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Abstract. Esophageal squamous cell carcinoma (ESCC), 
one of the most common gastrointestinal tumors, is known 
for its high mortality rate. microRNAs (miRNAs) have been 
reported to play important regulatory roles in cancer metas-
tasis and progression. miR-34a has been demonstrated to be 
associated with the development of and metastasis in certain 
types of cancer via various target genes, but its function and 
targets in ESCC are unknown. The aim of this study was to 
examine whether the expression of miR-34a was significantly 
decreased in ESCC tissues, compared with normal esophageal 
tissues using RT-PCR and western blot analysis. The results 
showed that miR-34a overexpression increased apoptosis 
and decreased clonogenic formation, but inhibited invasion 
and migration in ESCC cells by suppressing MMP-2 and -9 
expression. Yin Yang-1 (YY1), a widely distributed transcrip-
tion factor that belongs to the GLI-Kruppel class of zinc finger 
proteins, was found to be a direct target of miR-34a in ESCC 
cell lines. Rescue experiments indicated that the suppressive 
effect of miR-34a on invasion and migration was mediated by 
activating YY1 expression. Results of the present study showed 
that miR-34a is associated with ESCC migration and provides 
a potential therapeutic and diagnostic target for ESCC.

Introduction

Esophageal squamous cell carcinoma (ESCC), one of the 
most prevalent and lethal cancers worldwide, results from 
the uncontrolled proliferation of cells. Due to its poor prog-
nosis, the 5-year survival rate is <15%  (1-3). Esophageal 
carcinogenesis is a multistep process that occurs due to 
genetic alterations and disturbances of gene expression. In 
addition, numerous genes have been identified to be essential 
during carcinogenesis (4). Moreover, in recent years, accu-
mulating evidence has demonstrated that small non-coding 
RNA microRNAs (miRNAs) and long non-coding RNAs 
(lncRNAs), as transcript classes in the human genome, may 
play an important role in tumorigenesis and tumor progres-
sion (5-7). However, the underlying mechanisms of ESCC 
remain poorly understood. Therefore, a better understanding 
of the detailed mechanisms may be useful in identifying new 
therapeutic targets and strategies for the treatment of ESCC.

miRNAs, a class of short, single-stranded, non-coding 
RNA, bind to the complimentary recognition sequences in 
the 3'-untranslated region (3'UTR) of target mRNA, and are 
recognized as important post-transcriptional regulators of 
gene expression  (8). miRNA dysregulation can therefore 
contribute to cell biological processes including migration, 
invasion, apoptosis and metastasis by affecting relevant 
transcripts (9-11). It has been reported that miR-34a expres-
sion was significantly reduced in non-small cell lung cancer 
compared with normal tissues (12). miR-34a induces G1 arrest, 
apoptosis and senescence by repressing the expression of 
Notch1 in RCC cell lines, and inhibit gastric cancer tumori-
genesis by targeting PDGFR and MET through the PI3K/Akt 
pathway (13,14). miR-34a, which is located at chromosome 
1p36, is a well‑known tumor-suppressor miRNA present in 
various types of human cancer (15,16). However, the detailed 
role of miR-34a in ESCC remains poorly understood. In the 
present study, we found that upregulated miR-34a increased 
apoptosis and decreased clonogenic formation, migration and 
invasion by directly downregulating Yin Yang-1 (YY1) in 
TE-1 cells.
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Materials and methods

Tissue samples. For real-time PCR analysis, 20 normal esoph-
ageal and 20 human ESCC tissues were used, as previously 
reported (17). These tissues were obtained postoperatively 
between 2010 and 2012 from the Gastrointestinal Center, 
Jiangyin People's Hospital, Medical School of University of 
Southeast of China (Jiangyin, China). All the patients provided 
signed, informed consent for their tissues to be used for scien-
tific research. Ethics approval for the study was obtained from 
the Jiangyin People's Hospital.

RNA isolation and RT-PCR. Total miRNA was extracted 
from cultured cells and esophageal tumor and normal esopha-
geal tissues using TRIzol (Invitrogen, Carlsbad, CA, USA). 
cDNAs were reverse transcribed to cDNA using the RT-PCR 
kit (GenePharma, Shanghai, China). Quantitative PCR was 
performed on a CFX96™ Real-Time PCR Detection system 
(ABI 7500; Applied Biosystems, Foster City, CA, USA) using 
SYBR® Premix Ex Taq™ II (GenePharma). The following 
PCR conditions were used: denaturation at 95˚C for 30 sec, 
followed by 40 cycles of annealing at 95˚C for 10 sec and 
extension at 62˚C for 30 sec. The data were normalized against 
the expression of the U6 snRNA. After amplification, melting 
curve analysis was performed to ensure the specificity of the 
products.

Cell culture and transfection. The human ESCC TE-1 cell line 
was purchased from the Type Culture Collection of the 
Chinese Academy of Sciences (Shanghai, China). The cell 
lines were cultured in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS) 
(both from Gibco, Grand Island, NY, USA) and incubated at 
37˚C with 5% CO2. Cell transfections were performed using 
Lipofectamine 2000 (Invitrogen‑Life Technologies, Carlsbad, 
CA, USA). Transfected miRNA mimics or inhibitors were 
purchased from GenePharma. The miRNAs mimic or inhibitor 
sequences used were : miR-34a mimic, sense, 5'-UGGCAGUGU 
CUUAGCUGGUUGU-3' and antisense, 5'-AACCAGCUAAG 
ACACUGCAAUU-3'; miR-34a NC, sense, 5'-UUCUCCGAA 
CGUGUCAGGUTT-3' and antisense, 5'-ACGUGACACGUU 
CGGAGAATT-3'; miR-34a inhibitor, 5'-ACAACCAGCUAA 
GACACUGCCA-3'; and miR-34a inhibitor NC, 5'-CAGUAC 
UUUUGUGUAGUACAA-3'.

Measurement of apoptosis. Apoptosis was measured using 
propidium iodide (PI)/Annexin V double-staining following 
the manufacturer's instructions (Keygen Biotech, Nanjing, 
China). Cells were harvested 24 h after transfection and apop-
totic fractions were measured using flow cytometry (Beckman 
Coulter, Brea, CA, USA). The Annexin V+/PI- cells indicated 
early apoptotis and Annexin V+/PI+ cells late apoptosis. The 
percentage of the two types of cells was calculated.

Clonogenic formation assay. For the clonogenic formation 
assay, 1x103 cells were seeded in 6-well plates separately. 
After transfection, the cells were incubated for ~10 days. 
The cells were then washed with PBS, fixed and stained with 
Giemsa. The clone number (cells population >50) was counted 
using a microscope.

Western blot analysis. Total protein was extracted from the 
cells using whole cell lysates (Beyotime, Nantong, China). The 
protein concentrations of individual samples were assessed 
using a standard bicinchoninic acid assay (Beyotime). For each 
sample, 30 µg of protein was loaded on a 10% SDS‑PAGE gel 
(Bio‑Rad, Hercules, CA, USA), transferred onto a polyvi-
nylidene difluoride membrane and blocked with 5% skimmed 
milk and 0.1% Tris‑buffered saline Tween-20 (TBST) at 
room temperature for 1.5 h. The membranes were washed in 
TBST three times and incubated overnight at 4˚C with rabbit 
anti‑YY1, anti-MMP-2 and anti-MMP-9 antibody (1:1,000 
dilution) (all from Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA) and mouse anti‑GAPDH and mouse anti-β-
actin antibody (1:8,000 dilution) (both from Beyotime). The 
membranes were then washed with TBST and incubated with 
anti‑rabbit IgG horseradish peroxidase‑conjugated secondary 
antibody (Cell Signaling Technology, Boston, MA, USA). The 
protein expression was evaluated using chemiluminescence 
and exposure to Kodak film (Kodak, Rochester, NY, USA).

YY1 overexpression plasmids and shRNA. YY1 overexpres-
sion was obtained from OriGene Technologies Inc. (Rockville, 
MD, USA). A shRNA negative vector and two shRNA were 
constructed. Their targeting sequences are: shRNA-NC, 
5'-GTTCTCCGAACGTGTCACGT-3'; shRNA-1, 5'-GAACUC 
ACCUCCUGAUUAU-3'; and shRNA-2, 5'-CAAAGAUGU 
UCAGGGAUAA-3'.

Luciferase reporter assay. The 3'UTR of YY1 was amplified 
using the primers: forward, 5'-GCTCTAGAAAAGAAGAGA 
GAAGACCT-3' and reverse, 5'-GCTCTAGACCATGTAACA 
GAAAGGGC-3'. The amplified fragmented was inserted at 
the XbaI site of pGL3-promoter vector (Promega, Madison, 
WI, USA). The construct was sequenced for confirmation. For 
transfection, TE-1 cells were transfected by Lipofectamine 2000 
(Invitrogen‑Life Technologies). The luciferase reporter 
containing a fragment of the YY1 3'UTR was co-transfected 
with pRL-TK (Promega) and synthetic RNAs. Luciferase 
activity was measured using the Dual-Luciferase Reporter 
Assay system (Promega). Promoter activities were expressed 
as the ratio of firefly luciferase to Renilla luciferase activity.

Cell viability assays. Cells were transfected with the indicated 
RNAs. The transfected cells were seeded in 96-well plates at 
a density of 1x104 cells/well. MTT solution (20 µl of 5 mg/ml 
MTT) was added to each well (for a total volume of 100 µl), and 
the plates were incubated for 4 h at 37˚C. Following removal 
of the culture medium, the remaining crystals were dissolved 
in DMSO, and the absorbance at 490 nm was measured.

Invasion assays and wound-healing assay. For the invasion 
assays, 5x104 cells were plated in the top chamber containing 
a Matrigel-coated membrane (24-well insert, 8-mm pore size; 
BD Biosciences). Twenty-four serum‑starved cells were plated 
in serum-free medium. The medium supplemented with 10% 
serum was used as a chemoattractant in the lower chamber. 
The cells were incubated for 48 h at 37˚C in a tissue culture 
incubator with 5% CO2. The non-invading cells were removed 
from the upper sides of the Transwell membrane filter inserts 
using cotton-tipped swabs. The invaded cells on the lower 
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sides of the inserts were stained with Giemsa, and the cells 
were counted. Sterile ruler and skin marker tip were used to 
draw a straight width line in a cell‑covered plate. The cells 
were washed with PBS, and cultured with serum-free medium. 
After 48 h, the width of the line was observed using a micro-
scope. Four random views were taken and quantified under a 
microscope.

Statistical analysis. The SPSS 17.0 software was used for the 
statistical analysis. The data are presented as the means ± SEM. 
Group comparisons were evaluated by one-way ANOVA to 
determine statistical significance. Differences were considered 
significant when P<0.05.

Results

miR-34a is downregulated in esophageal normal tissues 
compared with tumor tissues. We first determined the expres-
sion of miR-34a in esophageal cancer cells and matched 
adjacent normal esophageal tissues. miR-34a expression in 
20 human ESCC and 20 adjacent normal esophageal tissues 
was determined by RT-qPCR analysis. Results showed that the 
levels of miR-34a expression were significantly decreased by 
4.46-fold in the tumor tissues compared to the adjacent normal 
mucosa tissues (Fig. 1). In these samples, miR-34a expression 
was decreased in 19 ESCC samples, suggesting that the down-
regulation of miR-34a may be a hallmark of ESCC.

miR-34a inhibits TE-1 cell proliferation, colony formation 
and apoptosis, as well as migration and invasion. To investi-
gate the effect of miR-34a on TE-1 cell motilities, miRNA-NC, 
miR-34a mimics, miRNA inhibitor-NC, or miR-34a inhibitor 
was transfected into TE-1 cells  (Fig. 2A and B). miR-34a 
overexpression reduced the proliferation rate and promoted 
apoptosis in cultured TE-1 cells (Fig. 2C, G and F). Colony 
formation of TE-1 cells was significantly decreased following 
the transfection of miR-34a mimics (Fig. 2D and E). Forty-
eight hours after transfection, the wound-healing was 
determined and the results revealed that the width of line 
in the miR-34a mimics-transfected group was wider than 
that of the miRNA-NC-transfected cells. Conversely, the 
miR-34a inhibitor-transfected group showed the smallest 
width (Fig. 3A). The results of the invasion assay showed 
that the invasion cell number in the mimics group had fewer 
cells than that of the inhibitor group (Fig. 3C and D). Western 
blotting also demonstrated that miR-34a downregulated 
MMP-2 and -9 expression (Fig. 3B). These results indicated 
that miR-34a inhibited migration, invasion and proliferation 
in ESCC cells.

miR-34a directly targets YY1. Bioinformatic tools predicted 
that human miR-34a may target the 3'UTR of YY1 between 
position 710 and 726 bp (relative to the YY1 stop codon, 
Fig. 4A). To further confirm that miR-34a directly targets YY1, 
we performed luciferase reporter assays to examine whether 
miR-34a regulates YY1 3'UTR. The 3'UTR of YY1 was 
cloned and inserted downstream of the pGL3-promoter vector 
designated as pGL3-YY1 3'UTR. We found that co-transfec-
tion of miR-34a with pGL3-YY1 3'UTR caused a significant 
decrease in luciferase activity compared to the miRNA-NC-

co-transfected cells  (Fig. 4B). Conversely, co-transfection 
of the miR-34a inhibitor increased the luciferase activity, 
suggesting a suppressing role of miR-34a. Western blotting 
demonstrated that YY1 expression was significantly decreased 
in the miR-34a mimics-transfected group, whereas miR-34a 
inhibitor transfection caused an increase in YY1 expres-
sion (Fig. 4C). The result showed that YY1 expression was 
gradually reduced when the concentration of transfected 
miR-34a was increased (Fig. 4D).

YY1 promotes TE-1 migation and invasion. We investigated 
whether YY1 facilitates the metastasis and invasion of ESCC 
cells. We previously reported that YY1 promotes the invasion 
of TE-1 cells  (18). To confirm this result, TE-1 cells were 
transfected with pcDNA3.1‑YY1 or pcDNA3.1 plus shRNA-
NC or shRNA-YY1. The wound-healing assay showed that 
YY1 overexpression healed more rapidly than the remaining 
groups (Fig. 5A), which is consistent with the results of our 
previous study.

The Transwell-based invasion assay was used to identify 
the relationship between YY1 and miR-34a. The results showed 
that co-transfected miR-34a and shRNA‑YY1 significantly 
increased the invasion ability of TE-1 cells (Fig. 5B and C). 
This result suggested that shRNA targeting YY1 reversed the 
inhibitory effects of miR-34a on the invasion ability of TE-1 
cells. The results from western blotting showed that MMP-2 
and -9 expression was correlated with the invasive status of 
cells. In the present study, MMP-9 expression in the shRNA-
YY1-transfected group was significantly decreased compared 
to that of pcDNA3.1-YY1. MMP-9 was markedly increased in 
co-transfected miR-34a and shRNA‑YY1, which is consistent 
with the result of the invasion assay (Fig. 5D and E).

Discussion

miRNAs have demonstrated far-reaching effects on the 
development of cellular biology and cancer (19,20). miR-34a 
is reported to be significantly dysregulated in various cancer 
types, such as colon, prostate and pancreatic cancer and 
glioma (21-23). In the present study, the qPCR examination 
revealed that miR-34a expression significantly decreased 
in 13 of the 20 human esophageal tumor tissues compared 

Figure 1. miR-34a is downregulated in esophageal normal tissues compared 
with tumor tissues. qPCR was used to detect the miR-34a level in adjacent 
normal esophageal and tumor tissues. miR-34a expression was significantly 
decreased in esophageal cancer0 *P<0.05.
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with the normal tissues, which suggested that dysregulation 
of miR-34a may be involved in the development of human 
esophageal cancer. Moreover, studies have reported that 

miR-34a can affect the growth of proneural glioma and renal 
cell carcinoma cells (13,24). In the present study, we found 
that TE-1 cells grew slowly following transfection with 

Figure 2. miR-34a inhibits TE-1 cell proliferation, colony formation and apoptosis. (A and B) Relative miR-34a expression in TE-1 cells following the 
transfection of miR-34a mimics or inhibitors. Relative miR-34a RNA level was determined by qPCR. (C) MTT was used to detect cell proliferation after mock 
transfection or transfection of miR-34a mimics, miR-NC, miR-inhibitor-NC and miR-34a inhibitor. The proliferation of TE-1 cells was significantly reduced 
after transfection of miR-34a mimics compared to the other groups. (D and E) Colony formation of TE-1 cells was determined by the clonogenic formation 
assay. The miR‑34a mimics group was significantly decreased compared to the other groups. (F) Apoptosis and necrosis were measured using propidium 
iodide (PI)/Annexin V double-staining. The apoptotic ratio was increased following the transfection of miR-34a mimics. (G) Representative apoptotic images 
of indicated groups by flow cytometry.
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Figure 3. miR-34a inhibits TE-1 cell migration and invasion. (A) Wound‑healing assay was observed in transfected cells. Forty-eight hours after transfection, 
the width in the miRNA mimics NC-transfected group was wider than that of the miR-34a-inhibitor group. (C and D) Invasion assays were performed for 48 h 
after transfection with TE-1 cells. Cell numbers show that mimics group has fewer cells than the inhibitor group. (B) Western blotting shows that miR-34a 
downregulated MMP-2 and -9 expression, *P<0.05, **P<0.01.

Figure 4. miR-34a directly targets YY1. (A) Bioinformatic tools showed the partial complementarity between YY1 3'UTR and miR-34a. (B) Luciferase activity 
was measured with the Dual-Luciferase Reporter Assay system. Promoter activities of co-transfectionof  miR-34a and pGL3-YY1 3'UTR were significantly 
decreased in the mimics group compared to the other groups. (C and D) Western blotting showing that YY1 expression was significantly decreased in miR-34a 
mimics-transfected group and decreased when the concentration of miR-34a was increased. **P<0.01. 3'UTR, 3'-untranslated region; YY1, Yin Yang-1.
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miR-34a mimics. Metastasis is a major cause of death in 
esophageal cancer patients (25) and the MMP family has been 
considered to be involved in cancer invasion and metastasis, 
especially MMP-2 and -9. Due to their ability to degrade 
type IV collagen, MMP-2 and -9 have been correlated with the 
invasive stage of carcinomas (26). It is reported that MMP-2 
and -9 were involved in breast cancer initiation and growth 
in the early stage of tumor genesis (27). In the present study, 
the cell invasion number and expression of MMP-2 and -9 
were significantly decreased when transfected with miR-34a 
mimics. This result suggested that miR-34a mediated the 
metastasis of ESCC through MMP-2 and -9.

Moreover, using a bioinformatics approach and a literature 
review, we found that miR-34a directly regulates numerous 
target genes. Among them, transcription factor YY1 is likely to 
be an important target gene of miR-34a. YY1 plays important 
roles in cell proliferation and differentiation (28). Increased 
YY1 expression was observed in various types of cancer, such 
as breast, ovarian, colon, bone, liver, lung, bladder, cervical, 
prostate and esophageal cancer (29-35). However, the specific 
function in different cancer types has not been elucidated. In 
the present study, luciferase activity identified that miR-34a 
can directly target YY1, and western blotting showed that the 
expression of YY1 was inhibited by miR-34a. In addition, in 

the wound-healing and invasion assays, the results suggest that 
YY1 is an important factor in promoting cell metastasis.

In conclusion, we have demonstrated that the miR-34a/
YY1 axis contributes to esophageal cancer progression by 
increasing apoptosis and inhibiting clonogenic formation, cell 
proliferation and invasion. miR-34a negatively regulated YY1 
expression in TE-1 cells. These results provide a therapeutic 
target for esophageal cancer.
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