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Abstract

Background and Aim miR-21, a putative tumor oncomiR,
is a frequently overexpressed miRNA in a variety of
tumors. Because it targets tumor-suppressor genes it has
been linked to tumor progression. In this study we inves-
tigated the role of miR-21 in esophageal squamous cell
carcinoma (ESCC), and its possible mechanism.

Methods Expression of miR-21 was detected by stem-—
loop RT-PCR in tissue from 76 invasive ESCC at stage I-
IV and in their corresponding para-cancerous histological
normal tissues (PCHNT). Thirty endoscopic esophageal
mucosal biopsy specimens from non-tumor patients were
used as controls. Expression of PTEN in 76 paired ESCC
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and PCHNT was investigated by real-time RT-PCR and an
immunohistochemical method, respectively. Paired tumor
and PCHNT specimens of 20 ESCC cases were randomly
selected for western blot analysis. The effect of miR-21 on
PTEN expression was assessed in the ESCC cell line with
an miR-21 inhibitor to reduce miR-21 expression. Fur-
thermore, the roles of miR-21 in cell biology were ana-
lyzed by use of miR-21 inhibitor-transfected cells.
Results  Stem-loop RT-PCR revealed miR-21 was sig-
nificantly overexpressed in ESCC tissues and cell lines.
Overexpression of miR-21 correlated with tumor status,
Ilymph node metastasis, and clinical stage. We demon-
strated that knockdown of miR-21 significantly increased
expression of PTEN protein. Consequent PTEN expression
reduced cell proliferation, invasion, and migration.
Conclusions Our findings suggest that miR-21 could be a
potential oncomiR, probably by regulation of PTEN, and a
novel prognostic factor for ESCC patients.

Keywords miR-21 - PTEN - Stem—loop RT-PCR -
Esophageal squamous cell carcinoma (ESCC) -
Progression

Introduction

Esophageal squamous cell carcinoma (ESCC), the pre-
dominant histological subtype of esophageal cancer, is
characterized by high mortality and with regional variation
in incidence in China [1, 2]. ESCC is also characterized by
striking geographic variation throughout the world. The so-
called “Asian esophageal cancer belt” covers the Taihang
Mountain region in northern China [3, 4]. Because ESCC is
usually diagnosed at a relatively late stage, treatment
options are limited and five-year survival is low [5].
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Although multiple genetic and epigenetic alterations
have been detected in ESCC [6-8], the precise molecular
mechanisms of carcinogenesis and progression of ESCC are
unknown. miRNA is a recently discovered microRNA with
a length of 20-22 nucleotides. It participates in modulation
of significant basic cellular physiological processes, for
example cell growth and differentiation, energy metabo-
lism, and apoptosis, by controlling translation or degrada-
tion by pairing with the 3’-UTR (3’-untranslated region) of
the targeted mRNA [9, 10]. Upregulation of miR-21 has
been found in a variety of malignant tumors, and could thus
be functioning as an oncogene in tumor development [11]. It
has been discovered that miR-21 may be involved in the
development of hepatic carcinoma and ESCC by inhibiting
PTEN, a tumor-suppressive gene [12, 13]. Although Ma
et al. demonstrated that miR-21 can act as an “oncogene” in
Kazakh’s ESCC [13], its role in Han Chinese’s ESCC, and
how miR-21 acts in the development of ESCC remain to be
elucidated. We postulated that miR-21 regulated PTEN as
one of several miR-21 target genes in ESCC. This study was
undertaken to identify the role of miR-21 in ESCC in Han
Chinese, to clarify the regulation of PTEN by miR-21, and
to determine possible mechanisms of this regulation. We
used stem—loop real-time RT-PCR and immunohistochem-
istry to detect expression of miR-21 and PTEN protein,
respectively, in 76 patients with ESCC, and analyzed their
correlation and the relationship between miR-21 and clinical
pathological features. We discuss the function and possible
mechanism of miR-21 in ESCC progression.

Materials and Methods
Cell Culture and Tumor Specimens

The human esophageal epithelial cell line HEEC and the
ESCC cell line (EC9706, EC-1, KYSE1170, KYSE410,
KYSE180) were used in this study. They were maintained in
a 1:1 mixture of RPMI 1640 (Invitrogen, Carlsbad, CA,
USA) and Ham’s F12 (Nissui Pharmaceutical, Tokyo, Japan)
containing 10 % fetal bovine serum (FBS; Gibco BRL Life
technologies, Rockville, MD, USA) in humidified 5 % CO,—
air at 37 °C. To avoid possible effects on gene expression,
antibiotic and antimycotic drugs were not used in the cell
culture. The Institutional Review Board on Medical Ethics,
Zhejiang Province Cancer Hospital approved the method of
tissue collection, including informed consent. Seventy-six
ESCC specimens and their corresponding non-neoplastic
tissues were acquired from surgery in Zhejiang Province
Cancer Hospital between February and July in 2010. Cor-
responding non-neoplastic tissue was cut from areas 5 cm
outside the edge region of tumors and confirmed by
microscopy as normal tissue. After resection, a small portion
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was fixed in 10 % formalin for pathological diagnosis; the
rest was immediately frozen in liquid nitrogen and stored at
—80 °C in a refrigerator. Complete clinical and pathological
information about each recruited case was collected. There
were 61 male cases and 15 female cases. All were Han
Chinese. Their ages ranged from 40 to 76 years (median age,
60 years). TNM staging was guided by the 7th edition of the
AJCC Cancer Staging Manual published by the International
Union Against Cancer (UICC) and the American Joint
Committee on Cancer (AJCC), 2010 [14]. Of 76 cases with
ESCC, five were stage I, 30 were stage 11, 40 were stage III,
and one was stage IV (Table 1). There were 46 cases with
upper and middle esophagus lesions and 30 cases with lower
lesions. Sixty cases were classified as well and/or moderately
differentiated and 16 cases as poorly differentiated. Samples
from fifteen cases of esophageal epithelium atypical hyper-
plasia, 10 cases of esophagitis, and five cases of esophageal
varices were obtained by endoscopic biopsy; these were 24
male cases and six female cases, age from 43 to 65 years
(median age, 53 years).

Transfection

EC9706 Cells (1 x 10°) were plated to 50 % confluence
and were transfected with 50 nmol/L. GMR-miR microR-
NA-21 inhibitor (GenePharma, Shanghai, China) or
inhibitor-negative control by use of Lipofectamine 2000
(Invitrogen) in Opti-Mem (Invitrogen), in accordance with
the manufacturer’s procedure. The culture medium was
changed and transfection efficiency was determined from
fluorescence images after transfection for 24 h. Cells were
harvested for analysis after transfection for 48 h. All
experiments were performed in triplicate.

Luciferase Reporter Assays

The 3’-untranslated region (UTR) of human PTEN mRNA
containing the miR-21-binding site was amplified by PCR
from human genomic DNA and inserted into the Xbal-site
of pGL3 vector (Promega, Madison, WI, USA), and named
pGL3-PTEN-wt. Mutations in the predicted miR-21 bind-
ing sites were performed by use of a QuikChange site-
directed mutagenesis kit (Stratagene, La Jolla, CA, USA),
with pGL3-PTEN-wt as template, and named pGL3-
PTEN-mut. EC9706 cells were co-transfected in 24-well
plates with wild-type (wt) or mutant reporter plasmid
vector by Lipofectamine 2000; 6 h after transfection the
cells were transfected again with miR-21 inhibitor or
negative control. Each transfection was conducted in four
wells. Luciferase assays were performed 24 h after trans-
fection by use of the Dual-Luciferase reporter assay system
(Promega). Firefly luciferase activity was normalized to
Renilla luciferase activity.
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Table 1 Correlation of miR-21 expression with clinicopathological
factors in esophageal cancer

Clinicopathological No. patients miR-21 p value®
factor (n =176) expression”
Cases
Tumor 76 5.583 £ 1.319 0.004
PCHNT 76 1.089 £+ 0.217
Age at surgery
>65 29 5.012 £+ 1.873 0.491
<65 47 5.935 £ 0.977
Gender
Male 61 5.546 £+ 1.340 0.868
Female 15 5.732 £ 1.235
Localization
Upper-mid 46 6.119 £+ 1.177 0.291
Lower 30 4.761 £ 1.537
Diameter
<5 cm 36 4.796 £+ 1.318 0.237
>5 cm 40 6.291 £ 1.320
Histological differentiation
High-mid 60 4.987 + 1.035 0.132
Low 16 7.818 £+ 2.384
Vascular invasion
Negative 28 3.129 £ 1.105 0.021
Positive 48 7.015 £ 1.444
Tumor status
TUT2 16 3.062 £ 1.177 0.038
T3/T4 60 6.255 £+ 1.357
Lymph node status
NO 28 2916 £+ 1.237 0.017
N1 48 7.139 £ 1.367
Stage
il 35 2.138 £ 1.008 0.004
v 41 8.524 £ 1.584
Smoking
No 24 5.296 £+ 1.327 0.717
Yes 52 5.715 £ 1.315
Drinking
No 32 5479 £ 1.275 0.875
Yes 44 5.659 £ 1.351
Family history of cancer
No 60 5.323 £ 1.258 0.344
Yes 16 6.558 £ 1.548

* Expressed as the mean =+ standard deviation (SD)
® Fisher’s exact test

Bold values indicate significant results

Transwell Migration Assay

EC9706 cells were grown to ~60 % confluence in RPMI
1640 containing 10 % fetal bovine serum and 3.0 x 10°

cells were transfected with miR-21 inhibitor or negative
control. After 24 h, the cells were harvested by trypsin-
ization and washed once with Hanks’ balanced salt solution
(Invitrogen). To measure cell migration, 8-mm pore size
culture inserts (Transwell; Costar, High Wycombe, UK)
were placed in the wells of 24-well culture plates, sepa-
rating the upper and the lower chambers. RPMI1640
(400 pl) containing recombinant human hepatocyte growth
factor (HGF, 20 ng/mL) was placed in the lower chambers.
HGF was purchased from R&D Systems (Minneapolis,
MN, USA). Then, 1 pl containing 10° cells was added to
the upper chamber. After incubation for 24 h at 37 °C in
5 % CO,, the number of cells that had migrated through the
pores was quantified by counting 10 independent visual
fields under a microscope (Zeiss) using a x20 objective,
and cell morphology was observed by staining with
hematoxylin and eosin (H&E).

RNA Extraction

All experimental containers were treated with RNase inac-
tivator, and all reagents were prepared in 0.11 % diethyl-
pyrocarbonate (DEPC)-water. The tumor and non-tumor
specimens of 76 cases were homogenized by use of a Tis-
sueLyser II (Qiagen, USA) for 2 min at 18 Hz, in accor-
dance with the manufacturer’s instructions, at the Zhejiang
Cancer Research Institute. Total RNA was isolated from the
tumor and non-tumor specimens by use of MiRNeasy Mini
Kits (Qiagen) and a modified acidic guanidinium phenol-
chloroform method, in accordance with the manufacturer’s
instructions. Total RNA was treated with DNase I (TaKaRa
Bio, Otsu, Japan) to remove genomic DNA. The mRNA was
purified by use of a poly(A) purification kit (Oligotex;
Qiagen), in accordance with the manufacturer’s instruc-
tions. The quality of mRNA was assessed by measurement
of A260/280 ratio. RNA integrity was checked by dena-
turing agarose gel electrophoresis, and contamination of
genomic DNA was checked by use of PCR.

Real Time RT-PCR Analysis

According to sequence MI0000077 of miR-21, the RT
primer of miR-21 with stem-loop was designed as 5'-GTC
GTA TCC AGT GCG TGT CGT GGA GTC GGC AAT
TGC ACT GGA TAC GAC TCA ACA TC-3. 1 pg total
RNA was reverse transcribed by use of the following
reaction conditions: 16 °C for 30 min, 42 °C for 42 min,
85 °C for 5 min. The primer of U6 was: 5-GCG GTA
GCT TAT CAG ACT GA-3' (forward); 5'-TGC GTG TCG
TGG AGT C-3’ (reverse). PCR reactions were performed
as follows: 95 °C for 5 min, 95 °C for 10 s, 60 °C for 20 s,
and 72 °C for 20 s; the samples underwent 40 amplifica-
tion cycles. Amplification and melt curve analysis were
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performed by use of SYBR Premix Ex Taq (Takara), in
accordance with the manufacturer’s procedure, in the
ABI7500 PCR system (Applied Biosystems). Each reaction
was performed in triplicate parallel holes. Ct value of the
sample in each reaction tube was recorded. Data were
analyzed by relative quantification of real-time PCR.
2-AACr gtands for the rate of miR-21 expression in malig-
nant tissues over the corresponding normal tissue, within
which 2744€T = (Crpirar — Crue) tumor — (Crpiro2t —
Cryue) normal. For analysis of PTEN mRNA expression,
real-time RT-PCR was performed using SYBR Premix Ex
Taq (Takara). GAPDH was used to normalize expression
levels of PTEN mRNA. The primer sequences for PTEN
mRNA were (F) 5-GAG GGA TAA AAC ACC ATG-3'
and (R) 5-AGG GGT AGG ATG TGA ACC AGT A-3'.
The primers for GAPDH were (F) 5-GAA GGT GAA
GGT CGG AGT C-3' and (R) 5-GAA GAT GGT GAT
GGG ATT TC-3'. All real-time RT-PCR was performed in
triplicate.

Immunohistochemistry

The streptavidin-peroxidase (S-P) and diaminobenzidine
(DAB) chromogenic methods were adopted for immuno-
histochemical analysis of PTEN. The tissue specimens
were formalin-fixed and paraffin-embedded. Mouse anti-
human monoclonal antibodies (Santa Cruz, CA, USA) of
PTEN were used. The results were determined by the
proportion of positive cells and the intensity of the color.
Scoring of the proportion of positive cells was as follows:
1 scoring according to the proportion of positive cells: no
positive cells was marked as 0 point, <10 % as 1 point,
10-50 % as 2 points, 51-80 % as 3 points, >80 % as 4
points
2 scoring according to staining intensity: PTEN was
positive when the cytoplasm or nucleus was dyed as
uniform brown or dark brown granules: not dyed was
marked as 0 point; light yellow as 1 point; brown as 2
points; dark brown as 3 points.

A semi-quantitative measurement was obtained by
summing the two scores, with 0—1 point as negative (—),
2-3 points as weak positive (£), >4 points as positive (+).

Western Blot Analysis

Paired tumor and PCHNT specimens of 20 cases were
randomly selected from 76 esophageal cancer patients for
western blot analysis. Total protein was extracted and then
quantified using the Lowry method [15]. Western blot
analysis was performed using anti-PTEN monoclonal
antibodies (Santa Cruz) as reported elsewhere [16]. B-Actin
served as internal control.
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Statistical Analysis

miR-21 expression was shown as X £ S. Statistical ana-
lysis was performed by use of SPSS 14.0 software (SPSS,
Chicago, IL, USA). p < 0.05 was considered statistically
significant. The ? test was used to compare groups of cat-
egorical data of PTEN. The correlation of miR-21 and
PTEN was analyzed by Spearman Rank Correlation, with
double-sided p < 0.05 as statistically significant.

Results

miR-21 Is Upregulated in ESCC Cell Lines and Clinical
Specimens

To determine if miR-21 was involved in the regulation of
tumorigenesis of ESCC, we first examined the expression
pattern of miR-21 in esophageal epithelium atypical
hyperplasia, esophagitis, esophageal varices specimens,
ESCC tissues and its corresponding normal esophagus
tissues, as well as ESCC cell lines. Total RNA from all
specimens were analyzed by the stem—loop RT-PCR. As a
result, The relative expression of miR-21 in ESCC (27AACT
was 5.583 £ 1.319, apparently higher than either the cor-
responding adjacent normal esophageal mucosa (1.089 £
0.217) or the esophageal benign disease including esoph-
ageal epithelium atypical hyperplasia specimens, esopha-
gitis and esophageal varices specimens (1.239 £ 0.224).
The difference was statistically significant with both
p values less than 0.0001 but the miR-21 expression
between the latter two groups did not show significant
difference (Fig. 1). Consistent with the results from spec-
imens, miR-21 were dramatically upregulated in all 5
ESCC cell lines, as compared with HEEC cells (Fig. 1, all
p < 0.0001). These results indicate that miR-21 expression
is frequently upregulated in ESCC cells.

miR-21 Overexpression Correlates with Advanced
TNM Stage in ESCC

The clinical and pathological data of 76 ESCC patients are
displayed in Table 1. The expression level of miR-21 was
detected in 76 paired ESCC and adjacent non-tumor
esophageal epithelium cells by the stem—loop RT-PCR.
miR-21 was up-regulated in 61 tumor tissues compared
with matched non-tumor tissues (Table 1). The difference
of miR-21 expression between tumor and non-tumor tis-
sues was statistically significant (Fig. 2a). Specifically, up-
regulation of miR-21 in ESCC tissues was observed in 39
of 41 patients with stage III/IV. The difference of miR-21
expression in tumor specimens between patients with stage
I/IT and stage III/IV was statistically significant (Fig. 2b).
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Fig. 1 Overexpression of miR-
21 in esophageal cancer tissues
and cell lines compared to the
corresponding normal controls.
a Comparison of expression
level of miR-21 between
esophageal cancer tissue and
normal tissue samples;

b Comparison of expression
level of miR-21 between
esophageal cancer cell lines
EC9706, EC-1, KYSE1170,
KYSE410, KYSE180, and a
control cell line (HEEC).
Relative expression level of
miR-21 was determined by
stem—loop RT-PCR, and all data
were normalized by U6 RNA.
Mean + SD are shown.
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Furthermore, the association of miR-21 with the clinico-
pathologic factors (Table 1) was examined in tumor tis-
sues. No significant differences were found in miR-21
expression with respect to age at surgery, gender, locali-
zation, tumor diameter, histological differentiation, smok-
ing, drinking and family history of cancer (all p > 0.05). It
appeared that the miR-21 overexpression was associated
with vascular invasion and advanced clinical TNM stage
(all p < 0.05).

miR-21 Overexpression and Survival in ESCC Patients

Kaplan—Meier analysis showed that miR-21 expression in
tumor tissues was an unfavorable predictor for the survival
of ESCC patients after surgery, which was demonstrated by
the significantly lower disease-free survival (DFS) of
patients with miR-21 overexpression (>5-folds) as com-
pared with those with miR-21 expression (<5-folds) after
surgery (Fig. 3). There was significant difference in the
median survival (13 vs. 19 months) between patients with
miR-21 overexpression (>5-folds) and those patients with
miR-21 expression (<5-folds) (p < 0.05). Retrospective
analysis using Cox regression models indicated that miR-
21 overexpression in tumor tissues is a promising inde-
pendent predictor of survival in ESCC patients (p < 0.05).
The risk ratio after adjustment for competing risk factors,
sex, age, and stage of disease was found to be 3.925 (95 %
confidence intervals, 3.674—4.176). The results showed that
increases in miR-21 expression had a greater impact on the
prognosis than tumor clinical stage.
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The PTEN Protein Levels Have an Inverse Correlation
with miR-21 Expression in ESCC Tissues

To identify gene targets of miR-21, we searched public
algorithms, TargetScan (http://www.targetscan.org), for
theoretical target genes whose downregulation could
mediate the observed effects of miR-21. PTEN is a pre-
dicted target. Among the 76 pairs of matched ESCC
specimens, 76 pairs were selected for analysis of PTEN
mRNA (real-time RT-PCR) and PTEN protein (immuno-
histochemical staining), and 20 pairs were randomly
selected for PTEN protein (western blotting). In compari-
son with the non-tumor counterparts, there was no signif-
icant difference in PTEN mRNA levels between tumor and
non-tumor tissues (Fig. 4a, p > 0.05, ;{2 test). However,
tumor tissues expressed significantly lower levels of PTEN
protein (Fig. 4b—d); representative examples are shown in
Fig. 4b, c. Next, we examined the association between
PTEN protein and miR-21 in these 76 ESCC tumor sam-
ples. A statistically significant inverse correlation was
observed between miR-21 and PTEN protein (Fig. 4e),
with high expression of miR-21 correlating with low
amounts of PTEN protein. No similar correlation was
found between miR-21 and PTEN mRNA in these tumor
samples (p = NS).

We performed immunohistochemical analysis for in-
tratumoral heterogeneous expression of PTEN in individual
ESCC specimens. Progressive reduction of PTEN protein
expression was observed when tumor cells penetrated the
deeper (invasive) part from the surface part. To delineate
the clinical significance of PTEN downexpression, we

@ Springer


http://www.targetscan.org

3488

Dig Dis Sci (2013) 58:3483-3493

8.00 4
6.00
4.00 -

2.00 o

S ==

Normal tissue Tumor tissue

MicroRNA relative expression level @
(miR-21/U6

0.00 A

8.00 -
7.00 4

6.00 -

5.00 1 -
—e=—

(miR-21/U6

4.00 +

3.00 -

MicroRNA relative expression level g~

2.00 +

Stage I/l Stage lII/IV

Fig. 2 Overexpression of miR-21 in ESCC tissues and its clinical
significance. a The miR-21 expression was obviously higher in tumor
tissues than in adjacent non-tumor tissues. b The miR-21 expression
was significantly higher in patients with stage III/IV than in those
with stage I/II. **p < 0.01

analyzed the correlation between the downexpression of
PTEN and clinicopathologic factors (Table 2). The down-
expression of PTEN protein was significantly associated
with gender (p = 0.004), vascular invasion (p < 0.001),
T3/T4tumors (p < 0.001), lymph node metastasis
(p < 0.001), stage III/TV disease (p < 0.001), and drinking
(p = 0.005). However, PTEN downexpression was not
associated with age at diagnosis (p = 0.484), tumor site
(p = 0.815), tumor size (p = 0.113), histological differ-
entiation (p = 0.260), smoking (p = 0.082), and family
history of cancer (p = 0.575). Our data showed that down-
regulation of PTEN expression modulated by dysregulated
miR-21 contributes to progression of esophageal cancer.

PTEN Is a Direct Target of miR-21

To validate whether PTEN is a direct target of miR-21, we
constructed luciferase-reporter plasmids that contain the wt
or mutant 3’-UTR segments of PTEN (Fig. 5a). We also
mutated the miR-21 binding site in the 3’-UTR of PTEN (in
the reporter plasmid). The wt or mutant reporter plasmid
was cotransfected into EC9706 cells with miR-21 inhibitor
or negative control. Compared with negative control, miR-
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Fig. 3 Overexpression of miR-21 in ESCC tissues correlated with
patients” prognosis. Cumulative disease-free survival (Cum DEFS)
curves are plotted against miR-21 level in ESCC tissues. There was
significant difference in the median survival (13 vs. 19 months)
between patients with miR-21 overexpression (>5-folds) and those
patients with miR-21 expression (<5-folds) (p < 0.05)

21 inhibitor significantly increased the relative luciferase
activity when cotransfected with the wt reporter plasmid.
However, the mutant reporter plasmid abolished the miR-
21 inhibitor-mediated increase in luciferase activity
(Fig. 5b). These results all indicate PTEN is a direct target
of miR-21 and that miR-21 suppresses PTEN by direct
binding to the 3’-UTR of PTEN.

We then assessed whether down-expression of miR-21
affected PTEN protein expression in esophageal cancer
cells. EC9706 cells were transiently transfected with miR-21
inhibitor. Expression of PTEN protein was significantly
increased and phosphorylated AKT expression was con-
comitantly reduced when endogenous miR-21 levels were
reduced by miR-21 inhibitor (Fig. 5c, d), whereas PTEN
mRNA was almost unaffected by alteration of miR-21 levels.

In an in vitro cell invasion assay (details are given in the
section “Materials and methods”), we observed that cell
invasion was significantly suppressed (p < 0.01; ~5-fold)
by transfection of miR-21 inhibitor (miR-21 inhibitor
group, 30 =5 cellsyHPF; negative control group,
153 &£ 11 cells/HPF) (Fig. 6).

Taken together, these results demonstrated that the
decrease of miR-21 with miR-21 inhibitor in EC9706 cells
could target the PTEN gene and, in turn, suppress PTEN
protein expression, leading to inhibition of cell invasion
and migration.

Discussion

The onset and development of ESCC is affected by mul-
tiple genes [15, 17]. Abnormal or imbalanced expression of
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Fig. 4 miR-21 and PTEN protein are inversely expressed in ESCC
tissues. a PTEN-mRNA levels were evaluated by stem—loop RT-PCR.
The results were normalized with GAPDH mRNA levels and are
presented as relative PTEN-mRNA expression. There was no
significant difference in PTEN mRNA levels between tumor and
non-tumor tissues (p > 0.05, y>-test). b Relative expression of PTEN
protein in ESCC tissues was detected by immunohistochemistry. (B-
1) Absent of PTEN protein expression in ESCC tissue with miR-21
overexpression. (B-2) a representative positive, high expression of
PTEN protein in ESCC tissue with miR-21 down-expression. Original

a variety of oncogenes and tumor-suppressor genes will
result in uncontrolled cell proliferation, thus playing a key
role in the onset, development, and consequence of ESCC
[6-8]. Recent studies have revealed that almost 50 % of
miRNAs target the tumor-associated sensitive sites in
genomes, and function as oncogenes or tumor-suppressor
genes by recognizing and combining with targeted mole-
cules, leading either to degradation of mRNA or to regu-
lation of translation of the mRNA after transcription. They
play a significant role of gene regulation [9, 10].

Studies of miR-21 revealed it was up-regulated in a
variety of malignant tumors [11], including breast cancer
[18], gastric cancer [19], hepatocellular cancer [20], ovary
cancer [21], and cervical cancer [22]. Nam et al. [23]
screened the microRNAs in ovarian cancer tissues by the
microarray method, and found 12 miRNAs were up-regu-
lated, among which miR-21 was most outstanding. Huang
et al. investigated the role of miR-21 in ESCC cells’ ra-
dioresistance and identified the possible mechanism. In this
study, it was demonstrated that inhibition of miR-21
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magnification x200. ¢ 20 pairs of matched ESCC specimens were
randomly selected to determine expression levels of PTEN protein by
western blot and normalized to B-actin protein expression. Represen-
tative gels for PTEN protein levels in two pairs of tumor tissues and
matched non-tumor tissues. d A summary of PTEN immunohisto-
chemical staining results in 76 pairs of matched ESCC and non-tumor
tissue specimens (¥*p < 0.01). e Correlation between miR-21
expression and PTEN protein levels in ESCC tissues (Pearson
correlation, r = —0.967, p < 0.0001)

increased the radiosensitivity of esophageal cancer TE-1
cells, possibly as a result of activation of PTEN. Inhibition
of miR-21 may be a novel therapeutic strategy to increase
the radiosensitivity of esophageal cancer [24]. Ma et al.
investigated the role of microRNA-21 (miR-21) and its
regulation on phosphatase and tensin homolog deleted
from chromosome-10 (PTEN) in esophageal cancer cell
line Ecal09, and 18 pairs of Kazakh’s ESCC and adjacent
normal tissues by real-time quantitative PCR (qRT-PCR).
The author concluded that MiR-21 was overexpressed
in vitro and ESCC, and promoted cell proliferation, might
target PTEN at post-transcriptional level, and regulated the
cancer invasion in Kazakh’s ESCC [13]. Although it has
been demonstrated that miR-21 can act as an “oncogene”
in Kazakh’s ESCC, its role in Han Chinese’s ESCC, the
correlation between its abnormal expression and the clini-
cal pathological features of ESCC, remains to be eluci-
dated. Our study detected the expression of miR-21 in 76
cases with ESCC tissues by stem—loop real time RT-PCR,
and analyzed its correlation with clinical pathological
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Table 2 Clinicopathological correlation of PTEN protein expression
in ESCC tissues

Clinicopathological ~Number  PTEN protein % (p values)
factors of cases  expression by IHC
Present*  Absent”

Cases
Tumor 76 35 41 202.066 (<0.0001)
PCHNT 76 76 0

Age at surgery
>65 29 15 14 0.607 (0.484)
<65 47 20 27

Gender
Male 61 23 38 8.668 (0.004)
Female 15 12 3

Localization
Upper-Mid 46 22 24 0.148 (0.815)
Lower 30 13 17

Diameter
<5 cm 36 13 23 2.721 (0.113
>5cm 40 22 18

Histological differentiation
High-mid 60 30 30 1.787 (0.260)
Low 16 5 11

Vascular invasion
Negative 28 22 6 18.870 (<0.0001)
Positive 48 13 35

Tumor status
T1/T2 16 16 0 23.741 (<0.0001)
T3/T4 60 19 41

Lymph node status
NO 28 28 0 51.933 (<0.0001)
N1 48 7 41

Stage
/1t 35 35 0 76.000 (<0.0001)
/v 41 0 41

Smoking
No 24 15 9 3.819 (0.082)
Yes 52 20 32

Drinking
No 32 21 11 8.523 (0.005)
Yes 44 14 30

Family history of cancer
No 60 29 31 0.5977 (0.575)
Yes 16 6 10

% Present: weakly positive (&) or positive (+)
® Absent: negative (—)

Bold values indicate significant results

features. We found that expression of miR-21 in ESCC was
significantly higher than in both the corresponding normal
tissues or in esophageal benign disease specimens (all
p < 0.01). With the increase of clinical stage, miR-21 was
apparently up-regulated and was not associated with

@ Springer

a Mut T TC
ttt

PTEN 3-UTR 416-437 5-ACU-UGUGGCAACAGAUAAGUUU-3

Has-miR-21 F-AGU UGUAGUCAGACUAUUCGAU-5
b pGL3-PTEN-wt pGL3-PTEN-mut
2.0 4
> |—|
=
°
© 15
o]
@
A
L 10 *
Q
=
o
2 054
o
L]
o
0.0 1
NC miR-21 NC miR-21
inhibitor inhibitor
c d
% Q-O'DNC gQ.O'DNC
E O MOCK ‘D O MOCK
o 1.6 | W miR-21 inhibitor g 16 | M miR-21 inhibitor
& =
® o 2
=1
12 o
& % * c
Ly — ©
=N °
o a
< @
Z 04 &
x ©
[=] _—
S @
= 00 o«

P-AKT

NC MOCK miR-21 PTEN
inhibitor

Fig. 5 The 3-UTR of PTEN mRNA is a target for miR-21.
a Predicted miR-21 binding sites within the 3’-UTR of PTEN
mRNA. The arrows indicate the mutated nucleotides. b The wt or
mutant reporter plasmid was cotransfected into EC9706 cells with
miR-21 inhibitor or negative control (NC). The normalized luciferase
activity in the control group was set as relative luciferase activity 1.
Luciferase activity of pGL3-PTEN-wt was significantly increased by
miR-21 inhibitor (*p < 0.05). However, luciferase activity of pGL3-
PTEN-mut was not affected by miR-21 inhibitor (p > 0.05). ¢ miR-21
regulates PTEN expression at the post-transcriptional level and
affects phosphorylation of AKT. Cells were transfected with miR-21
inhibitor, inhibitor-negative control (NC), or blank control culture
medium (MOCK). Cell lysates were obtained after 48 h for analysis.
miR-21 expression was detected by stem—loop RT-PCR. The results
were normalized to U6 expression and expressed as fold change
relative to the corresponding negative control (*p < 0.05). d Expres-
sion of PTEN and phosphorylated AKT was examined by western
blot. The results were normalized to B-actin protein expression and
expressed as fold change relative to the corresponding negative
control (*p < 0.05)

patient’s age at surgery, gender, tumor position or length,
histological differentiation, smoking or drinking behavior,
and family history of cancer (all p > 0.05). The results
indicated that high expression of miR-21 may be closely
related with the development of esophageal cancer [25].
miR-21 may function by regulating a tumor-suppressive
gene, thus affecting the biological features of the tumor
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Fig. 6 miR-21 regulates the
invasion ability of EC9706
cells. EC9706 cells that
migrated through the pores:
a after transfection with
negative control miRNA and
b after transfection with anti-
miR-21 inhibitor.

¢ Quantification of EC9706
cells that migrated through the
pores after transfection with
anti-miR-21 inhibitor or
negative control

cell, improving its invasiveness and metastasis ability, so it
finally proceeds to lymph nodes and results in metastasis
[23-27]. Because clinical stage, pathological classification,
and lymph node metastasis are all important factors related
to the prognosis of carcinoma patients [28-31], high
expression of miR-21 is probably associated with poor
prognosis for esophageal carcinoma [32-34].

PTEN is a tumor-suppressive gene with diphosphohy-
drolase activity [35]. It is important in cell growth, pro-
liferation, migration, and apoptosis [36—39]. Research has
shown that lack of PTEN protein expression is involved in
the mechanism of ESCC. Many scholars have studied the
mechanism of PTEN inactivation in esophageal carcinoma
but could not identify gene mutation, methylation, or loss
of heterozygosity (LOH) as the main cause [40]. Studies
revealed that the rate of mutation of the PTEN gene was
quite low and mainly occurred in patients at clinical stage I,
which could not explain why expression of PTEN protein
decreased as clinical stage and pathological classification
increased [40, 41]. In recent years, studies have revealed
that different miRNAs participated in the tumorigenesis
[42, 43]. The new discovery that miRNA silenced the
targeted genes after transcription is regarded as an impor-
tant epigenetic regulatory mechanism [44, 45].

In this study it was found that loss of PTEN protein
occurred in esophageal squamous cell carcinoma. Its
expression level apparently decreased as clinical and
pathological stage increased or when lymph node metas-
tasis occurred. Loss of PTEN protein is significantly neg-
atively correlated with miR-21 expression. This indicates

(2]

200 4

160 _'l'_

Number of invaded cells
(cells/HPF )
S

80 -
40 -
0.0 4
NC miR-21
inhibitor

that highly expressed miR-21 may combine with the PTEN
gene, silence it after transcription, inhibit expression of the
targeted gene at the translation level, regulate the malig-
nancy of esophageal squamous cancer cells, and participate
in the molecular mechanism of esophageal carcinoma, thus
playing a significant role in the development of esophageal
cancer [46, 47]. It has been reported that the site combining
with miR-21 is in the 3’-UTR region, and that expression of
PTEN protein would be improved, and cell proliferation,
migration, and metastasis would be inhibited, when miR-
21 was inhibited in hepatic carcinoma cells [48]. Studies
have shown that miR-21 regulated PTEN as one of several
miR-21 target genes, which result in alteration of the bio-
logical characteristics of some tumors, for example hepatic
carcinoma, breast cancer, colorectal cancer, and gastric
cancer [48-51]. Xiong et al. [49] reported that miR-21
targets PTEN at the post-transcriptional level and regulates
cell proliferation and invasion in human colorectal cancer
cells. Han et al. [50] demonstrated that antagonism of miR-
21 reverses EMT and CSC phenotype by targeting PTEN,
via inactivation of AKT and ERKI1/2 pathways, and
showed a novel mechanism which might relieve the
malignant biological behavior of breast cancer. Yang et al.
suggested that miR-21 may modulate the PTEN/PI3K/Akt
pathway, thus providing a novel mechanism for cisplatin
resistance in gastric cancer. This suggests that regulation of
miR-21 on PTEN could be one of the important molecular
mechanisms in the development of malignant tumors [48—
51]. This postulation was verified by further experimental
studies on EC9706 cells. As shown in Fig. 5b, luciferase
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activity of the wt, but not mutant, PTEN-3’-UTR reporter
was significantly increased in EC9706 cells transfected
with miR-21 inhibitor compared with negative control.
Furthermore, transfection of EC9706 cells with miR-21
inhibitor resulted in a significant increase in PTEN protein
without any change in PTEN mRNA and decreased phos-
phorylated AKT expression (Fig. 5c, d). These results
show that miR-21 post- transcriptionally down-regulates
PTEN via binding to the 3-UTR of PTEN mRNA. PTEN
has been shown to inhibit tumor cell growth and invasion
by blocking the PI3 K/AKT pathway [52]. Our results
demonstrated that miR-21 inhibitor restrains cell growth
and invasion in EC9706 cells. Thus, restraint on EC9706
cell growth and invasion by miR-21 inhibitor may be
partially mediated via up-regulation of PTEN. Last, our
study suggests the relationship among miR-21, PTEN, and
the prognosis of esophagus squamous cell carcinoma
requires further investigation with a larger sample size and
follow up of the survival years of the patients. In the future
this will provide a basis for further study in the search for
indicators of prognosis and treatment targets for esophagus
squamous cell carcinoma.
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