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Abstract: MicroRNAs (miRNAs) are small, non-coding RNAs of endogenous origin. Accumulating studies have shown 
aberrant miRNA expression plays an important role in many tumor types. However, the mechanisms by which miR-
NAs regulate esophageal squamous cell carcinoma (ESCC) development remain poorly understood. In the present 
study, we assayed expression level of miR-192 in ESCC tissues and cell lines by real-time PCR, and defined the 
target gene and biological function by luciferase reporter assay, Western blot and apoptosis assay. We first verified 
that the expression level of miR-192 was significantly increased in ESCC tissues and cancer cells. Moreover, miR-
192 over-expression inhibited cells apoptosis and promoted ESCC cells proliferation. We further demonstrated that 
miR-192 directly targeted 3’-UTR of Bim gene, and inhibited its protein expression. Importantly, Bim could reduce 
ESCC cells apoptosis ability induced by miR-192. These data suggest an important role of miR-192 in the molecular 
etiology of ESCC and implicate the potential application of miR-192 in ESCC therapy.
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Introduction

Esophageal cancer is the sixth most common 
malignancy worldwide [1, 2]. Esophageal squa-
mous cell carcinoma (ESCC) accounts for > 
90% of cases of esophageal cancer in most 
Asian countries, including China [3-5]. Although 
treatment and perioperative management have 
evolved in recent years with dramatic advances 
in diagnosis, operative methods, and combined 
chemoradiotherapy, the prognosis of patients 
with ESCC is not ideal. Only a small subset of 
patients (20%-30%) exhibits a 5-year survival 
rate after surgery [6, 7]. Therefore, there is a 
requirement for understanding the mecha-
nisms involved in ESCC progression.

MicroRNAs (miRNAs) are conserved, endoge-
nous, small, noncoding RNAs which negatively 
regulate gene expression either by translation-
al repression, or target mRNA degradation 
through binding to the 3’UTR of target gene [8]. 
It is now well established that miRNAs may 
have causal roles in many normal/tumor cellu-

lar processes, such as development, differenti-
ation, proliferation and apoptosis, and increas-
ing sensitivity or resistance to chemotherapy 
[9, 10]. Aberrant expressions of some miRNAs 
in cancer have been reported. 

MiR-192 was first cloned by Lagos-Quintana et 
al. [11] and later confirmed by Lim et al. [12]. 
The miR-192 gene is located on human chro-
mosome 11 and is transcribed as a cluster with 
miR-194 [13]. MiR-192 was reported to be up-
regulated in multiple cancer types including 
gastric cancer, hepatocellular carcinoma, neu-
roblastoma, and pancreatic ductal adenocarci-
noma [14-18]. The biological effects of miR-192 
in these cancers have been partially identified, 
miR-192 could enhance cell proliferation and 
migration, reduce cell apoptosis and promotes 
cell cycle progression from the G0/G1 to the S 
phase by regulating of key factors in these prog-
ress such as smad-interacting protein 1 (SIP1) 
and Dicer [15, 16]. However, miR-192 was also 
found down-regulated in some cancer types, 
such as colon cancer, colorectal cancer and 
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lung cancer [19-21]. It may also function as  
a tumor suppressor. Up to now, little is known 
about the role of miR-192 in ESCC progre- 
ssion. 

In our study, we found that miR-192 was over-
expressed in ESCC cell lines and tumor tissues 
compared to normal squamous epithelial cell 
line and adjacent corresponding tissues 
respectively, suggesting miR-192 might act as 
a tumor oncogene in ESCC. miR-192 expres-
sion was associated with TNM stage and lymph 
node metastasis of ESCC, which indicated miR-
192 might be involved in the pathogenesis of 
ESCC. Besides, we identified that apoptosis 
regulator Bim was one of direct target genes of 
miR-192. MiR-192 is able to regulate apoptosis 
of ESCC cells through paralyzing the function of 
Bim. 

Materials and methods

Samples

Fresh samples from ESCC and corresponding 
normal adjacent tissue were obtained from 50 
patients at Second Hospital Affiliated to Hebei 
Medical University between January 2008 and 
November 2010. The samples immediately 
snap frozen in liquid nitrogen, and stored at 
-80°C until RNA extraction. The tumors were 
classified according to World Health Organi- 
zation classification. The study was approved 
by hospital ethical committee, and every 
patient had written informed consent. Clinico- 
pathological information of the patients about 

age, sex, stage and lymph node 
metastasis was obtained from 
patient records, which were sum-
marized in Table 1.

Cell culture and transfection

The human esophageal carcinoma 
cell lines KYSE-150, KYSE-510, 
EC-9706 and immortalized human 
esophageal epithelial cell SHEE 
were kindly provided by Dr. Zhang 
Xun (Tianjin Chest Hospital). TE13 
was purchased from The American 
Type Culture Collection (Manas- 
sas, VA). The cells were cultured in 
RPMI-1640 (Invitrogen, Carlsbad, 
CA) medium containing 10% fetal 
bovine serum (FBS, GIBCO), 100 

Table 1. Relationship between miR-192 expression and clini-
copathological factors in 50 ESCC patients

Mir-192 Expression
Factor Low High Z Value P Value

Age
< 60 10 15
= 60 15 10 2.000 0.157

Gender
Man 16 21

Woman 9 4 2.599 0.107
Stage

I+II 20 9
III+IV 5 16 9.934 0.002

Lymph node status
Nagative 14 7
Positive 11 18 4.023 0.045

IU/ml penicillin and 100 mg/ml streptomycin 
maintained at 37°C in humidified air containing 
5% CO2. For transfection, cells were cultured to 
80% confluence and transfected with recombi-
nant eukaryotic vector and empty vector using 
Lipofectamine 2000 (Invitrogen, CA, USA) 
according to the manufacturer’s recommen- 
dation.

Quantitative real-time PCR

Quantitative RT-PCR was performed to validate 
the miRNA expression level. qRT-PCR was car-
ried out using SYBR®Premix Ex TaqTM (Takara, 
Japan). PCR were carried out in triplicate and 
analyzed using the ABI Prism 7900HT fast real-
time PCR system (Applied Biosystems, Life 
technologies, USA). The relative quantification 
values for each miRNA were calculated by the 
2-ΔΔCt method using U6 as an internal reference. 
All primers were shown in Table S1.

Plasmid constructions

Genomic sequence of human miR-192, includ-
ing, 200 bp flanking sequence, was amplified 
from human genome, then inserted into the 
BamHI/EcoRI site of the pcDNA3.1 vector 
(Invitrogen), named as pcDNA3.1-miR-192. The 
full-length 3’untranslated region (3’UTR) of Bim 
was amplified from human genomic DNA, and 
was cloned into the downstream of the firefly 
luciferase coding region of pMIR-GLOTM 
Luciferase vector (Promega, USA). The recom-
bined vector was named as pMIR-Bim. 
Mutations of miR-192 binding sites were intro-
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duced by site-directed mutagenesis and the 
resulted vector was named pMIR-Bim-Mut. 
Primers used for the constructions were listed 
in Table S1. All the constructions were con-
firmed by sequencing.

Proliferation assay

MTT assay was used to analyze cell prolifera-
tion. EC9706 and KYSE-150 cells were trans-
fected with either pcDNA3.1-miR-192 (miR-
192) or empty vector (NC). After 24 h transfec-
tion, cells were seeded into 96-well plate at 5.0 
× 103 cells/ml and continue cultured for 24, 48, 
72, and 96 h, respectively. At each time point, 
10 μl MTT reagent (5 mg/ml, Sigma) was added 
to each well, successive incubated for 4 h at 
37°C. The supernatant was removed and 200 
μl DMSO (Invitrogen) was added to dissolve the 
formazan crystals for 30 min. Spectrometric 
absorbance at a wavelength of 570 nm was 
measured on microplate reader (Spectra Max 
M5, MD, USA). Each sample was tested in tripli-
cate and all experiments were performed three 
times.

Apoptosis analysis

Cells were transfected as above, 48 h after 
transfection, cells were harvested and washed 
with ice-cold phosphate-buffered saline (PBS), 
and then subjected to FITC Annexin V Apoptosis 
Detection kitI (BD Pharmingen, USA) for stain-
ing, which was followed by flow cytometric anal-

ysis using a FACScan instrument (Beckman 
Coulter, USA) and the test were repeated for 
three times with triplicate per experiment.

Dual-luciferase reporter assay

Cells were seeded into 24-well plates and 
cotransfected with 200 ng of pMIR-Bim or 
pMIR-Bim-Mut vector and 100 ng of pcDNA3.1-
miR-192 vector or pcDNA 3.1 empty vectors, 
and the pRL-TK plasmid (Promega, Madison, 
WI) which was used as internal normalization. 
After 48 h, cells were lysed using the lysis buf-
fer (Promega). Luciferase reporter gene assay 
was implemented using the Dual-Luciferase 
Reporter Assay System (Promega) according  
to the manufacturer’s instructions. All experi-
ments were performed at least three times.

Western blotting

Cells were transfected with either pcDNA3.1-
miR-192, pCMV-Tag-2b-Bim or small interfere 
RNA target Bim (siBim). Total cell extracts pre-
pared from cells using RIPA buffer (Beyotime, 
China), were resolved on 10% gradient SDS-
polacrylamide gel and transferred to NC mem-
branes. Membranes were blocked for 1 hour in 
5% skim milk in TBST and incubated with pri-
mary antibody overnight at 4°C, followed by the 
incubation with appropriate HRP-conjugated 
secondary antibody at optimized concentra-
tion. The primary antibodies used in this study 
were as follows: anti-Bim antibody (1:1000, 
CST), anti-caspase3 antibody (1:1000, Santa 

Figure 1. MiR-192 shows high expression in ESCC cells and tissue specimens. A. The relative mRNA levels of miR-
192 were detected by qRT-PCR and normalized against an endogenous control (U6 RNA). Data are reported as 
mean ± SD for three independent experiments. B. qRT-PCR analysis of miR-192 expression in 50 pairs of primary 
ESCC tissues and their corresponding adjacent tissues. MiR-192 expression in those two types of tissues was com-
pared by way of Wilcoxon signed-rank test. *indicates significant difference (P < 0.05).
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Cruz), anti-caspase9 antibody (1:1000, Santa 
Cruz) and anti-β-actin antibody (1:5000, CST). 
The densitometry of Western blot results was 
measured using ImageJ software.

Statistical analysis

The data were presented as mean ± standard 
deviation (SD). MiR-192 expression in 50 pairs 
of primary ESCC tissues and corresponding 

adjacent tissues was compared by Wilcoxon 
signed-rank test. A chi-square test was used  
to analyze the relationship between miR-192 
expression levels and clinicopathologic charac-
ters. T-test was used to determine the signifi-
cant differences between control and treat-
ment groups. Statistical analysis was per-
formed using SPSS16.0 software, and P < 0.05 
was considered to be a statistically significant 
difference.

Figure 3. MiR-192 directly inhibits the expression of Bim through its 3’UTR of ESCC cells. A. The miR-192 binding 
site predicted in the 3’UTR of Bim mRNA. B. Mutant was generated at the seed region of Bim 3’UTR as indicated 
by the underline. A 3’UTR fragment of Bim mRNA containing wild-type or mutant of the miR-192 binding sequence 
was cloned into the downstream of the luciferase gene in pMIR vector. C. KYSE-150 cells was transfected with pMIR 
reporter vectors containing either wild-type or mutant Bim 3’UTR (indicated as pMIR-Bim-3’UTR-wt and pMIR- Bim-
3’UTR-mut) with either pcDNA3.1 (indicated as NC) or pcDNA3.1-miR-192 vector (indicated as miR-192). Luciferase 
activity was determined 48 h after transfection. D. Bim mRNA was detected by qRT-PCR in cell lines transfected with 
pcDNA3.1 (indicated as NC) or pcDNA3.1-miR-192 vector (indicated as miR-192). E, F. The protein levels of Bim was 
examined by Western blot in cells transfected with different plasmids. Figure F shows the relative gray values of 
each band (normalized to β-actin). Data are reported as mean ± SD (*P < 0.01, Student’s t- test).

Figure 2. MiR-192 inhibited cell apoptosis and promote cell proliferation of ESCC cells. A. Significantly decreased 
number of apoptosis was observed in KYSE150 and EC9706 cells after transfected miR-192. B. The KYSE-150 and 
EC-9706 cells proliferation ability were increased after transfected miR-192. C. The protein of the cleaved Caspase3 
and 9 were examined by western blot in cells treated with miR-16 and control. D. shows the relative gray values of 
each band (normalized to β-actin). Protein bands from three independent Western blot assays were quantified using 
Image J software. Data are reported as mean ± SD (*P < 0.05, Student’s t- test).
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Results

miR-192 is up-regulated in ESCC cells and tis-
sue specimens

Firstly, we analyzed the expression level of miR-
192 by qRT-PCR in human esophageal epithe-
lial cell SHEE and four human esophageal carci-
noma cell lines including KYSE150, KYSE510, 
EC9706 and TE13. The expression of miR-192 
was significantly increased in esophageal carci-
noma cell lines compared with SHEE (Figure 
1A). Thus, we thought miR-192 may be an 
oncogene in human ESCC cells. Further, we 
detected miR-192 expression in both ESCC  
tissues and corresponding adjacent tissues by 
qRT-PCR. Significantly, we found that miR-192 
expression was increased in ESCC tissues (n = 
50, Figure 1B), which indicated that miR-192 
was acted as an oncogene. After analyzing the 
clinical information of patients, we found that 
the aberrant expression level of miR-192 was 
associated with the pathological stage and 
lymph node metastasis of patients (Table 1, P 
< 0.05), indicating that miR-192 may play an 
important role the pathogenesis of ESCC.

MiR-192 inhibited cell apoptosis while pro-
mote cell proliferation of ESCC cells

To detect the functional roles of miR-192, we 
then examined the effect of miR-192 on cell 
apoptosis and cell proliferation. Flow cytometry 

analysis showed that upregulation of miR-192 
in both KYSE150 and EC9706 cells inhibited 
cell apoptosis, compared to the control group 
(Figure 2A). Additionally, we used MTT assay to 
investigate the effect of miR-192 on cell prolif-
eration. As shown in Figure 2B, when transfect-
ed with pcDNA3.1-miR-192 plasmids, the prolif-
eration ability of KYSE150 and EC9706 cells 
was upregulated when compared with the con-
trol. Furthermore, in order to detect the inhibi-
tion affection of cell apoptosis, we detected the 
viability of Caspase 3 and 9 in cells transfected 
with pcDNA3.1-miR-192 plasmids and control 
to explore the correlation between miR-192 
and apoptosis. The results indicated that both 
the cleaved Caspase 3 and 9 was decreased in 
cells transfected with pcDNA3.1-miR-192 plas-
mids comparing with the cells transfected with 
control (Figure 2C, 2D). This result suggested 
that the aberrant increasing level of miR-192 
may have the ability of suppressing cell apopto-
sis in ESCC cell lines.

MiR-192 directly targets Bim

To gain further insight into the molecular mech-
anism by which miR-192 suppresses apoptosis 
of esophageal carcinoma cells, we searched for 
genes targeted by miR-192 using biological tar-
get prediction software TargestScan, miRanda, 
TargetScan, and PicTar. A gene named BCL2L11 
(BCL2-like 11), also named Bim, had drawn our 
attention. Bim, a pro-apoptotic protein that is 

Figure 4. Effects of Bim in miR-192 Suppressed apoptosis of ESCC Cells. A. Significantly increased number of 
apoptosis was observed in the EC9706 cells after Bim transfection. B. Silencing Bim by siRNAs in EC9706 cells de-
creased apoptosis ability of the cells. C. Significantly decreased number of apoptosis was observed in the EC9706 
cells after Bim transfection with or without miR-25 mimics compared to control. The protein expression level of Bim 
was assessed by Western blotting in each group.
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involved in the intrinsic apoptosis pathway, was 
found to have a putative miR-192 binding site 
within its 3’UTR (Figure 3A). To detect whether 
Bim is regulated by miR-192, the wild type or 
mutant 3’UTR sequence of Bim was cloned into 
pMIR reporter vector, respectively, as shown in 
Figure 3B. The luciferase activity of pMIR-Bim-
3’UTR-wt construct was significantly decre- 
ased upon the over-expression of miR-192 in 
KYSE150 cells, whereas its mutant counter-
part was not (Figure 3C). In addition, the pro-
tein level of Bim in KYSE150 and EC9706 cells 
was dramatically reduced by miR-192, but 
mRNA level was not changed (Figure 3D-3F). 
Taken together, these data indicated that Bim 
was the direct target of miR-192 at least in 
esophageal cancer.

Bim contributes to miR-192 suppressed apop-
tosis of ESCC cells

Having demonstrated Bim as a direct target of 
miR-192, we next examined the importance  
of Bim in miR-192 mediated cell apoptosis. 
Ectopic expression of Bim in EC9706 cells sig-
nificantly enhanced cell apoptosis (Figure 4A), 
however, silencing Bim by siRNAs in EC9706 
cells decreased apoptosis ability of the cells 
(Figure 4B), revealing its positive roles in the 
contribution of ESCC cells apoptosis. Mean- 
while, the transfecting or silencing efficiency of 
Bim in the cells was detected by Western blot 
(Figure 4A, 4B lower). Then, we accessed 
whether the functional effect of miR-192 on 
ESCC cells was dependent on Bim. As shown in 
Figure 4C, ectopic expression of Bim abrogated 
miR-192 effects on cell apoptosis (Figure 4C). 
In parallel, the protein level of Bim was con-
firmed by Western blot (Figure 4C, lower). 
Collectively, these results suggested that Bim 
functions as a target of miR-192, responsible 
for miR-192 mediated regulation of the apopto-
sis of ESCC cells.

Discussion

The increasing evidence has shown miRNAs 
may be a novel class of oncogenes/tumor sup-
pressors and the correlation between miRNAs 
and cancers has become a focus for the diag-
nosis and therapy of cancer. MiR-192 is over-
expressed in several human tumors, such as 
HCC, gastric cancer, neuroblastoma and pan-
creatic cancer [14-18]. Furthermore, miR-192 
expression was associated with chemotherapy 

resistancer [23], or tumor metastasis [15, 16]. 
However, miR-192 expression was reduced in 
colon cancer, breast cancer, colorectal cancer 
and lung cancer [19-22]. Suggesting a tumor 
suppressor gene-like function. In our study, we 
found that miR-192 was up-regulated in ESCC 
tissues and cell lines. Thus, we supposed that 
miR-192 may be a tumor oncogene in ESCC. 
However, the potential role of miR-192 in the 
progression of ESCC still need to be further 
investigated. 

Next, we investigated the function of miR-192 
in ESCC cells. Our data showed that miR-192 
highly reduced the cell apoptosis and promoted 
the cell proliferation of ESCC cells in vitro. 
Furthermore, we found miR-192 could affect 
the apoptosis related protein caspase3 and 
caspase9 expression. Therefore, our data sug-
gested that the increased expression of miR-
192 may contribute to the apoptosis of cancer 
cells and consequently facilitate the advanced 
development of human cancers like ESCC.

A single miRNA can coordinate a large number 
of target genes [24]. Several miR-192 targets 
have been identified in different cells and 
organs. RB1 was found to be a target of miR-
192, which mediates an effect on cell apopto-
sis through the caspase pathway [20]. Galina et 
al [15] indicated that miR-192 increase cell pro-
liferation and migration ability of NB cells by 
directly target Dicer1. miR-192 inhibits nucleo-
tide excision repair by targeting ERCC3 and 
ERCC4 in HepG2.2.15 cells [25]. miR-192 
directly target SIP1 mediates the growth-pro-
moting effects of miR-192 in PDAC [16]. Our 
present data suggest Bim as a functional target 
of miR-192 by luciferase reporter gene assays, 
RT-PCR and Western blot analysis method, 
respectively. Bim is a BH3-only protein (BOP), a 
pro-apoptotic member of the Bcl-2 protein fam-
ily and its expression is regulated both tran-
scriptionally and posttranslationally [26, 27]. 
The important role of pro-apoptotic protein  
Bim has been strongly underlined in numerous 
papers, due to its function in inducing apopto-
sis and facilitating the proliferation of cancer 
cells [28-30]. 

In summary, we investigated the role of miR-
192 in ESCC development. Our founding sug-
gests that miR-192 may be a tumor oncogene 
in ESCC. The aberrant expression level of miR-



MiR-192 regulates apoptosis and proliferation via Bim

8055	 Int J Clin Exp Pathol 2015;8(7):8048-8056

192 in ESCC tissues was high associated with 
TNM stage and lymph node metastasis. 
According to our results, over-expressed level 
of miR-192 induced the inhibition of cell apop-
tosis, thus, we assumed that the loss of cell 
apoptosis could result in the proliferation of 
tumor cell. In conclusion, miR-192 may affect 
the proliferation and apoptosis of ESCC cells 
through targeting pro-apoptosis regulator Bim. 
Additionally, miR-192 may serve as a potential 
therapeutic candidate in the treatment of 
ESCC.
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Table S1. Primers used in the paper were listed
Gene Primer Sequence (5’-3’)
Primers for qRT-PCR
    U6 forward CTCGCTTCGGCAGCACA

reverse AACGCTTCACGAATTTGCGT
    MiR-192 forward GGGGCTGACCTATGAATTGA

reverse CAGTGCAGGGTCCGAGGT
    Bim forward CCCCGCTTTTCATCTTTATG

reverse GGACTTGGGGTTTGTGTT
    GAPDH forward CATCACCATCTTCCAGGAGCG

reverse TGACCTTGCCCACAGCCTTG
Primers for Bim 3’UTR
    Bim 3’UTR-wt forward GGGGAGCTCGCAATAAACACACACAAAATAG

reverse GCCTCTAGACACATCACACAGAAAAAGAATC
    Bim 3’UTR-mut forward TTGCAGATATTACTTATCAACTGAGCCAAAT

reverse CGAATCTAATAAATACTCACAATATATAC


