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Objective: MicroRNA (miRNA) is an endogenous, non-coding small RNA that plays a key
role in regulating organism biology and pathology. The aim of this study was to investigate
the expression characteristics of microRNA-186-5p in esophageal cancer (ECa) and its
correlation with clinical progression and prognosis, and to further explore its underlying
mechanisms.

Methods: Real-time quantitative PCR (QRT-PCR) was used to detect microRNA-186-5p level in
45 pairs of ECa tissue samples and adjacent ones, and to analyze the expression of microRNA-186-
5p and clinical progression of ECa and prognosis. The relationship between microRNA-186-5p
level in ECa cell lines was further verified by qRT-PCR. Finally, the potential mechanism was
explored using luciferase reporter gene assay and cell recovery experiment.

Results: QRT-PCR results revealed that the expression of microRNA-186-5p in ECa tissues
was remarkably lower than that in adjacent tissues, and the difference was statistically
significant. Compared with patients with high expression of microRNA-186-5p, patients
with low expression of microRNA-186-5p had higher incidence of pathological stage and
lower overall survival rate. Besides, compared with the miR-NC group, the microRNA-186-
5p mimics group had a significant decrease in proliferation and metastasis ability of ECa
cells. Subsequent qRT-PCR validation in ECa cell lines and tissues indicated a significant
increase in HOXA9 expression and a negative correlation with microRNA-186-5p.
Conclusion: The expression of microRNA-186-5p was remarkably decreased in ECa,
which was remarkably correlated with pathological stage, distant metastasis and poor prog-
nosis of ECa. The results suggested that microRNA-186-5p may inhibit cell proliferation of
ECa by regulating HOXAO9.
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Introduction

Esophageal cancer (ECa) is one of the alimentary tract malignancies with high
morbidity and mortality. Currently, it ranks 9" in the global cancer incidence and
6™ in the total mortality." In developed countries, the incidence of ECa ranks
20th, but its death ranks 11™.*3 In developing countries, the incidence of ECa ranks
8th and the mortality ranks 5™.° Among esophageal carcinoma, squamous cell
carcinoma and adenocarcinoma are the main pathological types, among which
squamous cell carcinoma accounts for more than 90% in China.” Because the
early symptoms of ECa are not obvious and there is a lack of early diagnosis,
most patients are in the advanced stage of disease at the time of the first diagnosis,
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and the 5-year survival rate of ECa after resection is 9.5—
45%.® Tumor invasion and metastasis are the main factors
leading to the death of patients with ECa, which are
mainly dependent on the activation of proto-oncogenes
and the inactivation of tumor suppressor genes.g’10 If we
can study the occurrence and development of ECa from
the perspective of genetics and epigenetics, it will provide
new targets and new strategies for the diagnosis and treat-
ment of ECa.'"""?

MicroRNA (miRNA) are newly-discovered small non-
coding RNA molecules with about 22 nucleotides in length,
and are widely distributed in eukaryotes.'*'* Although most
miRNAs are intracellular, some have been found in the
extracellular environment, called circulating miRNAs or
extracellular miRNAs.'>'® MiRNAs bind to some proteins
to form miRNA-induced silencing complexes, which in turn
lead to complete or incomplete pairing with the 3’ non-
coding region (3'-UTR) of target gene messenger RNA
(mRNA) so as to degrade it or repress its post-transcrip-
tional translation.'”'® By regulating the expression of target
genes, miRNA-186-5p, as a member of the microRNAs
family, plays an important role in cell proliferation, apopto-
sis, differentiation and other processes, and in maintaining
the normal function of cells.'®!” Therefore, miRNA disor-
ders are associated with many diseases, such as tumors.'’

Homeobox genes (HOX genes) are an important family
of genes regulating embryonic development and cell growth
and differentiation in vivo. With the continuous develop-
ment of the understanding of HOX genes, recent studies
have found that HOX genes are closely related to the
occurrence, development, invasion and metastasis of
tumors.?>*! Studies have shown that HOX gene plays a
positive or negative regulatory role in the process of cell
proliferation and differentiation, and is closely related to the
occurrence and development of gastrointestinal tumors,
breast cancer, endometrial cancer, etc.?! As a member of
the HOX family, HOXA9 gene may be a new tumor mole-
cular marker protein, which may play an important role in
the development of ECa.*** Bioinformatics genome pre-
diction suggested that HOXA9 may be one of the targeted
genes of miRNA-186-5p. However, whether miRNA-186-
5p can be involved in the proliferation and metastasis of
ECa cells through the targeted regulation of HOXAO is still
unknown.

Therefore, this study further explored the biological
function of microRNA-186-5p in ECa and the specific
molecular mechanism of whether microRNA-186-5p
could regulate HOXA9, providing clues to explain the

potential mechanism of the occurrence and development
of ECa, hoping to discover potential biomarkers for the
early diagnosis and population screening of ECa.

Patients And Methods
Patients And ECa Samples

The tumor tissues and corresponding adjacent tissues were
collected from forty-five patients who were diagnosed of
ECa by pathology and underwent surgical resection. All
samples were frozen and stored in a refrigerator at —80°C
for subsequent RNA extraction. The study was approved by
the Ethics Oversight Committee of Shandong Provincial
Hospital Affiliated to Shandong University. All patients
had not receive chemotherapy before surgery and the
patients and their families were fully informed that the
specimens would be used for scientific research and signed
informed consent. This study was conducted in accordance
with the Declaration of Helsinki. The pathological classifi-
cation and staging criteria of ECa were performed accord-
ing to the international association of cancer (UICC) ECa
staging criteria.

Cell Lines And Reagents

Four human ECa cells (OE19, OE33, TE-1 and EC-109) and
one human normal esophageal epithelial cell (HEEC) were
purchased from ATCC, USA. Dulbecco’s modified eagle
medium (DMEM, Thermo Fisher Scientific, Waltham, MA,
USA) and fetal bovine serum (FBS) (Gibco, Rockville, MD,
USA) were purchased from Life Technologies, USA. Cells
were cultured at 37°C with 5% CO2 with MEM medium
containing 10% FBS and 100 U/mL penicillin, 100 ug/mL

streptomycin.

Cell Transfection

MicroRNA-186-5p overexpression was achieved by trans-
fecting ECa cells TE-1 and EC-109 cell lines with
microRNA-186-5p mimics (100 nmol/L). For recovery
experiment, the HOXA9 overexpression plasmid was con-
structed and transfected into cells that had overexpressed
microRNA-186-5p. Cells were divided into three groups:
miR-NC+NC group, micro-186-5p mimics+NC group,
microRNA-186-5p mimicstHOXA9 group. Cells were
plated in 6-well plates and grown to a cell density of
70%, then plasmid transfection was performed using
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions, and cells
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were harvested 48 h later for qRT-PCR analysis and cell
function experiments.

Cell Counting Kit (CCK-8) Assay

The cells after 48 h of transfection were harvested and
plated into 96-well plates at 2000 cells per well. The cells
were cultured for 24 h, 48 h(172 h and 96 h respectively,
and then added with CCK-8 (Dojindo Laboratories,
Kumamoto, Japan) reagent. After incubation for 2 hrs, the
OD value of each well was measured in the microplate
reader at 490 nm absorption wavelength.

Colony Formation Assay

After the cell density reached 70-80%, a single cell sus-
pension was prepared by digesting with 0.25% trypsin.
Subsequently, the cell suspension was repeatedly mixed
using a pipette tip, and the number of viable cells was
counted by the cell counting plate after trypan blue stain-
ing. 100 cells were seeded in a six-well plate, and 2 mL of
complete medium was added and the plate was shaken for
5 min. Three parallel samples were set for each concentra-
tion, and the cells were cultured for 7 days ina 37 ° C, 5%
CO2 incubator to calculate the colony formation rate.

Transwell Cell Migration Assay

After transfection for 48 hrs, the cells were trypsinized and
resuspended in serum-free medium. After cell counting, the
diluted cell density was adjusted to 2.0x10°/mL, and the
Transwell chamber containing Matrigel and no Matrigel
was placed in a 24-well plate. 200 pL of the cell suspension
was added to the upper chamber, and 500 pL of the medium
containing 10% FBS was added to the lower chamber. After
48 hrs, the chamber was removed, fixed with 4% parafor-
maldehyde for 30 mins, and stained with the crystal violet
for 15 mins. After washed with the PBS, the inner surface
of the basement membrane of the chamber was carefully
cleaned to remove the inner layer cells. The perforated cells
stained in the outer layer of the basement membrane of the
chamber were observed under the microscope, and 5 fields
of view were randomly selected.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

The transfected cells were cultured for 48 h, and RNA was
extracted and reverse transcribed into cDNA using
Primescript RT Reagent (TaKaRa, Otsu, Japan). QRT-
PCR reactions were performed using SYBR® Premix Ex

TaqTM (TaKaRa, Otsu, Japan), and StepOne Plus Real-
time PCR System (Applied BiPCaystems, FP Cater City,
CA, USA). The relative expression levels of microRNA-
186-5p and HOXA9 were determined according to the
methods described above. Data analysis was performed
using ABI Step One software and the relative expression
levels of mRNA were calculated using the 22" method.
All experiments were repeated 3 times.

Luciferase Report Gene Assay

According to the instructions, the esophageal cancer cell line
in the logarithmic growth phase was prepared for the lucifer-
ase assay. A reporter plasmid was constructed in which a
specific fragment of the target promoter was inserted in front
of the luciferase expression sequence. The transcription fac-
tor expression plasmid to be detected was co-transfected with
the reporter gene plasmid into the ECa cell line. If the
transcription factor could activate the target promoter, the
luciferase gene would be expressed, and the amount of
luciferase expression was directly proportional to the inten-
sity of the transcription factor. A specific luciferase substrate
was added, and luciferase can react with the substrate to
generate fluorescence. By measuring the intensity of the
fluorescence, the activity of the luciferase can be calculated
to determine whether the transcription factor can interact
with the target promoter fragment.

Statistical Analysis

Data analysis was performed using Statistical Product and
Service Solutions (SPSS) 22.0 (SPSS IBM, Armonk, NY,
USA) statistical software. The measurement data were
expressed as meantstandard deviation (X+s). The mean
difference of microRNA-186-5p expression between groups
was analyzed using paired sample test. The relationship of
microRNA-186-5p and clinical pathology features was
tested by y* test. The survival analysis was performed by
Kaplan-Meier method, and the survival curve was drawn.
P<0.05 was considered statistically significant.

Results
microRNA-186-5p Was Lowly Expressed

In ECa Tissues And Cell Lines

The expression of microRNA-186-5p in 45 pairs of ECa
tissue specimens and adjacent ones as well as in cell lines
was detected by qRT-PCR, and the results revealed that
microRNA-186-5p was remarkably lower either in ECa
tissues (P<0.001; Figure 1A) or cell lines (Figure 1B).
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Figure | MiR-186-5p is underexpressed in esophageal cancer tissues and cell lines. (A) qRT-PCR was used to detect the difference in expression of miR-186-5p in
esophageal cancer tumor tissues and adjacent tissues; (B) qRT-PCR was used to detect the expression level of miR-186-5p in esophageal cancer cell lines; (C) Kaplan Meier
survival curve of esophageal cancer patients based on miR-186-5p expression; the prognosis of patients with low expression was significantly worse than that of high

expression group. Data are mean % SD, *P<0.05, **P<0.01, ***P<0.001.

microRNA-186-5p Expression Was
Correlated With Pathological Stage, Distant
Metastasis And Overall Survival In ECa

Patients

According to microRNA-186-5p expression, the 45 pairs
of ECa tumor tissue samples and paracancerous ones were
divided into high expression group and low expression
group, and the relevant clinical indicators were analyzed.
Chi-square test was used to analyze the relationship
between microRNA-186-5p expression and age, gender,
pathological stage, lymph node metastasis and distant
metastasis of ECa patients. As shown in Table 1, the low
expression of microRNA-186-5p was positively correlated
with the incidence of clinical stage and distant metastasis
of ECa, but not with age, gender and lymph node metas-
tasis. In addition, in order to explore the interplay between
microRNA-186-5p expression and prognosis in patients
with ECa, we collected relevant follow-up data. Kaplan—
Meier survival curves indicated that low expression of
microRNA-186-5p was remarkably associated with poor
prognosis of ECa, and the lower the expression level of
microRNA-186-5p, the worse the prognosis (P<0.05;
Figure 1C). These results suggested that microRNA-186-
Sp expression was correlated with pathological stage, dis-
tant metastasis and overall survival in ECa patients.

Over-Expression Of microRNA-186-5p

Inhibited Cell Proliferation

To explore the effect of microRNA-186-5p on the prolif-
eration of ECa cells, microRNA-186-5p overexpression
model was successfully constructed (P<0.01; Figure 2A).
CCK-8 and plate cloning assays were performed to ana-
lyze proliferation ability of cells in the control miR-NC

group and microRNA-186-5p mimics group. As shown in
Figure 2B and C, the proliferative capacity of ECa cells in
the microRNA-186-5p mimics group was remarkably
reduced compared to the miR-NC group.

Over-Expression Of microRNA-186-5p

Inhibited Cell Metastasis
In order to explore the effect of microRNA-186-5p on the

migration and metastasis of ECa cells, the migration and

Table | Association of miR-186-5p expression with clinico-
pathologic characteristics of esophageal cancer

Parameters | Number miR-186-5p P-value

Of Cases Expression

High (%) Low (%)

Age (years) 0.463
<60 17 I 6
260 28 15 13
Gender 0.436
Male 22 14 8
Female 23 12 I
T stage 0.003
TI-T2 30 22 8
T3-T4 15 4 I
Lymph node metastasis 0.139
No 27 18 9
Yes 18 8 10
Distance metastasis 0.044
No 35 23 12
Yes 10 3 7
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metastasis of the cells were detected by transwell migra-
tion assay in the miR-NC group and the microRNA-186-
Sp mimics group. The Transwell migration assay showed
(P<0.01; Figure 3) that the microRNA-186-5p mimics
group had a significant decrease in migration and metas-
tasis of ECa cells compared with the miR-NC group.

microRNA-186-5p Could Bind To
HOXA9

In order to further explore the way in which microRNA-
186-5p regulated the malignant progression of ECa, we
found that there may be a relationship between HOXA9
and microRNA-186-5p through relevant bioinformatics
analysis. To further validate the targeting of microRNA-
186-5p to HOXAY, a luciferase reporter assay was per-
formed. The results showed that overexpression of
microRNA-186-5p remarkably attenuated the luciferase
activity of the wild-type HOXA9 vector, further demon-
strating that HOXA9 can be targeted by microRNA-186-
S5p through this binding site (P<0.05; Figure 4A).
Furthermore, by constructing the microRNA-186-5p over-
expression vector, qRT-PCR detected the expression level
of HOXA9 in the ECa cell line after overexpression of
miR-188-5p, and the results indicated that the expression
of HOXA9 was remarkably decreased (P<0.05; Figure 4B).
Besides, qRT-PCR experiments showed that the expression
level of HOXA9 was remarkably higher in ECa tissues, and
the difference was statistically significant (P<0.001;
Figure 4C). Meanwhile, HOXA9 was also remarkably
higher in ECa cell lines than in HEEC, and the difference

TE-1 EC-109

Migration

250~ ke 3 miR-NC
. B miR-186-5p mimics
200+
.
[
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3
c
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Figure 3 Ability to promote migration and metastasis of esophageal cancer cells after
overexpression of miR-186-5p. The Transwell assay validates the migration and metas-
tasis ability of esophageal cancer cells after overexpression of the miR-186-5p vector in
TE-1 and EC-109 cell lines (Magnification: 20X). Data are mean * SD, **P<0.01.

was statistically significant (Figure 4D). In addition, the
expression of microRNA-186-5p and HOXA9 were
detected by gRT-PCR, and the results showed that
microRNA-186-5p and HOXA9 were negatively correlated
in ECa tissues (Figure 4E). These results indicated that
microRNA-186-5p could bind to HOXA9 and that there
was a negative correlation between the expression of
microRNA-186-5p and HOXADO.

Overexpression Of HOXA9 Reversed
The Inhibitory Effect Of microRNA-|86-
5p In ECa Cells

To further explore the interaction between microRNA-186-
5p and HOXA9 in ECa cells, we overexpressed HOXA9 in
a cell line overexpressing microRNA-186-5p in ECa cells to
confirm there may be some mutual regulation between
HOXA9 and HOXAO9. Further, as shown in Figure 5A,
the HOXA9 overexpression vector was constructed using
a plasmid, and the transfection efficiency of HOXA9 after
co-transfection of the microRNA-186-5p and HOXA9 vec-
tors was examined by qRT-PCR. Subsequently, we demon-
strated that overexpression of HOXA9 counteracted the
effect of microRNA-186-5p mimics on proliferation and
migration of ECa cells by cell CCK-8, plate cloning and
Tranwell migration experiments (Figure 5B-D). These indi-
cated that microRNA-186-5p modulated HOXA9 in ECa
and that HOXA9 overexpression could reverse the inhibi-
tion effect of microRNA-186-5p on ECa cell proliferation
and migration.

Discussion

Tumor refers to a new organism formed by cells in the
body under the action of various tumorigenic factors, in
which the cells in local tissues mutate at the gene level and
lose the normal regulation of their growth, leading to
unlimited abnormal proliferation and differentiation of
cells.' Once a tumor is formed, its growth characteristics
are not regulated by normal body physiology, but destroy
normal tissues and organs, especially in malignant
tumors.** Carcinoma refers to the malignant tumor that
occurs in epithelial tissue and is caused by the abnormal
growth of cells.® In addition to their own unlimited pro-
liferation, cancer cells will also be transferred to all parts
of the body through the lymphatic system or circulatory
system to grow and reproduce, resulting in cachexia and
severe organ failure, etc., and eventually leading to the
death of patients.®® Although great progress has been
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Figure 4 miR-186-5p binds directly to HOXA9. (A) The dual luciferase reporter assay validated the direct targeting of miR-186-5p with HOXA9; (B) qRT-PCR verified the
expression level of HOXA9 after transfection of miR-186-5p in TE-1 and EC-109 cell lines; (C) qRT-PCR was used to detect the difference in expression of HOXA9 in tumor
tissues and adjacent tissues of esophageal carcinoma; (D) qRT-PCR was used to detect the expression level of HOXA9 in esophageal cancer cell lines; (E) There was a
significant negative correlation between miR-186-5p and HOXA9 expression in esophageal cancer tissues. Data are mean % SD, *P<0.05, **P<0.01, ***P<0.001.

made in the diagnosis and treatment of ECa in the past
decades, the prognosis of ECa, especially in patients with
advanced and metastatic ECa, is still not satisfactory, and
recurrence and metastasis are the main reasons for the
failure of ECa treatment.®® Therefore, screening is an
important method for early detection and early diagnosis
of ECa, and improving the sensitivity and specificity of
screening is the focus of current research.'®™'?
MicroRNA is a class of non-coding small molecule sin-
gle-stranded RNA, which could regulate gene expression
mainly at the transcriptional level and the post-transcriptional
level of animals, plants, viruses and bacteria. By specifically
binding to the base pair of target mRNA, microRNA can
cause degradation or translation inhibition of mRNA and
regulate gene expression.''* Many miRNAs have been
found in animals, plants and viruses, and each miRNA

regulates multiple target genes at the post-transcriptional
level. To date, more than 700 human miRNAs have been
cloned.'> Mature miRNA is a small mature RNA molecule
with about 22 base pairs, which plays an important role in
transcriptional regulation and is transformed from precursor
miRNA (pre-microRNA).'* ' miRNA-186-5p is one of the
newly discovered miRNAs in recent years, which can be
expressed by targeting downstream genes and play a similar
role of tumor suppressor genes.>*? A large number of
studies have confirmed that the low expression of miRNA-
186-5p existed in a variety of malignant tumor tissues, and
the low expression of microRNA-186-5p also provided
favorable conditions for the proliferation and metastasis of
malignant tumor cells to a certain extent.”* >’ However, the
effect of microRNA-186-5p on ECa is rarely reported. On
the basis of previous studies, this chapter selected ECa cell
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Figure 5 miR-186-5p regulates the mechanism of action of HOXA9 to inhibit the development of esophageal cancer. (A) HOXA9 expression levels in eR esophageal cancer
TE-1 and EC-109 cell lines co-transfected with miR-186-5p and HOXA9 were detected by qRT-PCR; (B) The CCK-8 assay detects the effect of co-transfection of miR-186-
5p and HOXA9 overexpression vectors on proliferation of esophageal cancer cells in TE-1 and EC-109 cell lines; (C) Plate cloning experiments were performed to detect
the number of esophageal cancer proliferation-positive cells after co-transfection of miR-186-5p and HOXA9 overexpression vectors in TE-1 and EC-109 cell lines; (D)
Transwell assay was used to detect the effect of co-transfection of miR-186-5p and HOXA9 overexpression vectors on the migration ability of esophageal cancer cells in TE-

| and EC-109 cell lines. Data are mean * SD, *P<0.05, # P<0.05.

lines TE-1 and EC-109 as the research subjects, and used cell
transfection technology to explore the influence of miRNA-
186-5p expression on the biological characteristics of TE-1
and EC-109 cell lines, such as proliferation, invasion and
migration, and its regulatory effect on downstream target
genes. qRT-PCR was used to verify the expression of
miRNA-186-5p in ECa tumor tissues and adjacent tissues.
The results showed that the expression of miRNA-186-5p
was significantly decreased, and was positively correlated
with the pathological staging, distant metastasis and poor
prognosis of ECa. Therefore, we believed that miRNA-186-
5p might play a role of tumor inhibition in ECa. In addition,
through the construction of miRNA-186-5p transfection
model, it was found that miRNA-186-5p mimics remarkably
inhibited the proliferation, invasion and migration of the ECa
cells TE-1 and EC-109, suggesting that miRNA-186-5p
acted as a tumor suppressor gene in the occurrence and

development of ECa.

The functional detection in the analysis of abnormal
miRNA mainly focused on the mutations in target gene
binding.'® These studies focused on the importance of com-
plementary pairing between the 5 ‘end of miRNA and the 3’
UTRs region of target mRNA, and the complementary pair-
ing region of miRNA and target mRNA is called the seed
region.'”"'® Computational studies after experimental verifi-
cation emphasized the importance of seed region recognition
in miRNA-target mRNA, and based on miRNA-target gene
prediction and evolutionarily conserved sequences derived
from experimental studies, it was estimated that more than
30% of animal genes may be the target sites of miRNA.'® At
present, most studies have shown that HOXA9 was found in
a variety of malignant tumors and might bind to the mRNA
of miRNA-186-5p through bioinformatics. In this experi-
ment, it was found through the recovery experiment that
miRNA-186-5p and HOXA9 had mutual regulation effects.
In order to further prove whether miRNA-186-5p promoted
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the development of ECa by regulating the HOXA9, we
detected the down-regulated expression of HOXA9 after
overexpression of miRNA-186-5p by qRT-PCR, revealing
that miRNA-186-5p inhibited the proliferation and migration
of ECa by regulating HOXA9. In addition, the results also
showed that overexpression of HOXA9 could remarkably
reverse the effect of miRNA-186-5p mimics in ECa, reveal-
ing that miRNA-186-5p might inhibit malignant progression
of ECa by regulating HOXAO.

Conclusion

In summary, the expression of miRNA-186-5p in ECa was
remarkably decreased, which was remarkably correlated
with the pathological staging, distant metastasis and poor
prognosis of ECa. Besides, miRNA-186-5p may inhibit the
proliferation and metastasis of ECa by regulating HOXAO9.
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