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Abstract. It has been demonstrated that microRNAs 
(miRNAs) serve important roles in various biological 
processes, such as tumorigenesis. In the present study, the role 
of miR‑30a‑3p in the pathogenesis of esophageal carcinoma 
(EC) was investigated. Reverse transcription‑quantitative 
polymerase chain reaction was performed to determine 
the levels of miR‑30a‑3p expression in EC tissues and cell 
lines. Then, the effects of miR‑30a‑3p on the migration, 
invasion and radiosensitivity of EC cells were investigated 
using scratch‑wound, Transwell and radiosensitivity assays, 
respectively. A dual‑luciferase reporter assay was performed 
to determine potential interactions between miR‑30a‑3p and 
the 3'‑untranslated region (3'‑UTR) of insulin‑like growth 
factor 1 receptor (IGF‑1R). The results demonstrated that 
the levels of miR‑30a‑3p expression in EC tissues and cell 
lines were significantly decreased compared with those in 
paired healthy tissues and a human esophageal epithelial cell 
line. Upregulation of miR‑30a‑3p expression significantly 
suppressed migration, invasion and epithelial‑mesenchymal 
transition (EMT), and enhanced radiosensitivity in EC cells. 
Analysis of luciferase activity demonstrated that miR‑30a‑3p 
interacted with the 3'‑UTR of IGF‑1R, and knockdown of 
IGF‑1R induced similar effects on the migration, invasion, 
EMT and radiosensitivity of EC cells. The results indicated 
that miR‑30a‑3p suppressed metastasis and enhanced the 
radiosensitivity of EC cells via downregulation IGF‑1R, 
suggesting that miR‑30a‑3p may be a potential therapeutic 
target in the treatment of EC.

Introduction

Esophageal carcinoma (EC) is one of the most common types 
of malignant tumor of the digestive tract, with high morbidity 
and mortality (1,2). In developed countries, the morbidity and 
mortality of EC ranks 20 and 11th, respectively, whereas in 
developing countries, the morbidity and mortality rank eighth 
and fifth, respectively (3). China accounts for >50% of the 
world's annual incidence (4). Esophageal squamous cell carci-
noma (ESCC) and esophageal adenocarcinoma are the main 
subtypes, with ESCC most commonly reported, particularly in 
China (5). As of the lack of clear symptoms during the early 
stages of EC, the majority of patients are first diagnosed with 
advanced EC (6,7). Tumor metastasis and recurrence are the 
leading causes of poor prognosis of EC; the 5‑year survival rate 
of patients with EC is 9.4‑35% (8,9). Radiotherapy is an impor-
tant therapeutic strategy for the treatment of EC to decrease 
the risk of recurrence, and improve quality of life and survival; 
however, numerous factors affect the efficacy of radiotherapy, 
with resistance to radiotherapy the main reason for the failure 
of treatment of patients with EC (10‑12). Therefore, improved 
understanding of the mechanisms underlying the metastasis 
and radiotherapy resistance of EC is required.

MicroRNAs (miRNAs/miRs) are a class of small (17‑24 
nucleotides) noncoding RNAs that regulate gene expres-
sion at the post‑transcriptional level via interactions with 
the 3'‑untranslated region (3'‑UTR) of target mRNAs (13). 
Increasing evidence suggests that miRNAs are involved in the 
differentiation, proliferation, invasion, metastasis and apop-
tosis of cells, and may represent novel diagnostic biomarkers 
and therapeutic targets for various cancers, such as EC (14‑18). 
For example, miRNA‑377 inhibits the initiation and progres-
sion of esophageal cancer via suppression of cluster of 
differentiation 133 and vascular endothelial growth factor (19). 
miRNA‑200c enhanced the radiosensitivity of esophageal 
cancer by arresting the cell cycle and targeting p21 (20).

Analysis of miRNA expression profiles using Affymetrix 
GeneChip® technology revealed the miR‑30 family as 
downregulated in numerous tumors, including lung, pros-
tate, thyroid and liver cancers  (21,22). A member of this 
family, miR‑30a‑3p, exhibited reduced expression in various 
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tumors  (23,24). Insulin‑like growth factor type 1 receptor 
(IGF‑1R) is a heterotetrameric tyrosine kinase belonging to 
the receptor tyrosine kinase superfamily. In the present study, 
putative miR‑30a‑3p targets were identified using TargetScan, 
suggesting that IGF‑1R may be a potential target gene of 
miR‑30a‑3p. It was demonstrated that miR‑30a‑3p was down-
regulated in EC tissues and cell lines. Additionally, the role of 
miR‑30a‑3p in the migration, invasion and radiosensitivity of 
EC cells was investigated in vitro. Furthermore, it was revealed 
that IGF‑1R was a direct functional target of miR‑30a‑3p. 
The findings of the present study suggested the regulation of 
IGF‑1R by miR‑30a‑3p as a potential mechanism underlying 
cellular migration and invasion in EC, and also demonstrated 
that miR‑30a‑3p may be a novel biomarker to determine the 
radiosensitivity of tumors in patients with EC.

Materials and methods

Patients and tissue specimens. A total of 30  patients 
(17 female and 13 male patients), who were histopathologically 
and clinically diagnosed at Jiangsu Cancer Hospital (Nanjing, 
China) were included in the present study. Patients with 
EC were diagnosed via a combination of esophageal X‑ray 
barium meal examination, three‑dimensional computerized 
tomography imaging and histopathological examination. 
Clinicopathological data were collected, including gender, 
age, tumor location, differentiation grade, tumor size and 
tumor, necrosis and metastasis stage (25) (Table I). EC tissues 
and paired normal tissues were obtained from patients (age, 
51±12 years) that underwent esophagectomy or endoscopic 
submucosal dissection without radiotherapy or chemotherapy 
in Jiangsu Cancer Hospital (Nanjing, China) from August 2016 
to September 2017. The present study was approved by the 
Ethics Committee of Nanjing Medical University (Nanjing, 
China), and each patient provided written informed consent. 
All specimens were snap‑frozen in liquid nitrogen within 2 h 
and stored at ‑80˚C until use.

Cell culture and transfection. Human EC cell lines (EC9706 
and EC109) and a human esophageal epithelial cell line 
(HET‑1A) were purchased from the Cell Type Culture 
Collection of the Chinese Academy of Sciences (Shanghai, 
China). Human cell lines were cultured in RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) containing 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc.), 100 µg/ml streptomycin and 
100 U/ml penicillin (Gibco; Thermo Fisher Scientific, Inc.), 
and maintained at 37˚C in a humidified incubator with 5% CO2 
for 48 h prior to further experiments.

miR‑30a‑3p mimics, miRNA mimics negative control 
(mimics NC), miR‑30a‑3p inhibitors, miRNA inhibitors nega-
tive control (inhibitors NC), small interfering RNA (siRNA) 
targeted against IGF‑1R (siRNA IGF‑1R) and negative control 
siRNA (siRNA NC) were chemically synthesized by Shanghai 
GenePharma Co., Ltd. (Shanghai, China). The sequences were 
as follows: miR‑30 mimics forward, 5'‑ACU​GGU​AGU​AAG​
UUG​UAA​UGC​U‑3' and reverse, 5'‑UCA​UAU​AAC​UUC​AUA​
CCU​GCC​U‑3'; and miR‑30 inhibitors, 5'‑CGT​GGC​ACC​AAT​
AGA​ATT​GAG​A‑3'; NC forward, 5'‑GGC​TGC​ATT​GGC​TGG​
CGA​AAC​CCG​UC‑3' and reverse, 5'‑ATG​CGU​GCC​CTG​CTG​

TTG​CTC​CAT​GTC​G‑3'. Cells were seeded into 6‑well plates 
at 60‑70% confluence 1 day prior to transfection. Cell transfec-
tion was conducted using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocols. The RNA was transfected at a concentration of 
50 nM.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
extracted from EC tissues, paired normal tissues, EC cells 
and normal cells using TRIzol® solution (Invitrogen; Thermo 
Fisher Scientific, Inc.). For miRNA expression, RT reac-
tions were performed with a One Step PrimeScript miRNA 
cDNA Synthesis kit (Takara Biotechnology Co., Ltd., Dalian, 
China) at 37˚C for 30 min according to the manufacturer's 
instructions, followed by qPCR with SYBR® Premix Ex Taq 
(Takara Biotechnology Co., Ltd.). For mRNA expression, 
cDNA was synthesized from total RNA using a PrimeScript 
RT Reagent kit (Takara Biotechnology Co., Ltd.). For miRNA 
and mRNA amplifications, analysis was performed with an 
ABI 7500 Fast Real‑Time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc). qPCR was performed using 
the SYBR Premix ExTaq (Takara Bio, Inc., Otsu, Japan) 
according to the manufacturer's protocols. The thermocycling 
conditions comprised one cycle at 95˚C for 30 sec, followed 
by 40 cycles of amplification (95˚C for 3 sec and 60˚C for 
30 sec). All alterations in the expression of miR and mRNA 
were calculated via the 2‑ΔΔcq method using U6 or GAPDH 
for normalization, respectively (26). The primer sequences 
used were as follows: miR‑30a‑3p, forward 5'‑CCC​TGC​TCT​
GGC​TGG​TCA​AAC​GGA​AC‑3', reverse, 5'‑TTG​CCA​GCC​
CTG​CTG​TAG​CTG​GTT​GAA​G‑3'; U6, forward 5'‑CTC​GCT​
TCG​GCA​GCA​CA‑3', reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TG 
C​GT‑3'; IGF‑1R, forward 5'‑CAA​CGG​CAA​CCT​GAG​TTA​C‑3',  
reverse, 5'‑GCA​CGA​AGA​TGG​AGT​TGT​G‑3'; and GAPDH, 
forward 5'‑ACA​ACT​TTG​GTA​TCG​TGGA​AGG‑3' and 
reverse, 5'‑GCC​ATC​ACG​CCA​CAG​TTT​C‑3'. Each experi-
ment was performed in triplicate.

Scratch‑wound assay. EC9706 and EC109 cells were seeded 
into a 6‑well plate following transfection at a density of 
5x105 cells/well. When 90% confluence was attained, a steril-
ized plastic scraper was used to scratch the well axis, and the 
floating cells were removed with PBS. The medium was subse-
quently replaced with fresh culture medium and incubated at 
37˚C for 48 h. The cells were then washed twice with PBS and 
were photographed at 0 and 48 h under a light microscope 
(Nikon Corporation, Tokyo, Japan) in five random fields of 
view (magnification, x200). Then, the distance of cell migra-
tion was determined.

Transwell assay. The migratory and invasive abilities of 
transfected EC cells were evaluated using Transwell inserts 
(Costar; Corning, Inc., Corning, NY, USA) with polycarbonate 
membrane filters (8‑µm pores). For the Transwell migration 
assay, EC9706 and EC109 cells at density of 5x104 cells/well 
were plated in the upper chambers of Transwell plates in fresh 
culture media. For the Transwell invasion assay, Matrigel 
(BD Biosciences, San Jose, CA, USA) was dissolved at 4˚C 
overnight, diluted with fresh culture media (1:3), added to 
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the upper chambers (30 µl/well) and incubated for 30 min at 
37˚C prior to the addition of cells. Culture medium containing 
20% FBS was added to the lower chambers. Following 
incubation with RPMI‑1640 medium supplemented with 
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) for 48 h 
at 37˚C, filter inserts were removed from the wells and the 
cells on the upper surface were removed with a cotton swab. 
The filters were fixed in 4% paraformaldehyde for 30 min at 
room temperature and then stained with 0.1% crystal violet 
for 30 min at room temperature. The migratory and invasive 
cells were observed and counted in six fields with a light 
microscope (magnification, x200).

Cell Counting Kit‑8 (CCK‑8) assay. Cell proliferation 
was determined using a CCK‑8 assay (Dojindo Molecular 
Technologies, Inc., Kumamoto, Japan). EC9706 and 
EC109 cells were cultured in a 96‑well plate at a density of 
3x103 cells/well, and transfected with miR‑30a‑3p mimics, 
miR‑30a‑3p mimics NC, miR‑30a‑3p inhibitors or miR‑30a‑3p 
inhibitors NC. Following incubation for 24, 48 or 72 h at 37˚C 
with 5% CO2, CCK‑8 solution (10 µl) was added to each well, 
followed by incubation for a further 4 h at room temperature. 
The optical density values were measured at 450 nm using a 
microplate reader (Shanghai, China).

Western blotting. Tissues and transfected cells were lysed using 
radioimmunoprecipitation assay buffer (Beyotime Institute of 
Biotechnology, Haimen, China). Total protein was quantified 
using a bicinchoninic acid protein assay kit (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany). Supernatant samples 
(20 µg) were heated at 99˚C for 5 min prior to loading, separated 
via 10% SDS‑PAGE (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA), and transferred to polyvinylidene difluoride 
membranes (Merck KGaA) according to the manufacturer's 
protocols. The membranes were then blocked with 5% non‑fat 
milk for 1 h at room temperature prior to incubation overnight 
with primary antibodies at 4˚C. The specific primary anti-
bodies from Cell Signaling Technology, Inc. (Danvers, MA, 
USA) used during the study were as follows: IGF‑1R (1:1,000; 
cat. no. 3027); E‑cadherin (1:1,000, cat. no. 4A2); N‑cadherin 
(1:1,000; cat. no. 13A9); and vimentin (1:1,000; cat. no. 49636). 
Following three washes with 0.1% TBS‑Tween 20 (TBS‑T). 
Subsequently, the membranes were incubated with the horse-
radish peroxidase‑conjugated anti‑rabbit secondary antibody 
(cat. no. ab6721; 1:2,000; Abcam) for 1 h at room tempera-
ture. The samples were washed three times using TBS‑T and 
agitated for 5 min at room temperature, and the proteins were 
then visualized using an enhanced chemiluminescence system 
(Pierce; Thermo Fisher Scientific, Inc.). Protein expression 
was quantified using ImageJ software (version 1.48; National 
Institutes of Health, Bethesda, MD, USA). GAPDH were 
used as a loading control (ab9485; 1:1,000 dilution; Abcam, 
Cambridge, MA, USA). The following antibodies were 
purchased from Abcam: IGF‑1R (ab39675; 1:1,000 dilu-
tion); matrix metalloproteinase‑2 (MMP‑2; ab37150; 1:1,000 
dilution); MMP‑9 (ab73734; 1:1,000 dilution); E‑cadherin 
(ab1416; 1:1,000 dilution); vimentin (ab8978; 1:1,000 dilution); 
N‑cadherin (ab18203; 1:1,000 dilution) and GAPDH (ab8245; 
1:1,000 dilution).

Flow cytometry analysis. A total of 5x104 cells were seeded in 
6‑well plates, cultured for 48 h at 37˚C and subsequently cells 
were collected. Cells were fixed with precooled 70% ethanol 
for 30  min at room temperature, and collected following 
centrifugation at 12,000 x g for 5 min at room temperature. 
The cells were resuspended in PBS containing 50 mg/ml 
propidium iodide and 50 mg/ml RNaseA (cat. no. 40711ES10; 
Shanghai Yeasen Biotechnology, Co., Ltd., Shanghai, China) 
for 30 min at room temperature. Cells were incubated for 
1 h at 37˚C in the dark, and analyzed using flow cytometry 
(FACSCalibur; BD Biosciences) and analyzed using FlowJo 
10.06 software (FlowJo LLC, Ashland, OR, USA). The flow 
cytometry analyses were repeated three times.

Immunohistochemical analysis. The surgical EC tissues and 
paired adjacent tissues were fixed in 10% neutral buffered 
formalin at room temperature for 20 min and embedded in 
paraffin wax. Tissue sections with a thickness of 4 µm were 
mounted onto slides, then the slides were deparaffinized with 
xylene at room temperature, rehydrated with a graded alcohol 
series, and incubated with H2O2 at 37˚C for 10 min. Following 
blocking using 1.5% normal goat serum (Shanghai Yeasen 
Biotechnology Co., Ltd.) at 37˚C for 20 min, the primary IGF‑1R 
antibody (CST; Danvers, MA, USA; 1:1,000; cat. no. 3027) 
was incubated on the slides at 4˚C overnight. The slides were 

Table I. Associations between levels of'miR‑30a‑3p expression 
and the clinicopathological data of patients with esophageal 
carcinoma.

	 Nο. of	 Relative
Clinical characteristics	 patients	 expression	 P‑value

Age (years)			   0.572
  ≤60	 18	 0.425	
  >60	 12	 0.581	
Sex			   0.653
  Male	 20	 0.366	
  Female	 10	 0.418	
Drinking			   0.544
  Yes	 11	 0.545	
  No	 19	 0.411	
Smoking			   0.661
  Yes	 14	 0.622	
  No	 16	 0.541	
pT stage			   0.526
  T1 + T2	 13	 0.366	
  T3 + T4	 17	 0.521	
TNM stage			   0.492
  ≤Ⅱ	 10	 0.512	
  >Ⅱ	 20	 0.478	
Lymphatic metastasis			   0.517
  Positive	 11	 0.362	
  Negative	 19	 0.428	

miR, microRNA; pT, pathologic T stage; TNM, tumor, node and 
metastasis.
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washed with PBS three times, then incubated with a secondary 
antibody (horseradish peroxidase‑conjugated; cat. no. ab6721; 
1:2,000; Abcam) and stained with 3,3'‑diaminobenzidine. 
Images were obtained using a fluorescence microscope in 
five randomly‑selected fields of view (magnification, x200) 
(FSX100; Olympus Corporation, Tokyo, Japan).

Radiosensitivity assay. Transfected EC9706 and EC109 cells 
were seeded at a density of 3x103 cells/well in a 96‑well plate, and 
irradiated with various doses of radiation (0, 2, 4, 6 and 8 Gy) 
using an X‑RAD 320 X‑ray radiator (Softex Co., Ltd., Tokyo, 
Japan) at a dose rate of 2 Gy/min. A CCK‑8 assay was subse-
quently performed as previously described to determine cell 
proliferation.

Luciferase assay. A search for putative targets of miR‑30a‑3p 
was performed with TargetScan Human 7.2 (www.targetscan.
org/vert_72/) and miRanda software (www.microrna.org/). 
The 3'‑untranslated region (3'‑UTR) of IGF‑1R was cloned 
into an miRNA Expression Reporter Vector psiCheck‑2 
(Promega Corporation, Madison, WI, USA). Cells were plated 
in 48‑well plates for 24 h, psiCheck‑2 with the wild‑type 
(WT) or mutant (MUT) 3'‑UTR of IGF‑1R was cotransfected 
with miR‑30a‑3p mimics or miR‑NC using Lipofectamine® 
3000 (Invitrogen; Thermo Fisher Scientific, Inc.). Then, 48 h 
following transfection, cells were collected and subjected to a 
luciferase assay using a Dual Luciferase Reporter Assay kit 
(Promega Corporation). Luciferase activity was normalized 
using Renilla luciferase activity (Promega Corporation).

Statistical analysis. Data are expressed as the mean ± standard 
deviation and analyzed with SPSS 19.0 (IBM Corp., Armonk, 
NY, USA). Comparisons between two groups were performed 
using Student's t‑tests. Comparisons across three or more 
groups were performed using one‑way analyses of variance 
and a Tukey's post‑hoc test. P<0.05 was considered to indi-
cate a statistically significant difference. All experiments were 
repeated a minimum of three times.

Results

miR‑30a‑3p is downregulated in EC tissues and cell lines. 
miR‑30a‑3p, a member of the miR‑30 family, has been reported 
as downregulated in numerous tissues (24,27). In the present 
study, to investigate the role of miR‑30a‑3p in the development 
of EC, the expression of miR‑30a‑3p in EC tissues and cell lines 
was determined via RT‑qPCR. As presented in Fig. 1A, it was 
observed that the levels of miR‑30a‑3p expression were signifi-
cantly downregulated in EC tissues compared with in paired 
normal tissues. Furthermore, it was demonstrated that the 
levels of miR‑30a‑3p expression in the EC cell lines, EC9706 
and EC109, were significantly decreased compared with in a 
human esophageal epithelial cell line, HET‑1A (Fig. 1B). The 
findings suggested that miR‑30a‑3p is downregulated in EC 
tissues and cell lines.

In order to investigate the effects of miR‑30a‑3p on EC, 
miR‑30a‑3p mimics, mimics NC, miR‑30a‑3p inhibitors or 
inhibitors NC were transfected into EC9706 and EC109 cells. 
RT‑qPCR was performed to determine the efficiency of trans-
fection, and the results revealed that miR‑30a‑3p mimics could 

significantly promote the expression of miR‑30a‑3p compared 
with the control, while miR‑30a‑3p inhibitors significantly 
reduced the expression of miR‑30a‑3p in EC9706 and EC109 
cells (Fig. 1C).

miR‑30a‑3p suppresses the migration and invasion of EC cells. 
As the levels of miR‑30a‑3p expression are associated with 
lymph node metastasis (28), the migratory and invasive abili-
ties of EC9706 and EC109 cells transfected with miR‑30a‑3p 
mimics, mimics NC, miR‑30a‑3p inhibitors and inhibitors NC 
were determined via a scratch‑wound, and Transwell migration 
and invasion assays, respectively. Compared with the control, 
the migration and invasion of EC9706 and EC109 cells trans-
fected with miR‑30a‑3p mimics were significantly reduced, 
whereas miR‑30a‑3p inhibitors significantly promoted the 
migratory and invasive abilities of EC9706 and EC109 cells 
(Figs. 2 and 3). The results indicated that miR‑30a‑3p inhibits 
EC cell migration and invasion in vitro.

Tumor metastasis is a sequential process involving 
interactions between tumor cells, host cells and the tissue 
microenvironment, in which MMPs serve an essential role; 
MMP‑2 and MMP‑9 have been reported to be associated with 
the migration and invasion of various tumors (29,30). In the 
present study, the levels of MMP‑2 and MMP‑9 protein expres-
sion in transfected EC9706 and EC109 cells were determined. 
The expression levels of MMP‑2 and MMP‑9 protein were 
significantly decreased in EC9706 and EC109 cells trans-
fected with miR‑30a‑3p mimics compared with the control; 
however, the expression levels were significantly increased in 
EC9706 and EC109 cells transfected with miR‑30a‑3p inhibi-
tors (Figs. 2D and 3D). The results suggested that miR‑30a‑3p 
serves an inhibitory role in EC cell metastasis.

Effects of miR‑30a‑30p on the apoptosis and cell cycle 
of EC cells. To determine whether miR‑30a‑3p is able to 
affect the cell cycle and apoptosis, f low cytometry was 
performed. The results demonstrated that overexpression 
of miR‑30a‑3p markedly increased the number of cells 
arrested in the G1 phase compared with the control group 
(Fig. 4A). Furthermore, the number of cells in the G1 phase 
was notably reduced following transfection with miR‑30a‑3p 
inhibitors compared with the control group. Additionally, it 
was revealed that the number of apoptotic cells was mark-
edly decreased following transfection with miR‑30a‑3p 
inhibitors, whereas, overexpression of miR‑30a‑3p notably 
increased the number of apoptotic cells compared with 
the control group (Fig.  4B). The results indicated that 
miR‑30a‑3p may suppress cell cycle progression and induce 
the apoptosis of EC cells.

miR‑30a‑3p inhibits epithelial‑mesenchymal transition (EMT) 
in EC cells. EMT is characterized by the loss of differentiation 
of epithelial cells. Important features of EMT include loss of 
the epithelial cell phenotype and the acquisition of interstitial 
properties, represented by the downregulation of E‑cadherin, 
and upregulated expression of N‑cadherin and vimentin. This 
results in reduced adhesion between cells, and enhanced 
migration and invasion (31‑33). In the present study, the effects 
of miR‑30a‑3p on the EMT of EC9706 and EC109 cells 
transfected with miR‑30a‑3p mimics, mimics NC, miR‑30a‑3p 
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inhibitors and inhibitors NC were investigated. As presented 
in Fig. 5, miR‑30a‑3p mimics significantly upregulated the 
levels of E‑cadherin protein expression, and decreased those 
of N‑cadherin and vimentin compared with the control; 
opposing effects were observed in EC9706 and EC109 cells 
transfected with miR‑30a‑3p inhibitors. The results suggested 
that miR‑30a‑3p inhibits EC cell metastasis via the regulation 
of EMT.

miR‑30a‑3p enhances the radiosensitivity of EC cells. 
Radiotherapy is commonly used in the treatment of EC; however, 
patients may exhibit recurrence of EC following radiotherapy 
due to low radiosensitivity. It is important to identify strategies 
that decrease the resistance of EC to radiotherapy to improve 
the therapeutic effects (11). Therefore, the role of miR‑30a‑3p 
in the radiosensitivity of EC cells was investigated. EC9706 
and EC109 cells were transfected with miR‑30a‑3p mimics, 
mimics NC, miR‑30a‑3p inhibitors and inhibitors NC, and 
irradiated with various radiation doses (0, 2, 4, 6 and 8 Gy) 

for 48 h. The CCK‑8 assay was subsequently performed to 
evaluate the proliferation of cells. As presented in Fig. 6, 
miR‑30a‑3p mimics significantly decreased the proliferation 
of EC9706 and EC109 cells compared with the control group 
indicating an increased radiosensitivity, whereas miR‑30a‑3p 
inhibitors significantly promoted the proliferation of EC9706 
and EC109 cells. The results suggested that miR‑30a‑3p may 
act as a radiosensitizer.

IGF‑1R is a direct target of miR‑30a‑3p. To investigate the molec-
ular mechanisms by which miR‑30a‑3p may suppress metastasis 
and EMT, and enhance radiosensitivity in EC cells, putative 
miR‑30a‑3p targets were determined using TargetScan. The 
software analysis suggested that IGF‑1R may present a potential 
candidate for regulation by miR‑30a‑3p (Fig. 7A). Therefore, dual 
luciferase reporter gene analysis was performed to investigate 
whether miR‑30a‑3p directly targets the 3'‑UTR of IGF‑1R. As 
presented in Fig. 7B, miR‑30a‑3p mimics significantly reduced 
the luciferase activity of cells containing the IGF‑1R 3'‑UTR‑WT 

Figure 1. miR‑30a‑3p is downregulated in EC tissues and cell lines. (A) miR‑30a‑3p expression in EC tissues and paired normal tissues as determined by RT‑qPCR. 
(B) miR‑30a‑3p expression in EC cell lines (EC9706 and EC109) and a human esophageal epithelial cell line (HET‑1A) as determined by RT‑qPCR. (C) Following 
transfection with miR‑30a‑3p mimics or miR‑30a‑3p inhibitors in EC9706 and EC109 cells, the efficiency of transfection was evaluated by RT‑qPCR. Data are 
presented as the mean ± standard deviation of three independent experiments, each performed in triplicate. **P<0.01 vs. HET‑1A or control. ##P<0.01 vs. the NC 
group. EC, esophageal carcinoma; miR, microRNA; NC, negative control; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.



FAN et al:  miRNA-30a-3p INHIBITS METASTASIS AND ENHANCES RADIOSENSITIVITY IN EC86

compared with the control, but not 3'‑UTR‑MUT, indicating that 
miR‑30a‑3p directly binds to the 3'UTR of IGF‑1R.

RT‑qPCR and western blotting were utilized to investigate 
the effects of miR‑30a‑3p on endogenous IGF‑1R expression in 
EC cells. As presented in Fig. 7C and D, the levels of IGF‑1R 
mRNA and protein expression were significantly downregu-
lated in EC9706 and EC109 cells transfected with miR‑30a‑3p 
mimics compared with the control, whereas miR‑30a‑3p 
inhibitors promoted IGF‑1R expression (Fig.  7C  and D ). 
The results suggested that IGF‑1R is a direct target gene of 
miR‑30a‑3p in EC.

IGF‑1R is upregulated in EC tissues and cell lines, and silencing 
IGF‑1R suppresses the migration, invasion and EMT, and 
enhances the radiosensitivity of EC cells. Providing IGF‑1R is 
a direct target gene of miR‑30a‑3p, the role of IGF‑1R in EC was 
investigated. The levels of IGF‑1R mRNA and protein expression 
were determined in EC tissues and cells by RT‑qPCR, western 
blotting and immunohistochemical analysis. It was revealed 
that the levels of IGF‑1R mRNA and protein expression were 
significantly upregulated in EC tissues and cell lines (Fig. 8A‑E).

To investigate the effects of IGF‑1R on the migration, 
invasion, EMT and radiosensitivity of EC cells, EC9706 and 

Figure 2. miR‑30a‑3p suppresses the migration and invasion of EC9706 cells. The migratory abilities of EC9706 cells transfected with miR‑30a‑3p mimics 
or miR‑30a‑3p inhibitors for 48 h were investigated using (A) scratch‑wound and (B) Transwell assays. (C) Invasive abilities of transfected EC9706 cells were 
evaluated via a Transwell invasion assay. Cells were counted in each well under an inverted microscope at x200 magnification. (D) Expression levels of MMP‑2 
and MMP‑9 proteins were determined by western blot analysis. Data are presented as the mean ± standard deviation of three independent experiments; each 
experiment was performed in triplicate. **P<0.01 vs. the control group. #P<0.05, ##P<0.01 vs. the NC group. miR, microRNA; MMP, matrix metalloproteinase; 
NC, negative control.
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EC109 cells were transfected with si‑IGF‑1R, and RT‑qPCR 
analysis was performed to determine the transfection effi-
ciency. As presented in Fig. 9A, the levels of IGF‑1R mRNA 
expression were significantly reduced in EC9706 and EC109 
cells following transfection with si‑IGF‑1R. EC9706 and 
EC109 cells transfected with si‑IGF‑1R were irradiated with 
various radiation doses (0, 2, 4, 6 and 8 Gy) for 48 h, and a 
CCK‑8 assay was performed to evaluate the proliferation of 
cells. As presented in Fig. 9B, transfection with si‑IGF‑1R 
significantly decreased the proliferation indicating increased 
radiosensitivity of EC9706 and EC109 cells. Additionally, 

western blotting was performed to evaluate the levels of 
expression of EMT‑associated proteins. It was demonstrated 
that, compared with the control, E‑cadherin protein was 
significantly upregulated, and vimentin and N‑cadherin 
proteins were significantly downregulated following 
transfection with si‑IGF‑1R (Fig.  9C). Scratch‑wound, 
and Transwell migration and invasion assays were subse-
quently performed to determine the effects of IGF‑1R on 
the migration and invasion of EC9706 and EC109 cells. It 
was demonstrated that si‑IGF‑1R significantly suppressed 
the migration and invasion of EC9706 and EC109 cells 

Figure 3. miR‑30a‑3p suppresses the migration and invasion of EC109 cells. The migratory abilities of EC109 cells transfected with miR‑30a‑3p mimics or 
miR‑30a‑3p inhibitors for 48 h were determined using (A) scratch‑wound and (B) Transwell assays. (C) Invasive abilities of transfected EC109 cells were 
evaluated via a Transwell invasion assay. Cells were counted in each well under an inverted microscope at x200 magnification. (D) Expression levels of MMP‑2 
and MMP‑9 protein were determined by western blot analysis. Data are presented as the mean ± standard deviation of three independent experiments; each 
was performed in triplicate. **P<0.01 vs. the control group. ##P<0.01 vs. the NC group. miR, microRNA; MMP, matrix metalloproteinase; NC, negative control.
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Figure 5. miR‑30a‑3p inhibits EMT in esophageal carcinoma cells. Expression levels of EMT‑associated proteins (E‑cadherin, vimentin and N‑cadherin) were 
determined in EC9706 and EC109 cells transfected with miR‑30a‑3p mimics or miR‑30a‑3p inhibitors for 48 h via western blot analysis. Data are presented 
as the mean ± standard deviation of three independent experiments. **P<0.01 vs. the control group. ##P<0.01 vs. the NC group. EMT, epithelial‑mesenchymal 
transition; miR, microRNA; NC, negative control.

Figure 4. miR‑30a‑3p regulates the cell cycle and apoptosis. The effects of miR‑30a‑3p on (A) the cell cycle and (B) apoptosis were determined by flow 
cytometry in EC9706 and EC109 cells. Data are presented as the mean ± standard error of the mean of three independent experiments. *P<0.05, **P<0.01 vs. 
the control group. #P<0.05, ##P<0.01 vs. the NC group. AV, annexin V; miR, microRNA; NC, negative control; PI, propidium iodide.
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Figure 6. miR‑30a‑3p enhances the radiosensitivity of esophageal carcinoma cells. EC9706 and EC109 cells were transfected with miR‑30a‑3p mimics or 
miR‑30a‑3p inhibitors and irradiated with various radiation doses (0, 2, 4, 6 and 8 Gy) for 48 h. A Cell Counting Kit‑8 assay was subsequently performed to 
evaluate the proliferation of cells. Data are presented as the mean ± standard deviation of three independent experiments, each performed in triplicate. *P<0.05, 
**P<0.01 vs. the control group. miR, microRNA; NC, negative control; OD, optical density.

Figure 7. IGF‑1R is a direct target of miR‑30a‑3p. (A) Prediction of interaction between miR‑30a‑3p and IGF‑1R was determined by TargetScan. (B) Luciferase 
reporter assays were performed to verify the binding of miR‑30a‑3p to the 3'‑UTR of IGF‑1R. (C) Reverse transcription‑quantitative polymerase chain reaction 
and (D) western blotting were performed to evaluate the levels of IGF‑1R mRNA and protein expression, respectively, following transfection with miR‑30a‑3p 
mimics or miR‑30a‑3p inhibitors. Band intensity was quantified using ImageJ software. Data are presented as the mean ± standard deviation of three indepen-
dent experiments; each was performed in triplicate. **P<0.01 vs. the control group. ##P<0.01 vs. the NC group. IGF‑1R, insulin‑like growth factor 1 receptor; 
miR, microRNA; MUT, mutant; NC, negative control; 3'‑UTR, 3'‑untranslated region; WT, wild‑type.

Figure 8. IGF‑1R is upregulated in EC tissues and cell lines. The levels of IGF‑1R expression in EC tissues and paired normal tissues were evaluated by 
(A) immunohistochemistry, (B) RT‑qPCR and (C) western blot analysis. The levels of IGF‑1R expression in HET‑1A, EC9706 and EC109 were determined by 
(D) RT‑qPCR and (E) western blot analysis. The band intensity was quantified using ImageJ software. Data are presented as the mean ± standard deviation of 
three independent experiments; each was performed in triplicate. **P<0.01 vs. the control group. EC, esophageal carcinoma; IGF‑1R, insulin‑like growth factor 1 
receptor; NC, negative control; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.
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compared with the control (Fig. 10A and B). The results 
indicated that IGF‑1R, a candidate target of miR‑30a‑3p, 
serves important roles in the migration, invasion, EMT and 
radiosensitivity of EC cells.

Discussion

Studies investigating the association between miRNAs and 
tumor metastasis have focused on tumors located in various 

Figure 9. Silencing IGF‑1R suppresses the proliferation and EMT of esophageal carcinoma cells. (A) Following transfection of EC9706 and EC109 cells with 
si‑IGF‑1R, the efficiency of transfection was determined via reverse transcription‑quantitative polymerase chain reaction analysis. (B) EC9706 and EC109 
cells transfected with si‑IGF‑1R were irradiated with various radiation doses (0, 2, 4, 6 and 8 Gy) for 48 h, then a Cell Counting Kit‑8 assay was performed to 
evaluate the proliferation of cells. (C) Expression levels of EMT‑associated proteins (E‑cadherin, vimentin and N‑cadherin) were determined in EC9706 and 
EC109 cells transfected with si‑IGF‑1R by western blot analysis. Band intensity was quantified using ImageJ software. Data are presented as the mean ± stan-
dard deviation of three independent experiments; each was performed in triplicate. *P<0.05 and **P<0.01 vs. the blank group. ##P<0.01 vs. the NC group. EMT, 
epithelial‑mesenchymal transition; IGF‑1R, insulin‑like growth factor 1 receptor; NC, negative control; si, small interfering RNA.
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regions and systems, including the head and neck, as well as 
the respiratory, digestive and urinary systems (34‑37). For 
example, numerous miRNAs have been reported to contribute 
to the regulation of breast cancer metastasis. miR‑21 promoted 
the invasion of breast cancer cells via negative regulation of 
its target genes tropomyosin 1, programmed cell death 4 and 
maspin (38); a mutual feedback loop between zinc‑finger E‑box 
binding homeobox 1, miR‑141 and miR‑200c in regulating the 
invasion and metastasis of breast, pancreatic and colorectal 
cancer cells via EMT was reported (39).

miRNAs are not only involved in physiological processes, 
including growth and development of the body, but also serve 
important roles in various pathological processes, including the 
proliferation, apoptosis, invasion, angiogenesis and metastasis 
of various malignancies via downstream target genes (40‑42). 
miR‑30a‑3p has been reported as downregulated, and 

involved in the progression and development of a number of 
tumors (28‑30). For example, miRNA‑30a‑3p is downregulated 
in hepatocellular carcinoma, and inhibits the proliferation, 
invasiveness and metastasis of tumors  (43). In the present 
study, it was demonstrated that the levels of miRNA‑30a‑3p 
expression were decreased in EC tissues and cell lines, and 
contributed to the migration and invasion of EC cells.

The role of EMT in tumor metastasis has received 
increasing focus (44,45). EMT is a complex process in which 
epithelial cells develop a mesenchymal‑like phenotype. 
E‑cadherin downregulation is an important feature of EMT 
and has been considered to be the most reliable indicator of 
EMT occurrence. E‑cadherin serves an important role in the 
homeostasis of epithelial cells; its reduced expression during 
EMT leads to the downregulation of epithelial cell‑asso-
ciated proteins or reconstruction of complexes (including 

Figure 10. Silencing IGF‑1R suppresses the migration and invasion of esophageal carcinoma cells. (A) Migratory abilities of EC9706 and EC109 cells trans-
fected with si‑IGF‑1R for 48 h were determined via a scratch‑wound assay. (B) Invasive abilities of EC9706 and EC109 cells transfected with si‑IGF‑1R for 
48 h were evaluated using a Transwell invasion assay. Cells were counted in each well under an inverted microscope at x200 magnification. Data are presented 
as the mean ± standard deviation of three independent experiments; each was performed in triplicate. **P<0.01 vs. the blank group. ##P<0.01 vs. the NC group. 
IGF‑1R, insulin‑like growth factor 1 receptor; NC, negative control; si, small interfering RNA.
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desmosome‑associated proteins, tight junction proteins and 
cell polarity complex components), and upregulated expres-
sion of proteins associated with mesenchymal cells (including 
vimentin and N‑cadherin), which is accompanied with recon-
struction of the actin cytoskeleton  (46‑50). Therefore, the 
expression levels of EMT‑associated proteins were evaluated 
in EC cells following transfection via western blotting, and it 
was revealed that miR‑30a‑3p significantly altered the expres-
sion of EMT‑associated proteins.

Radiotherapy is an important therapy in the treatment 
of EC, reducing the recurrence risk of EC, and improving 
quality of life and survival; however, numerous factors 
affect the efficacy of radiotherapy, including the degree of 
hypoxia, glutathione content and individual differences in the 
sensitivity to radiation, which may result in an unsuccessful 
response to radiotherapy, and even induce severe radiation 
resistance  (11,12,51,52). Radiation resistance of tumors 
is a complex phenomenon, involving complex molecular 
mechanisms and genetic alterations. DNA damage is the 
main mechanism by which radiotherapy‑induced cell death 
occurs, including single and double strand breaks, and base 
damage (50,53‑55). Ionizing radiation can provide sufficient 
time to repair damaged DNA and enable cells to survive via 
cell cycle arrest; however, when DNA repair fails, apoptosis 
is induced, an important defense and protection mechanism 
for the maintenance of genomic stability in normal cells. In 
tumor cells, cell cycle arrest and the suppression of apoptosis 
are important factors associated with the development of 
radiation resistance (51). Increasing evidence suggests that 
miRNAs are involved in these processes (56,57). Thus, CCK‑8 
assays were performed in the present study to evaluate the 
role of miR‑30a‑3p in transfected EC9706 and EC109 cells 
irradiated with various radiation doses. The results suggested 
that miR‑30a‑3p may act to enhance the radiosensitivity of EC 
cells.

IGF‑1R belongs to the insulin receptor (IR) family, which 
also includes IR, IGF‑1R and IGF‑2R. Previous studies reported 
that the IGF‑1R signaling pathway serves a pivotal role in the 
growth and progression of cancer, and resistance to anticancer 
therapies (58,59). It was revealed that IGF‑1R promoted the 
growth of whole‑body tissues and organs via the induction of 
protein synthesis. Autocrine or paracrine IGF‑2 from tumor 
cells activated IGF‑1R, and regulated the proliferation and 
differentiation of tumor cells (60‑63). Nussbaum et al (63) 
observed that autocrine IGF‑2 release from hepatocytes 
signaled via IGF‑1R, interacting with hepatocyte growth 
factors to inhibit cell apoptosis, and promote cell growth and 
metastasis. Kim et al (64) reported that bronchial epithelial 
cells lacking p53 or expressing mutations in v‑Ki‑Ras2 Kirsten 
rat sarcoma viral oncogene homolog exhibited upregulation 
of IGF‑1 and IGF‑2; the transformed characteristics of these 
cells could be suppressed by IGF‑1R inactivation, or enhanced 
by overexpression of IGF‑1R. Furthermore, activated IGF‑1R 
induced cisplatin resistance in numerous ovarian cancer 
cell lines via its downstream target gene phosphatidylino-
sitol‑3‑kinase (65). IGF‑1R has also been reported to contribute 
to radiosensitivity in oral squamous cell carcinoma (66). In the 
present study, the luciferase assay indicated that miR‑30a‑3p 
binds to the 3'‑UTR of IGF‑1R mRNA. Furthermore, silencing 
of IGF‑1R affected the migration, invasion and radiosensitivity 

of EC cells; however, whether miR‑30a‑3p exerts its effects on 
EC via targeting IGF‑1R requires further investigation.

The present study is a preliminary study into the role 
of miR‑30a‑3p in EC. Based on the findings, future work 
will aim to further investigate the role and mechanisms of 
miR‑30a‑3p in the progression and development of cancer 
in vitro and in vivo. Collectively, it was demonstrated that 
miR‑30a‑3p expression was upregulated in EC tissues and 
cell lines, and that miR‑30a‑3p may function as a potential 
tumor suppressor in EC, inhibiting metastasis and enhancing 
radiosensitivity via downregulation of IGF‑1R. Therefore, 
miR‑30a‑3p may represent a potential therapeutic target in 
the treatment of EC.
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