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miR-29b inhibits the progression of esophageal squamous cell carcinoma  
by targeting MMP-2 
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Accumulating evidence has shown that microRNAs (miRNAs) are aberrantly expressed in human esophageal cancer and 
crucial to tumorigenesis. Herein, we identified the role of miR-29b in esophageal squamous cell carcinoma (ESCC) develop-
ment in vitro and in vivo. MiR-29b expression was investigated in thirty cases of ESCC samples as well as four ESCC cell lines 
by real-time PCR. Transwell assays were conducted to explore the effects of miR-29b on the invasion of human ESCC cell 
lines. The impact of overexpression of miR-29b on putative target MMP-2 were subsequently confirmed via Western blot. Our 
results indicated that MiR-29b expression was frequently down-regulated in ESCC specimens and cell lines compared with 
adjacent normal tissues (p<0.05). Overexpression of miR-29b suppressed (p<0.05) ESCC cell invasion, as well as the growth 
of xenograft tumors in mice. Overexpression of miR-29b significantly decreased (p<0.05) the protein level of MMP-2, which 
has previously been identified as a direct target of miR-29b. Thus, our study demonstrated that overexpression of miR-29b 
inhibits tumor growth in part by targeting MMP-2. Our findings revealed that miR-29b may act as a tumor suppressor in 
ESCC, whose dysregulation may be involved in the initiation and development of human ESCC. 
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Esophageal squamous cell carcinoma (ESCC) is a major 
cause of mortality and morbidity in China and the 6th leading 
cause of cancer-related death worldwide [1,2]. Aggressive local 
invasion, early metastasis, and multidrug resistance (MDR) to 
chemotherapy are the main causes of treatment failure [3,4]. 
Histologically, there are two major types of esophageal cancer, 
each with distinct etiologic and pathologic characteristics: 
esophageal squamous cell carcinoma and adenocarcinoma. 
In spite of years of research, the pathogenesis of ESCC is still 
poorly understood [5,6]. Therefore, a  better understanding 
of the molecular mechanism governing its growth and early 
diagnosis are particularly important.

MicroRNAs (miRNAs) are small noncoding RNAs of ap-
proximately 21–25 nucleotides that regulate the translation 
of mRNAs to proteins. Single-stranded miRNAs can bind 
messenger RNAs of potentially hundreds of genes at the 3’ un-
translated region, resulting in degradation or inhibition of the 
target messenger RNA [7,8]. Mature miRNAs play important 
regulatory roles in cell growth, proliferation, differentiation and 
cell death. Several studies have revealed that miRNAs play an 

important role in multiple aspects of carcinogenesis through 
function either as oncogenes or tumor suppressors [9,10]. 
Upregulated miRNAs in cancer may function as oncogenes 
by negatively regulating tumor suppressor genes. In contrast, 
down-regulated miRNAs may normally function as tumor sup-
pressor genes and inhibit cancer by regulating oncogenes. It is 
reported that miRNAs are aberrantly expressed in several types 
of human cancer and these unique miRNA expression profiles 
for each cancer type would be a useful biomarker for cancer 
diagnosis and prognosis [11]. Among them, miR-29b was ob-
served down-regulated in different types of cancer, including 
leiomyoma [12], endometrial [13], prostate [14], and ovarian 
cancer [15]. So far, the role of miR29b in the progression of es-
ophageal carcinogenesis remains largely unknown. In addition, 
the secretion of matrix metalloproteinases (MMPs) is crucial in 
cancer cell metastasis, and closely correlated with the invasion 
behavior of cancer (16). Among these MMPs, MMP-2/9 are 
abundantly expressed in various malignant tumors including 
ESCC [17]. However, little is known about the relationship 
between the miR-29b and MMPs in ESCC development.
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In the present study, we discovered that the expression of 
miR-29b in ESCC tissues was lower than that of adjacent normal 
tissues. Meanwhile, Overexpression of miR-29b inhibited the 
invasion of ESCC cell lines as well as the growth of xenograft 
tumors in mice. Regulation of miR-29b expression affected 
MMP-2 in ESCC cell lines. Based on our results, we proved that 
miR-29b inhibits ESCC invasion in part by targeting MMP-2. 

Material and methods

Clinical ESCC specimens. Fifteen pairs of primary es-
ophageal squamous cell carcinoma and corresponding normal 
tissues, as well as other 98 cases of human ESCC tissues were 
obtained from patients who underwent primary surgical treat-
ment at the First Affiliated Hospital of Zhengzhou University 
(Zhengzhou, China) from 2011 to 2013. All samples were 
histologically confirmed by staining with hematoxylin–eosin. 
Written consent of tissue donation for research purposes was 
obtained from each patient. The study protocol was approved 
by the Scientific and Ethical Committee of the First Affiliated 
Hospital of Zhengzhou University. The specimens were im-
mediately frozen in liquid nitrogen and stored at -80ºC.

The normal esophageal squamous epithelium was collected 
and finely minced, and then trypsinized at 37°C for 30 min. The 
suspension was spun to collect the epithelial cells. The cells were 
incubated in Dulbecco’s modified Eagle’s medium (DMEM, 
Gibco, Grand Island, NY) with 1 mmol/L Na pyruvate (Cellgro, 
Herndon, VA), 2 mmol/L L-glutamine (Gibco), 5% fetal calf 
serum (Gibco), 5mg/ml insulin(Gibco), 1.5ng/ml epidermal 
growth factor (Gibco) at 37°C in an atmosphere of 5% CO2 at 
high humidity, and the media were changed every 48 hours. 
Cells growing in culture were identified for epithelial origin by 
morphological appearance and cytokeratins expression.

Cell lines and cell culture. All human ESCC cell lines 
(EC9706, KYSE150, KYSE180 and KYSE450) used in the 
present study were purchased from Cell Center of Shanghai 
Institute of Life Science, Chinese Academy of Science (Shang-
hai, China). All Cells were cultured in RPMI1640 medium 
(Gibco) supplemented with 10% fetal bovine serum (FBS; 
Hyclone, Logan, UT) and antibiotics (100 U/ml penicillin 
and 100 mg/ml streptomycin) in a  humidified atmosphere 
containing 5% CO2 at 37ºC.

Cell transfection. The miR-29b mimics and a  non-
specific miR control (NC) were synthesized and purified by 
Genepharma Biotech (Shanghai, China). Cells were seeded 
into 6-well plates until 60% confluent and then transiently 
transfected with 40nM miR-29b mimics or NC using the X-
treme GENE Transfection Reagent (Roche, Indianapolis, IN) 
according to the manufacturer’s instructions. After 48 hours 
of miRNA transfection, the cells were harvested for further 
experiments. For targeted knockdown of MMP2, cells were 
transfected with MMP2 specific siRNA and scrambled siRNA 
(OriGene Technologies Inc., Rockville, MD), then cells were 
harvested for Western blot analysis after 2, 4 days transfection. 
All experiments were performed in triplicate.

RNA isolation and real-time RT-PCR. Total RNA from 
tissues or cultured cells was extracted using TRIZOL reagent 
(Invitrogen Life Technologies) for miR-29b expression analyses. 
Total RNA was reverse transcribed to cDNA using a Prime-
Script RT reagent kit (Takara, Dalian, China). Quantitative 
real-time PCR (qPCR) was performed using a SYBR Premix 
Ex Taq™ II kit (Takara) on an ABI7900HT System. U6 small 
nuclear RNA was used as an internal control to normalize RNA 
input. Specific primers for miR-29b were 5’- TCG GTC CAG 
TTT TCC CAG -3’(sense) and 5’- AGT GCG TGT CGT GGA 
GTC -3’ (antisense). Primer sequences for U6 were 5’- TGC 
GGG TGC TCG CTT CGG CAG C -3’ (sense) and 5’- CCA 
GTG CAG GGT CCG AGG T -3’ (antisense). Gene expression 
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Figure 1. Decreased expression of miR-29b in both primary ESCC tissues 
and cell lines. (A) Decreased miR-29b expression in ESCC tissues com-
pared to the adjacent normal tissues from a panel of 15 ESCC patients. 
(B) Significant loss of miR-29b expression in four ESCC cell lines in 
comparison with normal esophageal squamous epithelium from 3 healthy 
individuals. Data are presented as means ± SEM. *Different (p < 0.05) 
from normal controls.
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was normalized to internal controls and fold changes were 
calculated using relative quantification (2-ΔΔCt).

Cell invasion assay. The Matrigel coated Boyden chamber 
(BD Biosciences, San Jose, CA) was used to evaluate the cell 
invasion of KYSE450 and EC9706 cells. Cells were plated in the 
6-well plates and transfected with miR-29b mimics or NC. After 
48 h transfection, cells were seeded onto the upper compartment 
of an invasion chamber coated with Matrigel. The lower com-
partment was filled with complete medium. The chamber was 
incubated at 37 °C for 12 h and the filters were removed. Cells 
invaded on the bottom of inserts were fixed, stained, and counted 
under a microscope. The value of invasion activity was expressed 
as the average number of invaded cells per microscopic field over 
the 5 fields in each assay from four independent experiments.

Western blot analysis. After 48h transfection with dif-
ferent concentrations of miR-29b mimics, cells were washed 
in ice-cold PBS and added to RIPA lysis and extraction 
buffer (Thermo Fisher Scientific, Franklin, MA) containing 
Protease Inhibitor Cocktail I (Millipore, Billerica, MA). The 
protein concentrations in the supernatants of the lysates were 
determined. Proteins (15-20 ug) were electrophoresed on SDS-
PAGE and transferred onto PVDF membranes. Proteins on the 
membranes were probed with the antibody against MMP-2/9 
(1:2,000; Cell Signaling Technology, Inc., Danvers, MA) and 
GAPDH (1:5000; Kangchen, Shanghai, China). Western blot 
studies were run in at least three independent experiments.

Tumor growth assay. Female BALB/c nude mice aged 4 to 5 
weeks were purchased from Laboratory Animal Services Centre 
of Zhengzhou University. Animal handling and experimental 
procedures were approved by the Animal Experimental Eth-
ics Committee of the First Affiliated Hospital of Zhengzhou 
University. Mice (n = 6/group) were injected with ESCC cells 
transfected with NC or miR-29b mimics. Mice tumor volume 
were measured every week by using a dial caliper. After 4 weeks 
of observation, the mice were sacrificed and tumors were ob-
tained . The tumor weight was measured and tumor volume 

B

Table 1. Correlation of miR-29b expression with clinical characteristics 
of ESCC

Clinicopathological factors Total,
(n=98)

miR-29b  
expression

Significant
(p<0.05)

Age <60 48 0.44±0.041 NS
≥60 50 0.47±0.064

Gender Male 59 0.47±0.076 NS
Female 39 0.43±0.063

Tumor size <3cm 44 0.47±0.056 NS
≥3cm 54 0.45±0.073

Clinical stage I+II 40 0.50±0.066 NS
III+IV 58 0.45±0.083

Lymph node metastasis Negative 42 0.51±0.087 S
Positive 56 0.39±0.036

T stage T1+T2 46 0.48±0.031 NS
T3+T4 52 0.45±0.024

A

Figure 2. Effects of miR-29b overexpression on invasion of KYSE450 and 
EC9706 cells lines. (A) The expression level of miR-29b was detected by 
real-time PCR after 48 hr transfection and normalized to that of U6. Data 
are presented as means ± SEM. (B) The invasion activity of ESCC cells was 
performed using 24-well transwell chamber. Data are expressed as means 
± SEM from 4 independent experiments..*Different (p < 0.05) from their 
controls, respectively.
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was calculated according to the formula: tumor volume (mm3) 
=π/6 x length (mm)x width(mm)2

Statistical analysis. All values were expressed as means 
± SD. Correlations between miR29b expression and clinico-
pathological features were analyzed by Student’s t-test between 
two groups. All values were expressed as means ± S.E.M. Cell 
invasion and Western blot assays were tested using Student’s 
t-test and one-way ANOVA, respectively. p < 0.05 was con-
sidered to be statistically significant.

Results

MiR-29b was frequently down-regulated in clinical speci-
mens and human ESCC cell lines. We firstly examined miR-29b 
expression levels in 30 frozen samples from ESCC patients 
(15 tumors and 15 adjacent normal controls) by TaqMan real 
time RT-PCR. Our results showed that miR-29b expression is 
significantly (p<0.05) decreased in ESCC tissues in comparison 
with adjacent normal tissue (Fig.1A). Then, we further extended 
our test to four human ESCC cell lines. The results showed that 
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Figure 4. Effects of MMP-2 knockdown on cell invasion in KYSE450 
and EC9706 cells. (A) The protein levels of MMP-2 were detected by 
Western blot after transfected with MMP-2 specific siRNA in KYSE450 
and EC9706 cells. (B) Quantified data of cell invasion are expressed as 
means ± S.E.M. *Different (p < 0.05) from the scrambled control.

A
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Figure 3. Overexpression of miR-29b decreased the protein levels of 
MMP-2, but not MMP-9. The protein levels of MMP-2/9 were detected 
by Western blot after transfected with different concentrations of miR-
29b mimics (A). The relative expression of MMP2 was normalized to the 
endogenous control GAPDH (B). Data are presented as means ± SEM. 
*Different (p < 0.05) from the control group.

the expression level of miR-29b was decreased (p<0.05) in all 4 
ESCC cell lines examined, compared with normal esophageal 
squamous epithelium from 3 healthy individuals. (Fig.1B). 
Meanwhile, we further investigated the correlation of miR-29b 
expression with clinical characteristics of ESCC. As shown in 
table 1, low expression of miR-29b was significantly associated 
with lymph-node metastasis (p < 0.05).

Effect of miR-29b on ESCC cell invasion. To validate 
whether miR-29b regulated ESCC cell invasion, we performed 
a trans-well assay by transfecting miR-29b mimics or NC into 
KYSE450 and EC9706 cells. As shown in Fig.2A, the miR-29b 
levels were highly increased in both KYSE450 and EC9706 cells 
after transient transfection. As expected, the increased expres-
sion of miR-29b induced significant inhibition (p<0.05) on cell 
invasion in both KYSE450 and EC9706 cells (Fig. 2B). 

Overexpression of miR-29b reduced MMP2 protein level 
To explore the mechanism of invasion inhibition induced 

by miR-29b, we investigated whether miR-29b could regu-
late MMP2 expression in KYSE450 and EC9706 cells. After 
transfected with miR-29b mimics at 4 different concentrations 
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(0, 20, 40, 60 nM) and then examined MMP2 expression levels. 
As shown in Fig. 3, overexpression of miR-29b led to a dose-
dependent (p < 0.05) decrease in MMP-2 protein level. 

Knockdown of MMP2 inhibited ESCC cells invasion. In 
order to address the functional role of MMP2 in ESCC cell 
invasion, KYSE450 and EC9706 cells cells were transfected 
with MMP2 specific siRNA. Compared with scrambled con-
trol, MMP2 siRNA significantly reduced (p < 0.05) MMP2 
protein expression, and this inhibitory effect maintained at 
least 4 days (Fig. 4A). As expected, knockdown of MMP2 
significantly inhibited (p < 0.05) ESCC cells invasion in these 
two cell lines. (Fig. 4B).

MiR-29b suppressed tumorigenicity in vivo. To con-
firm the above findings, an in vivo tumor model was used. 
MiR-29b mimics-transfected KYSE450 and EC9706 cells, 
NC-transfected KYSE450 and EC9706 cells (NC) were injected 
separately into four groups of nude mice (n = 6/group). When 

compared with NC groups., the average tumor volume of 
miR-29b groups were markedly reduced (Fig. 5A; p < 0.05) 
at days 14, 21 and 28 after injection. Meanwhile, the average 
tumor weight was also significantly reduced in the miR-29b 
group (Fig. 5B; p < 0.05), but no difference in body weight 
was found between the miR-29b- treated and the NC- treated 
mice (data not shown). 

Discussion

In the present study, we observed a significant downregula-
tion of miR-29b expression in human ESCC tissues and cell 
lines as compared with non-tumor tissues. Overexpression 
of miR-29b inhibited the invasion of ESCC cell lines in vitro 
and xenograft tumor growth in vivo. Moreover, we found that 
miR-29b directly targeted and down-regulated a key molecule 
involved in metastasis, MMP-2. Therefore, miR-29b was 

A

Figure 5. miR-29b inhibited tumor growth in vivo. Tumor cells transfected with miR-29b mimics or NC were injected subcutaneously in the flanks of 
nude mice, respectively (n = 24). Tumor volume were measured every week by using a dial caliper (A). After 28 days, tumors samples were carefully 
removed and tumor weight was measured (B). Data are presented as means ± SEM. #Different (p < 0.05) from the NC group.

B
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identified as a new metastatic suppressor and has potential as 
a new therapeutic target in metastatic ESCC.

Aberrant expression of miRNAs has been deeply involved 
in couple of human diseases, including cancer [18, 19]. It was 
reported that the miR-29b expression was significantly down-
regulated in different types of cancer [12-15]. In agreement 
with these reports, our current study found that miR-29b 
was frequently down-regulated in ESCC clinical specimens 
and cell lines. Importantly, this low expression of miR-29b 
was significantly associated with lymph-node metastasis 
(p < 0.05). To reveal the functional roles of miR-29b in ESCC 
invasion, we ectopically raised the miR-29b level in ESCC 
cells to investigate its effect on cell invasion. Consistent with 
our expectation, increasing the expression level of miR-29b 
could obviously inhibit cell invasion in both KYSE450 and 
EC9706 cells, and suppress tumorigenesis in a murine model 
of ESCC xenograft, revealing its potential tumor suppressor 
role in ESCC development. These findings were similar to the 
investigation in human choriocarcinoma [20] and non-small 
cell lung cancer [21] that restoration of miR-29b expression 
inhibited cell invasion in these cancer cell lines.

The miR-29 family includs three members: miR-29a, miR-
29b, and miR-29c, which display high sequence similarity and 
share a common sequence for target recognition [22,23]. 

Several studies have reported an inverse relationship 
regarding the expression of miR-29b and MMP-2 [24-26]. 
Meanwhile, miR databases (TargetScan and miRanda) also 
consider MMP-2 as a potential target of miR-29b. As an im-
portant member of matrix metalloproteinases family, MMP-2 
plays important roles in physiological and pathological re-
modeling of the extracellular matrix (ECM) during tumor 
metastasis, activation of MMP-2 results in ECM degradation, 
which facilitates the invasion and metastasis of tumor cells 
[27-29]. Our current study demonstrated that the miR-29b 
suppression of MMP-2 is closely related to invasion and me-
tastasis of ESCC. These findings were in agreement with several 
of recent reports that miR-29b is involved in the negative 
regulation of metastasis in couple of cancer types [25,30,31]. 
Combining these findings, expression level of miR-29b was 
inversely correlated with the metastatic potential of ESCC, 
which may contribute to inhibition of ESCC metastasis.

In summary, we proved that miR-29b was markedly down-
regulated in human ESCC tissue and cell lines. Increasing the 
expression of miR-29b may lead to ESCC cell invasion suppres-
sion in vitro through targeting MMP-2. Though there is still 
much to learn about the role of miR-29b in ESCC metastasis 
and tumorigenesis in vivo, miR-29b provides us with a new 
metastatic suppressor and has potential as a new therapeutic 
target in metastatic ESCC.
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