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MicroRNA-615-5p targets insulin-like growth factor 2
and exerts tumor-suppressing functions in human
esophageal squamous cell carcinoma

BINGYIN YANG, RUI XIE, SHANG-NONG WU, CHENG-CHENG GAO,
XIAO-ZHONG YANG and JING-FANG ZHOU

Department of Gastroenterology, Huai'an First People's Hospital,
Nanjing Medical University, Huai'an, Jiangsu 223300, P.R. China

Received November 1, 2016; Accepted April 18, 2017

DOI: 10.3892/0r.2017.6079

Abstract. To investigate the expression pattern, clinical
significance and functional roles of microRNA (miR)-615-5p
in human esophageal squamous cell carcinoma (ESCC), ,
quantitative real-time PCR was performed to detect expres-
sion levels of miR-615-5p in ESCC tissues and cell lines.
Associations between miR-615-5p expression and various
clinicopathological features of ESCC patients were also
statistically evaluated. The candidate targets of miR-615-5p
were identified by integrating bioinformatics miRNA target
prediction, western blot analysis and luciferase reporter assay.
Moreover, the functions of miR-615-5p in ESCC cell migra-
tion and invasion were determined using the transfection of
miRNA mimics, or co-transfected with miRNA mimics and
the expression vector of its target gene. As a result, miR-615-5p
expression in ESCC tissues and cells were markedly lower
than those in non-cancerous esophageal mucosa and human
normal esophageal cells, respectively (both P<0.001).
miR-615-5p downregulation was significantly associated with
advanced tumor-node-metastasis stage, positive lymph node
metastasis and moderate-poor differentiation. Functionally,
the re-expression of miR-615-5p suppressed the invasion and
migration of ESCC cells in vitro. Interestingly, insulin-like
growth factor 2 (IGF2) was identified as a direct target gene
of miR-615-5p, and the inhibitory effects of miR-615-5p in
ESCC cell motility were reversed by the restoration of IGF2
expression. In conclusion, miR-615-5p downregulation may
be an underlying molecular mechanism of development and
progression of ESCC, and may function as a potential thera-
peutic target of this malignancy. Also, we illustrate that the
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miR-615-5p/IGF2 axis may bring important contributions to
cell motility of human ESCC.

Introduction

Human esophageal cancer, as one of the most common malig-
nancies, it ranks eighth in incidence and sixth in cancer-related
death worldwide (1). It contains two principle histopatho-
logic subtypes, including esophageal adenocarcinoma and
esophageal squamous cell carcinoma (ESCC) (2), the latter
predominantly occurs in eastern and southern Africa, and
eastern Asia (3). Despite great advances in early diagnosis
and treatment strategies of human ESCC during the past
twenty years, the clinical outcome of patients with this malig-
nancy remains very poor, with estimated 5-year survival rate
at <25% (4). Emerging evidence indicates that esophageal-
carcinogenesis is governed by various molecular processes
such as dysregulation of oncogenes or tumor suppressor genes
which were observed frequently in ESCC tissues leading to
their aberrant expression and increased cellular proliferation,
cell cycle progression and cell motility (5,6). Therefore, it is
crucial to identify novel markers for early detection and effi-
cient treatment, and to understand the underlying mechanisms
of carcinogenesis and cancer progression of human ESCC.
MicroRNAs (miRNAs), a group of newly discovered
endogenous, non-coding, single stranded and short RNAs
with 18-29 nucleotides in length, has been proved to play roles
in various cellular processes, including cell development,
differentiation, proliferation, metabolism and malignant trans-
formation (7). miRNAs can negatively regulate expression
levels of the corresponding target genes at a post-transcrip-
tional level by promoting mRNA degradation or suppressing
translation (8). Accumulating studies have identified a number
of miRNAs which may be involved into the initiation and
progression of human cancers (9). Especially, Liu et al (10)
proved that miR-373 could promote migration and invasion in
human ESCC by inhibiting TIMP3 expression. Results of a
previous study reported by Nie et al (11) showed that miR-34a
was associated with ESCC migration and inhibited the migra-
tion and invasion of ESCC cells by targeting Yin Yang-1;
Mao et al (12) indicated that miR-1290 might function as an
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oncogene in the progression of ESCC by targeting nuclear
factor I/X. These findings imply that the dysregulation of
miRNAs may contribute to several malignant processes
including cancer cell cycle, apoptosis, invasion, migration and
metastasis by affecting the corresponding transcripts (13).
miR-615-5p, located in CpG islands of the HOX gene cluster on
chromosome 12q13.13, has been determined to be frequently
downregulated and functions as a tumor suppressor in various
human cancers via specially binding to the complimentary
recognition sequences in the 3'-untranslated region (3'UTR)
of the corresponding target mRNAs (14-16). However, little is
known regarding its involvement in human ESCC.

To address this problem, we performed quantitative real-
time PCR to detect expression levels of miR-615-5p in both
ESCC tissues and cell lines. Then, associations between
miR-615-5p expression and various clinicopathological
features of ESCC patients were statistically evaluated. Then
the candidate targets of miR-615-5p were identified by inte-
grating bioinformatics miRNA target prediction, western
blot analysis and luciferase reporter assay. In addition, the
functions of miR-615-5p in ESCC cell migration and invasion
were determined using the transfection of miRNA mimics, or
co-transfected with miRNA mimics and the expression vector
of its target gene.

Materials and methods

Ethics approval. All procedures performed in studies
involving human participants were in accordance with the
ethical standards of the Institutional and/or National Research
Committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Ethic statement. The present study was approved by the Ethic
Committee of Huai'an First People's Hospital. Prior informed
consent was signed by all the patients enrolled in this study
based on the guidelines of Huai'an First People's Hospital. All
clinical tissue specimens were handled and made anonymous
according to the ethical and legal standards.

Patients and tissue samples. Sixty primary ESCC and
matched adjacent non-cancerous esophageal mucosa tissues
were obtained from 60 ESCC patients in the Department of
Gastroenterology, Huai'an First People's Hospital between
January 2012 and December 2015. All ESCC patients
underwent esophagectomy, and none of them received pre-
operative radiotherapy or chemotherapy. The diagnosis of
ESCC patients was confirmed by clinical examination and
histopathological analysis of the tissue specimens. The
clinicopathological characteristics of all 60 ESCC patients,
including age, sex, tumor location, lymph node metastasis,
Tumor-node-metastasis (TNM) stage and pathological grade
are summarized in Table I. All the samples were collected and
immediately snap-frozen in liquid nitrogen and stored at -80°C
until further use.

Cell lines and culture. Human normal esophageal cell line
(HEEC) and two human ESCC cell lines (ECA109 and
KYSE410) were purchased from the Shanghai Institute of Cell
Biology, Chinese Academy of Sciences (Shanghai, China). All
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cell lines were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% fetal bovine serum. Cells
were cultured at 37°C with 5% CO, for further use.

Cell transfection. miR-615-5p and negative control mimics
(miR-615-5p/NC_mimics) were purchased from GeneCopoeia
(Guangzhou, China). The IGF2 expression plasmid was
constructed using a PCR-generated fragment from the mRNA
and the Lv-CMV-GFP vector (en-IGF-2), and the negative
control (en-NC) had no insert. Two human ESCC cell lines were
transfected with miR-615-5p/NC_mimics or en-IFG-2/en-NC
by Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer's instructions. Forty-eight hours
after the transfection, ESCC cells were harvested for western
blot or real-time quantitative PCR analyses.

Western blot analysis. Proteins were extracted from fresh
clinical tissue specimens and cells using cell lysis buffer
(50 mM Tris-HCI, pH 8.0,2 mM EDTA, 1 mM DTT, 10 mM
NaCl, 5 mg/ml leupeptin, 1% NP-40, 2 mg/ml pepstatin,
2 mg/ml aprotinin, 0.1% SDS and 1 mM phenylmethylsulfonyl
fluoride). Equal amounts of protein (50 ug) were separated
by 10% SDS PAGE and then transferred onto polyvinylidene
difluoride membranes (Qiagen China Co., Ltd.). Then, the
membranes were incubated with the primary antibodies: anti-
IGF2 (dilution 1:500, Abcam Inc., MA, USA) and anti-GAPDH
(dilution 1:500, Abcam Inc.), after blocking with 8% milk
in phosphate-buffered saline (PBS; pH 7.5). After that, the
membranes were incubated with the appropriate horseradish
peroxidase-conjugated secondary antibodies (dilution 1:1,000,
Abcam Inc.) after the incubation at 4°C overnight. Finally,
protein was visualized using enhanced chemiluminescence
reagent (Santa Cruz Biotechnology, Santa Cruz, CA, USA).
The expression level of IGF2 protein was normalized to that
of GAPDH protein. Each sample was examined in triplicate.

RNA extraction and real-time quantitative RT-PCR. Total
RNA in fresh clinical tissue specimens and cells were extracted
using the RNeasy RNA Mini kit (Qiagen GmbH, Hilden,
Germany) according to the manufacturer's instructions. First
strand cDNA was synthesized using SuperScript reverse
transcriptase (Clontech Laboratories, Inc., Mountainview, CA,
USA) according to the manufacturer's instructions. Following
the cDNA synthesis, the real-time PCR was performed using a
Fast Start Master SYBR Green kit (Roche Molecular Systems,
Indianapolis, IN, USA) on a LightCycler (Roche Molecular
Systems) according to the manufacturer's instructions. The
sequence-specific primer pairs were used for quantitative
PCR and are as follows: miR-615-5p forward, 5'-TCC GAT
TCT CCC TCT GGG TC-3'; reverse, 5'-GTG CAG GGT CCG
AGG T-3'. U6 forward, 5'-CTC GCT TCG GCA GCA CA-3,
reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'. IGF2
forward, 5'-CCT TGG ACT TTG AGT CAA ATT-3"; reverse,
5'-GGT CGT GCC AAT TAC ATT TCA-3'. GAPDH forward,
5'-GCT GAG TAT GTC GTG GAG TC-3'; reverse, 5'-AGT
TGG TGG TGC AGG ATG C-3'. Relative expression levels of
miRNA and mRNA expression were calculated with the 244
method in fresh tissues and cells. Each sample was examined
in triplicate.
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Cell invasion and migration assays. Cell migration and
invasion abilities of human ESCC cell lines with the transfec-
tion of miR-615-5p/NC-mimics or with the co-transfection
of miR-615-5p/en-IGF2 were evaluated using a Millicell
Transwell chamber (Millipore, Billerica, MA, USA), with
or without Matrigel (BD Biosciences, Franklin Lakes, NJ,
USA). For the invasion and migration assays, 48 h following
the transfection, Transwell chambers were placed into 24-well
plates which were respectively precoated with or without a
5-ml mixture of BD Matrigel and DMEM (1:1, v/v). Following
incubation at 37°C in a humidified incubator with 5% CO, for
40 min, for cell migration and invasion assays, 1x10° tumor
cells in 0.1 ] of media without FBS were plated in the upper
chamber. In the lower chamber, 0.6 ul of the medium with
10% FBS was added. Forty-eight hours after the incubation,
cells on the upper surface of the Millicell chambers, non-
invasive or migrated cells, were removed with a cotton swab.
Tumor cells on the bottom surface of the membrane were fixed
with 4% paraformaldehyde at room temperature for 30 min
and stained with 0.1% crystal violet for 15 min. The number
of migrated or invasive cells was counted in five randomly
selected fields under an inverted microscope (Olympus
CKX41; Olympus Corporation, Tokyo, Japan). Each sample
was examined in triplicate.

miRNA target prediction. miRTarBase (Release 6.1; http://
mirtarbase.mbc.nctu.edu.tw/) was used to collect the
validated target genes of miR-615-5p. miRTarBase has accu-
mulated more than 360,000 MTIs validated experimentally
by reporter assay, western blot analysis, qPCR, microarray
and next-generation sequencing experiments (17). This study
only collected the MTIs which are validated experimentally
by reporter assay, western blot and qPCR analyses.

Luciferase reporter assay. Two human ESCC cell lines ECA109
and KYSE410 (4.0x10*) were cultured in 24-well plates.
The fragments of ligating oligonucleotides with the wild-
type (WT) or mutant-type (MUT) putative binding site of the
human IGF2 3'-UTR were cloned between the Fsel and Xbal
sites of pGL3-control (Promega, Madison, WI, USA). Then,
the cells were co-transfected with miR-615-5p/NC-mimics
and pGL3-IGF2-3'-UTR-WT/MUT using Lipofectamine 2000
(Invitrogen). Forty-eight hours following the transfection,
ECA109 and KYSE410 cells were collected and detected
with the Dual-Luciferase Reporter assay system (Promega).
Luciferase activity was measured by a Lumat LB 9507 appa-
ratus (Berthold Technologies GmbH & Co. KG, Bad Wildbad,
Germany). Each sample was examined in triplicate.

Statistical analysis. All data were described as mean =+ stan-
dard deviation (SD) and statistically analyzed using SPSS
software (version 11.0, SPSS, Inc., Chicago, IL, USA). The
differences between groups were analyzed using Student's
t-test. Spearman's correlation analysis was performed to assess
the correlation between miR-615-5p expression and IGF2
mRNA expression in ESCC tissues. The associations between
miR-615-5p expression and various clinicopathological
characteristics of ESCC patients were performed using the %*
test for categorical variables. Difference between groups was
considered to be statistically significant at P<0.05.
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Figure 1. Reduced expression of microRNA (miR)-615-5p in ESCC tissues and
cells. Quantitative real-time PCR was performed to detect expression levels of
miR-615-5pin ESCC tissues and cell lines. (A) miR-615-5p expressionin ESCC
tissues was markedly lower than those in adjacent non-cancerous esophageal
mucosa tissues (ESCC vs. non-cancerous tissues: 1.70+0.30 vs. 3.62+0.39,
P<0.001). (B) miR-615-5p expression in two human ESCC cell lines ECA109
and KYSE410 were markedly lower than those in human normal esophageal
cell line (HEEC) (ECA109 vs. HEEC cells: 1.46+0.42 vs. 3.38+0.45,P=0.006;
KYSE410 vs. HEEC cells: 1.69+0.46 vs. 3.38+0.45, P=0.01).

Results

Reduced expression of miR-615-5p in both ESCC tissues and
cells. miR-615-5p expression in ESCC tissues, and two human
ESCC cell lines ECA109 and KYSE410 were markedly lower
than those in adjacent non-cancerous esophageal mucosa and
human normal esophageal cell line (HEEC) (ESCC vs. non-
cancerous tissues: 1.70+0.30 vs. 3.62+0.39, P<0.001, Fig. 1A;
ECA109 vs. HEEC cells: 1.46+0.42 vs. 3.38+0.45, P=0.006;
KYSE410 vs. HEEC cells: 1.69+0.46 vs. 3.38+0.45, P=0.01;
Fig. 1B).

Reduced expression of miR-615-5p associates with aggressive
tumor progression of ESCC patients. To evaluate the
associations between miR-615-5p expression and various
clinicopathological features of ESCC patients, we divided the
60 patients into low miR-615-5p expression (n=31) and high
miR-615-5p expression (n=29) groups using the median value
of miR-615-5p (1.68) expression levels in ESCC tissues as a
cutoff point. As shown in Table I, ESCC patients with positive
lymph node metastasis (P=0.01, Table I), moderate-poor
differentiation (P=0.03, Table I) and advanced TNM stage
(P<0.001, Table I) had lower expression of miR-615-5p than
those with negative lymph node metastasis, well differentiation
and early TNM stage. However, no significant association
between miR-615-5p expression and the patient age or sex, and
tumor location was found (all P>0.05, Table I).
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Figure 2. miR-615-5p suppresses cell motility of human ESCC cells in vitro. (A) The transfection efficiency was evaluated using quantitative real-time PCR
and the results indicated that the expression levels of miR-615-5p in ECA109 and K'YSE410 cells were both significantly increased by the transfection with
miR-615-5p mimics compared with negative control mimics (both P<0.01). (B) Transwell assays were performed to detect the functions of miR-615-5p in
ESCC cell migration and invasion. The number of migrated ESCC cells was markedly decreased in cells transfected with miR-615-5p mimics compared to the
cells transfected with negative control mimics (for ECA109 and KYSE410 cells: both P<0.01). (C) The number of invasive ESCC cells was markedly decreased
in cells transfected with miR-615-5p mimics compared to the cells transfected with negative control mimics (for ECA109 and KYSE410 cells: both P<0.01).

miR-615-5p suppresses cell motility of human ESCC cells
in vitro. The migration and invasion of ECA109 and KYSE410
cells after the transfection with miR-615-5p mimics or nega-
tive control mimics were determined using the Transwell
assays. The transfection efficiency was evaluated using
quantitative real-time PCR and the results indicated that the
expression levels of miR-615-5p in ECA109 and KYSE410
cells were both significantly increased by the transfection
with miR-615-5p mimics compared with negative control
mimics (both P<0.01, Fig. 2A). Then, the numbers of migrated
and invasive ESCC cells were markedly decreased in cells
transfected with miR-615-5p mimics compared to the cells
transfected with negative control mimics (for ECA109 and
KYSE410 cells: both P<0.01, Fig. 2B and C).

IGF2 is a direct target gene of miR-615-5p. To investigate the
underlying mechanism of the inhibitory effect of miR-615-5p
in ESCC cell motility, we collected its candidate targets
from miRTarBase and found that the interaction between
miR-615-5p and IGF2 were validated experimentally by
reporter assay in hepatocellular carcinoma cells (18).

Next, we performed luciferase report assay based on two
human ESCC cell lines to confirm the binding efficiency
between miR-615-5p and IGF2 in ECA109 and KYSE410
cells. As a result, ESCC cells co-transfected with miR-615-5p-
mimics and pGL3-IGF2-3'-UTR-WT both showed
significantly lower luciferase reporter activity than those
co-transfected with NC-mimics and pGL3-IGF2-3'-UTR-WT
plasmid. However, there was no difference with statistical
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Figure 3. IGF2 is a direct target gene of miR-615-5p. (A and B) The luciferase reporter activities in ECA109 and KYSE410 cells with the co-transfection
of miR-615-5p-mimics and pGL3-IGF2-3'-UTR-WT were both significantly lower than those with the co-transfection of NC-mimics and pGL3-IGF2-
3-UTR-WT. (C and D) Re-expression of miR-615-5p efficiently suppressed the endogenous expression of IGF2 at both mRNA and protein level in ECA109
and KYSE410 cells. (E) Spearman's correlation analysis showed a negative correlation between miR-615-5p and IGF2 mRNA expression in ESCC tissues
(Spearman's correlation: r=-0.662, P<0.001).

significance in the reporter activity between ECA109 and
KYSE410 cells co-transfected with miR-615-5p-mimics
and pGL3-IGF2-3'-UTR-MUT plasmid and cells co-trans-
fected with NC-mimics and pGL3-IGF2-3'-UTR-MUT

plasmid (Fig. 3A and B).

Moreover, the re-expression of miR-615-5p efficiently
suppressed the endogenous expression of IGF2 at both
mRNA and protein levels in ECA109 and KYSE410
cells (Fig. 3C and D). Further Spearman's correlation analysis

displayed a negative correlation between miR-615-5p and IGF2
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Table I. Associations between miR-615-5p expression and various clinicopathological characteristics of 60 patients with ESCCs.

Clinical variables No. of patients (%) Low miR-615-5p expression P-value

Age (year)
<60 25 (41.67) 13 (52.00) NS
>60 35(58.33) 18 (51.43)

Sex
Male 40 (66.67) 21 (52.50) NS
Female 20 (33.33) 10 (50.00)

Tumor location
Upper 1/3-middle 1/3 41 (68.33) 22 (53.66) NS
Lower 1/3 19 (31.67) 9 (47.37)

Lymph node metastasis
Negative 24 (40.00) 6 (25.00) 0.01
Positive 36 (60.00) 25 (69.44)

TNM stage
Absent 20 (33.33) 2 (10.00) <0.001
Present 40 (66.67) 29 (72.50)

Histological differentiation
Well 18 (33.33) 6 (33.33) 0.03
Moderate-poor 42 (66.67) 25 (59.52)
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Figure 4. Relative expression levels of IGF2 protein in human ESCC cells co-transfected with miR-615-5p/NC-mimcs and IGF2/NC-expression vectors.
(A and B) Western blot analysis showed that the endogenous expression levels of IGF2 protein in ECA109 and KYSE410 cells transfected with the miR-615-5p
mimic in the presence of IGF2 expression vector were both significantly higher than those co-transfected with the miR-615-5p mimic and vector control (both

P<0.01, respectively).

mRNA expression in ESCC tissues (Spearman's correlation:
r=-0.662, P<0.001, Fig. 3E). These data offer evidence that
IGF2 may be a direct target of miR-615-5p in human ESCC
cells.

Restoration of IGF2 expression reverses the inhibitory
effects of miR-615-5p in ESCC cell motility. To confirm
whether miR-615-5p exerts its inhibitory effects on ESCC
cell motility through regulating its target gene IGF2, the

migrated and invasive capacities of ECA109 and KYSE410
cells with the co-transfection of miR-615-5p-mimics and
Lv-CM V-GFP-IGF2 expression vector were further evaluated.
The transfection efficiency was examined by western blot
analysis. The results indicated that the endogenous expression
levels of IGF2 protein in ECA109 and KYSE410 cells were
both significantly increased following the transfection of the
miR-615-5p mimic in the presence of IGF2 expression vector
(both P<0.01, Fig. 4A and B, respectively). Interestingly, the
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Figure 5. Restoration of IGF2 expression reverses the inhibitory effects of miR-615-5p in ESCC cell motility. (A and B) The number of migrated ECA109 and
KYSE410 cells, respectively, co-transfected with miR-615-5p mimics and IGF2 expression vector was significantly larger than those with the co-transfection
of miR-615-5p mimics and negative control expression vector (all P<0.05). (C and D) Transwell assays were performed to detect the functions of miR-615-5p
in ESCC cell migration and invasion following the co-transfection with miR-615-5p mimics and IGF2 expression vector. The number of invaded ECA109 and
KYSE410 cells, respectively, co-transfected with miR-615-5p mimics and IGF2 expression vector was significantly larger than those with the co-transfection

of miR-615-5p mimics and negative control expression vector (all P<0.05).

number of migrated and invaded ESCC cells with the overex-  higher than those co-transfected with miR-615-5p mimics and
pression of miR-615-5p and the restoration of IGF2 were both  vector control (all P<0.05, Fig. 5).
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Discussion

miRNAs have recently become a new ‘hot topic’ in the
research field of cancer-related molecular mechanisms.
Increasing evidence indicates that miRNAs play crucial roles
in carcinogenesis and cancer maintenance (8,19). Since it is
still a major challenge to identify molecular alterations in
ESCC, we focused on this malignancy in the present study.
Our data showed that the expression levels of miR-615-5p in
ESCC tissues and cells were markedly higher than those in
non-cancerous esophageal mucosa and human normal esopha-
geal cells, respectively. Statistically, the downregulation of
miR-615-5p was closely correlated with various aggressive
clinicopathological features of patients with ESCC, such as
advanced TNM stage, positive lymph node metastasis and
moderate-poor differentiation. Functionally, we found that
the re-expression of miR-615-5p suppressed the invasion
and migration of ESCC cells. miRNAs exert the specific
functions via inhibiting translation or promoting degradation
of the corresponding target mRNASs using complementary
sequences. Here, we identified IGF2 as a direct target gene of
miR-615-5p, and also confirmed that the inhibitory effects of
miR-615-5p in ESCC cell motility were reversed by the resto-
ration of IGF2 expression. To the best of our knowledge, this is
the first study to observe the expression pattern of miR-615-5p,
its clinical significance and functional role in human ESCC.

miRNAs have been observed to be frequently expressed
abnormally and function as ‘onco(genic)-miRs’ or ‘tumor-
suppressor miRs’ in multiple malignant processes (20).
These miRNAs may be good candidates as biomarkers for
cancer diagnosis and prognosis (21). In most recent studies,
miR-615-5p was identified as a tumor suppressor in various
human cancers. For example, Sun et al (22) observed the
downregulation of miR-615-5p in pancreatic ductal adenocar-
cinoma, and confirmed that low miR-615-5p expression was
an independent prognostic marker for patients; Bai er al (23)
found the decreased expression of miR-615 in breast cancer
tissues and cell lines. In contrast, Wu et al (24) indicated that
miR-615-5p was overexpressed in hepatocellular carcinoma
tissues and cell lines; however, its overexpression could
suppress both the cell proliferation and migration of hepa-
tocellular carcinoma cells in vitro, suggesting that it is not
necessarily the case that the overexpressed miRNAs act as
oncogenes or promote tumorigenesis, and the downregulated
miRNAs often play a tumor suppressive role. Consistent with
these previous studies, our results here confirmed the reduced
expression of miR-615-5p in both ESCC tissues and cell lines,
and also indicated its contributions to cancer progression. To
investigate whether the dysregulation of miR-615-5p is respon-
sible for ESCC cell motility, the transfection of miR-615-5p
mimics was performed in ESCC cell lines in vitro, and the
Transwell assays showed that ESCC cell migratory and inva-
sive potentials were suppressed by miR-615-5p, suggesting
that the downregulation of miR-615-5p in ESCC cells may be
a prerequisite for metastasis.

Since the miRNA actions are exerted through regulating
the corresponding target genes, we also identified the candidate
target genes of miR-615-5p in order to investigate the under-
lying mechanism of actions on how miR-615-5p abnormal
expression impacts ESCC. IGF2, as an imprinted gene in
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mammals, has been observed to be overexpressed in multiple
childhood and adult malignancies (25). Its upregulation is
associated with resistance of chemotherapy and unfavorable
prognosis in patients (26-28). Especially, Chava et al (29)
performed immunohistochemistry to observe the expression
patterns of IGF2 in 39 archival tissue samples of different
esophageal pathologies, and found that IGF2 expression was
enhanced in squamous cell carcinoma, adenocarcinoma, and
dysplasia of squamous epithelium samples when compared
with normal controls; Gao et al (30) discovered interaction
between a long non-coding RNA (IncRNA) 91H and IGF2, and
revealed that 91H contributed to the occurrence and progres-
sion of ESCC via suppressing the expression of IGF2. In the
present study, our data demonstrated the IGF2 was directly
regulated by miR-615-5p in ESCC. Using a luciferase reporter
assay, we demonstrated that miR-615-5p directly targeted
IGF2 by binding to its 3'UTR binding sites. Moreover, the
inverse correlation between miR-615-5p and IGF2 mRNA
expression in the ESCC tissues had statistical significance.
Concomitantly, the inhibitory effects of miR-615-5p in
ESCC cell migration and invasion were reversed by the
enforced expression of IGF2, implying that miR-615-5p
downregulation may be an important event related to IGF2
upregulation in human ESCC, and the reduced expression of
miR-615-5p may promote cancer cell motility by influencing
IGF2 expression.

In conclusion, our findings indicate miR-615-5p downregu-
lation as an underlying molecular mechanism of development
and progression, and as a potential therapeutic target of human
ESCC. Also, we showed that the miR-615-5p/IGF2 axis may
bring important contributions on cell motility of human ESCC.
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