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Abstract. The incidence and mortality rates of esophageal
squamous cell carcinoma (ESCC) are high in China, which has
increased the clinical and economic burden. The present study
aimed to investigate the role of microRNA (miRNA/miR)‑378
in ESCC. Reverse transcription‑quantitative polymerase chain
reaction analysis was performed to detect miR‑378 expres‑
sion in ESCC tissues and cell lines. Survival analysis was
performed using the Kaplan‑Meier method, while Cox regres‑
sion analysis was performed to determine the prognostic value
of miR‑378 in ESCC. miR‑378 mimic and miR‑378 inhibitor
was transfected into ESCC cells to overexpress or knockdown
miR‑378 expression levels in ESCC cells. The Cell Counting
Kit‑8 assay was performed to assess the proliferative ability of
ESCC cells, while the Transwell assay was conducted to assess
the effect of miR‑378 on the migratory and invasive abilities of
ESCC cells. The results demonstrated that miR‑378 displayed
significantly lower expression both in ESCC cells and tissues
by comparison with those in normal cells and adjacent tissues.
In addition, patients with low miR‑378 expression had a worse
prognosis and a shorter overall survival time than those with
high miR‑378 expression. Furthermore, low miR‑378 expres‑
sion promoted ESCC cell proliferation, migration and invasion.
Taken together, the results of the present study suggest that
miR‑378 may act as a tumor suppressor in the occurrence and
development of ESCC.
Introduction
Esophageal carcinoma is one of the most common malig‑
nancies of the digestive system and the sixth leading cause
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of cancer‑associated mortality worldwide (1). Esophageal
carcinoma includes esophageal squamous cell carcinoma
(ESCC) and esophageal adenocarcinoma, of which ESCC is
the most common pathological type in Asia (2,3). Currently,
the treatment strategies for ESCC include surgery, radio‑
therapy, and chemotherapy (4,5). Despite advancements in
these techniques, the 5‑year survival rate of patients with
ESCC was <20% in 2012 (6,7). Thus, it is important to
identify effective biomarkers for the diagnosis and treat‑
ment of patients with ESCC (8,9). In recent years, research
on non‑coding RNAs in the field of molecular biology
has attracted great interest due to its association with
tumors (10,11).
MicroRNAs (miRNAs/miRs) are a class of highly
conserved non‑coding RNA molecules, which negatively
regulate gene expression by binding to the 3'‑untranslated
region of target mRNAs, resulting in mRNA degradation
and inhibition of translation (12,13). Increasing evidence
suggest that miRNAs play key roles in gene expression regu‑
lation and signal transduction pathways in cancer (14,15). It
has been reported that downregulated miR‑378 expression
exerts a tumor suppressive role in non‑small cell lung cancer
(NSCLC), which provides an innovative and candidate target
for the diagnosis and treatment of patients with NSCLC (16).
Yang et al (17) comprehensively analyzed the role of miRNAs
and mRNAs in ESCC, and microarray analysis demonstrated
that miR‑378 expression was abnormally downregulated
in ESCC. However, the prognostic value of miR‑378 and
its regulatory effect on tumor progression in ESCC remain
unclear.
With the aim of exploring effects of miR‑378 on ESCC,
the present study determined the expression levels of
miR‑378 in ESCC tissues and cell lines, and then analyzed
the correlation between its expression and clinical parameters
as well as the prognosis value for ESCC. Preliminarily, the
molecular mechanism of action of miR‑378 on ESCC was
investigated.
Materials and methods
Patients and tissue samples. A total of 135 patients with
ESCC at Yidu Central Hospital were enrolled in the present
study between June 2013 and June 2015. The mean age for
all patients was 62 years old with a range of 38‑72 years;
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males slightly predominated (54%). Included cases were
histopathologically confirmed to have ESCC and all
patients agreed to participate in the study. Patients who
had previously received any radiation or chemotherapy for
ESCC prior to surgery were excluded from the present study.
Other eligibility criteria were as following: ≥18 years of
age; and no history of concurrent cancer in other organs or
history of previous cancer in any organ. Pathological tissue
samples and paired normal tissue samples (5 cm away from
the tumor tissues) were collected via surgical resection. The
fresh specimens were immediately frozen in liquid nitrogen
and stored at ‑80˚C until subsequent experimentation.
Patients were classified according to the seventh edition of
TNM staging criteria for malignant tumors, as revised by
the International Union against Cancer and the American
Cancer Federation in 2009 (18). The present study was
approved by the Medical Ethics Committee of Yidu Central
Hospital of Weifang (Weifang, China; approval no. 201210)
and written informed consent was provided by all patients
prior to the study start. Survival analysis was performed via
a 5‑year telephone follow‑up study (from the date of surgery
treatment to death or the last observation).
Cell culture and transfection. The ESCC cell lines TE‑1,
KYSE‑150, Eca‑109 and TE‑8 were purchased from the Cell
Bank of Type Culture Collection of the Chinese Academy of
Sciences, while the human esophageal epithelial cell line,
Het‑1A, was purchased from the American Type Culture
Collection. All cells were maintained in RPMI‑1640 medium
(Invitrogen; Thermo Fisher Scientific, Inc.) supplemented
with 10% fetal bovine serum (FBS; Thermo Fisher Scientific,
Inc.), at 37˚C with 5% CO2. miR‑378 mimic (50 nM; 5'‑CUC
CUGACUCCAGGUCCUGUGU‑3'), mimic negative control
(NC, 50 nM; 5'‑UCACAACCUCCUAGAAAGAGUAGA‑3'),
miR‑378 inhibitor (50 nM; 5'‑ACACAGGACCUGGAGUCA
GGAG ‑3') and inhibitor NC (50 nM; 5'‑UUCUCCGAACGU
GUCACGUTT‑3') were synthesized by Guangzhou RiboBio
Co., Ltd. 20 nM of miR‑378 mimic or inhibitor transfection
mix was prepared in Lipofectamine® 3000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufacturer's
instructions. The transfection mix and 1.5x105 cells were
seeded in medium in the same 6-well plates at 37˚C. Following
24 h, the medium along with the transfection reagent was
replaced with fresh medium. After another 24 h of medium
replacement at 37˚C, the cells were harvested for the
subsequent experimentation.
RNA reverse transcription‑quantitative polymerase chain
reaction (RT‑qPCR). Total RNA was extracted from ESCC
tissues and cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.), and the RNA quality and quantity
were verified using a NanoDrop 2000 (Thermo Fisher
Scientific, Inc.). Total RNA was reverse transcribed into
cDNA using the TaqMan miRNA reverse transcription kit
(Thermo Fisher Scientific, Inc.) using the following tempera‑
ture protocol: 16˚C holding for 30 min, 42˚C for 30 min, 85˚C
for 5 min and then 4˚C. qPCR was subsequently performed
using the SYBR‑Green I Master mix kit (Invitrogen; Thermo
Fisher Scientific, Inc.) on an ABI 7500 system. The amplifica‑
tion of U6 small nuclear RNA was used for the normalization.

The primers used in the present study were as follows: U6
forwards, 5'‑CGCTTCACGAATTTGCGTGTCAT‑3' and
reverse 5'‑GCTTCGGCAGCACATATACTAAAAT‑3'; and
miR‑378‑5p forwards, CAAACCTCCTCCTGACTCCAG
and reverse, TATGCTTGTTCTCGTCTCTGTGTC. The
PCR conditions were as follows: 95˚C for 30 sec; and 40 cycles
of 95˚C for 5 sec and 60˚C for 30 sec and 72˚C for 20 sec.
Relative expression levels were calculated using the 2 ‑ΔΔCq
method (19). All experiments were performed in triplicate.
Cell proliferation assay. Of the four ESCC cell lines,
miR‑378 expression was significantly lower in TE‑1 and
KYSE‑150 cells compared with Eca‑109 and TE‑8 cells.
Thus, the TE‑1 and KYSE‑150 cell lines were selected
for subsequent experimentation. Transfected TE‑1 and
KYSE‑150 cells were centrifuged at 100 x g for 5 min
at 4˚C. Thereafter, the cell suspension was prepared in
RPMI-1640 medium containing 10% FBS and then seeded
into 96‑well plates at a density of 2x10 3 cells per well.
Subsequently, 10 µl Cell Counting Kit‑8 (CCK‑8) reagent
(Dojindo Molecular Technologies, Inc.) was added to each
well and incubated for 1‑2 h at 37˚C, with 5% CO 2. Cell
proliferation was analyzed at a wavelength of 450 nm,
using a microplate reader system (Molecular Devices
LLC).
Cell migration and invasion assays. TE‑1 and KYSE‑150
cells were starved for 24 hours in a serum‑free medium
before invasion or migration experiments. A total of 2x105
transfected ESCC cells were plated in the upper chambers
of Transwell plates (8 µm pores; BD Biosciences), and
finally, 200 µl serum‑free RPMI-1640 was added to the
upper chamber. At 37˚C, the cells were cultured for 24 h in
an incubator with 5% CO2. For the invasion assay, Transwell
membranes were precoated with Matrigel. RPMI‑1640
medium (Invitrogen; Thermo Fisher Scientific, Inc.) supple‑
mented with 10% FBS was plated in the lower chambers.
Cells were fixed with 4% paraformaldehyde solution for
20 min at room temperature and subsequently stained with
0.1% crystal violet for 20 min at room temperature. Stained
cells were counted in five randomly selected fields using an
Olympus IX‑70 fluorescence microscope at 200x magnifica‑
tion.
Statistical analysis. Statistical analysis was performed
using SPSS 21.0 software (IBM Corp.) and GraphPad Prism
5.0 software (GraphPad Software, Inc.). All experiments
were performed in triplicate and data are presented as the
mean ± standard deviation. Paired Student's t‑test was used
to compare differences between two groups, while one‑way
ANOVA and Tukey's post‑hoc tests were used to compare
differences between multiple groups. χ 2 test was used to
compare the association between miR‑378 expression and
clinic data of patients. Survival analysis was performed
using the Kaplan‑Meier method and compared with the use
of log‑rank test to determine the statistical significance.
Univariate and multivariate Cox regression analysis was
performed to determine the prognostic value of miR‑378
in ESCC. P<0.05 was considered to indicate a statistically
significant difference.
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Table I. Association between miR-378 expression and the clinicopathological characteristics of patients with esophageal squa‑
mous cell carcinoma (n=135).
miR-378 expression

Characteristic

Number of patients

_____________________________________________

Low (n=68)

High (n=67)

P-value

Age, years				
0.793
<65
64
33
31
≥65
71
35
36
Sex				0.790
Male
73
36
37
Female
62
32
30
Smoking				0.550
No
82
43
39
Yes
53
25
28
Drinking				0.673
No
77
40
37
Yes
58
28
30
Differentiation degree				
0.788
Middle/High
60
31
29
Low
75
37
38
TNM stage				
0.001
Ⅰ/II
102
43
59
III
33
25
8
Lymph node metastasis				
0.010
Negative
95
41
54
Positive
40
27
13
miR, microRNA; TNM, tumor-node-metastasis.

Figure 1. miR‑378 expression in ESCC tissues and cell lines. (A) miR‑378 expression in ESCC tissues and adjacent normal tissues. (B) miR‑378 expression
in the four ESCC cell lines and normal Het‑1A cells. ***P<0.001 vs. adjacent normal tissues; ##P<0.01, ###P<0.001 vs. Het‑1A cells;. miR, microRNA; ESCC,
esophageal squamous cell carcinoma.

Results
miR‑378 expression in ESCC tissues and cell lines.
RT‑qPCR analysis was performed to detect miR‑378 expres‑
sion in ESCC tissues and cell lines. The results demonstrated
that miR‑378 expression was significantly lower in ESCC
tissues (0.567±0.321) compared with adjacent normal

tissues (1.02±0.326; P<0.001; Fig. 1A). Similarly, miR‑378
expression was significantly lower in the four ESCC cell
lines compared with the normal cell line, particularly
in KYSE‑150 and TE‑1 cells (P<0.01, P<0.001, Fig. 1B).
Notably, miR‑378 expression was three times higher in
Het‑1A cells compared with KYSE‑150 cells, and twice as
high compared with TE‑1 cells.
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Table Ⅱ. Multivariate Cox regression analysis for overall survival in patients with esophageal squamous cell carcinoma.
Univariate analysis

Variable
MicroRNA-378 expression
Age
Sex
Smoking
Drinking
Differentiation degree
TNM stage
Lymph node metastasis

Multivariate analysis

________________________________________________

HR

95% CI

P-value

____________________________________________________

HR

95% CI

P-value

2.124
1.031
0.892
1.089
1.373
1.329
1.612
0.393

1.053-4.283
0.544-1.952
0.468-1.700
0.568-2.089
0.710-2.656
0.703-2.514
0.709-3.662
0.208-0.745

0.035
0.926
0.729
0.797
0.347
0.382
0.254
0.004

2.516
1.546
0.507
1.075
1.575
1.027
2.801
0.426

1.088-5.817
0.756-3.160
0.239-1.078
0.544-2.126
0.795-3.121
0.501-2.107
1.031-7.606
0.191-0.947

0.031
0.232
0.078
0.835
0.193
0.942
0.043
0.036

TNM, tumor-node-metastasis; HR, hazard ratio; CI, confidence interval.

on miR‑378 expression. The results demonstrated that
patients with low miR‑378 expression had a significantly
shorter overall survival time (P=0.026; Fig. 2) than those
with high miR‑378 expression. Furthermore, univariate and
multivariate Cox regression analysis indicated that miR‑378
expression [P=0.031; hazard ratio (HR), 2.516], TNM staging
(P=0.043; HR, 2.801) and lymph node metastasis (P=0.036;
HR, 0.426) are independent prognostic factors for overall
survival in patients with ESCC (Table II).

Figure 2. Kaplan‑Meier survival analysis of patients with esophageal squa‑
mous cell carcinoma, based on miR‑378 expression. miR, microRNA.

Association between miR‑378 expression and the clinico‑
pathological characteristics of patients with ESCC. The
median relative expression of miR‑378 was used as the
threshold (20,21). All patients were divided into two groups,
the miR‑378 high expression group (n=67) and the miR‑378
low expression group (n=68). The results demonstrated that
miR‑378 expression was significantly associated with the
TNM stage (P=0.001) and lymph node metastasis (P=0.01)
of patients with ESCC. However, no significant associations
were observed between miR‑378 expression and age, sex,
smoking, drinking or tumor differentiation degree among
patients with ESCC (P>0.05, Table I).
miR‑378 expression is associated with survival outcomes
of patients with ESCC. Survival analysis was performed
using the Kaplan‑Meier method and log‑rank test, based

D ownregulation of miR‑378 expression prom otes
cell proliferation, migration and invasion. Following
transfection with miR‑378 mimics, mimic NC, miR‑378
inhibitors and inhibitor NC, miR‑378 expression in TE‑1 and
KYSE‑150 cells was detected via RT‑qPCR analysis. The
results demonstrated that transfection with miR‑378 mimic
significantly increased miR‑378 expression, the effects of
which were reversed following transfection with miR‑378
inhibitor (P<0.01, Fig. 3A). The CCK‑8 assay was performed
to assess cell proliferation. The results demonstrated that
overexpression of miR‑378 inhibited the proliferation of
ESCC cells, while miR‑378 knockdown promoted the
proliferation of ESCC cells compared with the control groups
(P<0.05, Fig. 3B).
The results of the Transwell assay demonstrated that
the number of migratory and invasive cells significantly
decreased in TE‑1 and KYSE‑150 cells following transfec‑
tion with miR‑378 mimic, the effects of which were reversed
following transfection with miR‑378 inhibitor (P<0.01;
Fig. 4A and B).
Discussion
miRNAs can regulate the expression of target genes at the
post‑transcriptional level (22‑24). It has been confirmed that
approximately one third of genes in the human genome are
regulated by miRNAs (25). Several studies have demon‑
strated that miRNAs play important roles in the occurrence
and development of tumors, functioning as either oncogenes
or tumor suppressors in different types of cancer (13,26,27).
ESCC is a common malignancy worldwide, which is a major
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Figure 3. Effect of miR‑378 on the proliferative ability of TE‑1 and KYSE‑150 cells. (A) Reverse transcription‑quantitative polymerase chain reaction analysis
was performed to detect miR‑378 expression in TE‑1 and KYSE‑150 cells following transfection with miR‑378 mimic and inhibitor (or mimic/inhibitor NC).
(B) The Cell Counting Kit‑8 assay was performed to assess cell proliferation. *P<0.05, **P<0.01, ***P<0.001 vs. the control group. miR, microRNA; NC, nega‑
tive control; OD, optical density.

Figure 4. Effect of miR‑378 on the migratory and invasive abilities of TE‑1 and KYSE‑150 cells. (A) Cell migratory and (B) invasive abilities were assessed
using Transwell assays. ***P<0.001 vs. the control group. miR, microRNA; NC, negative control.
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threat to human health (5,28). Given that the molecular
mechanisms underlying the occurrence and progression of
esophageal carcinoma are not yet fully understood, the prog‑
nosis of patients remains poor (4,29,30). Thus, it is important
to identify effective molecular targets and novel therapeutic
strategies for patients with esophageal carcinoma (31,32).
Previous studies have reported that miR‑378 plays an impor‑
tant role in different types of cancer. For example, Li et al (33)
demonstrated that miR‑378 expression is significantly lower in
glioma tissues compared with non‑neoplastic brain tissues, and
downregulated miR‑378 expression is associated with tumor
invasiveness and poor prognosis of patients with glioma. In
colorectal cancer, miR‑378 expression is significantly down‑
regulated in colorectal cancer tissues and cell lines, and low
miR‑378 expression predicts a shorter overall survival acting
as an independent prognostic factor (34).
The results of the present study demonstrated an asso‑
ciation between miR‑378 expression and the progression of
ESCC. The results indicated that miR‑378 expression was
significantly downregulated in ESCC tissues compared with
normal adjacent tissues, suggesting that miR‑378 may inhibit
ESCC progression. In tumors, TNM stage represents the
degree of tumor development, and lymph node metastasis is
an important factor affecting the survival of patients. In the
present study, patients with low miR‑378 expression exhibited
an advanced TNM stage and positive lymph node metastasis.
In addition, Kaplan‑Meier survival analysis and multivariate
Cox regression analysis demonstrated that patients with low
miR‑378 expression had a poor prognosis. Taken together,
these results suggest that miR‑378 may serve as a potential
prognostic marker for ESCC.
Zeng et al (35) reported that miR‑378 expression is
downregulated in colon cancer tissues and cell lines, and
that overexpression of miR‑378 inhibits the proliferation,
migration and invasion of colon cancer cells. Furtherly, cell
proliferative, migratory and invasive abilities are usually asso‑
ciated with the development of tumors (36). Thus, the present
study assessed the effect of altering miR‑378 expression on
the biological behaviors of ESCC cells via cell transfection.
The results demonstrated that miR‑378 knockdown promoted
the proliferation, migration and invasion of ESCC cells, while
overexpression of miR‑378 inhibited these cellular behaviors
compared with untreated ESCC cells. Collectively, these
results suggest that miR‑378 plays an inhibitory role in ESCC.
miR‑378 has been reported to exert similar inhibitory
effects in other types of cancer, for instance, low ectopic
miR‑378 expression inhibits the proliferation, migration and
invasion of MGC‑803 gastric cancer cells, suggesting that
miR‑378 exerts an anticancer role in gastric cancer (37). This
may provide novel diagnostic and therapeutic options for the
future clinical management of human gastric cancer (37).
Taken together, the results of the present study are consistent
with previous findings (35,38,39).
The present study is not without limitations, such as, the
sample size used was too small or the downstream target genes
of miR‑378 have not yet been fully investigated. Thus, further
studies are required to confirm the results presented here.
In conclusion, the results of the present study demonstrated
that miR‑378 expression was downregulated in ESCC tissues
and cell lines, which was associated with a poor prognosis

of patients with ESCC. Notably, miR‑378 may act as a tumor
suppressor in the occurrence and development of ESCC.
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