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Abstract. - OBJECTIVE: The purpose of this
study was to investigate the role of microR-
NA-124 (miR-124) in laryngeal carcinoma (LC)
and to explore the underlying mechanisms.
PATIENTS AND METHODS: LC tissues were
collected from 98 patients diagnosed with LC in
our hospital. Quantitative Real Time-Polymerase
Chain Reaction (qRT-PCR) analysis was used to
detect the expression levels of miR-124 and pro-
collagen-lysine, 2-oxoglutarate 5-dioxygenase 2
(PLOD2) in LC tissues and cell lines. Bioinfor-
matics (TargetScan and miRDB) and double Lu-
ciferase assay were performed to predict and
confirm the relationship between PLOD2 and miR-
124 in LC, respectively. MTT (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyl tetrazolium bromide) assay
and the colony formation assay were designed
to measure the proliferation ability of the cells.
Additionally, transwell and wound healing assays
were used to explore cell migration and invasion.
RESULTS: MiR-124 was found significantly
downregulated both in LC tissues and cells. PLOD2
was predicted and confirmed as the target gene of
miR-124 in LC. By regulating the protein expression
of PLOD2, miR-124 could significantly suppress
the proliferation, migration, and invasion of cells.
However, the transfection of PLOD2 could partially
offset the effects of miR-124 on LC cells.
CONCLUSIONS: MiR-124 was involved in reg-
ulating the malignant behaviors of LC cells. Fur-
thermore, the miR-124/PLOD2 axis might be-
come a potential target for the treatment of LC.
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Introduction

Currently, the morbidity rate of head-neck ma-
lignant tumors ranks sixth among all malignant tu-
mors, seriously endangering people’s health'. La-
ryngeal carcinoma (LC) is one of the most common
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head-neck malignant tumors. The morbidity rate of
LC ranks second in malignant tumors of the upper
respiratory tract’. With the rapid development of
the modern medical technology, great progress has
been made in clinical diagnosis and treatment of
LC*3. However, due to complex biological behav-
iors and diverse clinical manifestations, its early
diagnosis rate still remains low. Meanwhile, there
are many postoperative complications with high
recurrence rate®’. In view of this, searching for ef-
fective methods for early diagnosis of LC and ef-
fective therapeutic measures have been the key and
difficulty in LC research.

MicroRNAs (miRNAs) are a class of non-cod-
ing RNAs with 19-25 nucleotides in length®°. It
can reduce the expression level of mRNAs or
inhibit the translation of target genes by pairing
with the 3’ non-transcribed region (3’UTR) of
the target genes'®!. Functionally, miRNAs are
involved in cell proliferation'>!?, differentiation',
apoptosis'>', and migration”’. MiRNAs can be
considered as oncogenes or tumor Suppressor
genes since they are involved in tumor formation,
cell invasion, and angiogenesis'®2?’. MiR-124 has
been confirmed?* to play an important role in
hepatocellular carcinoma, thyroid carcinoma?®,
renal cell carcinoma®, and non-small cell lung
cancer®. However, no studies have investigated
the relationship between miR-124 and LC.

In this paper, we first detected the expression level
of miR-124 in LC tissues and cells. Furthermore, we
investigated the effect of miR-124 on biological be-
haviors of LC cells and the underlying mechanism.

Patients and Methods

Tissue Samples

This study was approved by the Ethics Com-
mittee of Zhongnan Hospital of Wuhan Universi-
ty. 98 paired LC tissues, and normal laryngeal tis-
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sues were collected by LC patients who received
surgery from May 2016 to December 2018 in our
hospital. The collected tissues were immediately
stored in liquid nitrogen for use. All patients were
pathologically diagnosed with LC using paraffin
sections. Informed consent was obtained from pa-
tients before the operation.

Cell Culture and Transfection

LC cell line (Hep-2) and human immortal-
ized epidermal cells (HaCaT) were obtained
from American Type Culture Collection (ATCC;
Manassas, VA, USA). All cells were cultured in
Roswell Park Memorial Institute-1640 (RPMI-
1640) medium (HyClone, South Logan, UT, USA)
containing 10% fetal bovine serum (FBS; Gibco,
Rockville, MD, USA) in an incubator with 5%
CO, at 37°C. The original medium was replaced
with fresh medium at 24 h. When the cells covered
the bottom of the culture-plates, they were digest-
ed with 0.25% trypsin, followed by cell passage.
Hep-2 cells in the logarithmic growth phase were
transfected with miRNA-NC, miRNA-mimics,
miRNA-inhibitor, and PLOD2 according to the
instructions of Lipofectamine 2000 (Lip02000;
Invitrogen, Carlsbad, CA, USA), respectively.
Before refreshed with normal growth medium 6
h later, the cells were incubated in the serum-free
medium. Finally, the transfected cells were col-
lected for subsequent functional assays after 48 h.

Target Gene Prediction

Bioinformatics (TargetScan and miRDB) were
used to predict the target genes of miR-124. To
confirm the prediction, the plasmids contain-
ing PLOD2-wild-type (PLOD2-WT) + Negative
control (miR-NC), PLOD2-WT + miR-124 mim-
ic, PLOD2-mutant-type (PLOD2-MUT) + miR-
NC, and PLOD2-MUT+ miR-124 mimic were
co-transfected into Hep-2 cells (1.5x10° cells/
well), respectively. After 48 h of culture, the cells
in each group were assayed according to the man-
ufacturer’s instructions of the Dual-Luciferase
Assay System (Promega, Madison, W1, USA).

RNA Extraction and Quantitative Real
Time-Polymerase Chain Reaction (q-PCR)
Analysis

The cells were lysed in an Eppendorf (EP) tube
containing 500 pL of lysis buffer. The total RNA
in the cells was extracted using TRIzol reagent (In-
vitrogen, Carlsbad, CA, USA). Subsequently, 1 pg
of total RNA was synthesized into complementary
deoxyribose nucleic acid (cDNA) according to the

instructions. U6 and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) were used as internal ref-
erences for miRNAs and mRNAs, respectively. The
specific reaction conditions were as follows: 95°C
for 1 min, 95°C for 15 s, and 60°C for 1 min, for a
total of 40 cycles. According to the instructions of
the gPCR reagent (TaKaRa, Otsu, Shiga, Japan),
the expression levels of miR-124 and PLOD2 were
calculated based on RQ=2%4°T. The primer se-
quences used in this study were as follows: PLOD2,
F:  5-CGAAGCAGGCCTCCTCTACATC-3, R:
5-CGAGCCGATGTGTAAGTAGGA-3’;  microR-
NA-124, F: 5-GAGAGGCCTGTACACGACATG-3’,
R:  5-AGGTTAGTGAGTGAGTAG-3; U6: F:
5-GCTTCGGCAGCACATATACTAAAAT-3, R:
5-CGCTTCAGAATTTGCGTGTCAT-3’;,  GAP-
DH: F: 5-CGCTCTCTGCTCCTCCTGTTC-3’, R:
5-ATCCGTTGACTCCGACCTTCAC-3".

Western Blot Analysis

Prepared sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE) gel was
first put into the vertical electrophoresis tank. An
appropriate volume of protein sample (about 40
pg) was added to the wells according to the pro-
tein concentration to ensure the same amount of
protein in each well. Then, the protein samples
were separated by electrophoresis and transferred
onto polyvinylidene difluoride (PVDF) mem-
branes (Roche, Basel, Switzerland). Then, the
PVDF membranes were blocked with Tris-Buff-
ered Saline and Tween 20 (TBST-20) solution
containing 8% skim milk for 1 h at room tempera-
ture. Thereafter, the membranes were incubated
with primary antibodies of PLOD and GAPDH
in TBST solution containing 5% skim milk at
4°C overnight. On the next day, the membranes
were incubated with the corresponding secondary
antibody for 1 h at room temperature. Then, the
membranes were rinsed with TBST for 10 min
three times. Next, the membranes were added
with mixed enhanced chemiluminescence (ECL)
reagents A and B in a 1:1 ratio. The immunoreac-
tive bands were finally exposed.

MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-
Diphenyl Tetrazolium Bromide) Assay
After transfection, Hep-2 cells in the loga-
rithmic growth phase were digested with trypsin
and prepared into single-cell suspension. Then,
the cells were inoculated into 96-well plates at
a density of 1x10° cells/well. After culture for 7
d, 20 pL of MTT solution (Sigma-Aldrich, Saint
Louis, MO, USA) was added into each well and
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mixed evenly, followed by incubation at 37°C
for 4-6 h. The supernatant in each well was then
mixed evenly with 150 puL of dimethyl sulfoxide
(DMSO; Sigma-Aldrich, Saint Louis, MO, USA).
Absorbance at 490 nm was measured at 24, 48,
72, and 96 h, respectively. Finally, the cell prolif-
eration curve was plotted.

Colony Formation Assay

Colony formation assay was used to study the
long-term influence of miR-124 on Hep-2 cell
proliferation. Briefly, Hep-2 cells were seeded
into 6-well plates at a density of 1x10° cells/well.
Then, the cells were cultured in a constant tem-
perature incubator. 10 days later, the cells were
washed with phosphate-buffered saline (PBS) and
fixed with 4% paraformaldehyde solution for 15
minutes, followed by staining with 1% crystal vi-
olet solution. Formed colonies (> 50 cells) were
observed under a light microscope, and the num-
ber of colonies was counted and analyzed.

Transwell Assay

The cells were first inoculated into 6-well
plates and transfected. After 24 h, the cells were
digested and blown into cell suspension using the
serum-free and double antibody-free medium.
The cell concentration was then adjusted. 100 pL
of cell suspension and 650 pL of complete medi-
um were added into the upper and lower cham-
bers, respectively, followed by incubation at 37°C
for 24 h. Subsequently, the cells were fixed with
formaldehyde solution, stained with hematoxylin,
and washed with PBS. After wiped clean with a
cotton swab, the cells were sealed with neutral
resins. After drying, the cells were observed and
photographed under a microscope (40x%). Finally,
the number of migrating or invading cells was
counted.

Would Healing Assay

Hep-2 cells were seeded into 6-well plates
and transfected until about 70% of cell confer-
ence. The medium was changed with 10% FBS
Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco, Rockville, MD, USA) 6-8 h later. After 6
h of culture, the dead cells were gently washed
away with PBS. Meanwhile, the wells in the plate
were streaked with a 100 pl tip, and the force was
evenly applied. After streaking, the cells were
gently rinsed with PBS and replaced with 2 mL
serum-free DMEM medium. The scratches were
photographed immediately after streaking the
line. The cells were re-exchanged every 24 h, and

the scratches were photographed at 48 h. Accord-
ing to the variation of the width and the width of
scratches between different groups, the migration
and invasiveness of each group were determined.

Statistical Analysis

GraphPad Prism 7.0 software (La Jolla, CA,
USA) was used for all statistical analysis. z-test
was used for analyzing measurement data. Stu-
dent’s ¢-test was applied to compare the difference
between the two groups. One-way ANOVA was
used to compare the differences among different
groups, followed by the post-hoc test (Least Sig-
nificant Difference). p<0.05 was considered sta-
tistically significant.

Results

Expression Level of MiR-124
in LC Tissues and Hep-2 Cells

Based on previous studies, we realized that
miRNA-124 might have a great influence on the
development of tumor cells. Therefore, we first
detected the expression level of miRNA-124 in
LC tissues and adjacent normal tissues. QRT-PCR
results showed that the expression level of miR-
NA-124 was significantly downregulated in LC
tissues when compared with adjacent normal tis-
sues (Figure 1A). Similarly, miR-124 expression
in Hep-2 cells was significantly lower than that of
HaCaT cells (Figure 1B). These results strongly
suggested that miR-124 might be involved in the
progression of LC.

PLODZ2 Was a Target Gene of MiR-124
Bioinformatics (TargetScan and miRDB) pre-
dicted that miR-124 could combine with the seg-
ments of 189-195 in PLOD2 3’UTR (as shown in
Figure 2A), thereby playing a regulatory role in
LC cells via PLOD2. Therefore, wild-type (WT)
and mutant-type (MUT) PLOD2 were designed,
and co-transfected into cells with miR-124 mim-
ics or miR-NC, respectively. Luciferase activity
was detected via Dual-Luciferase Reporter Gene
Assay. The results showed that the fluorescence
intensity was significantly lower in the cells trans-
fected with PLOD2-WT and miR-124 mimics.
However, no evident differences were observed
in PLOD2-MUT treated cells (Figure 2B). QRT-
PCR results indicated that no significant differ-
ences were observed in PLOD2 mRNA expres-
sion level among the three groups (Figure 2C).
However, the protein expression of PLOD2 in
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Figure 1. MiR-124 expression level in LC tissues and cells. A, MiR-124 expression level was downregulated in both LC tis-
sues A, and cells B, compared with adjacent normal tissues and HaCaT cells, respectively. (**p<0.01, ***p<0.001 vs. control
group).

Hep-2 cells transfected with miR-124 mimic was
significantly downregulated when compared with
the control cells. Meanwhile, the cells transfected
with miR-124 inhibitor showed a reversed manner

compared with the control cells (Figures 2D, 2E).
All these findings suggested that miR-124 regu-
lated PLOD2 expression at the post-transcription-
al level.
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Figure 2. PLOD2 was a target gene of miR-124. A, MiR-124 combined segments of 189-195 in PLOD2 3’UTR. B, Relative
Luciferase activity. C, The mRNA expression level of PLOD2 showed no significant differences in the cells transfected with
miR-124 mimics or inhibitor compared with the control group. D, Protein expression level of PLOD2 in cells after transfection
of miR-124 mimics or inhibitor were significantly downregulated or upregulated when compared with normal cells, respec-
tively. E, Qualification of protein expression level of PLOD2. (**p<0.01, ***p<0.001 vs. control group).
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PLODZ Restored the Inhibitory
Effect of MiR-124 on LC Cells

To further investigate the effects of miR-124
and PLOD2 on LC cells, control group, miR-124
mimic group (Hep-2 cells transfected with miR-
124 mimic), and miR-124 mimic+PLOD2 group
(Hep-2 cells co-transfected with miR-124 mim-
ic and LV-PLOD2) were established. MTT assay
and colony formation assay (shown in Figure 3)
demonstrated that the proliferation ability of LC
cells transfected with miR-124 mimics was sig-
nificantly suppressed when compared with the
control group. After the overexpression of miR-
124 and PLOGD?2, the impaired proliferation abil-
ity could be significantly rescued. In spite of this,
subsequent transwell and wound healing assays
indicated that the invasion and migration of LC

cells were significantly inhibited in the miR-124
mimic group. Furthermore, these inhibitory ef-
fects could be alleviated by recovering PLOD2
expression in LC cells (Figure 4).

All the above findings indicated that miR-124
could inhibit the proliferation, invasion, and mi-
gration of LC cells. Meanwhile, the upregulation
of PLOD?2 expression in cells could counteract the
role of miR-124 in cells.

Discussion

LC is a common head-neck malignant tumor,
with multi-gene abnormality and strong invasion.
It accounts for about 2.4% in new tumor cases
every year?”. With the emergence and develop-
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Figure 3. Effects of miR-124 and PLOD2 on the proliferation ability of LC cells detected by colony formation assay and MTT
assay. A, Three different groups of colony formation assay were observed under a microscope (magnification x 40). B, The
number of colonies in miR-124 mimic group was significantly reduced when compared with the control group. However, the
overexpression of PLOD2 could partially restore this effect. D, MTT assay showed that miR-124 could inhibit the proliferation

ability of LC cells, while PLOD2 could counteract this effe
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Figure 4. Effects of miR-124 and PLOD2 on the migration and invasion ability of LC cells detected by transwell assay and
wound healing assay. LC cells transfected with miR-124 showed significantly suppressed migration (magnification x 10) A-B,
and invasion (magnification x 40) C-D of LC cells. (**p<0.01 vs. control group, *»<0.05 vs. miR-124 mimic group).

ment of gene chip technology, increasingly more
studies®®? have focused on the mechanism of
the occurrence and development of LC at genet-
ic and molecular levels. This is of great signifi-
cance for clinical diagnosis and treatment of LC.
Currently, the treatment of LC is mainly based on
surgery combined with radiotherapy or chemo-
therapy. Early LC can be clinically cured by sur-
gery combined with radiotherapy. However, mid-
dle-advanced LC is mainly treated with surgery
combined with chemotherapy, whose therapeutic
effect is far from satisfactory*®3!.

MiRNAs are a class of molecules with a wide
range of regulatory functions in the body. They
can regulate the products of 1/3 of the human ge-
nome*. The regulation of miRNA in vivo forms
a complex network structure, in which a single
miRNA can regulate multiple target genes. Mean-
while, a single protein gene can be regulated by
multiple miRNAs simultaneously*®. Based on pre-
vious researches??°, we selected miR-124 as the
research object. In this study, we first examined
the expression level of miRNA-124 in LC tissues
and cells. The results demonstrated that miR-
NA-124 expression was significantly downregu-
lated in LC tissues and cells.

Since miRNAs act by binding to the 3’-UTR
of protein-expressing genes, we further exploited
the downstream target gene of miR-124 and in-
vestigated the biological impact of the target gene
on LC. Bioinformatics website (TargetScan and
miRDB) predicted that PLOD2 was highly likely
to be a target gene for miR-124 in LC. Hence, we
constructed WT and MUT PLOD2 plasmid vec-
tors. The targeted regulation relationship between
miR-124 and PLOD2 was confirmed by Dual-Lu-
ciferase Reporter Gene Assay. The results showed
that PLOD2 was the target gene of miR-124. Sub-
sequent Western blot assay found that high or
low expression of miR-124 could significantly
influence the protein expression level of PLOD2
in LC. However, the changes in the expression of
miR-124 had no significant effect on the mRNA
expression of PLOD2.

PLOD?2 gene is located between chromosomes
3921 and 3qg26, which mainly exists in the rough
endoplasmic reticulum®***. Dong et al** have
found that PLOD?2 is highly expressed in glioma
tissues and is related to the prognosis of glioma
patients. Researchers have compared the gene
expression profile of tumor specimens of blad-
der cancer patients. The results have detected
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that PLOD2 is highly expressed in patients with
recurrent bladder cancer, which can be regarded
as an effective predictor for early bladder cancer
recurrence’’. In addition, Rajkumar et al** have
indicated that multiple genes, including PLOD2
protein, is highly expressed in cervical cancer
and CIN3/carcinoma in situ compared with CIN1/
CIN2 and normal cervical tissues. These findings
suggest that PLOD2 is closely associated with the
progression of cervical cancer. Moreover, PLOD2
protein can also enhance the expression of ma-
trix metalloproteinase, thereby promoting the
degradation of the tumor extracellular matrix.
This may help to eliminate the physical barriers
to invasion and migration of tumor cells*. How-
ever, no report has revealed the functional role of
PLOD?2 in the occurrence and development of LC.

To observe the potential role of PLOD?2 in the
development of LC, the rescue assays were de-
signed in our study. The results found that the
overexpression of PLOD2 could partly restore the
inhibitory effects in Hep-2 cells induced by miR-
124, confirming that PLOD2 was a functional tar-
get of miR-124.

Conclusions

We first demonstrated that miR-124 was low-
ly expressed in LC tissues and was involved in
regulating the malignant behaviors of LC cells.
Furthermore, the miR-124/PLOD?2 axis might be-
come a potential target for the treatment of LC.
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