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Background: Long non-coding RNA (IncRNA) LUCAT1 has recently been recognized as
an oncogene in several malignancies. This study was launched to probe its role in thyroid
carcinoma (TC) development and the implicated molecules.

Methods: LUCAT1 expression in TC cell lines and in normal thyroid follicular epithelial
cell line Nthy-ori3-1 was determined by RT-qPCR. Binding relationships between LUCAT1
and microRNA (miR)-493, and between miR-493 and a disintegrin and metalloproteinase-10
(ADAM10) were predicted on a bioinformatics system and then validated through luciferase
reporter gene assays. Expression of miR-493 and ADAMI10 in TC cells was determined.
Gain- and loss-of functions of LUCAT1, miR-493 and ADAMI10 were performed to explore
their influences on the behaviors of TC cells. Xenograft tumors were induced in nude mice
for in vivo studies.

Results: LUCAT1 and ADAMI10 were highly expressed, while miR-493 was poorly
expressed in TC cell lines. LUCAT1 served as a miR-493 sponge to upregulate ADAM10
expression. Silencing of LUCAT1 discouraged proliferation, invasion, and migration but
triggered apoptosis of TC cells. By contrast, these changes were abrogated by further miR-
493 inhibition or ADAMI10 upregulation. The in vitro experiment results were reproduced
in vivo. In addition, miR-493 inhibition or ADAMI10 overexpression was found to increase
the phosphorylation of STAT3 in cells.

Conclusion: This study evidenced that LUCAT1 increases ADAMI10 expression through
sequestering miR-493, leading to JAK-STAT activation and TC cell growth and metastasis.
LUCAT1 and ADAMI10 may serve as therapeutic targets for TC treatment.

Keywords: long non-coding RNA LUCAT1, microRNA-493, ADAM10, thyroid carcinoma,
JAK-STAT signaling pathway

Introduction

Thyroid carcinoma (TC) ranks at the ninth place for incidence among all cancer
cases worldwide, and though the mortality has remained stable, the incidence of
this disease has been increasing greater than other cancer types with a higher
tendency in females.' Ionizing radiation is the only well-established risk factor
for TC, especially when exposure is in childhood, although some other factors
such as obesity, hormonal exposures smoking, and certain environmental causes

are suggested to possibly play a role.! Papillary thyroid carcinoma (PTC) is the
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most frequent TC type, accounting for approximately
85% of all cases, and the 5-year relative survival of
patients with well-differentiated PTC after an indolent
clinical course reached 97.5%; yet the aggressive poorly
differentiated types and anaplastic carcinomas can be
fatal.> Once transferring to distant organs, the TC cells
could be almost completely resistant to the current clin-
ical regimens and consequently lead to an incurable
disease and death.* Considering the increasing incidence
of this malignancy, developing novel therapeutic options
for TC remains a major challenge and a focus issue in
the medical field.

While no more than 2% of the human genome
encodes proteins, biological roles for the so-called junk
genome, termed non-coding (nc) RNAs, are being
increasingly recognized to participate in the modifica-
tion of the epigenetic profile of cancer cells and media-
tion in the expression of other RNA molecules.” Long
ncRNAs (IncRNAs) are a class of ncRNAs larger than
200 nucleotides, whose aberrant expression is frequently
witnessed in multiple cancer types and closely related to
the malignant phenotypical changes.® Meanwhile,
another major class of ncRNAs, microRNAs (miRNAs)
are implicated in key processes in cancer onset and
progression upon dysregulation, owing to their functions
in primarily interacting to thousands of target mRNAs.’
Similar to protein-coding RNAs, IncRNAs can also sub-
jected to post-transcriptional modifications.® Therefore,
a special RNA interaction network by which IncRNAs
bind to miRNAs to mediate expression of specific
mRNAs was proposed, termed competing endogenous
RNA (ceRNA).”'® LUCAT1 is a recently found
IncRNA that has been documented to promote cancer
progression through such ceRNA networks.'"'? It was
suggested as a potential prognostic biomarker for
patients with PTC.'* But its exact function on TC pro-
gression remains largely unknown.'' Importantly, data
on a bioinformatics system (http://starbase.sysu.edu.cn/)

suggested miR-493 as a sponge for LUCATI1, while
a disintegrin and metalloproteinase-10 (ADAM10) was
suggested as a target mRNA of miR-493. miR-493 was
inhibitor in

demonstrated as a tumor

14,15

many
malignancies with its role in TC unknown, while
ADAMI10 has been recognized as an oncogene whose
suppression by miRNAs was reported to alleviate cancer
development.'®'”  Thereby, we hypothesized that
LUCAT1 sponges miR-493 to mediate ADAMI10 and

to regulate TC progression. Dual-luciferase reporter

gene assays were conducted to validate their binding
relationships, and altered expression of these molecules
was introduced in TC cells to evaluate their functions on
cell growth in vitro and in vivo.

Materials and Methods

Clinical Sample Collection

TC tissues and the adjacent normal ones (over 2 cm away
from the lesion sites) were collected from 47 TC patients
who underwent surgical resection in Beijing Tongren
Hospital, Capital Medical University from 2017 to 2019.
All patients had complete clinical information and were
free of other malignancies or a history of chemo-
radiotherapy. The characteristics of tissues were confirmed
by three pathologists. The tissues were collected from
surgery and frozen at —80°C. The research was carried
out with the approval and supervision of the Ethics
Committee of Beijing Tongren Hospital, Capital Medical
University and in line with the guidelines in Declaration of
Helsinki. Written confirmed consent was acquired from
each respondent.

Cell Culture and Treatment

Human normal thyroid follicular epithelial cell line Nthy-
ori3-1 and TC cell lines 8305C, HTC-C3, B-CPAP and
TPC-1
Biotechnologies Co., Ltd. (Jiangsu, China). Cells were
cultivated in Roswell Park Memorial Institute-1640
(Gibco, Thermo Fisher Scientific, Waltham, MA, USA)
containing 10% fetal bovine serum (FBS, Gibco) and

were acquired from Nanjing Cobioer

100 mg/mL streptomycin and penicillin (100U/mL) at
37°C with 5% COs,.

Cells in good growth conditions were detached in
trypsin and sorted on 24-well plates. Three batches of
transfection were performed. In the first batch, the cells
were transfected with short hairpin (sh)-negative control
(NC), sh-LUCAT1-1, sh-LUCAT1-2 or sh-LUCAT1-3;
in the second batch, the cells were transfected with
overexpression (o0e)-NC (empty vector), oe-LUCATI,
sh-NC, sh-LUCATI1, mimic NC, miR-493 mimic, inhi-
bitor NC, and miR-493 inhibitor, respectively; as for the
third batch, the cells were transfected with sh-NC. sh-
LUCATI, shLUCAT1 + inhibitor NC, sh-LUCAT1 +
miR-493 inhibitor, sh-LUCAT1 + oe-NC, and sh-
LUCAT1 + oe-ADAMI10, respectively. All transfection
procedures were performed using a Lipofectamine 2000
kit (Invitrogen, Thermo Fisher). Cells were cultivated in
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complete medium for 48 h post transfection for
further use.

Dual-Luciferase Reporter Gene Assay

The binding sites between miR-493 and ADAM10-3'UTR or
LUCAT1 were first predicted on the Starbase system (http://
ADAMI10-3'UTR and
LUCATI1 fragments containing the putative binding sites

starbase.sysu.edu.cn/). Next, the

with miR-493 were synthetized and inserted into pGL3 vec-
tors to construct pGL3-ADAM10-3'UTR wile-type (WT) and
pGL3-LUCAT1-WT vectors. The mutant type (MUT) vectors
were constructed based on the mutant binding sites and
defined as pGL3-ADAMI10-3'UTR-MUT and pGL3-
LUCAT1-MUT vectors. Well-constructed vectors were co-
transfected with miR-493 mimic or mimic NC into
HEK?293T cells (ATCC, Manassas, VA, USA). Forty-eight
hours later, the cells were collected and lysed, and the relative
luciferase activity was determined using a luciferase detection
kit (K801-200, BioVision, Mountain View, CA, USA) and
a  Dual-Luciferase-Reporter-Gene ~ System  (Promega,
Madison, WI, USA). Three independent experiments were

conducted.

Cell Counting Kit-8 (CCK-8) Method

Exponentially growing cells were resuspended in 10%
FBS-supplemented Dulbecco’s modified Eagle’s medium
to 1 x 10* cells/mL. The cell suspension was sorted in 96-
well plates at 100 uL per well with 8 duplicated wells set
for each group. The plates were placed in a 37°C incuba-
tor, and each well was loaded with 10 uL. CCK-8 solution
(Sigma-Aldrich Chemical Company, St Louis, MO, USA)
at 24, 48, and 72 h, respectively, for another 2 h of incuba-
tion. The optical density (OD) value of each well at 450
nm was determined using a microplate reader (NY W-96M,
Noah Wei Instrument Co., Ltd., Beijing, China). The
experiments were repeated three times.

Colony Formation Assay

Exponentially growing cells were sorted in 75 mm-culture
dishes at 800 cells per dish for a 9-d incubation. After that,
the cells were washed by phosphate buffer saline (PBS, pH =
6.8), fixed in methanol for 20 min, stained with 10% Giemsa
for 20 min, and then rinsed by deionized water and dried.
The number of cell colonies (over 20 cells) was counted
under the microscope and the colony formation rate was
calculated. Three independent experiments were performed.

Transwell Assays

Cell migration and invasion were determined by Transwell
assays. As for invasion assay, Matrigel (YB356234, Yu Bo
Biotech Co., Ltd., Shanghai, China) was mixed and diluted in
an equal volume of serum-free medium at 4°C. Each apical
chamber was pre-loaded with 50 pL Matrigel. Cells were
resuspended in serum-free medium to 1 x 10° cells/mL and
loaded to the apical chambers, while the basolateral chambers
were loaded with 10% FBS-supplemented medium. The
chambers were warm-incubated at 37°C for 24 h and taken
out. The cells in the inner membrane were wiped out, and the
invaded cells were fixed in 5% glutaraldehyde at 4°C, stained
with 0.1% crystal violet for 30 min and then observed under an
inverted microscope. Cell migration was performed in
a similar manner but without precoating Matrigel in the apical
chambers. At least four fields of views were included in
microscope observation. Three independent experiments
were performed.

Wound-Healing Assay

Migration of cells was further determined by a wound-
healing assay. In brief, B-CPAP and TPC-1 were seeded in
6-well plates. When cells reached a 90% cell confluence,
a sterile 200-puL pipette tip was used to produce scratches
on the cell monolayer at an equal interval. The cells were
then cultured in for 24 h in serum-free medium (Gibco),
scratches, and the width of the scratches was observed
under an inverted microscope (Carl Zeiss, Carl Zeiss
Microlmaging, Inc., Thornwood, NY, USA)

Flow Cytometry

An Annexin V-fluorescein isothiocyanate (FITC)/propi-
iodide (ab14085,
Cambridge, MA, USA) was used for apoptosis detec-

dium staining kit Abcam Inc.,
tion. After transfection, cells were washed, centrifuged,
and resuspended in 200 pL binding buffer, and then
treated with 10 uL. Annexin V-FITC and 5 pL PI for
15 min of reaction avoiding light exposure. Then, the
apoptosis of cells was examined on a flow cytometer
(Attune NxT, Thermo Fisher, USA) at an excitation
wavelength of 488 nm, and the data were analyzed by
the FlowJo software.

The cell cycle distribution was further determined. In
short, the cells were detached in trypsin and fixed in 75%
pre-chilled ethanol. Then, cells were washed and resus-
pended in 200 pL PBS, and then added with 10 puL PI and
20 pL RNaseA on ice for 35 min of incubation. Next, the
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cells were run on the flow cytometer and the data were
analyzed by the FlowJo again.

Reverse Transcription Quantitative
Polymerase Chain Reaction (RT-qPCR)

Total RNA was extracted using the TRIzol reagent
(15,596,026, Invitrogen, Car, Cal, USA) and then rever-
sely transcribed into cDNA wusing a PrimeScript RT
Reagent Kit (RR047A, Takara, Japan). The synthetized
cDNA was used for real-time qPCR using a Fast SYBR
Green PCR Kit (Applied Biosystems, Foster City, CA,
USA) and a qPCR System (7500, ABI Company, Oyster
Bay, NY, USA). The primer sequences are presented in
Table 1. U6 was served as an internal reference for miR-
493 while GAPDH for other genes. Relative gene expres-
sion was evaluated by using the 274",

Nuclear-Cytoplasmic RNA Separation
Nuclear and cytoplasmic RNA from B-CPAP and TPC-1
cells was separated using a PARIS kit (Invitrogen) as per the
kit’s instructions. Then, the expression of RNA sample was
determined by RT-qPCR, and GAPDH and U6 were used as
the control for cytoplasmic RNA and nuclear RNA.

Western Blot Analysis

Cells were lysed in radio-immunoprecipitation assay cell
lysis buffer (Boster Biological Technology Co., Ltd.,
Wuhan, Hubei, China) to collect the total protein of
cells. The protein concentration was measured using
a bicinchoninic acid method. Then, the protein was run
on SDS-PAGE and transferred onto polyvinylidene fluor-
ide membranes. Following 2 h of 5% bovine serum

Table | Primer Sequences for RT-qPCR

Gene Primer Sequence (5'-3)

LncRNA LUCAT| F: AGCTCCACCTCCCGGGTTCACG

R: CGTGAACCCGGGAGGTGGAGCT

miR-493 F: CCCGTGTGTGCCAGGAAAAAA
R: TATGAAGTGCGTTGAGCACAG
ADAMI0 F: ATTTAGCAGCCATCCCCA
R: CGATCCCGGACATCTTGA
GAPDH F: AAGCTCATTTCCTGGTATGACA

R: TCTTACTCCTTGGAGGCCATGT
ué F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

Note: RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
Abbreviations: ADAMIO0, a disintegrin and metalloproteinase- |0; GAPDH, glycer-
aldehyde-3-phosphate dehydrogenase; F, forward; R, reverse.

albumin treatment to block non-specific binding, the mem-
branes were incubated with the primary antibodies to
B-cell lymphoma-2 (Bcl-2, 1:1000, ab32124, Abcam)
and Bcl-2-associated X (Bax, 1:1000, ab32503, Abcam),
ADAMI10 (1:1000, ab1997, Abcam), N-cadherin (1:1000,
ab18203, Abcam), matrix metalloproteinase-9 (MMP-9,
#13,667, Cell Signaling Technology, Boston, UK), Signal
transducer and activator of transcription 3 (STAT3, 1:1000,
#30,835, CST), p-STAT3 (1:2000, #9145, CST), GAPDH
(1:2000, ab9485, Abcam) at 4°C overnight, and then incu-
bated with goat-anti rabbit secondary antibody (ab205719,
1:2000, Abcam) at 20°C for 1 h. After that, the protein
blots were developed using enhanced chemiluminescence
reagent (EMD Millipore, Corp. Billerica, MA, USA), and
the grey value was determined using an Image J software.
Three independent experiments were performed.

Xenograft Tumors in Nude Mice

Thirty-six BALB/c female nude mice (3—4 weeks old, 14 +
2 g) purchased from SLAC Laboratory Animal Co., Ltd.
(Shanghai, China) were acclimated in a suitable condition
(25-27°C, 45-50% humidity) for one week and allowed
standard chow pellets and water ad /ibitum. The mice were
allocated into 6 groups: sh-NC, sh-LUCAT1, sh-LUCAT1
+ inhibitor NC, sh-LUCAT1 + miR-493 inhibitor, sh-
LUCAT1 + oe-NC, and sh-LUCAT1 + oe-ADAMI10
groups. Well-transfected cells were adjusted to 1 x 107
cells/mL, and each mouse was implanted with 20 pL cell
suspension. Then, the growth of xenograft tumors was
monitored and recorded. The volume (V) of tumors was
determined every week as the following formula: V = a x
b%/2, where “a’ indicates the length while ‘b’ indicates the
width. On the 42nd d, the mice were euthanized through
an intraperitoneal injection of overdose of pentobarbital
sodium (150 mg/kg) to collect and weigh the tumors. The
study was ratified by the Ethics Committee of Beijing
Tongren Hospital, Capital Medical University. Animal
experiments were performed in compliance with the
Ethical Guidelines for The Study of Experimental Pain in
Conscious Animals. Great efforts were made to minimize
the number and pain of animals.

Statistical Analysis

Data were analyzed using the SPSS 21.0 system (IBM
Corp. Armonk, NY, USA). Data were exhibited as mean
+ standard deviation (SD) from at least three independent
experiments. Differences were compared by #-test (for two
groups) and one-way or two-way analysis of variance
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(ANOVA, for multiple groups) followed by Tukey’s multi-
ple comparisons test. The clinical information of patients
was analyzed by Fisher’s exact test. p was obtained from
two-tailed tests, and p < 0.05 was considered statistically
significant.

Results
Silencing of LUCAT | Inhibits Proliferation

but Promotes Apoptosis of TC Cells
LUCAT1 (Ensembl: ENSG00000248323) was suggested
as a potential prognostic biomarker for PTC patients."?
But its exact functions on TC cell behaviors and the
molecular mechanisms are largely unknown. Here, we
first determined expression of LUCATI in the collected
tumor and normal samples from 47 patients. It was
found that the LUCAT1 expression was notably higher
in the tumor tissues than that in normal ones (Figure
1A). Then, according to the average value of LUCAT1
expression (3.07), the samples were allocated into high-
LUCATI (n = 23) and low-LUCAT1 expression (n = 24)
groups. Then, the correlation between LUCAT1 expres-
sion and the clinical parameters was analyzed (Table 2).
It was found that high expression of LUCAT! was
linked to lymph node metastasis, increased tumor node
metastasis stage, and poor tumor differentiation. Then,
we determined LUCATI1 expression in TC cell lines
(8305C, HTC-C3, B-CPAP and TPC-1) and in Nthy-
ori3-1 cells. The RT-qPCR results suggested that the
expression of this IncRNA was notably higher in the
TC cell lines than that in Nthy-ori3-1 cells, especially
in B-CPAP and TPC-1 cells, which were used for the
subsequent experiments (Figure 1B).

Next, artificial downregulation of LUCAT1 was
introduced in B-CPAP and TPCl1 cells lines through
administrating shRNAs. Three shRNAs including sh-
LUCATI-1, sh-LUCAT1-2 and sh-LUCAT1-3 were
used. It was found that sh-LUCATI1-1, sh-LUCAT1-2
and sh-LUCAT1-3 inhibited the LUCAT1 expression in
both cell lines (Figure 1C). The sh-LUCATI1-1, which
presented the highest interfering efficiency, was selected
for further use.

Then, the biological behaviors of cells were deter-
mined. The CCK-8 method results suggested that pro-
liferation of B-CPAP and TPC-1 cells was decreased
after LUCAT!1 downregulation (Figure 1D). A similar
trend was found in the colony formation ability of both
cells (Figure 1E). In addition, the flow cytometry results

showed that after sh-LUCAT1 administration, the apop-
tosis rate of B-CPAP and TPC-1 cells was increased
(Figure 1F). Accordingly, the cell cycle was increasingly
arrested in the GO/G1 phase (Figure 1G). The Western
blot assay further evidenced that the expression of apop-
totic Bax in cells was increased while the expression of
anti-apoptotic Bcl-2 was decreased upon LUCATI
downregulation (Figure 1H).

Silencing of LUCAT | Inhibits Migration

and Invasion of TC Cells

The Transwell assay results showed that silencing of
LUCAT1 led to a decline in number of migrated and
invaded cells in both B-CPAP and TPC-1 cells (Figure
2A and B). In concert with this, the wound-healing assay
also suggested that silencing of LUCAT1 reduced the
migration ability of TC cells (Figure 2C). In a cytokine
perspective, the Western blot analysis found that the levels
of metastasis-related proteins N-cadherin and MMP in
sh-LUCAT1 transfection

cells were reduced after

(Figure 2D).

Overexpression of LUCAT| Promoted

the Malignant Behaviors of TC Cells

The above findings suggested that sh-LUCAT! sup-
pressed the malignancy of TC cells. Then, overexpres-
sion of LUCAT1 was also introduced in B-CPAP and
TPC-1 cells using oe-LUCAT1 vectors. The transfec-
tion efficacy was confirmed by RT-qPCR (Figure 3A).
Then, the CCK-8 and colony formation assays sug-
gested that the proliferation and viability of B-CPAP
and TPC-1 cells were increased (Figure 3B and C). The
flow cytometry results showed that the apoptosis and
cell cycle arrest at the GO/G1 phase were reduced upon
LUCAT1 overexpression (Figure 3D and E). In addi-
tion, the wound-healing and Transwell assays sug-
gested that overexpression of LUCAT] increased the
migratory and invasive potentials of TC cells (Figure
3F and G).

LUCAT | Upregulates ADAMI0 Through
Sequestering miR-493

To further explore the potential molecules involved, we
first determined the sub-cellular localization of LUCAT1
in B-CPAP and TPC-1 cells. The nuclear-cytoplasmic
RNA separation assay suggested that LUCAT1 was mainly
located in cytoplasm in cells (Figure 4A). The expression
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Figure | Silencing of LNCAT | inhibits proliferation but promotes apoptosis of TC cells. (A) Expression of IncRNA LUCAT | in tumor and normal tissues determined by RT-
qPCR; (B) LUCATI expression in TC cell lines (8305C, HTC-C3, B-CPAP and TPC-I) and in Nthy-ori3-| cells determined by RT-qPCR; (C),expression of LUCATI in
B-CPAP and TPC-1 cells after sh-LUCATI transfection determined by RT-qPCR; (D) proliferation of B-CPAP and TPC-| cells determined by CCK-8 method; (E) colony
formation ability of B-CPAP and TPC-| cells measured by colony formation assay (% 100); (F) apoptosis rate of cells determined by flow cytometry; (G) cell cycle distribution
in cells determined by flow cytometry; (H) protein levels of Bax and Bcl-2 in cells determined by Western blot analysis. Data were expressed as mean + SD from three
repeated experiments. Data were analyzed by paired t-test (A), unpaired t-test (E and F), and one-way (B and C) or two-way ANOVA (D, G and H). *p < 0.05, compared

to adjacent samples, Nthy-ori3-1 or sh-NC.
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Table 2 Correlation Between LUCAT | Expression and Clinical Parameters of TC Patients
Parameters LUCAT| Expression p value
Low Expression (n=24) High Expression (n=23)
Sex Male (n=18) 8 (44.44%) 10 (55.56%) 0.5556
Female (n=29) 16 (55.17%) 13 (44.83%)
Age 2 55 (n=12) 5 (41.67%) 7 (58.33%) 05171
< 55 (n=35) 19 (54.29%) 16 (45.71%)
Lymph node metastasis Positive (n=31) 12 (38.71%) 19 (61.29%) *0.0305
Negative (n=16) 12 (75.00%) 4 (25.00%)
Extra thyroidal extension Positive (n=30) 17 (56.67%) 13 (43.33%) 0.3715
Negative (n=17) 7 (41.18%) 10 (58.82%)
TNM stage I/l (n=26) 17 (65.38%) 9 (34.62%) *0.0415
/v (n=21) 7 (33.33%) 14 (66.67%)
Differentiation Poor (n=20) 6 (30.00%) 14 (70.00%) *0.0189
Well (n=27) 18 (66.67%) 9 (33.33%)

Note: *Indicates statistical significance.
Abbreviations: TC, thyroid carcinoma; TNM, tumor node metastasis.

of miR-493 and ADAMIO in the collected tumor and
adjacent normal ones was determined by RT-qPCR, and
miR-493 was found to be poorly expressed while
ADAMI10 was highly expressed in the tumor tissues
(Figure 4B). Further, we measured expression of miR-
493 and ADAM10 mRNA in TC cell lines and in Nthy-
ori3-1. It was found that miR-493 was highly expressed in
8305C, HTC-C3, B-CPAP and TPC-1 cells compared to
that in Nthy-ori3-1 cells (Figure 4C).

Binding sites between LUCAT1 and miR-493, and
between miR-493 and ADAMI10 were first predicted on
Starbase, and the luciferase vectors containing the WT
and MT sequences were constructed (Figure 4D and E).
Then, these binding relationships were further confirmed
through luciferase assays. Compared to mimic NC trans-
fection, cells co-transfected with miR-493 mimic and
ADAMI10-3'UTR-WT or LUCATI1-WT vectors pre-
sented significant reduced Iluciferase activity, while
those transfected with MUT vectors showed little
changes (Figure 4F and G). Then, altered expression
of LUCAT1 or miR-493 was introduced in B-CPAP
and TPC-1 cells. It was found that overexpression of
LUCATI led to a decline in miR-493 expression but an
increase in ADAM10 mRNA expression, while silencing
of LUCATI led to converse results (Figure 4H). After

miR-493 mimic transfection, LUCATI] expression
showed little changes, miR-493 was increased, while
the mRNA expression of ADAMI0 was notably
decreased. Again, miR-493 inhibitor treatment resulted
in opposite trends (Figure 4H).

LUCAT | Mediates Proliferation and
Colony Formation of TC Cells Through
the miR-493/ADAMI10 Axis

Downregulation of miR-493 or wupregulation of
ADAMI10 was further introduced in B-CPAP and TPC-
1 cells with stable sh-LUCAT1 transfection. According
to the CCK-8, colony formation and flow cytometry
results, it was found the inhibition in cell proliferation
and colony formation and the increase in cell apoptosis
by sh-LUCAT1 were counteracted by miR-493 inhibitor
or oe-ADAMI10 (Figure 5A-C). In addition, the cell
cycle arrest in GO/G1 phase induced by sh-LUCATI1
was then blocked by miR-493 inhibitor or oe-
ADAMI10 with an increased number of cells entered
the S phase (Figure 5D). These results indicate that
miR-493 upregulation and ADAMI10 downregulation
are possibly responsible for the tumor-suppressing
events of LUCATT silencing.
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Figure 2 Silencing of LUCAT inhibits migration and invasion of TC cells. (A and B) Number of migrated (A) and invaded (B) B-CPAP and TPC-I cells determined by
Transwell assays (x 100); (C) migration ability of B-CPAP and TPC-I cells determined by a wound-healing assay; (D) protein levels of N-cadherin and MMP-9 in B-CPAP and
TPC-1I cells measured by Western blot analysis. Data were expressed as mean * SD from three repeated experiments. Data were analyzed by unpaired t-test (A=C) or two-

way ANOVA (D). *p < 0.05, compared to sh-NC.

The LUCAT |/miR-493/ADAM|0
Network Regulates Migration and

Invasion of TC Cells and the Activation of
the JAK-STAT Signaling Pathway

Likewise, migration and invasion of B-CPAP and TPC-
1 cells were measured as well. The Transwell assay
and scratch test results suggested that further inhibition
of miR-493 or upregulation of ADAMI10 elevated the
number of migratory and invasive cells that were first
reduced by sh-LUCAT1 (Figure 6A—C). Again, the
Western blot analysis showed that the levels of
N-cadherin and MMP-9 in cells were recovered by
miR-493 inhibitor or oe-ADAMI10 (Figure 6D).
ADAMI10 was recently noted to be linked to the acti-
vation of the JAK-STAT signaling pathway and could
increase the growth and metastasis of colorectal
cancer.'® noticed that the ADAMI0

Here, we

expression of STAT3 was
decreased by sh-LUCAT1 but then recovered following
further administration of miR-493 inhibitor or oe-
ADAMI10 (Figure 6D), indicates that the JAK-STAT3
signaling is possibly involved in the LUCAT 1-mediated

events.

and phosphorylation

Silencing of LUCAT | Inhibits Growth of

Xenograft Tumors in Mice

B-CPAP cells with stable transfection were implanted into
nude mice for in vivo experiments. It was found that
silencing of LUCATI in cells reduced the volume and
weight of xenograft tumors (Figure 7A—C). Still, this inhi-
bition was blocked by further administration of miR-493
inhibitor or oe-ADAMI10 in B-CPAP cells. These results
suggest that LUCATI1 also inhibits growth of xenograft
tumors in mice through the miR-493/ADAMI10 axis.
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Figure 3 Overexpression of LUCAT| promoted the malignant behaviors of TC cells. (A) LUCAT I expression in B-CPAP and TPC-I cells after oe-LUCATI transfection
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International Journal of General Medicine 2020:13

submit your manuscript

855

Dove


http://www.dovepress.com
http://www.dovepress.com

Xiong et al Dove

B
200 B-CPAP 200 TPC-1 fsed _ =) _
. ~ 2 2.0 % < 40 .
L = Cytoplasm 9 x g
T 150 mm Nuclear 3 150-| = Cytoplasm E s < 3.0
3 3 m= Nuclear ° RS °
<
2 20 i ~~HER LU R EO
2 g g g
s T 50 ® 05 ® 1.0
E: 2 £ 2
K ©
0- oo ; 200 T T
GAPDH U6  LUCATI GAPDH  Us  LUCATT Adjacent - Adjacent  Tumor
C = Nthy-ori3-1
4 y D F s m= mimic NC
=T 8305C * R493 mimi
5 LUCAT1-WT : & AAGA! - AAUGUACAC 3’ == miR-493 mimic
9] BT HTC-C3 l _.,IS uc . UCUUAAGAUCUG UGUACAC
2 3 miR-493 : 3' UUACUUUCGGAUGGUACAUGUU 5' 2 T T
5 =T B-CPAP £ 1.0 T
] LUCAT1-MUT : 5 UCAUUUGAUGAG- AUACAUGUC 3 B
[ * ]
& 5| ™ TPC-1 T % ?
o T 2
3 ©
o E 2 0.5 .
21 B . % IT ADAM10-WT : 5 CAAAAUACAGCUUUUUGUACAU 3' 3 ~
& ] I;I kS * miR-493 : 3 UUACUUUCGGAUGGUACAUGUU 5 H
0- [1 ADAM10-MUT : 5 CAAAAUACAGCUUUUACAUGUU 3 0.0~ T T
miR-493 ADAM10 LUCAT1-WT LUCAT1-MUT
G H m oe-NC = mimic NC m oe-NC = mimic NC
= o0e-LUCAT1 == miR-493 mimic =1 o0e-LUCAT1 = miR-493 mimic
== sh-NC B inhibitor NC == sh-NC B inhibitor NC
15— ™= mimic NC o 5 ) R 5— ’ L
. < = sh-LUCAT1 1= miR-493 inhibitor - = sh-LUCAT1 1= miR-493 inhibitor
=1 miR-493 mimic 5 s o
@ 44 i | 44 i T
— c
:‘g 1.0 il T T T 5 " . e 3 . o
g Q [ T I 337 [ ¥ 1
Q S 5
o 3 27 B 27
o 0.5 o 2
= * 3 [}
3] T . o
3 é 1 -1t 1 1||lzllz il I oz s 14 T orrx1T o1 or|lrllz tflr E oz
H ¢ LI LD 18010l ¢, JOLR:R0L Lalbd LEd:d
0.0- T E 0 ITI H T 11 ﬂl i % 0 IT| H T ﬁ ”| Il
ADAM10-WT ADAM10-MUT & LncRNA LUCAT1 miR-493 ADAM10 E LncRNA LUCAT1 miR-493 ADAM10

Figure 4 LUCATI upregulates ADAMIO through sequestering miR-493. (A) Sub-cellular localization of LUCATI in B-CPAP and TPC-| cells determined by a nuclear-
cytoplasmic RNA separation assay; expression of miR-493 and ADAMI0 mRNA in the collected tumor and adjacent normal ones determined by RT-qPCR; (C) expression of
miR-493 and ADAMI0 mRNA in TC cell lines and in Nthy-ori3-1 determined by RT-qPCR; (D-E) putative binding sites between LUCAT | and miR-493 (D), and between
miR-493 and ADAMI0 (E) and the MT sequences used for luciferase assay; (C, F=G) binding relationships between LUCAT | and miR-493 (F), and between miR-493 and
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Discussion which is possibly participating in TC progression, during
Though the prognosis is better than many other malignan- ~ Which the JAK-STAT activation is activated.
cies, TC remains a high health concern due to the increas- Emerging evidence has noted the implications of

ing incidence and the possibility to death.® During the IncRNAs in pathogenesis, diagnosis and therapy in TC
conventional radioiodine treatment, patients are exposed because of their mediation in angiogenesis, metastasis, pro-
to higher risks of developing radioiodine-refractory dis- liferation apoptosis, and differentiation of cancer cells.'?%°
ease or being overtreated, therefore additional biomarkers ~ For example, IncRNA ZFAS1?' and IncRNA H19** were
may be beneficial and helpful for making decisions.'” In  recently found as potential biomarkers, reversely relating to
this research, we evidenced a novel ceRNA network invol-  the prognosis of TC patients. Similarly, downregulation of

ving aberrant expression of LUCAT1/miR-493/ADAMI10 IncRNA AFAP1-AS1 was recently evidenced to promote
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Figure 5 LUCAT| mediates proliferation and colony formation of TC cells through the miR-493/ADAMI10 axis. (A) Proliferation of B-CPAP and TPC-1 cells determined by
CCK-8 method; (B) colony formation ability of B-CPAP and TPC-1 cells evaluated by colony formation assay; (C) apoptosis of cells measured by flow cytometry; (D) cell
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NC.
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Figure 6 The LUCAT I/miR-493/ADAMI0 network regulates migration and invasion of TC cells and activates the JAK-STAT signaling pathway. (A-=B) Number of migrated
(A) and invaded (B) B-CPAP and TPC-| cells determined by Transwell assays (x 100); (C) migration of B-CPAP and TPC-I cells determined by a wound-healing assay; (D)
protein levels of N-cadherin, MMP-9, and STAT3, and phosphorylation of STAT3 in cells determined by Western blot analysis. Data were expressed as mean + SD from three
repeated experiments. Data were analyzed by one-way or two-way ANOVA followed by Tukey’s multiple comparison’s test. *p < 0.05, compared to sh-LUCAT| + inhibitor
NC, #p < 0.05, compared to sh-LUCATI + oe-NC.
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Figure 7 Silencing of LUCAT inhibits growth of xenograft tumors in mice. (A) Images of the xenograft tumors in each group; (B) a statistical chart for tumor volume
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apoptosis while inhibiting tumor growth and metastasis in
TC.> As aforementioned, LUCAT1 has been suggested as
a prognostic biomarker for PTC. Here, we first identified
a high-expression profile of LUCATT1 in TC cell lines. Then,
artificial downregulation of LUCAT1 was introduced in TC
cell lines, after which the proliferation, colony formation,
migration and invasion, and resistance to apoptosis of TC
cells were decreased. In a cytokine perspective, the expres-
sion of metastasis-related factors N-cadherin and MMP-9 in
cells was decreased after LUCAT1 downregulation. The
oncogenic functions of LUCAT1 have been well recog-
nized. It was reported to regulate the stemness and trigger
the progression of breast cancer with the involvement of the
miR-5582-3p/TCF7L2 axis* Likewise, LUCAT1 was
found to trigger malignant behaviors from proliferation
and invasion to chemo-resistance of cells in different cancer
types.”>® Here, we confirmed the implication of aberrant
LUCAT1 expression in TC pathogenesis as well. In addi-
tion, the animal experiments where silencing of LUCAT1
inhibited growth of xenograft tumors in nude mice further
validated its tumorigenic role in vivo.

Importantly, the data on a Starbase suggested a possible
interaction among LUCAT1, miR-493 and ADAMI10. Then,
the binding relationships between LUCAT1 and miR-493, and
between miR-493 and ADAM10 were validated through luci-
ferase assays. And as expected, miR-493 presented a converse
correlation while ADAM10, yet showed a positive correlation
with LUCAT1 expression in TC cells. Further, inhibition of
miR-493 or upregulation of ADAM10 was found to block the
inhibitory roles of LUCATT1 silencing in cells. Though there is
limited evidence concerning the correlation between miR-493
and TC, studies have noted that it serves as a tumor suppressor.
For instance, silencing of miR-493 was found to increase the
resistance of lung cancer cells to cisplatin by targeting
TCRP1.?” On the contrary, high expression of miR-493-5p
was positively associated with the treating outcome of lung
cancer patients.”® miR-493-3p was found to directly target five
different mRNAs to trigger apoptosis of ovarian cancer cells.”’
Here, we identified a similar function of miR-493 in TC,
indicating miR-493 inhibition is involved in the events
mediated by LUCAT1. As for ADAMIO, it is a member of
the ADAMSs family that modulates a wide array of cellular
functions including cell adhesion, migration, proteolysis and
other cell-signaling events.>® ADAMI0 itself has been impli-
cated in multiple human diseases from neurodegeneration to
cancer, thus serving as a promising therapeutic target.’'~*
Silencing of ADAM10 by miRNAs has been evidenced to
reduce malignancy of cancer cells.'”** Here, a similar trend

was found in TC. Intriguingly, activation of the JAK-STAT
signaling was found to be responsible for the oncogenic effect
of ADAMI0 in colorectal cancer.'® This signaling pathway
has disclosed highly conserved programs correlating cytokine
signaling with the mediation of key cellular mechanisms
including proliferation, invasion, survival, inflammation and
immunity, leaving its aberrant activation leading to cancer
progression®® including that of TC.*® In this research, we
noted that silencing of miR-493 or upregulation of
ADAMIO0 increased phosphorylation of STAT3, implying
that this signaling is possibly accountable for the oncogenic
role of LUCAT]I.

Conclusion

To sum up, this study evidenced that LUCATI increases
ADAMI0 expression through sequestering miR-493, leading
to JAK-STAT activation and growth and metastasis of TC
cells. These molecules may serve as novel prognostic biomar-
kers or novel therapeutic targets for TC. We hope more studies
in this field will be performed to offer more ideas for TC
control.
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