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Silencing microRNA-181a-5p suppresses malignant
behavior of lacrimal adenoid cystic carcinoma cells
by upregulating large tumor suppressor 2
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Abstract: To uncover the effect of miR-181a-5p regulating large tumor suppressor 2 (LATS2) in biologic processes
of adenoid cystic carcinoma (ACC) cells, miR-181a-5p and LATS2 expression in lacrimal ACC (LACC) tissues were
assessed. The ACC cell lines were respectively treated with altered miR-181a-5p or LATS2 to determine the biologic
functions in ACC cells. Binding ability of miR-181a-5p and LATS2 was confirmed. Tumor growth in vivo was assessed
as well. MiR-181a-5p was upregulated while LATS2 was downregulated in LACC tissues. Reduced miR-181a-5p
restrained malignant phenotype of ACC cells and decelerated xenograft growth. Conversely, LATS2 reduction had
opposite effects compared to miR-181a-5p knockdown on ACC cells. Furthermore, downregulated LATS2 could
abolish the alterations in ACC cells induced by miR-181a-5p silencing. MiR-181a-5p inhibition upregulated LATS2 to
suppress malignant behavior of ACC cells in vivo and in vitro.
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Introduction

Adenoid cystic carcinoma (ACC) is a rare and
slow-growing malignancy of the secretory
glands with a prolonged clinical course. ACC
occurring in the eye and made up for 1.8% of
the total patients, among who the lacrimal
gland was implicated in more than 80%, and
was related to the poor survival [1]. It was
reported that lacrimal ACC (LACC) accounts for
about 1% of head and neck malignant tumors
and 1.6% of all orbital tumors [2]. The main
characteristics of LACC are multiple recurrenc-
es, including intracranial extension and poten-
tial distant metastases to the lung, bone, brain
and liver [3]. The survival rate of LACC is low,
with less than 50% survival at 5 years and 20%
at 10 years [4]. Hence, it is necessary to uncov-
er the underlying molecular mechanism modu-
lating metastatic dissemination of LACC.

MicroRNAs (miRNAs) are known to degenerate
MRNA or repress translation by targeting 3'UTR
of target genes [5]. As previously reported,

miR-24-3p repressed malignant behavior of
LACC [2], and miR-93-5p enhanced LACC cell
tumorigenesis [6]. MiR-181a-5p is a miRNA
associated with development of several human
tumors, such as hepatocellular carcinoma [7]
and chondrosarcoma [8], and interestingly,
miR-181a has been reported to suppress LACC
metastasis [9]. However, the mechanisms of
miR-181a-5p in LACC remain to be explored.
Belonging to the large tumor suppressor (LATS)
family, LATS2 is situated on chromosome
13911-12 [10]. It has been demonstrated that
LATS2 exerted an anti-tumor impact on liver
cancer death [11] and facilitated lung cancer
cell apoptosis [12]. However, effects of LATS2
on LACC development remain largely unknown.
MiRNAs are known to regulate target genes
to affect disease progression, and miR-181a-
5p was verified to target SIRT1 in hypoxia-
reoxygenation-induced cardiomyocyte apopto-
sis [13] and target SECISBP2 in osteoarthritis
[14]. Nevertheless, binding of miR-181a-5p and
LATS2 remains scarcely studied.
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Table 1. Primer sequences

Gene Primer sequence (5'-3")

miR-181a-5p F: 5-AGCGCTGAGTTTTGAGGTTGC-3’
R: 5’-CGCAGGGTCCGAGGTATTC-3’

ue F: 5’-CTCGCTTCGGCAGCACA-3’
R: 5’-ACGCTTCACGAATTTGCGT-3’
LATS2 F: 5-GCTTCATCCACCGAGACATCAA-3’

R: 5’-CGACAGTTAGACACATCATCCCAGA-3’

GAPDH F: 5-GGTGGTCTCCTCTGACTTCAACA-3’
R: 5’-GTTGCTGTAGCCAAATTCGTTGT-3’

Note: F, forward; R, reverse; miR-181a-5p, microRNA-181a-

5p; LATS2, large tumor suppressor 2; GAPDH, glyceraldehyde

phosphate dehydrogenase.

In view of the reported dysregulation of miR-
181a-5p/LATS2 in disease progression, we
designed the study to investigate roles of
altered miR-181a-5p and LATS2 in biologic
functions of ACC cells. We inferred that miR-
181a-5p downregulation may repress ACC cell
growth through upregulating LATS2.

Materials and methods
Ethics statement

Protocol of this study was confirmed by the
Ethic Committee of the 4" People’s Hospital of
Shenyang, and protocol of animal experiments
was approved by the Institutional Animal Care
and Use Committee of the 4" People’s Hospital
of Shenyang.

Study subjects

Fifty-one LACC and adjacent non-tumor tissues
were harvested from patients accepted resec-
tion in the 4" People’s Hospital of Shenyang
from May 2017 to August 2019. These patients
had not accepted chemotherapy or radiothera-
py before the surgery.

Cell culture, grouping and treatment

ACC cells ACC-2 and ACC-M were cultured in
DMEM with 10% FBS. Cells were respectively
transfected with inhibitor negative control (NC),
miR-181a-5p inhibitor, small interfering RNA
(si) NC, si-LATS2, miR-181a-5p inhibitor + si NC
and miR-181a-5p inhibitor + si-LATS2 accord-
ing to protocols of Lipofectamine 2000
(Invitrogen, CA, USA). The control group was set
and subsequent experiments were performed
after 48-h transfection.
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CCK-8 assay

Cells were seeded and 3 duplicates were set at
0, 24, 48 and 72 h for the culture. The plates
were cultured and 10 yL CCK-8 solution was
added at relative time points. Optical density at
450 nm of each well was measured after 4-h
culture.

Flow cytometry

The experiment was in line with instructions of
FITC/PI double staining kits (BestBio, Shanghai,
China) and a flow cytometer was used to evalu-
ate the apoptosis.

Transwell assay

Cells were seeded and cultured for 48 h (5 x
10° cells/mL). The Transwell chambers had
500 uL DMEM (10% FBS) added and the apical
chambers got 200 L cell suspension for 24-h
culture. With the medium discarded, chambers
were fixed for 30 min and stained by crystal vio-
let for 60 min. Five images were collected from
each well for analysis.

Dual luciferase reporter gene assay

Binding site of miR-181a-5p and LATS2 3'UTR
was predicted by Starbase. LATS2 3'UTR wild
type (WT) plasmid (LATS2-WT) and LATS2
3’UTR mutant type (MUT) plasmid (LATS2-MUT)
were constructed, and then were transfected
with miR-181a-5p mimic and its NC into cells by
Lipofectamine™ 2000 for 48 h. Luciferase
activity was determined.

Subcutaneous tumorigenesis in nude mice

Fifteen 6-week-old nude mice (Weishi Testing
Technology Service Co., Ltd., Jilin, China) were
divided into 3 groups (n = 5): the control, inhibi-
tor NC and miR-181a-5p inhibitor groups. The
mice were given subcutaneous injection of 200
uL cell suspension according to the grouping.
The tumor volume was measured at the 7™ d
and mice were euthanized at the 35" d. The
xenografts were harvested and weighed.

RT-gPCR

Total RNA was extracted by Trizol kits and prim-
ers (Table 1) were synthesized by TaKaRa
Biotechnology Co., Ltd. (Liaoning China). RNA
was reversely transcribed to cDNA by Rever Tra
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Figure 1. MiR-181a-5p is upregulated in LACC tissues. MiR-181a-5p and
LATS2 expression in LACC tissues and non-tumor tissues were determined
using RT-qPCR; the unpaired t-test was performed for comparisons between

two groups; **, P < 0.01; N = 51.

Ace Qpcr RT Master Mix kits, and PCR was con-
ducted with U6 and GAPDH as the loading con-
trols of miR-181a-5p and LATS2. Data were
analyzed by 222t method.

Western blot analysis

Proteins were extracted and subjected to 10%
SDS-PAGE, and transferred to membranes that
were fixed with 5% skim milk. Afterwards, mem-
branes were incubated with primary antibodies
(Abcam, Cambridge, UK) LATS2 (1 ug/mL), Bax
(1:2000), Bel-2 (1 yg/mL) and B-actin (1 ug/mL)
at 4°C, and then were incubated with relative
secondary antibody for 1 h. The enhanced che-
miluminescent reagent (Pierce, CO, USA) was
used for development and the protein bands
were analyzed by Image J2x V2.1.4.7 (Rawak
Software, Inc., Germany).

Statistical analysis

Data analyses were performed by SPSS 21.0
software. Measurement data conforming to the
normal distribution were expressed as mean *
standard deviation. Unpaired t-test was con-
ducted for comparisons between two groups,
one-way ANOVA was performed for compari-
sons among multiple groups, and Tukey’s post
hoc test was used for pairwise comparisons
after one-way ANOVA. Pearson test was used
for correlation analysis. P value < 0.05 indicat-
ed a significant difference.

Results
MiR-181a-5p is upregulated in LACC tissues

We used RT-gPCR to assess miR-181a-5p
expression in LACC tissue. We found higher
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MiR-181a-5p was downregu-
lated to observe its role in
ACC cells (P < 0.01, Figure 2A).
It was found that miR-181a-5p
inhibitor repressed prolifera-
tion and migration, and pro-
moted apoptosis of ACC cells (P < 0.01, Figure
2B-E).

MiR-181a-5p targets LATS2

A binding site between miR-181a-5p and LAT-
S2 was found on Starbase (Figure 3A), and a
negative relation was found between expres-
sion of miR-181a-5p and LATS2 (P < 0.01,
Figure 3B, 3C). Furthermore, miR-181a-5p in-
hibitor upregulated LATS2 in ACC cells (P <
0.01, Figure 3D, 3E).

LATS2 silencing reverses inhibitory role of re-
duced miR-181a-5p in ACC cell growth

LATS2 was altered in cells, and a rescue experi-
ment was conducted as well. We found that si-
LATS2 downregulated LATS2, and transfec-
tion of si-LATS2 after miR-181a-5p inhibition
reduced LATS2 expression (P < 0.01, Figure
4A, 4B). Moreover, it was observed that treat-
ment with si-LATS2 repressed ACC malignant
behavior; transfection of si-LATS2 after miR-
181a-5p inhibition reversed the impact of
miR-181a-5p inhibitor on ACC cells (P < 0.01,
Figure 4C-F). The above data showed that
LATS2 silencing reversed inhibitory role of
reduced miR-181a-5p in ACC cells.

MiR-181a-5p knockdown decelerates ACC cell
growth in vivo

Subcutaneous tumorigenesis was studied and
outcomes revealed that miR-181a-5p inhibitor
restricted the growth rate and weight of ACC
xenografts (P < 0.01, Figure 5A-C). It could be
concluded that miR-181a-5p knockdown decel-
erated ACC cell growth in vivo.
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Figure 2. MiR-181a-5p knockdown suppresses malignant behavior of ACC cells. A. miR-181a-5p expression in ACC
cells was determined using RT-qPCR; B. MTT assay was used to measure the proliferation of ACC cells; C. Flow cy-

tometry was used to detect the apoptosis of ACC cel

Is; D. Apoptosis protein expression in ACC cells was evaluated

using western blot analysis; E. Transwell assay was performed to assess migration of ACC cells; one-way ANOVA was
used for comparisons among multiple groups and Tukey’s post hoc test was used for pairwise comparisons after

one-way ANOVA; ** P < 0.01; N = 3.

Discussion

In China, ACC is one of the commonest epithe-
lial tumors of the lacrimal gland, and LACC has
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an aggressive behavior and is associated with
significant morbidity and mortality [15]. MiRNAs
exert critical effects on biologic processes,
including cellular proliferation, migration, and
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Figure 4. LATS2 silencing reverses inhibitory role of reduced miR-181a-5p in ACC cell growth. A. LATS2 mRNA ex-
pression in ACC cells was assessed by RT-qPCR; B. LATS2 protein expression in ACC cells was assessed by western
blot analysis; C. MTT assay was used to measure the proliferation of ACC cells; D. Flow cytometry was used to detect
the apoptosis of ACC cells; E. Apoptosis protein expression in ACC cells was evaluated using western blot analysis; F.
Transwell assay was performed to assess migration of ACC cells; one-way ANOVA was used for comparisons among
multiple groups and Tukey’s post hoc test was used for pairwise comparisons after one-way ANOVA; **, P < 0.01;

N=3.

apoptosis [16]. This research investigated the
function of miR-181a-5p targeting LATS2 on
the biologic functions of ACC cells, and we
found that miR-181a-5p downregulation sup-
pressed proliferation and migration, and pro-
moted apoptosis of ACC cells by promoting
LATS2, while these effects triggered by inhibit-
ed miR-181a-5p were reversed by LATS2
silencing.
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We assessed miR-181a-5p and LATS2 expres-
sion in LACC tissues. Our outcomes reflected
that miR-181a-5p was enhanced and LATS2
was downregulated in LACC tissues compared
to adjacent non-tumor tissues. Similarly, Yang
et al. have validated that cervical cancer cell
lines showed higher miR-181a-5p expression
than the normal cervical epithelium cell line
[17], and recent literature showed that miR-
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Figure 5. MiR-181a-5p knockdown decelerates ACC cell growth in vivo. A. Volume of ACC xenografts; B. Images of
ACC xenografts; C. Weight of ACC xenografts; one-way ANOVA was used for comparisons among multiple groups and
Tukey’s post hoc test was used for pairwise comparisons after one-way ANOVA; **, P < 0.01; N = 5.

181a-5p was upregulated in gastric cancer
(GC) tissues with distant metastasis compared
to those without metastasis [18]. As for the
aberrant expression of LATS2, it has been vali-
dated that LATS2 was downregulated in A549
lung cancer cells [12], and Guo et al. showed
that LATS2 was upregulated in glioma [19], indi-
cating that LATS2 usually serves as a tumor
repressor. We further determined the relation
between miR-181a-5p and LATS2, and it was
discovered that miR-181a-5p and LATS2
expression were inversely correlated, and
LATS2 was targeted by miR-181a-5p. The tar-
geting relationship of miR-181a-5p and SIRT1
in cardiomyocyte apoptosis has been verified
[13], and miR-181a-5p also targeted SECISBP2
in osteoarthritis [14]. Nevertheless, the relation
between miR-181a-5p and LATS2 is still
unclear.

The ACC cells were treated with altered miR-
181a-5p or LATS2 to assess their roles in cell
growth, and we found through MTT assay,
Transwell assay and flow cytometry that miR-
181a-5p inhibition facilitated apoptosis and
restrained viability and migration of ACC cells.
Likewise, Mi et al. have identified that reduced
miR-181a-5p inhibited GC cell growth [18]. It
has also been elucidated that miR-181a-5p
facilitated malignant behavior of cervical can-
cer cells [17]. Moreover, the si-LATS2-transfect-
ed ACC cells showed enhanced migration and
viability as well as inhibited apoptosis. A similar
finding in a recent study implied that reduction
of endogenous LATS2 promoted cell growth
and the disrupted cell cycle in breast cancer
[20]. The outcomes of the rescue experiment in
our research indicated that the downregulated
miR-181a-5p-induced effects on ACC cells
were reversed by LATS2 silencing. Similarly,
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LATS2 upregulation has been validated to elimi-
nate the promoting role of elevated miR-224-
3p in development of retinoblastoma [21], and
Sun et al. have reported that LATS2 silencing
abolished the impact of miR-492 reduction on
retinoblastoma cell proliferation and invasion
[22]. In addition, our in vivo experiment reflect-
ed that miR-181a-5p knockdown decelerated
growth of ACC xenografts. Similarly, Tian et al.
showed that miR-181a inhibition decelerated
osteosarcoma xenograft growth, while miR-
181a elevation had a reverse effect on the
tumor growth [23]. These studies provide a
theoretical basis for revealing functions of miR-
181a-5p and LATS2 in tumor progression.

Collectively, we validated that miR-181a-5p
downregulation decelerated growth of ACC
cells by promoting LATS2, and these effects
induced by inhibited miR-181a-5p were re-
versed by LATS2 silencing. Our study may con-
tribute to the treatment of LACC, while further
investigations are still needed to reveal the
underlying molecular mechanisms in LACC.
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