the same enzymes. The
miR-27a-3p mimic (5'-UUCACAGUGGCUAAGUUCCGC-3')
and non-targeting sequence (negative control, NC) plasmids
were provided by Shanghai GenePharma Co., Ltd. 50 nM
EDN3-overexpression (OE) and/or miR-27a-3p mimic was
transfected into the cells for 48 h using Lipofectamine® 3000
Transfection Reagent (cat. no. L3000015; Invitrogen; Thermo
Fisher Scientific, Inc.). The NC was transfected into the cells
as the NC group. The transfection efficiency of EDN3-OE
and/or miR-27a-3p mimic was evaluated using RT-qPCR. All
subsequent experimentation was performed following trans-
fection for 48 h.

Cell viability assessment. The cell viability of transfected
PTC cells was detected using the Cell Counting Kit-8 (CCK-8)
reagent (Dojindo Molecular Technologies, Inc.). Then,
10,000 cells/well cells undergoing transfection were seeded in
the 96-well plate and cultured for 0, 24, 48 and 72 h. For each
period, 10 ul/well CCK-8 reagents were added before the cells
were incubated for 2 h. The optical density (OD) was detected
at 450 nm wavelength using a microplate reader (Dynex
Technologies).

BrdU cell proliferation assay. The assay was performed with
the BrdU Cell Proliferation ELISA kit (cat. no. ab126556,
Abcam). Briefly, the TPC-1 and GLAG-66 cells were seeded
in 96-well plates and transfected with EDN3-OE, miR-27a-3p
mimic or NC plasmids. After 72 h, the cells were treated
with the BrdU Cell Proliferation ELISA kit according to the
manufacturer's protocol. Then the OD value was detected at
450 nm using a microplate reader (Dynex Technologies).

Caspase-3 activity assessment. Since caspase-3 activity
is enhanced during cell apoptosis, the cell apoptosis was
determined using the caspase-3 Assay kit (cat. no. ab39401,
Abcam). After transfecting the cells for 48 h, 1.5x10° cells
were collected and re-suspended in 50 yul chilled cell lysis
buffer. The supernatant was then collected. The protein
concentration was measured and adjusted to 1-4 ug/ul. Next,
the cell lysate was added to the 50 pl reaction buffer mixed
with 10 mM dithiothreitol and 50 1 DEVD-p-NA substrate.
The mixture was subsequently incubated for 2 h. After the cell
incubation process, the absorbance was measured at 405 nm
using a microplate reader (Dynex Technologies).

Apoptosis analysis. The transformed cells were re-suspended
at a density of 1x10° cells/ml. The apoptosis was detected
using the Annexin V-APC Apoptosis Detection kit
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(eBioscience; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The detection and quantification of
apoptotic cells were performed using a BD FACSCalibur flow
cytometer (Becton, Dickinson and Company). The data were
analyzed with FlowJo software version 7.6.1 (FlowJo LLC).
The untreated and unstained cell lines served as the basis for
gating. Finally, the samples were stained with sodium propio-
nate iodide (50 pg/ml) solution in calcium buffer solution. The
apoptotic rate was determined as the percentage of early + late
apoptotic cells.

Cell migration detection. Wound healing assay was performed
to evaluate cell migration. Transfected PTC cells (1x10°) were
cultured in the six-well plate in serum-containing medium until
the cell density reached ~80% confluence. Next, the serum
medium was replaced with freshly new serum-free medium
for 24 h. A 2 mm width scratch was made with 200 pl sterile
plastic pipette tips on every cell monolayer. The cell debris
was removed using PBS. The cell monolayers, which showed
cells migrating into the wounds from five fields, were imaged
using a light microscope (magnification, x100) at O and 24 h.
The migration rate was calculated as follows:

wound width at indicating time point
wound width at0 h

migration rate = 1 -

Transwell invasion assay. The invasiveness of TPC-1
and GLAG-66 cells was tested with 24-well Transwell
cell culture chambers (8.0 ym pore size, polycarbonate
membrane, Corning, Inc.). Subsequently, 1x10° cells were
added to the upper chamber in 100 yl serum-free medium.
The lower chamber was filled with 0.6 ml medium containing
10% FBS. Following incubation at 37°C in an atmosphere
containing 5% CO, for 20 h, the cells on the upper surface of
the filter were removed by swabbing. The filter was fixed in
4% paraformaldehyde and stained with crystal violet at room
temperature for 5 min. Under the microscope (magnification,
x100), five visual fields were randomly selected to count the
stained cells using ImagelJ version 1.8.0 (National Institutes
of Health).

Luciferase reporter assay. The pGL4 luciferase reporter
vectors inserted by wild-type EDN3 3'UTR (EDN3-WT)
or mutated EDN3 3'UTR plasmids (EDN3-MUT) were
purchased from Shanghai GenePharma Co., Ltd. The
pGL4-EDN3-WT or pGL4-EDN3-MUT were co-transfected
into TPC-1 and GLAG-66 cells together with miR-27a-3p
mimic or NC. After 48 h, the luciferase activity was detected
with the Pierce Renilla-Firefly Luciferase Dual Assay kit
(cat. no. 16185; Thermo Fisher Scientific, Inc.). The relative
luciferase activity was normalized to Renilla luciferase
activity.

Statistical analysis. All experimental data were presented in
the form of mean + standard deviation from three independent
experiments. GraphPad Prism 6 (GraphPad Software, Inc.)
was utilized for statistical analysis. Student's t-test was used to
compare the statistical difference between two groups, while
one-way ANOVA with Dunnett's or Tukey's multiple compari-
sons test was employed to compare the statistical differences
among multiple groups. Paired t-test was used to compare the

gene expression in clinical tissues. For the analysis of the asso-
ciation between clinical characteristics and gene expression,
Fisher's exact test was used. For the analysis of the correlation
between gene expression levels, Spearman's analysis method
was used. P<0.05 was considered to indicate a statistically
significant difference.

Results

EDN3 and miR-27a-3p, the potential key regulators in PTC.
A gene microarray analysis of GSE33630 was carried out
to identify 565 DEGs associated with PTC, with adjusted
P<0.05 and logFC <-1. To center on the more significant
DEGs, another gene microarray analysis (GSE3678) was
conducted and 364 DEGs were identified. A total of 257
DEGs overlapped (Fig. 1A). The 257 genes could potentially
participate in PTC progression. After uploading the 257 DEGs
to the STRING database, C-X-C Motif Chemokine Ligand 12
(CXCL12) and EDN3 were discovered to be the interacting
genes involved in cell development, cell migration and cell
proliferation. This suggested that the CXCL12 and EDN3
might be the crucial regulators in PTC (Fig. 1B). The expres-
sion of these two genes in the collected tissue samples was
detected using RT-qPCR. It was found that, compared with
the expression in the normal tissue samples, the expression of
EDN3 mRNA significantly declined, while no significantly
difference was observed in the expression of CXCL12 mRNA
(Fig. 1C). Based on this result, EDN3 was identified as the
gene of interest in PTC. Subsequently, to identify a regulator
miRNA of EDN3, TarBase and TargetScan databases were
used to predict the potential complementary miRs of EDN3.
Respectively, 5 and 490 miRs were predicted by the two
algorithms. In addition, a total of 2,314 over-expressed miRs
in PTC was identified using limma R package analysis of a
miR microarray (GSE113629). It was discovered that three
miRs (hsa-miR-579-3p, hsa-miR-769-3p and hsa-miR-27a-3p)
were the overlap of the three datasets. (Fig. 1D). A previous
study reported that miR-27a can upregulate and promote the
cancer phenotypes of PTC (37). Nonetheless, its experiments
were only conducted in the IHH4 cell line; to expand on the
role of miR-27a-3p, it was hypothesized that the relevance of
the results should be confirmed with another PTC cell line.
Moreover, the function of miR-27a-3p by regulating its down-
stream target in PTC has never been reported before, to the
best of the authors' knowledge. Hence, EDN3 and miR-27a-3p
were chosen as the key mRNA and miRNA to be further
investigated in PTC.

The expression of EDN3 decreases in PTC cells. After
confirming the key gene in PTC cells, the clinicopatho-
logic association of miR-27a-3p and EDN3 in PTC cells
was analyzed. miR-27a-3p or EDN3 was divided into
the miR-27a-3p high-expression group (n=15) and the
low-expression group (n=15) or the EDN3 high-expression
group (n=15) and the low-expression Group (n=15). The
expression level of miR-27a-3p or EDN3 was found to be
associated with TNM stage, while only EDN3 expres-
sion was found to be correlated with the tumor diameter
(Table I). Next, the expression of the key gene (END3) was
explored in PTC cell lines (CUTCS, TPC-1, GLAG-66)
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Figure 1. The key mRNAs and miRs associated with PTC. (A) The 257 DEGs were overlapped from two mRNA microarray (GSE33630 and GSE3678) analysis
results. The DEGs were screened out using limma R package with adjusted P-value <0.05 and logFC <-1. (B) CXCL12 and EDN3 were selected as participating
in cell development, cell migration and cell proliferation by STRING database analysis of the 214 DEGs. The interaction score was set to highest confidence
0.900. (C) The expression of EDN3 and CXCL12 mRNA was detected in tissues specimens by reverse transcription-quantitative PCR. n=30, Student's t-test.
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and the non-tumor thyroid cell line Nthy-ori 3-1. A signifi-
cantly low level of EDN3 mRNA was observed in all the
PTC cell lines using RT-qPCR, particularly in TPC-1 and
GLAG-66 cells which exhibited ~80% decrease in EDN3
expression (Fig. 2A). Similar to the results of RT-qPCR, the
results of western blot analysis indicated that the protein
level of EDN3 decreased in PTC cell lines, particularly in
TPC-1 and GLAG-66 which exhibited the lowest expression
(Fig. 2B and C). Due to the significant downregulation of
EDN3 in GLAG-66 and TPC-1 cells, these two PTC cell
lines were selected to perform the subsequent experiments.
Cell line models with forced overexpression of EDN3 and

the corresponding NC model were obtained by respectively
transfecting the EDN3-OE and NC plasmids into TPC-1
and GLAG-66 cells. The RT-qPCR results demonstrated
that EDN3 expression increased by ~2-fold in the two PTC
cell lines, an expression caused by EDN3-OE plasmids
(Fig. 2D). EDN3 protein expression showed a similar result
with the expression of EDN3 mRNA; EDN3-OE plasmids
led to a >2-fold increase in EDN3 protein expression in these
two PTC cell lines (Fig. 2E and F). The data suggested that
EDN3 expression was downregulated in PTC cells and that
EDN3-OE plasmids transfection successfully resulted in the
upregulation of EDN3 in TPC-1 and GLAG-66 cells.
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Figure 2. The expression of EDN3 is downregulated in the PTC cell lines. Nthy-ori 3-1 is a human thyroid cell line transformed by simian virus 40. CUTCS,
TPC-1 and GLAG-66 cell lines were the PTC cell lines. (A) The relative expression of EDN3 mRNA was detected in Nthy-ori 3-1, CUTCS, TPC-1 and
GLAG-66 cell lines. “P<0.001 vs. Nthy-ori 3-1 cell line using one-way ANOVA. (B and C) The protein level of EDN3 was detected by western blotting in
Nthy-ori 3-1, CUTCS5, TPC-1 and GLAG-66 cell lines. “P<0.001 vs. Nthy-ori 3-1 cell line using one-way ANOVA. (D) The relative expression of EDN3 mRNA
was detected by reverse transcription-quantitative PCR in TPC-1 and GLAG-66 cells following transfection. “P<0.001 vs. control group. (E and F) The protein

level of EDN3 was detected by western blotting in TPC-1 and GLAG-66 cells following transfection.

“P<0.001 vs. control group. Each bar represented the

standard deviation of three independent experiments. EDN, endothelin; PTC, papillary thyroid cancer; CON, TPC-1 and GLAG-66 cells cultured without any
transfection; NC, TPC-1 and GLAG-66 cells transfected with negative control plasmids; EDN3-OE, TPC-1 and GLAG-66 cells transfected with EDN3-OE

plasmids.

EDN3 overexpression in PTC cells impairs cell viability
and proliferation but promotes cell apoptosis. Cytological
experiments were performed to verify the roles of EDN3 in
PTC cells. Experimental results revealed that cell viability
was impaired after TPC-1 and GLAG-66 cells were trans-
fected with EDN3-OE plasmids for 48 and 72 h (Fig. 3A).
The BrdU cell proliferation assay outcome showed that
EDN3-OE decreased OD value by 40% in both TPC-1 and
GLAG-66 cell lines, thereby indicating that EDN3 over-
expression impaired the proliferation of these PTC cells
(Fig. 3B). As demonstrated in Fig. 3C, the caspase-3 activity
was elevated by >3-fold in the PTC cells with the transfection
of EDN3-OE plasmids. The apoptosis rate of PTC cells was
also detected using flow cytometry and the results revealed
that following upregulation of EDN3, the apoptosis rate

of TPC-1 and GLAG cells increased by ~2.5 and 2 times,
respectively (Fig. 3D and E).

EDN3 overexpression in PTC cells impairs cell migra-
tion and invasion. Wound healing assay was performed to
explore the effect of EDN3 on cell migration. The findings
demonstrated that EDN3-OE plasmids transfected into
the two PTC cell lines decreased the migration rate at
24 and 48 h (Fig. 4A and B). To detect the invasiveness of
TPC-1 and GLAG-66 cells, Transwell assay was performed
and the result indicated that the number of cells invaded
decreased by ~30 and 60% after transfection with EDN3-OE
(Fig. 4C and D). Collectively, the results demonstrated that
the EDN3 served a positive role in inhibiting the mobility
phenotypes of PTC cells.
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Figure 3. EDN3 overexpression inhibits viability and proliferation but induces cell apoptosis. (A) CCK8 assay was performed to determine the effect of EDN3
on the cell viability after TPC-1 and GLAG-66 cells were transfected with EDN3-OE plasmids or NC plasmids for 0,24,48 and 72 h. (B) BrdU cell proliferation
assay (a colorimetric method) was used to measure the effect of EDN3 on the cell proliferation after TPC-1 and GLAG-66 cells were transfected with EDN3-OE
plasmids or NC plasmids at 72 h. (C) The caspase-3 activation was detected using caspase-3 assay kit (a colorimetric method) to reflect the apoptosis of TPC-1
and GLAG-66 cells transfected with EDN3-OE or NC. (D and E) The apoptosis rate of TPC-1 and GLAG-66 cells transfected with EDN3-OE plasmids or
NC plasmids was measured by flow cytometry. "P<0.05, “P<0.001 vs. the control group using one-way ANOVA. The bar represented the standard deviation of
three independent experiments. EDN, endothelin; EDN3-OE, TPC-1 and GLAG-66 cells transfected with EDN3-OE plasmids; NC, TPC-1 and GLAG-66 cells
transfected with negative control plasmids; OD450, optical density of cells at 450 nm; CON, TPC-1 and GLAG-66 cells were cultured without any treatments.

Negative regulation of EDN3 by miR-27a-3p. TargetScan
predicted that EDN3 3'UTR existed as the binding site for
miR-27a-3p (Fig. 5A). To further verify whether the binding
site existed for miR-27a-3p, a luciferase reporter assay was
performed and it was found that the luciferase activity of
the co-transfection of EDN3 mRNA 3'UTR and miR-27a-3p
mimic decreased by 36.6% in TPC-1 cells and 41.5% in
GLAG-66 cells compared with the co-transfection of EDN3
3'UTR and NC (Fig. 5B). Then, miR-27a-3p expression was
detected in 30 PTC tissues and 30 non-tumor tissues. The
result revealed that the expression of miR-27a-3p in tumor
tissues was 2.14-fold of that in non-tumor tissues (Fig. 5C).
After performing a Pearson correlation analysis, a negative
correlation between EDN3 mRNA expression and miR-27a-3p
expression was observed in PTC tissues (Fig. 5SD). miR-27a-3p
expression in Nthy-ori 3-1, TPC-1 and GLAG-66 cell lines
was detected. It was observed that miR-27a-3p expression
increased by 2.3-fold in TPC-1 cells and 1.6-fold in GLAG-66

cells (Fig. SE). To explore the effect of miR-27a-3p on EDN3
expression, miR-27a-3p mimic was used to upregulate
miR-27a-3p. After 48 h transfection, miR-27a-3p expression
was upregulated by >3-fold in PTC cells, while the EDN3
expression was reduced by ~65% in PTC cells (Fig. 5F). The
downregulation of EDN3 by miR-27a-3p mimic transfection
was also confirmed at protein level by western blot analysis;
the protein expression of EDN3 declined by 40% in TPC-1 and
GLAG-66 cells (Fig. 5G and H). These findings suggested that
EDN3 mRNA 3'UTR exited the binding site for miR-27a-3p
and that the overexpressed miR-27a-3p could suppress the
EDN3 expression.

miR-27a-3p promotes the viability and proliferation of PTC
cells and inhibits cell apoptosis by attenuating the effect of
EDN3 on PTC cells. To explore how miR-27a-3p affected
the phenotypes of PTC cells by regulating EDN3, a series of
cytological experiments were performed. The results of cell
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Figure 4. EDN3 overexpression inhibits the migration and invasion of PTC cells. (A and B) The ability of cell migration was assessed using wound healing
assay following transfection of the TPC-1 and GLAG-66 cells for 24 and 48 h. Magnification, x100. (C and D) Transwell assay was used to verify the inva-
sion phenotype of TPC-1 and GLAG-66 cells following transfection with EDN3-OE plasmids or NC plasmids. Magnification, x100. "P<0.05, “P<0.001 vs.
the control group using one-way ANOVA. The bar represented the standard deviation of three independent experiments. EDN, endothelin; PTC, papillary
thyroid cancer; EDN3-OE, TPC-1 and GLAG-66 cells transfected with EDN3-OE plasmids; NC, TPC-1 and GLAG-66 cells transfected with negative control
plasmids; CON, TPC-1 and GLAG-66 cells were cultured without any treatments.

viability assay demonstrated that miR-27a-3p mimic increased
cell viability after the PTC cells were transfected for 48 and
72 h. However, the cell viability of the EDN3 and miR-27a-3p
co-transfection group was similar to that of the control group
in the two PTC cell lines. Nevertheless, compared with the
co-transfection group, the cell viability in miR-27a-3p mimic
group was significantly higher whereas that in EDN3-OE group
was significantly lower (Fig. 6A). As with the cell viability,
cell proliferation (reflected by the OD value) was enhanced
by ~1.7-fold in PTC cells transfected with miR-27a-3p
mimic compared with the control group ('P<0.05, “P<0.01)

or co-transfection group (*P<0.05, "P<0.01), while the cell
proliferation in EDN3-OE group showed significantly lower
OD450 value than that in co-transfection group (Fig. 6B). The
cell apoptosis (both caspase-3 activation and flow cytometry
assays) results revealed that in the miR-27a-3p mimic group,
the apoptosis decreased significantly, whereas the apoptosis
increase significantly in EDN3-OE group compared with the
control group and the co-transfection group (Fig. 6C-E).

EDN3 overexpression partially reverses the stimulating
effects of miR-27a-3p on cell migration and invasion. The
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Figure 6. miR-27a-3p enhanced the cancer phenotypes of PTC cells and by inhibiting EDN3. (A) CCK8 assay was performed to determine the viability of
TPC-1 and GLAG-66 cells after transfection for 0, 24,48 and 72 h. (B) BrdU cell proliferation assay was used to determine the cell proliferation 72 h following
the transfection of TPC-1 and GLAG-66 cells. (C) The caspase-3 activation was detected using caspase-3 assay kit to reflect the apoptosis of TPC-1 and
GLAG-66 cells in each group. (D and E) The apoptosis rate of TPC-1 and GLAG-66 cells was measured by flow cytometry. "P<0.05, “P<0.001 vs. control
group using one-way ANOVA. “P<0.05, #P<0.001 vs. OE + mimic group using one-way ANOVA. The bar represented the standard deviation of at least three
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EDN3-OE plasmids; OE + mimic, TPC-1 and GLAG-66 cells were co-transfected with EDN3-OE plasmids and miR-27a-3p mimic.

cell migration rate (calculated as described in the methods
section) and invasion numbers were detected to reflect the
effects of miR-27a-3p on mobility phenotypes of PTC cells by
regulating EDN3. Wound-healing assay results demonstrated
that, compared with the control and co-transfection groups,

the migration rate of PTC cells increased after overexpressing
miR-27a-3p but decreased after upregulating EDN3 (Fig. 7A
and B). The Transwell assay results revealed that the inva-
sion was enhanced (by 1.6-fold in GLAG-66 cell line and
1.3-fold in TPC-1 cell line) in the miR-27a-3p mimic group
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Figure 7. Overexpression of EDN3 reversed the promoting effects of miR-27a-3p on PTC cell migration and invasion. (A and B) Wound healing assay was
conducted to measure the cell migration 24 and 48 h after the transfection. Magnification, x100. (C and D) The number of invading cells was detected using
Transwell assay to reflect the invasion ability of TPC-1 and GLAG-66 cells. Magnification, x100. ‘P<0.05, “P<0.001 vs. control group using one-way method.
"P<0.05, P<0.001 vs. OE + mimic group using one-way ANOVA. The bar represented the standard deviation of at least three independent experiments.
EDN, endothelin; PTC, papillary thyroid cancer; CON, TPC-1 and GLAG-66 cells were cultured without any treatments; NC, TPC-1 and GLAG-66 cells were
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and the invasion was suppressed in cells of the EDN3-OE  miR-27a-3p was a carcinogenic factor in PTC progression and
group, compared with the control and the co-transfection its upregulation could attenuate the inhibitory effect of EDN3
groups (Fig. 7C and D). Overall, these data demonstrated that  on PTC cells.
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Discussion

Using gene microarray analysis, the present study identified
that EDN3 and CXCL12 were associated with PTC. Following
the detection of the mRNA expression of EDN3 and CXCL12
in PTC tissue samples, EDN3 was finally chosen as the
gene of interest as EDN3 expression was very low in PTC
tissues. miRNA microarray analysis was then performed and
miR-27a-3p selected as the miR of interest. The cell-function
experiments indicated that EDN3 overexpression in PTC cells
could decrease cell viability, inhibit cell proliferation and
migration and enhance cell apoptosis. It was also found that
miR-27a-3p could enhance the tumorigenic phenotypes of
PTC cells by binding to EDN3 mRNA 3'UTR to suppress the
EDN3 expression.

Increasing evidence confirms that the miR-27a family
serve a key role in regulating cancer phenotypes including
invasion, migration, angiogenesis and apoptosis (40-44). In
thyroid cancer, Wang et al (38) established a thyroid cancer
xenograft model and demonstrated that miR-27a upregulation
promoted the expression of inducible nitric oxide synthase (an
early marker of angiogenesis) and angiogenesis. They also
performed cell-function experiments in vitro and proved that
the upregulation of miR-27a contributed to cell migration and
invasion. Even so, the effects of miR-27a-3p in PTC remains to
be elucidated. Following bioinformatics analysis, miR-27a-3p
was selected as the key miRNA that might be closely associated
with PTC development. A series of cytological experiments
were later performed to explore the role of miR-27a-3p and it
was discovered that the biological function of miR-27a-3p in
PTC was to promote PTC cell viability and proliferation while
inhibiting apoptosis.

EDNs exert their functions by interacting with their
cognate receptors (ETAR and ETBR), thus mediating
fundamental processes in tissue differentiation, repair and
growth (45). EDNI and EDN3 primarily interact with ETAR
and ETBR, respectively (46). EDNI has been reported to be
produced by endothelial cells, vascular smooth muscle cells,
epithelial cells, hepatocytes and neurons (47). By binding
with ETa, this protein participates in vasoconstriction, bron-
choconstriction, mitogenesis, neuropathic pain, electrolyte
balance, matrix formation and synergism (48). In addition,
EDNI1 has been found to participate in cancer pathways by
activating various kinases, inhibiting apoptosis, affecting
metastasis and contributing to angiogenesis (45). By contrast,
EDN3 primarily originates from epithelial cells, adrenal cells
and neurons (48). By interacting with ETb, EDN3 frequently
affects EDN1 autoinduction, angiogenesis, inflammatory pain,
endothelin clearance and vasodilation (45,46).

Notably, EDNI1 can directly affect the phenotypes of
cancer cells by stimulating cell proliferation, migration, inva-
sion and inhibiting cell apoptosis (14,15). Its overexpression
is found in cells with thyroid cancer and its overexpression
can contribute to thyroid cancer progression (17,18). As
for PTC, a specific polymorphism of EDNI is reported to
increase the risk of PTC development (49). In addition, the
relationship between EDNI and miR-27a has been reported
in pulmonary function studies. It was demonstrated that
the more miR-27a in a sickle cell mouse lung increased,
the more EDNI increased (50). It is also documented that

EDNI induced the expression of miR-27a in the proliferation of
pulmonary artery smooth muscle cells (PASMC) (51,52). Taken
together, the evidence indicates that EDNs may be related to
miR-27a.

However, a recent study suggests that EDN3 is silent in
breast cancer (21), colon cancer (20) and cervical cancer (53)
suggesting that EDN3 may be a tumor suppressor gene in breast
cancer and colon cancer. There is evidence that the downregula-
tion of EDN3 is associated with PTC staging (23). The present
study validated the downregulation of EDN3 in PTC tissues and
cell lines. The overexpression of EDN3 impeded the viability,
proliferation and cell migration but induced cell apoptosis of
both TPC-1 and GLAG66 cell lines. The findings of the present
study may contribute to the understanding of the role of EDN3
in PTC based on the experimental results.

The present study is not without limitations. In terms of
prognosis analysis, the correlation between the expression of
miR-27a-3p and EDN3 and the prognosis of patients with PTC
was not statistically analyzed, given that recently diagnosed
patients with PTC were selected. In addition, the sample size
of the participants was small. The present study did not have
sufficient numbers of patients for the follow-up prognosis study.
These issues, however, will be addressed in future studies.

The present study identified the positive effects of
miR-27a-3p and the negative effects of EDN3 on PTC cell
phenotypes in vitro. However, their effects on PTC cells in vivo
were not been explored because of the limitations of the experi-
mental conditions. In addition, considering the significant role
of EDN3 in PTC cells, the mechanism of how EDN3 regulates
PTC progression needs to be further confirmed. Although the
present study found close associations between EDN3 expres-
sion and miR-27a-3p expression with TNM stage as well as the
association between EDN3 expression and tumor diameter, the
correlation between the expression of miR-27a-3p and EDN3
and the prognosis of patients with PTC was not been statistically
analyzed as recently diagnosed patients with PTC were selected
and there were not enough patients to follow up. These problems
be addressed in future research.

The present study demonstrated that the upregulation of
EDN3 in PTC cells suppressed the cell viability of TPC-1 and
GLAG-66 and impaired cell proliferation and migration. It also
revealed that EDN3 overexpression promoted cell apoptosis. In
addition to the fact that miR-27a-3p was found to be a tumor
promoter in PTC cells, miR-27a-3p was discovered to attenuate
the negative effect of EDN3 on PTC cells by binding to EDN3
mRNA 3'UTR. Overall, the present study demonstrated the
significance of miR-27a-3p and EDN3 in PTC cells.
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