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To provide better therapeutic avenues for treating tongue squamous cell carcinoma
(TSCC), a series of experiments about the effects of microRNA (miR)-532-3p on TSCC
malignant behaviors were carried out. The result showed that miR-532-3p was down-
regulated and C-C chemokine receptor 7 (CCRY) was up-regulated in the tumor tissues
compared with those in the paired paratumor tissues. Further, expression of miR-532-3p
was detected in four TSCC cell lines, TSCCA, TCA8113, CAL-27, and SCC-25. The
miR-532-3p mimics and inhibitor were transfected into the CAL-27 and TCA8113 cell
lines which were the relatively lowest and highest miR-532-3p expressions, respectively.
[t was found that the overexpression of miR-532-3p suppressed TSCC cell proliferation,
migration, invasion, and promoted apoptosis in vitro, whilst the knockdown of miR-532-3p
reversed these behaviors. The bioinformatics predicted that CCR7 was a downstream
gene of miR-532-3p, which was confirmed via luciferase assay. Following, the decline of
CCRY7 in the miR-532-3p mimics group and the rise of CCR7 in the miR-532-3p inhibitor
group were also verified. In addition, enhanced cell proliferation, migration and invasion
induced by CCR7 were partly restrained by miR-532-3p in TSCC cell. Meanwhile, miR-
532-3p attenuated tumourigenesis in vivo due to the reduction of tumor volume and
Ki-67 positive rate and the increase of apoptotic cells. Taken together, these findings
reveal a pivotal role for the miR-532-3p/CCR7 axis in regulating TSCC, and this novel axis
could be suitable for therapeutic intervention in TSCC disease.

Keywords: microRNA-532-3p, CCR7, tongue squamous cell carcinoma, proliferation, migration, invasion,
apoptosis

INTRODUCTION

Tongue cancer (TC) is not only one of the most common carcinomas of head and neck, but
also an oral cavity malignancy threatening human health (Yang et al., 2008; Zhang et al., 2019).
According to the statistics, its death rate accounts for about one-third to two-thirds of oral cancer.
Among TC, tongue squamous cell carcinoma (TSCC) occupies the majority, and the proportion
of tongue adenocarcinoma is less. Despite great progress being made in the past few decades
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regarding the treatment of TC, the survival rate of TC patients is
still unsatisfactory, which is a real challenge (Kokemueller et al.,
2011). At present, surgical treatment, radiation therapy, systemic
chemotherapy and targeted therapy are still the main treatments
for TC. However, surgical treatment brings a lot of inconvenience
to people and degrades the quality of life because the tongue is
an important vocal organ. In addition, TC usually accompanies
the invasion of lymph and distant metastasis (Gorsky et al., 2004;
Wang et al,, 2011). Therefore, we urgently need to carry out
deeper research on the molecular mechanism of TC and make
breakthrough progress on the basis of conservative treatment.

MicroRNAs (miRNAs), small non-coding RNAs, play
considerable roles in the development of cancer. For instance,
miR-196a-5p is a potential prognostic marker of delayed lymph
node metastasis in early stage TSCC (Maruyama et al., 2018).
It is found that miR-488 is significantly decreased in TSCC
tissues and cell lines. Further, knockdown of miR-488 promotes
invasion (Shi et al., 2018). Hsa-miR-485-5p reverses epithelial to
mesenchymal transition (EMT) and promotes cisplatin-induced
cell death by targeting PAK1 in TSCC (Lin et al., 2017). MiR-9
induces cell arrest and apoptosis of oral squamous cell carcinoma
via CDK4/6 pathway (Shang et al., 2018).

MiR-532-3p is a highly conserved miRNA in many species.
There is growing evidence indicating that miR-532-3p serves as a
tumor promoter or suppressor in multiple human cancers, such
as gastric cancer, liver cancer, renal cancer and so on (Xu et al.,
2016; Zhai et al., 2018; Han et al., 2019). However, the biological
role of miR-532-3p in TC has not been clarified. Meanwhile, the
bioinformatics prediction suggests that C-C chemokine receptor
7 (CCR?7) may be a potential target gene for miR-532-3p, which
is likely to be regulated by miR-532-3p. CCR7 binds to the
C-C chemokine ligand 19 or 21, following activates B cells and
T cells to regulate immune responses. CCR7 over-expression is
associated with larger primary tumors, deeper lymphatic invasion
and poorer survival rates in breast cancer (Tutunea-Fatan et al.,
2015). Research reported that CCR7 facilitates invasion and
migration of TSCC, as well as lymphatic metastasis in vivo (Xia
etal., 2015).

Thus, the objective of this study is to illuminate the effect
of miR-532-3p in TSCC, whilst the CCR7 acts as a potential
target gene for miR-532-3p. Our study adds new elements to
the multifaceted role of miR-532-3p in TSCC malignancy by
revealing a novel role of miR-532-3p/CCR7 axis in TSCC-
associated malignant behavior that might be relevant to
future therapies.

MATERIALS AND METHODS

Human Specimens

All surgical specimens (paired tumor and paratumor tissues) were
collected from patients with TC in the School of Stomatology,
China Medical University. All fresh samples were immediately
preserved in liquid nitrogen to protect the protein or RNA from
degradation. This study was approved by School of Stomatology,
China Medical University ethics committee and written informed
consent was obtained from all patients.

Cell Culture and Cell Transfection

The four TSCC cell lines TSCCA, TCA8113, CAL-27,and SCC-25
were obtained from Procell Life Science & Technology (Wuhan,
China). TSCCA and TCA8113 cells were cultured in RMPI 1640
(Gibco, USA) plus 10% fetal bovine serum (FBS, Hyclone, USA).
CAL-27 and SCC-25 were cultured in Dulbecco’s modified Eagle’s
medium (DMEM, Gibco, USA) plus 10% FBS and DMEM/F12
(Gibco, USA) plus 10% FBS, respectively. All cell lines were
incubated in a cell incubator at 37°C in 5% CO,.

MiR-532-3p mimics/NC mimics and miR-532-3p inhibitor/
NC inhibitor were transfected in CAL-27 and TCA8113 using
Lipofectamine 2000 (Invitrogen, USA), respectively. MiR-532-3p
mimics and CCR7/vector were co-transfected in CAL-27 using
Lipofectamine 2000. The co-transfected cells were cultured in
complete medium (DMEM+10% FBS+350 ng/ml CCL21). In
addition, the CAL-27 cells were divided into two groups, Control
and CCL21 (medium contains 350 ng/ml CCL21).

RNA Isolation and Real-Time PCR

The total RNA was extracted from tissues or cultured cells using
RNAsimple reagent (Tiangen, Beijing, China) according to the
manufacturer’s instructions. The concentration and purity of
RNA was determined using a NANO 2000 Spectrophotometer
(Thermo Fisher Scientific, USA). A specific loop primer, 5’
GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACC
AGAGCCAACTGCAAGT-3’ was used for extending miR-
532-3p. Reverse transcription of RNAs was performed with
M-MLV reverse transcriptase (Tiangen) and the cDNA was
synthesized. Real-time PCR was performed with SYBR Green
(Solarbio, Beijing, China). The expression level of miR-
532-3p was normalized to endogenous small nuclear RNA
U6. Data were analyzed using the 2-22¢t method. The primer
sequences were listed as follows: hsa-miR-532-3p mimics,
forward, 5°- CCUCCCACACCCAAGGCUUGCA-3’; reverse,
5’- CAAGCCUUGGGUGUGGGAGGUU-3’,

Western Blot Analysis

Tissues and cells were lysed in RIPA lysis buffer (Solarbio). Lysates
were centrifuged at 10,000g at 4°C for 5 min. The supernatant
was collected. The protein concentration was detected using
BCA kit (Solarbio). The proteins were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE,
Solarbio) and transferred to polyvinylidene difluoride (PVDE)
membrane (Millipore, USA). The membranes were blocked
with skimmed milk, incubated with primary antibodies at 4°C
overnight, followed by incubation with horseradish peroxidase-
conjugated secondary antibodies at 37°C for 1 h. Thereupon,
the ECL (Solarbio) were added into membranes. The antibody
information was listed in Table 1.

CCK-8 Assay

The cells (2.5x10* cells/ml) were seeded into 96-well plates
(200 pl/well) and incubated in a incubator containing 5% CO,
at 37°C for 0, 24, 48, and 72 h. Ten pl CCK-8 per well was added
into cells for 2 h, and the OD values were detected at 450 nm.
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TABLE 1 | Antibody information.

Primary antibodies Dilution Secondary Dilution
rate antibodies rate
Ki-67, ABclonal, China 1: 1000 1: 3000
caspase-3, CST, USA 1: 1000 1: 3000
PARP, CST 1: 1000 1: 3000
cyclin D1, ABclonal 1: 500 1: 3000
cyclin B1, proteintech, China 1: 2000 1: 3000
PTEN, proteintech 1: 500 goat anti-rabbit 1: 3000
p-AKT, CST 1:1000  !9G-HRP, Solarbio, 1: 5000
AKT, CST 1:1000  China 1: 5000
E-cadherin, proteintech 1: 2000 1: 3000
vimentin, proteintech 1: 2000 1: 3000
MMP-2, proteintech 1: 500 1: 3000
MMP-9, proteintech 1: 500 1: 3000
CCRY7, proteintech 1: 500 1: 3000
GAPDH, proteintech 1:10000  goat anti-mouse 1: 3000

I9G-HRP, Solarbio

Particularly, CCK-8 assay of the cells in Control and CCL21
groups was performed only at 48 h.

Cell Cycle and Apoptosis Analysis

At 48 h post-transfection, cells were harvested and washed with
phosphate-buffered saline (PBS) for two times. For cell cycle
analysis, the cells were fixed with 70% ethanol at 4°C for 2 h.
Fixed cells were washed with PBS, treated with dye buffer, mixed
with propidium iodide, and added into RNase A for 30 min in
the dark. The cells were analyzed with fluorescence-activated
cell sorting (FACS) by flow cytometry (Aceabio, USA). For
apoptosis analysis, an Annexin V-FITC Apoptosis Detection
Kit (Beyotime, China) was used according to the manufacturer’s
instructions 48 h after transfection. Apoptosis was analyzed
with FACS.

Wound Healing and Transwell Assays

Prior to the wound healing assay, the medium was changed to
serum-free medium and treated with 1 pg/ml of mitomycin
C for 1 h. Wounds were made with a 200 pl pipette tip. After
washing the cell surface with serum-free medium, the cell
was observed under microscope and taken images according
to the group. After culturing for 24 h, the migration distance
was statistic.

The cell invasion assays were carried out using matrigel-coated
membranes in 24-well transwell chamber (Corning, USA). The
cells (5x10* cells/well) were cultured into the upper chamber with
serum-free medium, and the lower chamber contained complete
medium. Following 24 h incubation, the cells were fixed with
4% paraformaldehyde and stained with 0.4% crystal violet. The
number of cells that invaded to the underlying membrane was
counted under a microscope (OLYMPUS, Japan).

Luciferase Assay

The 381/400 bp wild type (WT) 1/2 3°-UTR of CCR7 containing
miR-532-3p binding site was amplified by PCR and inserted into
the Nhel/Sall sites to generate CCR7 WT1/2. The complementary

sequence for miR-532-3p seed sequence in CCR7 3’-UTR was
mutated using overlapping PCR. The mutant was named as CCR7
MUT1/2. The 293T cells were co-transfected with miR-532-3p
mimics/NC mimics and CCR7 WT (1 and 2)/CCR7 MUT (1 and
2). The 293T cells were purchased from Zhong Qiao Xin Zhou
Biotechnology (Shanghai, China) and cultured in DMEM plus
10% FBS at 37°C containing 5% CO, cell incubator. The binding
activity of miR-532-3p was quantitatively assessed by calculating
the normalized luciferase activity (fly luciferase activity/renilla
luciferase activity).

Immunofluorescence Assay

The CAL-27 cells were incubated with CCL21 (350 ng/ml) and
the immunofluorescence assay was performed at the 1st or 60th
minute, respectively. In brief, 4% paraformaldehyde was used
to fix the cells. Following, the cells were permeabilized with
0.1% TritonX-100. Then cells were incubated with the primary
antibody CCR7 antibody after blocking with serum. The photos
were obtained via a fluorescent microscope at 600x.

Xenograft Experiment

For the in vivo tumor growth assay, the nude mice were ordered
from the Beijing HFK Bioscience. All animal experiments
were approved by the Ethics Review Committee of School of
Stomatology, China Medical University. The nude mice were
randomly divided into two groups, Control and Pre-miR-532.
The CAL-27 cells transfected with pre-miR-532 were incubated
in a cell incubator at 37°C in 5% CO,. Complete medium with
G418 (Sigma, USA) was used to select clones of CAL-27. The
monoclonal culture was selected, the cultivation was further
expanded, and the stable cell lines were established. The CAL-27
cells overexpressing pre-miR-532 (5x10°) were subcutaneously
injected into each nude mouse in the Pre-miR-532 group. Tumor
volume was measured once every 3 days. The nude mice were
intraperitoneally injected 200 mg/kg sodium pentobarbital after
28 d. The tumors were excised and frozen in liquid nitrogen, and
then stored at —70°C for further analysis.

Pathological Analysis

HE staining. Tumor tissue samples removed from nude mice
were fixed in 4% paraformaldehyde and embedded in paraffin.
Paraffin sections were cut to a thickness of 5 pm and stained with
hematoxylin and eosin for histological evaluation.

Immunohistochemistry. Paraffin sections were incubated
with 3% H,O, for 15 min, followed blocking goat serum
(Solarbio). Then, they were incubated overnight at 4°C with
the Ki-67 antibody (Abcam, UK). On the second day, they were
further probed with the corresponding horseradish-peroxidase-
conjugated goat anti-rabbit antibody (ThermoFisher, USA) at
37°C for 1 h. After DAB color development and hematoxylin
counterstaining, the sections was observed.

Tunel assay. Paraffin sections were permeabilized using
0.1% Triton X-100 (Beyotime), blocked with 3% H,O,, and
marked with converter-POD accordong to the manufacturer’s
instructions (In Situ Cell Death Detection Kit, Roche, Germany).
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Statistical Analysis

Statistical analysis was conducted using the GraphPad Prism 7.0.
Results were presented as mean + SD of at least three different
experiments performed in triplicate. Student’s t-tests or one-way
ANOVA plus multiple comparisons combined with Bonferroni’s
post-hoc test were utilized to evaluate the difference between
groups. A value of P < 0.05 was considered statistically significant.

RESULTS

MiR-532-3p Is Down-Regulated and CCR7
is Up-Regulated in TC Tissues

To characterize miR-532-3p and CCR?7 expression in TC, tissues
containing 23 paired tumor and paratumor samples of TC were
used for PCR and western blot analysis. From the results of real-
time PCR, miR-532-3p transcript levels were found to decrease
in tumor samples compared with those in paratumor samples
(Figure 1A). On the contrary, CCR7 showed a higher expression
in tumor samples at the protein level (Figure 1B). Please see
detailed result in Supplementary Materials (S1).

Overexpression of miR-532-3p Inhibits
Cell Proliferation and Facilitates Apoptosis
in TSCC

The observation that the overexpression of miR-532-3p was
correlated with tumor further inspired us to examine the functional
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FIGURE 1 | MiR-532-3p is down-regulated in tongue cancer (TC).
(A) Expression of miR-532-3p in paired TC tissues and paratumor tissues
(n = 23). (B) Western blot analysis of CCR7 in paired TC tissues and
paratumor tissues. ** means p < 0.01.

role of miR-532-3p in TSCC cell lines. Expression of miR-532-3p
was detected via real-time PCR in four types of TC cells, TSCCA,
TCA8113, CAL-27, and SCC-25. As shown in Figure 2A, miR-
532-3p expression level was lowest and highest in the CAL-27 and
TCAB8113, respectively. Next, miR-532-3p mimics and miR-532-3p
inhibitor were transfected into CAL-27 and TCA8113, respectively.
Transfection efficiency was analyzed. Expression of miR-532-3p
was increased after transfection miR-532-3p mimics in CAL-27
cell. When TCAS8113 was transfected with miR-532-3p inhibitor,
the expression of miR-532-3p was decreased (Figure 2B). CCK-8
assays indicated that overexpression of miR-532-3p suppressed
TSCC cell proliferation, whilst down regulation of miR-532-3p
facilitated TSCC cell proliferation (Figure 2C, P < 0.01). The
similar results were exhibited in Ki-67 expression (Figure 2D).
Furthermore, overexpression of miR-532-3p significantly
enhanced the percentage of cells in the G1 phase, while it reduced
the percentage of cells in the G2 phase, which was determined by
flow cytometry (Figure 2E). The protein levels of cyclin D1, cyclin
Bl and p-AKT were decreased, simultaneously PTEN expression
was increased after miR-532-3p overexpression (Figure 2F). In
contrast, knocking down miR-532-3p promoted cyclin D1, cyclin
B1 and p-AKT levels, whilst suppressed PTEN level and TSCC the
percentage of cells in the G1 phase. Furthermore, apoptotic cells
also were monitored with flow cytometry after Annexin V and PI
staining (Figure 2G). Overexpression of miR-532-3p accelerated
cell apoptosis. In addition, apoptosis-related proteins, caspase-3
and PARP, were increased (Figure 2H).

Overexpression of miR-532-3p Suppresses
Migration and Invasion of TSCC cells

In Vitro

Based on the above results, the migration, invasion and epithelial-
to-mesenchymal transition (EMT) proteins of TSCC cells were
performed. Wound healing (Figure 3A) and transwell (Figure 3B)
assays revealed that overexpression of miR-532-3p repressed
the cell migration and invasion abilities of TSCC cells, whereas
miR-532-3p knockdown the accelerated these abilities. In the
meantime, EMT-related proteins were detected via western blot
(Figure 3C). MiR-532-3p mimics inhibited EMT—E-cadherin
expression was upregulated, whilst vimentin, MMP-2 and MMP-9
were downregulated. However, miR-532-3p inhibitor reversed
this variation. Altogether, the data demonstrate that miR-532-3p
functions as a tumor suppressor in TSCC cell lines.

CCRY?7 Is a Direct Target of miR-532-3p
in TSCC

To further explore the downstream regulatory pathway of miR-
532-3p in TSCC, we utilized publicly available bioinformatic
algorithms to predict its downstream gene. The results predicted
CCR?7 as a potential regulator targeting miR-532-3p in TSCC.
Luciferase reporter assays were carried out to corroborate this
finding, a significant decrease in luciferase activities of the WT1
or WT2 were observed, whereas mutation in the putative binding
site in the 3’UTR region of CCR7 abrogated the suppressive ability
of miR-532-3p, verifying that miR-532-3p regulates CCR7 by
directly binding to its 3'UTR region (Figures 4A, B, P < 0.01).
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FIGURE 2 | Overexpression of miR-532-3p inhibits cell proliferation and facilitates apoptosis in TSCC. (A) Expression of miR-532-3p was detected via real-time
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Following, the decline of CCR7 in the miR-532-3p mimics
group and the rise of CCR7 in the miR-532-3p inhibitor group
confirmed this prediction (Figure 4C, P < 0.01).

Enhanced Cell Proliferation, Migration

And Invasion Induced by CCR7 Are Partly
Restrained by miR-532-3p in TSCC Cell

The CCL21 was added into the culture medium to ensure CCR7
activation. We estimated increased activity of the receptor via
immunofluorescence assay. As shown in Figure 5A, CCR7 was
localized on the cell surface of CAL-27 before ligand treatment
(0 min), and the endocytosis was observed in response to CCL21
stimulation at the 60th min. This finding guaranteed that CCR7
was activated. Following, western blot assay revealed that CCR7
expression was increased in the CCL21 group than that in the
Control group (Figure 5B). Meanwhile, OD values of CCL21 group
was obviously elevated (Figure 5C). Thus, the cells which were
co-transfected with miR-532-3p mimics and CCR7 were cultured in
the present of CCL21. CCR7 level was initial evaluated. It was found
that the CCR7 expression (Figure 5D) and OD values (Figure 5E)

in the miR-532-3p mimics+vector were observably alleviated
compared with those in the miR-532-3p mimics+CCR?7. Moreover,
the cell cycle assay indicated that the CCR7 reversed the role of miR-
532-3p mimics in blocking cell cycle in G1 phase (Figure 5F). As
the same time, migration and invasion induced by CCR7 were partly
restrained by miR-532-3p overexpression (Figures 5G, H, P < 0.05).

MiR-532-3p Attenuates Tumourigenesis

In Vivo

To further validate the growth-suppressive function of
miR-532-3p, we performed a tumourigenesis experiment
in a xenograft tumor model. In total, the CAL-27 cell line
transfected by pre-miR-532-3p-overexpressing plasmid were
transplanted subcutaneously into nude mice. As expected, tumor
volumes were saliently reduced derived from pre-miR-532-3p-
overexpressed CAL-27 cells versus those from the Control group
(Figure 6A). The HE staining showed that the tumor cells of the
tumor-forming tissue in Control were dense and in good shape,
the nuclear staining was clear, and the cytoplasm was uniformly
stained. A large number of apoptotic and necrotic areas were
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observed in the pre-miR-532 group, and cytoplasm was lightly
stained in those areas (Figure 6B). In addition, the positive rate of
Ki-67 label was higher than that of pre-miR-532 group from the
immunohistochenistry assay (Figure 6C). Tunel assay showed
that a mass of apoptotic cells in the tissue of pre-miR-532 group,
however, few apoptotic cells in the Control group (Figure 6D).
The upregulated miR-532-3p expression and downregulated
CCR?7 were confirmed by real-time PCR and western blot in the
pre-miR-532-overexpressed nude mice tissues (Figures 6E, F).

DISCUSSION

TSCC is one of the most common and malignant types of oral
cancer because the tongue is an active organ with an abundant

blood supply (Schwam and Judson, 2016). Patients with
systematic therapy have a poor prognosis. Therefore, targeted
therapy opens a window for preventing the occurrence and
development of TSCC. A good deal of evidence indicates that
miR-532 participates in many human cancers. Nevertheless,
the biological roles and molecular mechanisms of miR-532-3p,
whether it facilitates or abrogates tumor progression in TSCC,
have not been clarified. In this study, we first identified that miR-
532-3p expression was ameliorated in TC tissues compared to
paratumor tissues. In addition, miR-532-3p not only significantly
inhibited cell proliferation, migration, invasion, and promoted
apoptosis in vitro by targeting the 3>-UTR of CCR7, but it also
suppressed tumourigenicity in vivo.

As described before, miR-532 is differentially expressed in
several types of cancers. For instance, miR-532 has been regarded
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as a tumor suppressor and was studied in ovarian cancer,
bladder cancer and colorectal cancer (CRC) (Wang et al., 2016;
Song et al., 2018; Xie et al., 2019). In a study based on 58 paired
CRC tissues, it is reported that miR-532 is downregulated and an
independentindicator among patients. It can potently inhibit CRC
cell proliferation and metastasis, increase cell apoptosis in vitro
and reduce tumor growth in vivo by directly targeting IGF-1R
and inactivating the PI3K/Akt signaling pathway (Song et al.,

2018). These results support our data. Our data demonstrated
that the overexpression of miR-532 enhanced expression of
PTEN and suppressed AKT phosphorylation. The PTEN gene, a
tumor suppressor, is necessary for AKT activation (Dahia, 2000).
AKT signaling pathway activates many downstream cellular
processes, including cell proliferation, migration, invasion and
apoptosis (Gan and Zhang, 2009). When the PTEN is activated,
the cell cycle is blocked in the G1 phase and the tumor formation

Frontiers in Pharmacology | www.frontiersin.org

August 2019 | Volume 10 | Article 940


https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org

Feng et al.

MicroRNA-532-3p Suppresses TSCC Malignant Behaviors

6007 o~ Control

- Pre-miR-532

S
o
g

Tumor volume (mm3)
N
o
i

-
3] o
1 1

Relative miR-532-3p expression
o

Control Pre-miR-532

-
a
1

-
o
1

o
a
1

CCRY7 protein expression

0.0-

Control Pre-miR-532

FIGURE 6 | MiR-532-3p hinders TSCC cell proliferation and simulates TSCC cell apoptosis in vivo. The tumor xenografts of CAL-27 in subcutaneously injected
nude mice. (A) Data points are presented as mean tumor volume (mm?). (B) HE staining was used to observe the tumor physiopathologic variation. Scale

bar = 100 uM. (C) The immunohistochemistry assay on Ki-67. Scale bar = 50 uM. (D) The tunel assay on cell apoptosis. Scale bar = 50 uM. (E) MiR-532-3p
expression was measured using real-time PCR. (F) The CCRY7 level was reduced in pre-miR-532-overexpressed nude mice. * means p < 0.05; ** means p < 0.01.

HE staining

L e -

oz

iy

R-532

gl Yo ‘ :
R F o RS S I L E
Control Pre-miR-532
Tunel assay
(e

and progression are inhibited (Okumura et al., 2006). Similarly,
miR-29b overexpression suppresses the proliferation and cell-
cycle progression of TSCC cells, which may be due to the fact
that miR-29b could inhibit AKT phosphorylation in a PTEN-
mediated manner (Jia et al., 2014). In addition, aberrantly highly
expressed miR-532 is also observed in triple-negative breast
cancer (Chang et al., 2015) and gastric cancer (Xu et al,, 2016). It
is reported that miR-532-5p functions as an oncogenic miRNA
in gastric cancer cells by targeting RUNX3 at both transcriptional
and translational level in vitro and in vivo. These findings suggest
that miR-532 expression in various cancers may be tissue-specific,
so miR-532 may be a new and effective method for diagnosing
and treating patients with specific tumor types.

Cancer metastasis demands cancer cell invasion into the
stroma, cancer cell migration and invasion into the vessels,

as well as cancer cell proliferation in the lymph nodes (Hart
et al., 1989). The beginning of the invasion and metastasis is
caused by EMT (Kalluri and Weinberg, 2009). EMT refers to
the loss of carcinoma epithelial phenotype and the acquisition
of mesenchymal-associated features (Zeisberg and Neilson,
2009). TC is often followed with lymph node metastasis, and
drug-resistant cancer cells in TSCC patients undergo EMT.
Therefore, controlling the EMT for cancer treatment, including
TSCC, is imperative. Our data reveal that the upregulation
of miR-532-3p could significantly increase the level of the
epithelial marker E-cadherin and decrease the mesenchymal
marker vimentin as well as attenuate the expression of MMP-2
and MMP-9. These imply that miR-532-3p might reverse
the EMT process to suppress cell invasion and metastasis.
Meanwhile, Zhang et al. also reports that urothelial cancer
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associated 1 knockdown significantly suppresses TGFB1-induced
TC cell invasion and EMT by decreasing vimentin and increasing
E-cadherin (Zhang et al., 2019). Shi et al. discovers that the EMT of
TSCC cells is inhibited by ameliorating the expressions of MMP-2
and MMP-9 (Shi et al., 2018). All these data support our point.

Moreover, the chemokine receptor CCR7 is necessary for the
regulation of migratory speed and plays an important role in
cancer metastasis (Riol-Blanco et al., 2005; Legler et al., 2014).
For example, CCR7 has been demonstrated as a biomarker that
can predict lymph node metastases in breast cancer, and as a
metastasis and prognosis indicator in patients with esophageal
carcinoma (Liu et al., 2013). Related study identifies positive
correlations between the CCR7 expression and lymphatic
endothelial markers in the analyzed panel of breast cancer
tissues (Tutunea-Fatanetal.,2015). The overexpression of CCR7
promotes the capacity of EMT cells to migrate toward CCL21-
expressing tissue and to disseminate through the lymphatic
system (Pang et al., 2016). In vivo studies show the knockdown
of CCL21 in secondary lymphoid organs leads to the decrease
of metastatic tumor formation, since this reduces both the
chemotactic and antiapoptotic effects of CCR7-expressing
tumor cells (Wang et al, 2008). CCL21 is constitutively
expressed by the lymphatic endothelium of multiple organs,
high endothelial venules of lymph nodes and Peyer’s patches,
as well as stromal cells in T cell rich areas of lymph nodes, and
spleen (Tutunea-Fatan et al., 2015). The extensive physiological
distribution of the CCL21/CCR?7 axis and its complex and
multifaceted role in lymph node transport may be one of
the reasons why the CCL21/CCR?7 axis is considered to be a
viable candidate axis for TSCC treatment. Therefore, based
on bioinformatics analysis, this study further verifies that
miR-532-3p restrains malignant behaviors of TSCC cell via
targeting CCR7. See the mechanism figure in Supplementary
Materials (S2).

CONCLUSION

Collectively, these findings add newer insights into the multifaceted
role played by the miR-532-3p, prompting for the first time
towards the involvement of miR-532-3p in the complex mechanics
of TSCC-induced malignant behaviors. In addition, it is suggested
that miR-532-3p inhibits cell proliferation, migration and invasion
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