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aimed to examine the expression p , determine the effects of miR-

675 on regulating the progr to explore the underlying molecular

mechanisms.

Methods: The expression
using RT-qPCR. CCK-8, t
nude mice were g
ctively. The putative target of miR-675 was predicted
and was confirmed using luciferase reporter assays,

atients. Ectopic miR-675 expression suppressed PTC cell proliferation, migration,
in vitro and hindered tumor growth in vivo. Mitogen-activated protein kinase 1
bs found to be the direct target gene of miR-675 in PTC cells. MAPKI
troduction negated the tumor-suppressing effect of miR-675 overexpression in PTC
ce urthermore, the IncRNA mitochondrial RNA processing endoribonuclease (RMRP)
functioned as a ceRNA of miR-675 in PTC cells. Silencing RMRP expression inhibited the
growth and metastasis of PTC cells by sponging miR-675 and regulating MAPK1.
Conclusion: These findings revealed that miR-675 directly targets MAPK1 and is sponged
by IncRNA RMRP to inhibit the oncogenicity of PTC, suggesting the RMRP-miR-675-
MAPKI1 pathway is an effective target for the treatment of PTC patients.

Keywords: papillary thyroid cancer, microRNA-675, mitogen-activated protein kinase 1,

component of mitochondrial RNA processing endoribonuclease

Introduction

Thyroid cancer, the most common malignant endocrine tumor, accounts for about
2% of all newly diagnosed cases of cancers globally.! The morbidity of thyroid
cancer has been increasing year by year worldwide.? Thyroid cancer can be divided
into four major histological subtypes, including papillary thyroid cancer (PTC),
follicular thyroid cancer, poorly differentiated carcinoma, and anaplastic thyroid
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cancer.” PTC is the most prevalent histological subtype of
thyroid cancer and accounts for approximately 85-90% of
all thyroid cancer cases.* Currently, thyroidectomy, in
combination with radioiodine ablation and thyroid-stimu-
lating hormone-suppressive therapy, is the primary treat-
ment for patients with PTC.> Most patients exhibit
improved therapeutic outcomes after standard therapy;
however, patients diagnosed at an advanced stage have a
poorer prognosis.® Therefore, elucidating the underlying
molecular mechanisms that contribute to PTC pathogen-
esis and development is imperative for the identification of
novel therapeutic techniques for the treatment of this
disease.

MicroRNAs (miRNAs) are a series of non-coding short
RNA molecules approximately 17-21 nucleotides long.
They are implicated in the regulation of gene expression
by directly interacting with partially complementary
sequences in the 3'-untranslated regions (3'-UTRs) of
their target genes, which causes translational suppression
and/or mRNA degradation.” It is estimated that over one
half of all miRNAs are located at cancer-related chromo-
somal regions, suggesting that miRNAs may play impor-
tant roles in carcinogenesis and cancer progression.® 22
Numerous studies have emphasized the crucial roles
dysregulated miRNAs in the malignant progression o

cesses, such as cell proliferation, the
and metastasis.'" miRNAs that a
play oncogenic roles through t
pressor genes, '3
lated in PTC have tum

targeting oncogenes.

whereas

ingly, miRNAs may be

attractive biomarke i@ treating, and pre-

dicting the p
A mily

non-coding A

Long

& are longer than 200 nucleo-
otein-coding function.'® An increasing
e demonstrated that IncRNAs have
important regulatory roles in nearly all cellular physiolo-

processes.lg*21

tides and have n¥

number of studies I
gical and pathological Specifically,
IncRNAs are aberrantly expressed in PTC and their aber-
rant expression contributes to the aggressive behavior of
PTC through their interactions with proteins, miRNAs, or
mRNAs.?? Thus, exploring the influence of IncRNAs on
the development of malignant PTC is essential for the

development of effective treatment strategies for PTC.

miR-675-5p (miR-675) is dysregulated in multiple
types of human cancer.>*?’ However, the expression
level, biological roles, and underlying mechanisms of
miR-675 in PTC remain largely to be investigated.
Therefore, in this study, the expression pattern of
miR-675 in PTC was examined and the regulatory effects
of miR-675 on PTC progression were determined by a
series of in vitro experiments. Furthermore, the underlying
molecular mechanisms of miR-675 in regulating PTC pro-
gression were also explored.

Materials and meth
Human tissue speci

mittee of
ordance with

gical surgery, chemotherapy, or radio-
s were snap-frozen in liquid nitrogen

hree PTC cell lines (HTH83, BCPAP, and TPC-1) and a
rmal human thyroid cell line (HT-ori3) were purchased
from American Type Culture Collection (Manassas, VA,
USA). All cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% v/v heat-inacti-
vated fetal bovine serum (FBS), 100 U/mL penicillin, and
100 mg/mL streptomycin (all from Invitrogen, Carlsbad,
CA, USA). Cells were maintained at 37 °C in a humidified
incubator supplemented with 5% CO,.

Transfection assays

miR-675 mimics, miRNA mimic negative control (miR-
NC), miR-675 inhibitor and NC inhibitor were purchased
from RiboBio (RiboBio, Guangzhou, China). Full-length
MAPKI1 sequences lacking the 3-UTR were chemically
synthesized by GenePharma (Shanghai, China) and cloned
into pcDNA3.1 plasmid to construct MAPK1 overexpres-
sion plasmid (pc-MAPKI1). Small interfering RNAs
(siRNAs) against MAPK1 (si-MAPK1) and RMRP
(si-RMRP) and negative control siRNA (si-NC) were pur-
the
(Changchun, China). Cells were plated onto 6-well plates

chased from Chinese Academy of Sciences
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at a density of 5x10° cells/well. After an overnight incuba-
tion, cells were transfected with miR-675 mimics
(100 pmol), miR-NC (100 pmol), miR-675 inhibitor
(100 pmol), NC inhibitor (100 pmol), pcDNA3.1 (4 pg),
pc-MAPK1 (4 pg), si-MAPKI1(100 pmol) or si-NC
(100 pmol) 2000
(Invitrogen), in accordance with the manufacturer’s proto-
col. Cells were then incubated at 37 °C under 5% CO,.
After incubation 48 h, the transfection efficiency was

using Lipofectamine reagents

evaluated using reverse transcription-quantitative polymer-
ase chain reaction (RT-qPCR). Transfected cells were used
in subsequent experiments after various incubation times.

Total RNA extraction and RT-qPCR

Total RNA was isolated from tissue specimens or cells
using TRIzol reagent (Invitrogen) according to the manu-
facturer’s protocol. To quantify miR-675, first strand com-
plementary DNA (cDNA) was synthesized from total
RNA using a TagMan MicroRNA Reverse Transcription
Kit (Applied Biosystems, Foster City, CA, USA). The
temperature protocol for reverse transcription was as fol-
lows: 16 °C for 30 min, 42 °C for 30 min and 85 °C for
5 min. Subsequently, quantitative PCR (qPCR) was per-
formed using a TagMan MicroRNA PCR Kit ( g
Biosystems, Foster City, CA, USA), with U6 small n
as an internal reference. The temperaturg
gPCR was as follows: 50 °C for
10 min; 40 cycles of denaturation 4

as an endogS@mus control for normalizing MAPK1 and
RMRP expressi®h. Relative gene expression was calcu-
lated using the 2 22" method.?®

The primers were designed as follows: miR-675, 5'-
UGGUGCGGAGAGGGCCCACAGUG-3" (forward) and
5-TGGTGTCGTGGAGTCG-3' (reverse); U6, 5'-CTCGC
TTCGGCAGCACA-3' (forward) and 5-AACGCTTCAC
GAATTTGCGT-3' (reverse); RMRP, 5'-ACTCCAAAGT
CCGCCAAGA-3' (forward) and 5'-TGCGTAACTAGAG
GGAGCTGAC-3' (reverse); MAPKI1, 5-TGGATTCCC

TGGTTCTCTCTAAAG-3' (forward) and 5-GGGTCTG
TTTTCCGAGGATGA-3' (reverse); and GAPDH, 5'-
CGGAGTCAACGGATTTGGTCGTAT-3' (forward) and
5-AGCCTTCTCCATGGTGGTGAAGAC-3’ (reverse).

Cell counting kit-8 assay

Transfected cells were collected 24 h after incubation and
were inoculated into 96-well plates at a density of 2,000
cells/well. A cell counting kit-8 (CCK-8) assay was used
to detect cell proliferation at four time points subsequent

to inoculation (0, 24, 48, and 7 Briefly, transfected

egent (Dojindo
ditional 2 h.

0° transfected cells was seeded into the
ment of transwell chambers (Corning
, Corning, NY, USA) that were precoated
atrigel (BD Biosciences, San Jose, CA, USA).
The lower compartments were filled with 500 pL of
DMEM containing 20% FBS. After 24 h of incubation,
non-invading cells were gently removed using a cotton
swab, while the invading cells were fixed in 100% metha-
nol and stained with 0.5% crystal violet. Transwell migra-
tion assays were performed using an experimental
procedure similar to the invasion assay, except that
Matrigel was not used to coat the transwell chamber.
Migratory and invasive capacities were determined by
counting the number of cells that migrated or invaded in
five representative microscopic fields under a light micro-
scope (IX53; Olympus, Tokyo, Japan).

Xenograft tumors in nude mice

Nude BALB/c mice (female, 20 g, 4-5 weeks of age) were
purchased from Vital River Laboratory Animal
Technology (Beijing, China) and maintained in special
pathogen-free conditions (25 °C; 50% humidity; 10-h
light/14-h dark cycle). TPC-1 cells transfected with
miR-675 mimics or miR-NC were collected after 24 h of
incubation and then subcutaneously injected into nude
mice (n=4 for each group). Two weeks later, the width

and length of tumor xenografts that formed in nude mice
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were measured every 2 days using a Vernier caliper. All
nude mice were sacrificed 4 weeks after cell implantation
and tumor xenografts were resected and weighed. Tumor
volume was calculated according to the formula:
volume = (length x width?)/2. Animal experimental pro-
tocols were approved by the Animal Care Committee of
the JinLing Hospital and were performed in accordance
with the Animal Protection Law of the People’s Republic

of China-2009.

Bioinformatic algorithms

LncBase Experimental version 2.0 (http://carolina.imis.
athena-innovation.gr/diana_tools/web/index.php?r=Incba
sev2%?2findex-experimental) was employed to predict the
miR-675-RMRP axis. The putative targets of miR-675
were determined using TargetScan (www.targetscan.org)
and miRanda (www.microrna.org).

Luciferase reporter assays

3-UTR fragments of MAPKI1 containing the predicted
wild-type (wt) or mutant (mut) miR-675 binding site
were amplified by GenePharma (Shanghai, China) and
inserted into pMIR-REPOR (Promega Corp., Madison,
WI, USA) to generate MAPK1-wt and MAPK1-mut pl
mids, respectively. The luciferase reporter plasmid
RMRP-wt and RMRP-mut, were created in a sigighs

Western J#0 p
Total protd Eatad from cultured cells using RIPA
Lysis and EX on Buffer (Thermo Fisher Scientific,

Waltham, MA,@SA) and then quantified using a
BCATM Protein ASay Kit (Thermo Fisher Scientific).
Equal amounts of protein were separated on 10% SDS-
PAGE and transferred to polyvinylidene fluoride mem-
branes (Beyotime Institute of Biotechnology, Shanghai,
China). Following blocking by incubation with 5%
skimmed milk, membranes were incubated overnight at
4 °C with mouse antibodies against MAPK1 (1:1,000

sc-32233; Santa Cruz Biotechnology Inc.), followed by
further incubation with goat anti-mouse horseradish per-
oxidase-conjugated secondary antibody (1:5,000 dilution;
sc-516132; Santa Cruz Biotechnology Inc.) for 2 h at room
temperature. Protein signals were visualized using an
Immobilon Western Chemiluminescent HRP Substrate
(EMD Millipore, Billerica, MA, USA). GAPDH served
as an internal control.

Statistical analysis

Data are shown as mean + standard . All statis-

he expression profile of miR-675 in PTC
d its correlation with

clinicopathological parameters

To determine the role of miR-675 in PTC, we first mea-
sured miR-675 expression in 57 pairs of PTC and adjacent
normal tissues using RT-qPCR. miR-675 was clearly
downregulated in PTC tissues compared to adjacent nor-
mal tissues (Figure 1A, P<0.05). In addition, we also
examined the expression of miR-675 in different PTC
cell lines. The expression level of miR-675 was lower in
all three PTC cell lines (HTH83, BCPAP, and TPC-1)
relative to its expression in a normal human thyroid cell
line (HT-ori3; Figure 1B, P<0.05).

Based on the median miR-675 expression level in PTC
tissues, all patients with PTC were divided into two
groups: high miR-675 expression group (miR-675 expres-
sion above the median value) and low miR-675 expression
group (miR-675 expression below the median value). The
association between miR-675 expression and clinicopatho-
logical parameters in patients with PTC was explored and
the results are shown in Table 1. Lower levels of miR-675
expression were correlated with lymphatic metastasis

dilution; sc-81459; Santa Cruz Biotechnology Inc.,
Dallas, TX, USA) or GAPDH (1:1,000 dilution;
73 I o submit your manuscript

Dove
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Relative
miR-675 expression

(HT-ori3). *P<0.05 vs HT-ori3.

Table | The association between miR-675 and clinicopathologi-
cal parameters in patients with PTC

Parameters miR-675 expression P
Low High
Age 0.792
<60 years 15 16
260 years 14 12
Gender 0.585
Male 9 I
Female 20 17
Tumor size 0.
<5 cm 19 22
25 cm 10
Lymphatic metastasis
Negative 14 2
Positive 15 3
TNM stage 0.007%
-l
-1v 6

Note: *P<0.05.

miR-675 suppressed the growth and
metastasis of HTH83 and TPC-1I cells in

vitro

To explore the function of miR-675 in PTC progression,
HTHS83 and TPC-1 cells, which express relatively low
levels of miR-675 among the three PTC cell lines used
in this study, were transfected with miR-675 mimics or
miR-NC. RT-qPCR analysis demonstrated that miR-675

Relative
miR-675 expression

re 2B, P<0.05). Transwell migration and
indicated that miR-675 expression inhib-
ratory (Figure 2C, P<0.05) and invasive
joure 2D, P<0.05) abilities of HTH83 and TPC-1 cells.
T results demonstrated that miR-675 exhibited inhibi-
tory effects on the growth and metastasis of PTC cells.

miR-675 directly targeted MAPK| in PTC

cells

To clarify the mechanisms underlying the activity of miR-
675 in PTC cells, bioinformatic algorithms (TargetScan
and miRanda) were utilized to predict the potential targets
of miR-675. Among these candidates, MAPK1 was chosen
for further investigation because it is implicated in the
pathogenesis of PTC (Figure 3A).?*>° Luciferase reporter
assays were then performed to determine whether the
3'-UTR of MAPKI1 could be directly targeted by miR-
675 in PTC cells. HTH83 and TPC-1 cells were transiently
co-transfected with MAPK 1-wt or MAPK 1-mut, and miR-
675 mimics or miR-NC. After transfection, luciferase
of
miR-675 resulted in the significant downregulation of
MAPKI1-wt luciferase activity in HTH83 and TPC-1
3B, P<0.05), but did not affect
MAPKI1-mut luciferase activity, suggesting that miR-675
could recognize and bind to the 3'-UTR of MAPKI in
PTC cells.

reporter assays were performed. Upregulation

cells (Figure
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o
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o
2
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0 T
miR-NC miR-675 mimics miR-NC miR-675 mimics
HTH83 TPC-
D

miR-675 rpé miR-675 mimics

Invaded cells

miR-NC miR-675 mimics miR-NC miR-675 mimics
HTH83 TPC-1

Figure 2 miR-675 inhibits HTH83 and TPC-1 cell proliferation, migration, and invasion in vitro. (A) RT-qPCR analysis was performed to measure miR-675 expression in
miR-675 mimic- and miR-NC-transfected HTH83 and TPC-| cells. *P<0.05 vs miR-NC. (B) CCK-8 assay was used to evaluate the proliferation of HTH83 and TPC-1I cells
transfected with miR-675 mimics or miR-NC. *P<0.05 vs miR-NC. (C, D) Cellular migratory and invasive capacities were examined by transwell migration and invasion
assays in HTH83 and TPC-| cells after transfection with miR-675 mimics or miR-NC. *P<0.05 vs miR-NC.

To further examine the correlation between miR-675 MAPKI expression was found to be significantly upregu-
and MAPK]1 in PTC, RT-qPCR analysis was performed to  lated in PTC tissues (Figure 3C, P<0.05). In addition,
measure MAPK1 mRNA expression in PTC tissues. Spearman’s correlation analysis demonstrated an inverse
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A B HTH83 TPC-1
1.5 1E@miR-NC 1.5 13 miR-NC
> El miR-675 mimics > Bl miR-675 mimics
= =
MAPK1-3’-UTRwt  5° ..CUGCUGACCAUGCAGCCGCACCA... 3’ § 1.0 §
hsa-miR-675 3> GUGACACCCGGGAGAGGCGUGGU 5 g 8
MAPK1-3>-UTR mut 5° ..CUGCUGACCAUGCAGGGCGUGGA... 3’ g 05 g
g g
35 =
- -
0.0
WT MUT WT MUT
C D E
: ) R2=0.2823
6 67 . P<0.0001 C
<5 : <5 : g6
X9 4] =, 59 g g
< O < 0 S £
= s 200880 =5 o3
03 3 03 2Q
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o = 89,0 © = oy
O ¥ o o Y o G
hd c 04 c
T 0 T T T 1
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Relative

mMiR-675 express§

HTH83  TPC-1

qPCR was performed to measure MAPK |
to evaluate the relationship between mj

nd MAPK1 mRNA expres-
?=0.2823, P<0.0001).

results demonSged that MAPKI1 is a direct target gene
of miR-675 in PTC cells.

MAPKI reintroduction impaired miR-675
mimics-induced suppression of PTC cell

proliferation, migration and invasion

To examine the functional relevance of MAPKI1 targeting
by miR-675, we explored whether restoration of MAPK1
could abrogate the tumor suppressor activity of miR-675

1.5 9 miR-NC
iR-675 mimics

HTH83 TPC-1

(wt) or mutant (mut) miR-675 binding sequences in the 3’-UTR of MAPKI. (B) Relative
nsfected with MAPK|-wt or MAPK |-mut and miR-675 mimics or miR-NC. *P<0.05 vs miR-NC. (C) RT-
PTC and adjacent normal tissues. *P<0.05 vs normal tissues. (D) Spearman’s correlation analysis was used
ression in PTC tissues. R?=0.2823, P<0.0001. (E, F) MAPK| expression at mRNA and protein level
mimics or miR-NC. *P<0.05 vs miR-NC.

in PTC cells. HTH83 and TPC-1 cells with high levels of
miR-675 expression were transfected with the MAPKI1
overexpression plasmid, pc-MAPKI1, or an empty
pcDNA3.1 plasmid. Western blotting analysis showed
that MAPK1 protein expression that was reduced by the
upregulation of miR-675, was recovered by pc-MAPK1
co-transfection (Figure 4A, P<0.05). Next, functional
experiments indicated that miR-675 overexpression signif-
icantly suppressed the proliferation (Figure 4B, P<0.05),
migration (Figure 4C, P<0.05), and invasion (Figure 4D,
P<0.05) of HTH83 and TPC-1 cells, whereas these sup-
pressive effects were rescued by the restoration of MAPK1
expression. These results clearly showed that miR-675
inhibited the malignant phenotypes of PTC cells, at least
partly, by decreasing MAPK1 expression.
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[%2] [72]

je) Q0

S| V) Mna—— <
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HTH83
C D

miR-675 mimics+ miR-675 mimics+
pc-MAPK

€8H1H

1-Odl

# COmiR-NC
mm MiR-675 mimics+pcDNA3.1

200 4 i mimics+ENA3. 1
j @ MiR-675 mimics+pc-MAPK1

mimics+pCEPK1

100

Migrated cells

HTH83  TPC-1

LncRNA RMR
miR-675 in PTC cells progression.’* > Luciferase reporter assays were then per-
LncRNAs are known as to act as competing endogenous formed to determine whether miR-675 targeted RMRP in
RNAs (ceRNAs) for miRNAs.>' To determine whether ~FPTC. The RMRP-wt and RMRP-mut reporter plasmids,
miR-675 could be sponged by certain IncRNAs, bioinfor- along with miR-675 mimics or miR-NC, were transfected
matic analysis was performed, which identified a potential ~ into HTH83 and TPC-1 cells. Transfection with miR-675
miR-675 binding site in RMRP (Figure 5A). RMRP was mimics dramatically suppressed the luciferase activity of
selected for further analysis, as RMRP has been found to RMRP-wt in HTH83 and TPC-1 cells (Figure 5B,

functioned as a sponge of be closely related with the carcinogenesis and cancer
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Relativ
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Relative
miR-675 expression

HTH83 TPC-1

in RMRP, as predicted by bioinformatic analysis. (B) HTH83 and TPC-I cells were co-
e reporter assays were used to verify the miR-675 binding site in RMRP in HTH83 and

Bues was determined by Spearman’s correlation analysis. R?=0.3447, P<0.0001. (E) RMRP expression in
peasured by RT-qPCR. *P<0.05 vs si-NC. (F, G) miR-675 and MAPK| and protein levels in RMRP-inhibited

TPC-1 cells (Figure 5G, P<0.05). Collectively, our data
suggested that RMRP directly interacted with miR-675
and regulated MAPK1 expression, possibly by acting as
a ceRNA.

Downregulation of IncRNA RMRP
inhibited the proliferation, migration, and
invasion of HTH83 and TPC-| cells

To investigate the detailed role of RMRP in the malig-
nancy of PTC, si-RMRP or si-NC were transfected into
HTHS83 and TPC-1 cells and a series of functional experi-

PTC ti1§ with adjacent normal tissues
P<0.05). Furthermore, RMRP expression
was inversely W@prrelated with miR-675 expression in
PTC tissues (Figure 5D; R?=0.3447, P<0.0001). In addi-
tion, treatment with siRNA against RMRP (si-RMRP)

decreased RMRP expression (Figure SE, P<0.05) and sub-

sequently, increased miR-675 expression (Figure SF,
P<0.05) in both HTH83 and TPC-1 cells, as indicated by
RT-gPCR analysis. Furthermore, Western blotting analysis
showed that silencing RMRP expression significantly
decreased MAPKI1 protein expression in HTH83 and

ments were then performed. CCK-8 assays indicated that
the downregulation of RMRP effectively inhibited the
proliferation of HTH83 and TPC-1 cells (Figure 6A,
P<0.05). Moreover, RMRP knockdown restricted the
migration (Figure 6B, P<0.05) and invasion (Figure 6C,
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Decreasing RMRP expression inhibited
the growth and metastasis of HTH83 and
TPC-1 cells by sponging mir-675and
regulating MAPK| expression

To determine whether miR-675 can functionally rescue
RMRP function in PTC cells, RMRP decreasing-HTH83
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T T
HTH83 TPC-1

and TPC-1 cells were co-transfected with miR-675 inhibitor
or NC inhibitor. Firstly, RT-qPCR analysis showed that
transfection of miR-675 inhibitor efficiently silenced
miR-675 expression in HTH83 and TPC-1
(Figure 7A, P<0.05). Moreover, the upregulation of
miR-675 (Figure 7B, P<0.05) and the downregulation of
MAPKI1 protein (Figure 7C, P<0.05) in HTH83 and TPC-1
cells caused by RMRP knockdown was recovered after co-
transfection of miR-675 inhibitor. Furthermore, functional
experiments indicated that inhibition of miR-675 partially
neutralized the influence of RMRP knockdown on the

cells
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Figure 7 RMRPI regula
inhibitor in HTH83 and TP

proliferation \gure 7D, P<0.05), migration (Figure 7E,
P<0.05), and inWIsion (Figure 7F, P<0.05) of HTH83 and
TPC-1 cells. Taken together, these results suggested that
inhibition of RMRP could prevent PTC progression by tar-
geting the miR-675/MAPK1 axis.

miR-675 inhibited tumor growth in vivo

We next studied the effect of miR-675 upregulation on
xenograft tumor growth of PTC cells in nude mice. Tumor
inoculated with

volume was reduced in nude mice

=si-NC —
mmsi-RMRP+NC inhibitor
Esi-RMRP+

-5 miR-675 inhibitor
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inhibitor. (B, C) HTH83 and TPC-1 cells were transfected with si-RMRP in the presence of miR-675 inhibitor or NC
protein were detected by RT-qPCR and Western blotting analysis, respectively. *P<0.05 vs NC inhibitor. #P<0.05 vs si-

miR-675 compared with those inoculated with TPC-1
cells expressing miR-NC (Figure 8A and B, P<0.05).
Meanwhile, tumor weight in the miR-675 mimic group
was significantly less than in the miR-NC group
(Figure 8C, P<0.05). In addition, miR-675 expression
was detected in dissected tumor xenografts and miR-675
expression remained upregulated in tumor xenografts
derived from miR-675 mimic-transfected TPC-1 cells
(Figure 8D, P<0.05). Furthermore, the protein expression
of MAPKI1 in tumor xenografts was examined using
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Figure 8 miR-675 suppresses PTC tumor growth in vivo. (A) miR-675 mimics or miR-NC were_transfected in
representative image of tumor xenografts is shown. (B) Tumor growth was determined by mea
nude mice were sacrificed at the experimental end point. Tumor xenografts were then obtai
the miR-675 mimics and miR-NC groups was detected by RT-qPCR. *P<0.05 vs miR-NC. (|

determined by Western blotting. *P<0.05 vs miR-NC.

Western blotting. MAPK1 protein levels were lower
miR-675-overexpressing tumor xenografts (Figure 8
P<0.05). In summary, these findings revealeg
675 was able to hinder PTC tumor growt

Discussion
Recent studies have demonstr:
are dysregulated in PTC.?4

[Crapeutic targets for patients
with PTC. To th
study investigating

est of our knowledge, this is the first
2 role of miR-675 in PTC.

miR-675 is upregulated in multiple types of human
cancer. For instance, miR-675 is highly expressed in breast
cancer and its level of expression is significantly correlated
with tumor grade.”® miR-675 is also overexpressed in head
and neck squamous cell carcinoma,”® bladder cancer,”
and hepatocellular carcinoma.’®*” In contrast, miR-675 is
expressed at low levels in non-small cell lung cancer,*

adrenocortical adenoma,** prostate cancer,’’ pancreatic

Time (days after injection)

Relative
miR-675 expression
®
>
T
o
) T
Relative MAPK1
protein expression

C-1 cells and then injected to nude mice. A
r volume eve ys for 4 weeks. *P<0.05 vs miR-NC. (C) All
nd weighed. *P<0.05 vs miX-NC. (D) The expression level of miR-675 in
ression in the miR-675 mimics and miR-NC groups was

glioma.*” However, the expression status of
PTC remains unknown. In this study, we used
T-qPCR to investigate the expression pattern of miR-675
) PTC. miR-675 was found to be downregulated in both
PTC tissues and cell lines. Decreased miR-675 expression
presented an obvious association with lymphatic metasta-
sis and TNM stage in PTC patients. These findings suggest
that miR-675 is a potential biomarker for the diagnosis and
prognosis of PTC. However, in this study, we did not use
TCGA database to determine the expression profile of
miR-675 in PTC and identify its association with clinical
parameters of patients with PTC. It was a limitation of our
study, and we will resolve it in the near future.
miR-675 overexpression increases cell proliferation
and migration in vitro and promotes tumor growth and
metastasis in vivo.*® In bladder cancer, miR-675 inhibition
attenuates cell proliferation and induces cell cycle arrest
and apoptosis.”> miR-675 also acts as an oncogene in
colon cancer®” and hepatocellular carcinoma.”®*” In con-
trast, miR-675 has been identified as a tumor suppressor in
non-small cell lung cancer by affecting cell proliferation,
colony formation, and metastasis in vitro and tumor
growth in vivo.*> In pancreatic cancer, miR-675 upregula-

tion suppresses cell growth and metastasis and increase
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apoptosis in vitro.*® miR-675 also plays tumor-suppressing
roles in prostate cancer” and glioma.*’ However, the
detailed roles of miR-675 in the development of PTC
remain unclear. In the current study, functional analysis
showed that enforced miR-675 expression repressed PTC
cell proliferation, migration and invasion in vitro as well
as hindered tumor growth in vivo. These findings suggest
that miR-675 is a potential therapeutic target in patients
with PTC.

A variety of genes, including p53,>> Cdc25A,%® AKT,”’
GPR55,*” TGFBL* ZEBL,* CDK6," c-CbL* and
Cbl-b,** have been shown to be direct targets of miR-675.
MAPKI1, a member of the mitogen activated protein kinase
signaling cascade, was identified as a novel direct target of
miR-675 in PTC cells. RMRP acted as a ceRNA to mod-
ulate MAPK expression by sponging miR-675. MAPK1 is
a well-known oncogene and is overexpressed in various

types of human cancer, such as lung cancer,”® ovarian

cancer,’ >

cervical cancer,” gastric cancer,>* myeloma,55
and sacral chordoma.’® Expression of MAPKI is also
increased in PTC and the deregulation of MAPK1 plays a
crucial role in the development of PTC by regulating impor-
tant pathological processes.””® Here, we showed that
miR-675 directly targets MAPKI to inhibit PTC p
sion in vitro and in vivo. Accordingly, miR-675-meQ
inhibition of MAPK1 may be an effective th
nique for PTC patients in the future.

RMRP is upregulated in bladder

progressiS different mechanisms depending on the
Here, we demonstrated that RMRP inhibi-

®¢ oncogenicity of PTC by sponging miR-

cancer type.
tion suppressed
675 and regulating MAPKI1 expression. Hence, targeting
RMRP, which may result in miR-675 upregulation and
MAPKI1 downregulation, may be an attractive therapeutic
technique for patients with PTC.

Conclusion
In summary, our studies showed that miR-675 is downregu-
lated in PTC tissues and cell lines. Downregulation of

miR-675 was closely associated with poor prognosis in
patients with PTC. miR-675 directly targets MAPKI1 and is
sponged by IncRNA RMRP to inhibit the malignancy of PTC
in vitro and in vivo. These findings may provide a novel
mechanism for PTC pathogenesis and suggest that miR-675
is a promising therapeutic target for patients with this disease.
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