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Abstract

Esophageal carcinoma (EC) are characterized by dysregulation of microRNAs, which play an important roles as a
posttranscriptional regulators in protein synthesis, and are involved in cellular processes, such as proliferation,
apoptosis, and differentiation. Recently, altered miRNAs expression has been comprehensively studied in EC by high-
throughput technology. Increased understanding of miRNAs target genes and their potential regulatory mechanisms
have clarified the miRNAs activities and may provide exciting opportunities for cancer diagnosis and miRNA-based
genetherapy. Here, we reviewed the most recently discovered miRNA target genes, with particular emphasis on the
deciphering of their possible mechanisms and the potential roles in miRNAs-based tumour therapeutics.
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Introduction

Theinitiation and progression of cancer, traditionally seen
as a genetic disease, is now realized to involve epigenetic
abnormalities along with genetic alterations (Sharma
et al. 2010). The major players in epigenetic mechanisms
of gene regulation are DNA methylation, histone deacety-
lation, chromatin remodeling, gene imprinting and small
noncoding RNA expression (Banerjee and Verma 2009).
At present, microRNAs (miRNAs) have become the rising
stars in cancer genetics. An avalanche of research have
established that miRNAs, a class of small, endogenous
and non-protein-coding RNAs, provides a new tool for
early clinical diagnosis (Fassan et al. 2010; Kimura et al.
2010), prognosis judgment (Hong et al. 2010; Hu et al.
2011; Hummel et al. 2010; Matsushima et al. 2010; Nguyen
et al. 2010) and gene therapy (Hong et al. 2010; Mori et al.
2009; Yuan et al. 2010; Zhang et al. 2010) of Esophageal
carcinoma (EC).

EC are aggressive and have poor prognosis. Although
the incidence of EC has been reduced in recent decades,
the five-year survival and mortality rate of EC has not

significantly changed (Lv et al. 2009), and the outlook has
remained bleak. Therefore, new molecular markers for
detection and prognosis are urgently required. Follow-up
researches on miRNAs will shed light on improving
the survival rate and reducing the mortality rate of EC
patients.

MiRNAs biogenesis

miRNAs genes are evolutionarily conserved, and may
be located either within the introns or exons of protein-
coding genes (70%) or in intergenic areas (30%) (Garofalo
and Croce 2011). First, under the action of polymerase
II, miRNAs are processed from primary molecules (pri-
miRNAs), in which up to several kilobases are either
transcribed from independent miRNA genes or are por-
tions of introns of protein-coding RNAs (Lee et al. 2004).
Pri-miRNAs then fold into hairpin structures containing
imperfectly base-paired stems, catalyzed by the RNase
III type endonucleases Drosha, forming pre-miRNA
hairpins about 70 nucleotides (nt) long. Pre-miRNAs are
transported to the cytoplasm by exportin5, where they
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are cleaved by Dicer to yield 18-22 nt miRNA duplexes.
One strand is selected to function as a mature miRNA,
while the other strand is degraded (Bohnsack et al. 2004;
Borchert et al. 2006; Kim and Kim 2007). Mature miR-
NAs are combined with ribonucleoprotein complexes
called miRNA-induced silencing complexes (miR-ISC),
which are composed of the transactivation-responsive
RNA-binding protein (TRBP), and Argonaute 2 (AGO2)
(Chendrimada et al. 2005; Kim 2005). The key compo-
nents of miR-ISC are proteins of the AGO family. The
mature miRNA recognizes complementary sequences in
the 3'-untranslated region (3’ UTR) of its target mRNA,
and guides the miR-ISC to repress gene expression by
inhibiting translation and inducing mRNA degradation
(Garzon et al. 2009; Kim 2005). MiRNAs regulate mRNAs
stability and protein translation at the posttranscrip-
tional level, and the elucidation of these mechanisms has
improved our understanding of the deregulation of miR-
NAs in cancer. The effect of the aberrant miRNA expres-
sion on the transcriptome and proteome both accelerate
tumorigenesis.

The two faces of miRNAs in tumours

Many miRNAs have a close association with cancer,
in that oncogenes and tumor-suppressing genes have
been found to be targets of miRNAs. MiRNAs that have
oncogenic roles are categorized in oncogenic miRNAs
(oncomiRs)(Harata et al. 2010; Hiyoshi et al. 2009; Kan
et al. 2009; Lee et al. 2009; Tian et al. 2010; Tsuchiya
et al. 2011), while those that have tumor-suppressive
effects are categorized in tumor-suppressive miRNAs
(ts-miRs) (Kano et al. 2010; Kitade and Akao 2010;
Matsushima et al. 2010b; Yuan et al. 2010). OncomiRs
that downregulate tumour suppressors (Lee et al. 2009)
or other important genes involved in differentiation
might contribute to tumorigenesis by stimulating
proliferation (Hiyoshi et al. 2009; Lee et al. 2009; Mori
et al. 2009) and invasion (Hiyoshi et al. 2009; Mori

et al. 2009; Tian et al. 2010) and by preventing apopto-
sis (Lee et al. 2009) and increasing genetic instability
(Wu 2011). A ts-miR is often downregulated or lost in
a tumour. It mainly results in mutation, deletion, pro-
moter methylation, or inhibition of the expression of a
target oncogene (Kano et al. 2010; Tsuchiya et al. 2011),
which subsequently contributes to tumour repression
(Garzon et al. 2010). MiRNAs can act as oncogenes or
tumor suppressors, depending on the type of tissues
and the expression level of their targets (Garzon et al.
2009). Wu et al. showed that the expression levels of
miR-143 and -145 were significantly decreased in most
of esophageal squamous cell carcinoma (ESCC) tissues
examined. The transfection of human EC cells with
miR-143 and miR-145 expression plasmids resulted in
a greater inhibition of cell mobility. Their findings sug-
gested that the two deregulated miRNAs might act as
ts-miRs of ESCC (Wu et al. 2011). Another miRNA, miR-
34b has an oncogenic role in ESCC, and its expression
in ESCC was significantly higher than that in the corre-
sponding normal esophageal mucosa. It was also more
highly expressed in tumors with more advanced stages,
and transfection of anti-miR-34b to the ESCC cells sup-
pressed cell growth in vitro (Harata et al. 2010).

Doctor Garzon hypothesized that upregulated miR-
NAs may act as oncogenes and downregulated miRNAs
may act as tumour suppressors (Garzon et al. 2010). In
addition, a recent study suggests that some miRNAs
could function as oncogenes in some cell types and as
suppressors in others (Garofalo and Croce 2011).

MiRNAs profiling and their target genes

Different esophageal diseases may have different expres-
sion of miRNAs. There are many associations as well as
differences in their miRNAs expression profiles (Table 1).
Using specified miRNAs allows differentiation among
various tissue types with high accuracy. Barrett’s esoph-
ageal (BE) is one of the most common premalignant

Table 1. Part of the miRNAs expression profiles in esophageal diseases.

Histologic type Upregulated miRNAs Downregulated miRNAs References
miR-21, miR-25a, miR-192a, miR-194a, miR-125b Kan et al. 2009

BE miR-196a, miR-200c
miR-143 miR-205 Dijckmeester et al. 2009
miR-21, miR-25a, miR-93, miR-106b, miR-19b, miR-27b, miR-100, miR-125b, Kan et al. 2009
miR-192a, miR-194a, miR-196aa, miR-200c miR-203, miR-205

EAC miR-223, miR-375 Mathe et al. 2009

miR-143, miR-145, miR-215 Wijnhoven et al. 2010

miR-9, miR-15b, miR-16, miR-17-5p, miR-20a, miR-133a, miR-133b, miR-139, miR-145 Ogawa et al. 2009
miR-20b, miR-21, miR-25, miR-34b, miR-34c,
miR-107, miR-127, miR-129, miR-130a,
miR-130b, miR-132, miR-134, miR-137, miR-138

ESCC miR-151, miR-424 miR-29¢, miR-99a, miR-100, miR-140 Guo Y et al. 2008

miR-100, miR-146, miR-155, miR-220, miR-296,
miR-483, miR-494

miR-10b

miR-342

miR-373

miR-143, miR-339 Hong et al. 2010

Tian et al. 2010
Feber et al. 2008
Lee et al. 2009
Mathe et al. 2009

miR-203, miR-205

miR-375
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lesions and can sometimes progress to esophageal
adenocarcinoma (EAC). Dijckmeester et al. measured
miRNA expression levels in neosquamous and normal
squamous mucosa samples, which had been ablated by
argon plasma coagulation (APC) from nine BE patients.
miR-143 expression was elevated in both neosquamous
and the squamous mucosa above the metaplastic seg-
ment, suggesting that miR-143 could promote a Barrett’s
epithelium gene expression pattern and might have a
role in development of BE (Dijckmeester et al. 2009).
VanBaal et al. also demonstrated specific miRNAs char-
acteristics for normal epithelia (NE), BE and EAC. In
their delicate work, miR-192, 194, 143 and 145 were
highly expressed in EAC and BE compared to NSE. MiR-
203 and 205 were highly expressed in NE compared to
EAC and BE. In addition, miR-214 was highly expressed
in EAC compared to BE and NE. Strikingly, miR-215 and
199a-5p were the most informative with EAC:BE:NE
ratios of 18:37:1 and 9:4:1, respectively (Van Baal et al.
2009). Another report suggested that miR-194 might
contribute to the intestinal differentiation observed in
BE, and also contributes to the molecular phenotype
required for tumor metastasis, miR-203 expression is lost
in BE, and therefore it is likely that the miR-203-directed
mechanism of epithelial replacement is lost in this tis-
sue (Smith et al. 2010). Wijnhoven et al. also found that
expression of miR-143, miR-145, and miR-215 was lower
in EAC than in BE (Wijnhoven et al. 2010). The research-
ers in the Anderson Cancer Center used unsupervised
hierarchical clustering and class comparison analyses to
detect the expression levels of miRNAs in BE, low-grade
intraepithelial neoplasia (LGIN), high-grade intraepi-
thelial neoplasia (HGIN) and EAC. They confirmed that
special miRNAs propiles could differentiate the EAC from
NSE with almost 100% accuracy (Yang et al. 2009). It is
generally accepted that EAC develops through progres-
sion from BE, as a premalignant condition: the dysplasia
of BE is the most predictive marker for the risk of EAC,
and the degree of BE’s dysplasia has positive associa-
tion with risk of EAC (Tischoff and Tannapfel 2008). The
incidence of Barrett’s esophgeal adenocarcinoma has
been increasing at an alarming rate in Western coun-
tries. Follow-up research in this field will be expected to
discriminate the subtype of BE patients who might be at
high risk of progression to EAC.

MiRNAs can also be correlated with different clini-
copathological classifications, especially in ESCC.
Inoue et al. showed that MiR-10a’s expression level was
comparably downregulated in the tumors of HGIN and
non-invasive ESCC, while it was elevated in the invasive
ESCC tumors. They subsequently detected expression
levels of miR-10a in malignant (OE21 and TE10) and
non-malignant (Het1A) ESCC cell lines, and found it was
significantly downregulated in malignant ESCC cell lines
(Inoue et al. 2010). Mathe et al. studied miRNAs’ expres-
sion in ESCC and EAC, and found that in EAC patients,
the expression levels of miR-21, miR-223, miR-192, and
miR-194 were elevated. By contrast miR-203, which can

© 2011 Informa UK, Ltd.
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inhibits proliferation and invasion of ESCC, showed
reduced expression in cancerous compared with non-
cancerous tissue. This elegant experiment showed that
the expression levels of miR-21 were elevated in both
noncancerous and cancerous tissue of ESCC patients,
miR-375 was reduced in ESCC patients, but elevated in
EAC patients, and neither miR-21 nor miR-375 associ-
ated with administration of neoadjuvant chemoradiation
therapy (Mathe et al. 2009). Feber et al. also confirmed
that miR-203 and miR-205 were expressed 2-10 fold
lower in ESCC and EAC compared with NSE. In addition,
miR-21 expression was 3-5-fold higher in both tumors
versus NSE, miR-194, miR-192 and miR-200c were sig-
nificantly upregulated in EAC, while compared with NSE,
miR-342 was differentially expressed in ESCC, prediction
analysis of microarray (PAM) was able to separate the
three main types of samples into distinct groups; only BE
samples were classified incorrectly (Feber et al. 2008).
Matsushima et al. also found that miR-205 and miR-10a
were significantly altered in cellular expression, and
might be specific for ESCC, with potential roles in ESCC
pathogenesis (Matsushima et al. 2010b). Taken together,
these exploratory analyses highly suggested that the
miRNAs might possess physiological significance in the
regulation of EC development.

Several independent studies have demonstrated that
the target genes of these dysregulated miRNAs may be
expected to be oncogenes or tumor-suppressor genes.
We generalized the main kinds of miRNA target genes
and their potential roles in EC (Table 2). Taking miRNA-
196a as an example, ANXAI is considered to mediate
proliferation and suppress apoptosis, and miRNA-196a
showed significant inverse correlation with ANXAl
mRNA levels in esophageal cancer cell lines. This con-
firmed that miR-196a directly targets ANXA1 3'-UTR,
thereby exerting antiapoptotic effects and contributing
to EAC cell survival (Kan et al. 2009; Luthra et al. 2008).
Maru et al. also ascertained that miR-196a specifically
targets the 3'-UTRs of KRT5, SPRR2C and S100A9 mRNA,
reducing the expression of these proteins (Maru et al.
2009). LATS2 is a member of the LATS tumor-suppressor
family, which can regulate the cell cycle and apoptosis.
MiR-373 as an oncomiRs that participates in ET’s car-
cinogenesis by directly suppressing LATS2 expression,
manipulating the expression of miR-373 can affect ET
cells growth (Lee et al. 2009). KLF4, another known
tumor-suppressor gene, has been reported to suppress
ESCC cell migration and invasion, and is a direct target
of miR-10b. Overexpression of miR-10b in human ESCC
cells lines led to a reduction of endogenous KLF4 pro-
tein, while silencing of miR-10b caused upregulation of
the KLF4 protein. And rescue experiment could partially
abrogate the effect of miR-10b on cell migration and
invasion (Tian et al. 2010). It also has been shown that the
miR-106b-25 polycistron affects proliferation, antiapop-
tosis, and cell cycle-promotion in EC cells and has a role
in tumorigenic activity in NE, BE, and EAC tissues. It has
since been demonstrated that miRs-93 and-106b targeted
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Table 2. MiRNAs and their reported target genes in esophagus.

MiRNA Role Species Target gene Functions Detection method
miR-10b oncomiR ESCC cell lines KLF4 Cell migration, qRT-PCR
cell invasion
miR-21 oncomiR BE, EAC & EAC cell lines PDCD4 Cell cycle, cell Microarray, qRT-PCR
proliferation, cell
apoptosis
miR-25" oncomiR BE, EAC & EAC cell lines Bim Apoptosis Microarray, qRT-PCR
miR-93" oncomiR EAC & EAC cell lines P21 Cell cycle Microarray, qRT-PCR
miR-106b" oncomiR EAC & EAC cell lines P21 Cell cycle Microarray, qRT-PCR
miR-133a/b*  ts-miR ESCC & ESCC cell lines FSCN1 Repress cell Microarray, QRT-PCR
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proliferation &

invasion
miR-145" ts-miR ESCC & ESCC cell lines FSCN1 repress cell Microarray, qRT-PCR
proliferation &
invasion
miR-196a oncomiR BE, EAC & EAC cell lines ANXA1 Repress tumor qRT-PCR
suppressor, neoplastic
progression
oncomiR BE, EAC & EAC cell lines S100A9, SPRR2C, Neoplastic qRT-PCR
KRT5, progression
miR-200 oncomiR BE, EAC & EAC cell lines ZEB1, ZEB2, Induce EMT qRT-PCR
oncomiR ESCC & ESCC cell lines Delta Np63 Inhibit cell proliferation qRT-PCR
miR-205 ts-miR EAC & EAC cell lines, ZEB1, ZEB2 Repress EMT& cell qRT-PCR
ESCC & ESCC cell lines proliferation
miR-210 ts-miR ESCC & ESCC cell lines FGFRL1 Induce cell death & qRT-PCR
cell-cycle arrest,
epress cell proliferation
miR-373 oncomiR ESCC & ESCC cell lines LATS2 Repress tumor qRT-PCR, Microarray

suppressor, cell
proliferation

All information came from following references (in order): (Tian et al. 2010; Hiyoshi et al. 2009; Kan et al. 2009"; Kano et al. 2010% Luthra
et al. 2008; Maru et al. 2009; Ohashi et al. 2009; Yuan et al.2011; Matsushima et al. 2010b; Tsuchiya et al. 2011; Lee et al. 2009).

and inhibited p21 by mRNA degradation, whereas
miR-25 targets and inhibits Bim by translational inhibi-
tion (Kan and Meltzer 2009; Kan et al. 2009), resulting
the formation and proliferation of EC. Recently, Ohashi
et al. determined the role of microRNA-200 family mem-
bers in miRNA-mediated posttranscriptional regulation
of ZEB1/2, through Notch signaling, which contributes
to ET initiation and progression (Ohashi et al. 2009). In
Matsushima’s study, expressions of miR-205 and miR-10a
were increased and decreased, respectively, in neoplastic
and non-neoplastic samples of ESCC patients. Alteration
of miR-205 expression could modulate the phenotype
of epithelial cells towards epithelial mesenchymal tran-
sition (EMT), characterized by reduced abundance of
E-cadherin, which is the ESCC-specific miRNA target,
and inhibition of the E-cadherin repressors, ZEB1 and
ZEB2. However, miR-10a, as a tumor-suppressor, could
control cell migration and invasion by targeting homeo-
box genes (Matsushima et al. 2010a; Matsushima et al.
2010b). FSCNI1 is associated with ESCC carcinogenesis
by inhibiting cell growth and invasion. Kano et al. first
showed that miR-145, miR-133a, and miR-133b inhibited
cell proliferation and cell invasion in ESCC cells, and that
these miRNAs had conserved sequences in the 3'UTR of
FSCN1. They subsequently demonstrated that a combi-
nation of these miRNAs inhibited FSCN1’s expression

(Kano et al. 2010). Takashima et al. showed that down-
regulation of PABPC1 was associated with tumor pro-
gression, including increased tumor size, locally invasive
tumors, and poor overall survival (Takashima et al. 2006).
Separately, Yoshino et al. confirmed that overexpression
of FGFR2 was highly correlated with well-differentiated
of EC (Yoshino et al. 2007). As two of the predicted targets
for mir423, PABPC1 and FGFR2 were shown to be associ-
ated with the etiology or prognosis of EC (Ye et al. 2008).
Tsuchiya et al. also found that miR-210 is downregulated
in human ESCC and ESCC cell lines, which inhibits can-
cer cell survival and proliferation by inducing cell death
and cell-cycle arrest in G1/G0 and G2/M. They also iden-
tified fibroblast growth factor receptor-like 1 (FGFRL1)
as a target of miR-210 in ESCC, which accelerates cancer
cell proliferation by preventing cell- cycle arrestin G1/G0
(Tsuchiya et al. 2011).

MiRNAs and its clinical insights

Aberrant miRNA expression is now recognized as a com-
mon feature of cancers, and specific miRNAs are being
considered as potential new biomarkers for cancer
diagnosis and prognosis. Fassan et al. confirmed that
specific miRNAs involved in BE carcinogenesis might
represent a novel diagnostic and prognostic tool in the
characterization of Barrett’s adenocarcinoma gene
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targets (Fassan et al. 2010). In the experiment of Maru
et al. the progression of NSE-BE-LGIN-HGIN-EAC was
associated with a concomitant increase of miR-196a
levels (Maru et al. 2009). MiR-196a may also constitute a
good biomarker of progression during BE-EAC carcino-
genesis (Kan and Meltzer 2009; Maru et al. 2009). Mathe’s
research also suggested that the reduced levels of miR-
375 in cancerous tissue of EAC patients with Barrett’s
esophgus were strongly associated with worse prognosis
(Mathe et al. 2009). In ESCC, Matsushima et al. showed
that miR-205, and members of named miR-200 family,
miR-200b, -200c, and -429, were significantly increased
in both ESCC cell lines compared to HetlA, while nine
miRNAs were significantly decreased. They confirmed
that fluctuation of these miRs could be not only biomark-
ers for ESCC, but could also be tumor invasion markers
(Matsushima et al. 2010a). Hummel et al. confirmed that
the expression alterations of miR-21 correlate with tumor
location and lymph node status in patients with locally
advanced ESCC, and demonstrated that miR-106a and
miR-148a expression correlates with disease recurrence
and tumor-related mortality. Therefore, miRNA markers
might inform the initial assessment of these patients and
predict those at higher risk of postsurgical recurrence
(Hummel et al. 2010). Guo et al. also showed that high
expression of hsa-miR-103/107 correlated with poor
survival, by univariate analysis as well as multivariate
analysis (Guo et al. 2008). In addition, EC with low GNG7
expression invaded deeper than those with high GNG7
expression, while GNG7 expression was significantly
associated with the presence of miR-328 in esophageal
cancer cell lines. This suggests that miR-328 might be a
regulator of GNG7 expression, and GNG7 suppression
represents a new prognostic indicator of ET (Ohta et al.
2008). Recently, Hong et al. indicated that low expression
of miR-296 was able to distinguish long-term survivors
with node-positive disease from those dying within
20 months by predicting survival (Hong et al. 2010). In
Japan, Ogawa et al. detected the expression of miRNAs in
30 primary ESCC specimens by qRT-PCR. The expression
levels of miR-34b were considerably higher in the tumor
tissue, but there was little or no expression in NSE. They
also observed that the overexpression of miR-129 was a
significant and independent prognostic factor in surgi-
cally treated ESCC patients (Ogawa et al. 2009).

In addition, detecting the expressions of miRNA-
related genes could also monitor the prognosis of ET.
Exportin 5(XPO5) mediates pre-miRNA nuclear export
and Melo et al. demonstrated the presence of XPO5-
inactivating mutations in a subset of human tumors with
microsatellite instability. The XPO5 genetic defect traps
pre-miRNAs in the nucleus, reduces miRNA processing,
and diminishes miRNA target inhibition. The restoration
of XPO5 functions not only reversed the impaired export
of pre-miRNAs but also displayed tumor-suppressor fea-
tures (Melo et al. 2010). RNASEN is thought to participate
in processing of pri-miRNA and essential for miRNA pro-
cessing. And the level of RNASEN were elevated in ESCC

© 2011 Informa UK, Ltd.
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and its expression correlated with poor ESCC prognosis
(Guo et al. 2008; Ogawa et al. 2009).

Furthermore, single nucleotide polymorphisms single
nucleotide polymorphisms (SNPs) in miRNA-related genes
may increase the risk of ET. For example, SNPrs6505162,
which is located in the pre-mir423 region, was associated
with a significantly reduced risk, a polymorphism in the
pre-mir196a-2 gene was associated with 1.7-fold increased
risk, and a polymorphism in the pre-mir631 gene was
associated with a significantly increased risk of ET (Ye et al.
2008). In addition, SNPrs2910164 is located in the sequence
of the miR-146a precursor. Recently, Guo et al. found there
was a strong correlation between the rs2910164 C/G variant
and the clinical TNM stage in ESCC. Their findings suggest
that this functional SNP in pre-miR-146a could contribute
to ESCC susceptibility (Guo et al. 2008). Harris and others
also have identified that inflammatory risk score (IRS) and
miR-21 expression are independent predictors of prognosis,
and together may be clinically useful in identifying patients
with early stage cancer at high risk of metastases (Harris
2010). Recently, Merritt et al. reported that decreased
expression of key RNAi enzymes, Dicer and Drosha, in
epithelial ovarian cancers was associated with poor clinical
outcome in patients (Merritt et al. 2010).

Accordingly, both miRNAs and miRNA-related genes
have a close relationship with EC. After continuous
study, miRNAs may become good screening biomakers
for prognosis of BE and for the early stage of EC with high
sensitivity and specificity.

MiRNAs and gene therapy

Traditional treatments of tumours mainly comprise
surgical treatment, chemotherapy, radiotherapy, and
immunotherapy. However, only few drugs are available
that can be used safely and effectively for cancer therapy.
The molecular heterogeneity, which leads to different
individual effects, is the main barrier to effective treat-
ment. To improve this situation, the development of
novel individual and highly specific targets for cancer
therapy is of the utmost importance.

MiRNAs are excellent candidates for novel molecular
targeting treatments because of their ability to regulate
multiple genes in molecular pathways. The reason for
using miRNAs as a potential anticancer drugs is based on
two major findings: first, miRNA expression is deregu-
lated in cancer compared with normal tissues; second,
the cancer phenotype canbe changed by targeting miRNA
expression. Dr. Garzon conceived two main strategies to
target miRNA expression in cancer: first, direct strategies
that involve the use of oligonucleotides or virus-based
constructs to either block the expression of an oncomiRs
or to substitute for the loss of expression of ts-miRs; and
second indirect strategies that involve the use of drugs to
modulate miRNA expression by targeting their transcrip-
tion and their processing (Garzon et al. 2010).

There are a number of ways to block oncomiRs, such as
antisense oligonucleotides, miR-masks, miRNA sponges,
and small RNA inhibitors. Antisense oligonucleotides can
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bind to target miRNAs following the Watson-Crick com-
plementarity and induce either degradation or duplex
formation. However, the miR-mask is a kind of synthetic
oligonucleotide that competes with endogenous miRNAs
for the same target mRNA by complementary binding to
the 3'UTR of their targets. MiRNA sponges are oligonucle-
otide constructs with multiple complementary miRNA
binding sites to target miRNAs. These sponges will ‘soak
up’ endogenous miRNAs, decreasing the expression levels
of oncomiRs. Small RNA inhibitors bind sequence-specif-
ically to miRNA and effective inhibit the miRNA. To sub-
stitute for the loss of expression of ts-miRs, miRNA mimics
could mainly be used. These synthetic miRNAs could
restore the downregulated miRNA expression. Another
way to restore the downregulated miRNAs expression is to
insert genes coding for miRNAs into viral constructs, such
as the adeno-associated virus (AAV) (Garzon et al. 2010).
In recent years, outstanding contribution have been
made to the development of miRNAs-based tumour
treatments, aided by the discovery of numerous miRNA
targets and related regulation-pathways. A small group of
miRNAs, including miR-155, let-7a, miR-21, and the miR-
17-92 cluster, are aberrantly expressed in a wide variety of
hematological malignancies and solid tumors. Therefore,
developing a strategy to silence or restore the expression
of these oncomiRs would have an impact on multiple
groups of cancer patients (Garzon et al. 2009). Kota et al.
demonstrated that expression of miR-26a, which induces
cell-cycle arrest by direct targeting of cyclins D2 and E2,
is reduced in hepatocellular carcinoma cells. Systemic
administration of miR-26a in mouse model of liver can-
cer using AAVresults in inhibition of cancer cell prolifera-
tion, induction of tumor-specific apoptosis, and dramatic
protection from disease progression, without toxicity
(Kota et al. 2009). These findings suggest that delivery of
miRNAs that are highly expressed and therefore tolerated
in normal tissues, but lost in disease cells, may provide a
general strategy for miRNA replacement therapies.
MiR-21 is one of the most commonly deregulated
miRNAs in many malignancies: its expression level is also
significantly associated with pathological stage in ESCC
(Mori et al. 2009). Patients with lymph node metastasis
or venous invasion showed significantly high expression
of miRNA-21 in seven ESCC cell lines. Meanwhile, anti-
miRNA-21 transfected cells showed significant reduction
in cellular proliferation and invasion. In addition, inhi-
bition of miRNA-21 increased sensitivity to anticancer
drugs in cancer cell lines; Thus, chemotherapy combined
with miRNA-21 suppression may be more effective than
chemotherapy alone (Hiyoshi et al. 2009). Zhang et al.
identified that miR-27a might be a regulator of multidrug
resistance gene 1 (MDR1). Downregulation of miR-27a
could confer sensitivity of both P-glycoprotein (P-gp)
related and P-gp non-related drugs on EC cells, and
might promote ADR-induced apoptosis, accompanied
by increased accumulation and decreased releasing
amount of ADR. This would significantly decrease the
expression of P-gp, Bcl-2, and the transcription of the

MDRI, but up-regulate the expression of Bax (Zhang
et al. 2010). These findings verified that anti-miRNAs
oligonucleotide medicines have potential value in clini-
cal treatment and serve as a novel therapeutic target in
ESCC. In China, the most common pathological type of
EC is ESCC. Accordingly, these studies have very impor-
tant and realistic significance.

Although this body of research provides encourag-
ing support for the potential of miRNA-based cancer
therapy, there are much problems in molecule biostabil-
ity, specificity and delivery in the development of miR-
NA-based gene therapy. Locked nucleic acid (LNA) are
novel, third-generation RNA analogs that display most
of the characteristics required to make potent and safe
antisense drugs (Cho 2010). MiR-122 is a liver-expressed
miRNA implicated in cholesterol and lipid metabolism
and in hepatitis C virus (HCV) replication. Elmen et al.
confirmed that acute administration by intravenous
injection of LNA-antimiR to African green monkeys
was accompanied by depletion of mature miR-122 and
dose-dependent lowering of plasma cholesterol, without
any toxicities or histopathological changes in the study
animals (Elmen et al. 2008). After this a phase I clinical
trial of the world’s first miRNA drug (LNA-antimiR-122)
has been launched, confirming the use of antagomirs
to inhibit the activity of specific miRNAs as a possible
approach for miRNA medicine.

Few of miRNAs may accomplish their function mainly
by suppressing the expression of only one or two key
target genes, and Dr. Petrocca has indicated that it is not
clear whether manipulating miRNA function will be more
effective than silencing one or a few oncogenes or genes
required for cell proliferation or survival. He considered
that only a direct comparison of silencing a few key onco-
genes with inhibiting or activating an oncomiR in animal
models will help answer this question (Petrocca and
Lieberman 2009). Apart from this, recent studies have
reported that miRNAs can also regulate gene expression
at the transcriptional level by binding directly to the DNA
(Garzon et al. 2010).In conclusion, these data show the
complexity and widespread regulation of gene expres-
sion by miRNAs, which should be taken into consider-
ation when developing miRNA-based gene therapy.

Prospects

The abnormal function of miRNAs could be caused by
several mechanisms, including genomic deletion, muta-
tion, epigenetic silencing, and/or miRNA processing
alterations (Garzon et al. 2009). DNA hypermethylation
in the miRNA 5'regulatory region is a mechanism that
can account for the downregulation of miRNA in tumors
(Esteller 2008). The abnormal expression and function of
miRNAs may induce different kinds of tumours. However,
using miRNA mimics and antisense RNA techniques
could rectify abnormal changes in miRNAs, normalizing
the gene regulatory networks and signaling pathways
and reverse the phenotype of cancer cells.
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The mechanism of the occurrence of EC remains
unclear: cell malignant transformation might be influ-
enced by genetic background and environmental fac-
tors, such as hereditary factors, smoking and drinking,
diet habit, and chronic esophageal injury. BE is the most
common precancerous lesion and often advances to
EAC. Although endoscopic and histological diagnosis
are still the gold standard for surveillance of patients with
BE, both are limited, either by sampling errors in biopsies
or by differences in histological interpretation (Tischoff
and Tannapfel 2008). Thus, it is necessary to identify
new biomarkers of EC. MiRNAs and related genes have
been demonstrated to be potent tools for the diagnosis
and treatment of EC in the future. However, there are
still much obstacles to be overcome before clinical trails
of miRNA drugs in cancer treatment can commence,
such as the delivery of miRNAs to a specific tissue or
disease site, avoiding off-target effects, optimizing the
dose, assessing possible toxic reaction and minimizing
the likelihood of immune activation (Garzon et al. 2010;
Wang and Wu 2009). At present, systemic delivery usually
uses liposomes and viral vectors; however, nanoparticles
might offer new opportunities in this field (Wang et al.
2010). Ongoing progress in the miRNA field will bring a
better understanding of miRNA biogenesis and function,
which will certainly affect the development of miRNA-
based gene therapy.

Declaration of interest

The authors have no financial disclaimers. This work was
supported by research grants ZKM06038 and 3030708
from Nanjing Health Bureau.

References

Banerjee HN, Verma M. (2009). Epigenetic mechanisms in cancer.
Biomark Med 3:397-410.

Bohnsack MT, Czaplinski K, Gorlich D. (2004). Exportin 5 is a RanGTP-
dependent dsRNA-binding protein that mediates nuclear export of
pre-miRNAs. Rna 10:185-191.

Borchert GM, Lanier W, Davidson BL. (2006). RNA polymerase III
transcribes human microRNAs. Nat Struct Mol Biol 13:1097-1101.

Chendrimada TP, Gregory RI, Kumaraswamy E, Norman J, Cooch
N, Nishikura K, Shiekhattar R. (2005). TRBP recruits the Dicer
complex to Ago2 for microRNA processing and gene silencing.
Nature 436:740-744.

Cho WC. (2010). MicroRNAs in cancer - from research to therapy.
Biochim Biophys Acta 1805:209-217.

Dijckmeester WA, Wijnhoven BP, Watson DI, Leong MP, Michael MZ,
Mayne GC, Bright T, Astill D, Hussey DJ. (2009). MicroRNA-143 and
-205 expression in neosquamous esophageal epithelium following
Argon plasma ablation of Barrett’s esophagus. j Gastrointest Surg
13:846-853.

Elmén J, Lindow M, Schiitz S, Lawrence M, Petri A, Obad S, Lindholm
M, Hedtjarn M, Hansen HE, Berger U, Gullans S, Kearney P, Sarnow
P, Straarup EM, Kauppinen S. (2008). LNA-mediated microRNA
silencing in non-human primates. Nature 452:896-899.

Esteller M. (2008). Epigenetics in cancer. n Englj Med 358:1148-1159.

Fassan M, Mescoli C, Volinia S, Pizzi M, Palatini J, Baffa R, Clemente
R, Rizzetto C, Croce C, Zaninotto G, Ancona E, Rugge M (2010)
Micrornas are deregulated in Barrett’s carcinogenesis. Digestive
and Liver Disease 42: S146

© 2011 Informa UK, Ltd.

MicroRNAs in esophageal carcinoma 635

Feber A, Xi L, Luketich JD, Pennathur A, Landreneau RJ, Wu M,
Swanson SJ, Godfrey TE, Litle VR. (2008). MicroRNA expression
profiles of esophageal cancer. j Thorac Cardiovasc Surg 135:255-60;
discussion 260.

Garofalo M, Croce CM. (2011). microRNAs: Master regulators as
potential therapeutics in cancer. Annu Rev Pharmacol Toxicol
51:25-43.

Garzon R, Calin GA, Croce CM. (2009). MicroRNAs in Cancer. Annu
Rev Med 60:167-179.

Garzon R, Marcucci G, Croce CM. (2010). Targeting microRNAs in
cancer: rationale, strategies and challenges. Nat Rev Drug Discov
9:775-789.

Guo Y, Chen Z, Zhang L, Zhou F, Shi S, Feng X, Li B, Meng X, Ma X,
Luo M, Shao K, Li N, Qiu B, Mitchelson K, Cheng J, He J. (2008).
Distinctive microRNA profiles relating to patient survival in
esophageal squamous cell carcinoma. Cancer Res 68:26-33.

Harata K, Ishiguro H, Kuwabara Y, Kimura M, Mitsui A, Ogawa R,
Katada T, Tanaka T, Shiozaki M, Fujii Y. (2010). MicroRNA-34b has
an oncogenic role in esophageal squamous cell carcinoma. Oncol
Lett 1:685-689

Harris CC. (2010) Interweaving microRNA, inflammatory cytokine
and p53 pathways in human cancer. EurJ Canc, Supplement 8:7-8

Hiyoshi Y, Kamohara H, Karashima R, Sato N, Imamura Y, Nagai Y,
Yoshida N, Toyama E, Hayashi N, Watanabe M, Baba H. (2009).
MicroRNA-21regulatesthe proliferationandinvasionin esophageal
squamous cell carcinoma. Clin Cancer Res 15:1915-1922.

Hong L, Han Y, Zhang H, Li M, Gong T, Sun L, Wu K, Zhao Q, Fan D.
(2010). The prognostic and chemotherapeutic value of miR-296 in
esophageal squamous cell carcinoma. Ann Surg 251:1056-1063.

Hu Y, Correa AM, Hoque A, Guan B, Ye E Huang J, Swisher SG, Wu
TT, AjaniJA, Xu XC. (2011). Prognostic significance of differentially
expressed miRNAs in esophageal cancer. Int j Cancer 128:132-143.

Hummel R, Hussey DJ, Michael MZ, Haier J, Bruewer M, Senninger N,
Watson DI. (2011). MiRNAs and their association with locoregional
staging and survival following surgery for esophageal carcinoma.
Ann Surg Oncol 18:253-260.

Inoue N, Isomoto H, Matsushima K, Hayashi T, Kunizaki M,
Hidaka S, Machida H, Mitsutake N, Nanashima A, Takeshima F,
Nakayama T, Ohtsuru A, Nakashima M, Nagayasu T, Yamashita
S, Nakao K, Kohno S. (2010) Down-regulation of microRNA 10a
expression in esophageal squamous cell carcinoma cells. Oncol
Lett 1:527-531

Kan T, Meltzer SJ. (2009). MicroRNAs in Barrett’s esophagus and
esophageal adenocarcinoma. Curr Opin Pharmacol 9:727-732.

Kan T, Sato F, Ito T, Matsumura N, David S, Cheng Y, Agarwal R, Paun
BC, Jin Z, Olaru AV, Selaru FM, Hamilton JP, Yang J, Abraham JM,
Mori Y, Meltzer SJ. (2009). The miR-106b-25 polycistron, activated
bygenomicamplification, functions asan oncogene by suppressing
p21 and Bim. Gastroenterology 136:1689-1700.

Kano M, Seki N, Kikkawa N, Fujimura L, Hoshino I, Akutsu Y,
Chiyomaru T, Enokida H, Nakagawa M, Matsubara H. (2010).
miR-145, miR-133a and miR-133b: Tumor-suppressive miRNAs
target FSCN1 in esophageal squamous cell carcinoma. Int j Cancer
127:2804-2814.

Kim VN. (2005). MicroRNA biogenesis: coordinated cropping and
dicing. Nat Rev Mol Cell Biol 6:376-385.

Kim YK, Kim VN. (2007). Processing of intronic microRNAs. Embo |
26:775-783.

Kimura S, Naganuma S, Susuki D, Hirono Y, Yamaguchi A, Fujieda S,
Sano K, Itoh H. (2010). Expression of microRNAs in squamous cell
carcinoma of human head and neck and the esophagus: miR-205
and miR-21 are specific markers for HNSCC and ESCC. Oncol Rep
23:1625-1633.

Kitade Y, Akao Y. (2010). MicroRNAs and their therapeutic potential
for human diseases: microRNAs, miR-143 and -145, function as
anti-oncomirs and the application of chemically modified miR-
143 as an anti-cancer drug. j Pharmacol Sci 114:276-280.

Kota J, Chivukula RR, O’'Donnell KA, Wentzel EA, Montgomery CL,
Hwang HW, Chang TC, Vivekanandan P, Torbenson M, Clark KR,
Mendell JR, Mendell JT. (2009). Therapeutic microRNA delivery

RIGHTS LI MN Kiy



Biomarkers Downloaded from informahealthcare.com by Peking University on 11/14/12
For personal use only.

636 SuQ.Lietal.

suppresses tumorigenesis in a murine liver cancer model. Cell
137:1005-1017.

Lee KH, Goan YG, Hsiao M, Lee CH, Jian SH, Lin JT, Chen YL, Lu
PJ. (2009). MicroRNA-373 (miR-373) post-transcriptionally
regulates large tumor suppressor, homolog 2 (LATS2) and
stimulates proliferation in human esophageal cancer. Exp Cell Res
315:2529-2538.

Lee Y, Kim M, Han J, Yeom KH, Lee S, Baek SH, Kim VN. (2004).
MicroRNA genes are transcribed by RNA polymerase II. Embo |
23:4051-4060.

Luthra R, Singh RR, Luthra MG, Li YX, Hannah C, Romans AM, Barkoh
BA, Chen SS, Ensor J, Maru DM, Broaddus RR, Rashid A, Albarracin
CT. (2008). MicroRNA-196a targets annexin Al: a microRNA-
mediated mechanism of annexin Al downregulation in cancers.
Oncogene 27:6667-6678.

LvJ, Cao XF, Zhu B, Ji L, Tao L, Wang DD. (2009). Effect of neoadjuvant
chemoradiotherapy on prognosis and surgery for esophageal
carcinoma. World j Gastroenterol 15:4962-4968.

Maru DM, Singh RR, Hannah C, Albarracin CT, Li YX, Abraham R,
Romans AM, Yao H, Luthra MG, Anandasabapathy S, Swisher
SG, Hofstetter WL, Rashid A, Luthra R. (2009). MicroRNA-196a
is a potential marker of progression during Barrett’s metaplasia-
dysplasia-invasive adenocarcinoma sequence in esophagus. Am j
Pathol 174:1940-1948.

Mathé EA, Nguyen GH, Bowman ED, Zhao Y, Budhu A, Schetter AJ,
Braun R, Reimers M, Kumamoto K, Hughes D, Altorki NK, Casson
AG, Liu CG, Wang XW, Yanaihara N, Hagiwara N, Dannenberg
AJ, Miyashita M, Croce CM, Harris CC. (2009). MicroRNA
expression in squamous cell carcinoma and adenocarcinoma
of the esophagus: associations with survival. Clin Cancer Res
15:6192-6200.

Matsushima K, Isomoto H, Inoue N, Nakayama T, Fukuda M, Akazawa
Y, Yamaguchi N, Ohnita K, Takeshima F Nakao K. (2010a)
Involvement of micrornas in the invasion of esophageal cancer
cells. AnnOncol 21: viii48

Matsushima K, Isomoto H, Kohno S, Nakao K. (2010b). MicroRNAs
and esophageal squamous cell carcinoma. Digestion 82:138-144.

Melo SA, Moutinho C, Ropero S, Calin GA, Rossi S, Spizzo R,
Fernandez AF, Davalos V, Villanueva A, Montoya G, Yamamoto
H, Schwartz SJr, Esteller M. (2010). A genetic defect in exportin-5
traps precursor microRNAs in the nucleus of cancer cells. Cancer
Cell 18:303-315.

Merritt WM, Bar-Eli M, Sood AK. (2010). The dicey role of Dicer:
implications for RNAi therapy. Cancer Res 70:2571-2574.

MoriY, Ishiguro H, Kuwabara Y, Kimura M, Mitsui A, Ogawa R, Katada
T, Harata K, Tanaka T, Shiozaki M, Fujii Y. (2009). MicroRNA-21
induces cell proliferation and invasion in esophageal squamous
cell carcinoma. Mol Med Report 2:235-239.

Nguyen GH, Schetter AJ, Chou DB, Bowman ED, Zhao R, Hawkes JE,
Mathé EA, Kumamoto K, Zhao Y, Budhu A, Hagiwara N, Wang
XW, Miyashita M, Casson AG, Harris CC. (2010). Inflammatory
and microRNA gene expression as prognostic classifier of
Barrett’s-associated esophageal adenocarcinoma. Clin Cancer Res
16:5824-5834.

Ogawa R, Ishiguro H, Kuwabara Y, Kimura M, Mitsui A, Katada T,
Harata K, Tanaka T, Fujii Y. (2009). Expression profiling of micro-
RNAs in human esophageal squamous cell carcinoma using
RT-PCR. Med Mol Morphol 42:102-109.

Ohashi S, Kalman RA, Natsuizaka M, Grugan KD, Stairs DB, Kalabis J,
Andl C, Yang Y, Rhoades B, Pear WS, Katz JP, Nakagawa H. (2009)
Genetic Ablation of the notch signaling promotes TGF-(f3)-induced
epithelial-mesenchymal transition involving posttranscriptional
regulation of ZEB1 and ZEB2 By MicroRNA-200 family members.
Gastroenterol 136:A54

Ohta M, Mimori K, Fukuyoshi Y, Kita Y, Motoyama K, Yamashita K,
Ishii H, Inoue H, Mori M. (2008). Clinical significance of the
reduced expression of G protein gamma 7 (GNG7) in oesophageal
cancer. Br j Cancer 98:410-417.

Petrocca F Lieberman J. (2009). Micromanipulating cancer:
microRNA-based therapeutics? rna Biol 6:335-340.

Sharma S, Kelly TK, Jones PA. (2010). Epigenetics in cancer.
Carcinogenesis 31:27-36.

Smith CM, Watson DI, Michael MZ, Hussey DJ. (2010). MicroRNAs,
developmentof Barrett’s esophagus, and progression to esophageal
adenocarcinoma. World j Gastroenterol 16:531-537.

Takashima N, Ishiguro H, Kuwabara Y, Kimura M, Haruki N, Ando
T, Kurehara H, Sugito N, Mori R, Fujii Y. (2006). Expression and
prognostic roles of PABPCI in esophageal cancer: correlation with
tumor progression and postoperative survival. Oncol Rep 15:667-671.

Tian Y, Luo A, Cai Y, Su Q, Ding F, Chen H, Liu Z. (2010). MicroRNA-
10b promotes migration and invasion through KLF4 in human
esophageal cancer cell lines. j Biol Chem 285:7986-7994.

Tischoff I, Tannapfel A. (2008). Barrett’s esophagus: can biomarkers
predict progression to malignancy? Expert Rev Gastroenterol
Hepatol 2:653-663.

Tsuchiya S, Fujiwara T, Sato F, Shimada Y, Tanaka E, Sakai Y, Shimizu
K, Tsujimoto G. (2011). MicroRNA-210 regulates cancer cell
proliferation through targeting fibroblast growth factor receptor-
like 1 (FGFRL1). j Biol Chem 286:420-428.

Van Baal ], Vleggaar FP, Siersema PD. (2009) Are MicroRNA-215
and 199a-5p potentially useful biomarkers in the development
of Barrett’'s esophagus and esophageal adenocarcinoma?
Gastroenterol 136:A304

Wang], SuiM, FanW. (2010). Nanoparticles fortumortargeted therapies
and their pharmacokinetics. Curr Drug Metab 11:129-141.

Wang V, Wu W. (2009). MicroRNA-based therapeutics for cancer.
Biodrugs 23:15-23.

Wijnhoven BP, Hussey DJ, Watson DI, Tsykin A, Smith CM, Michael
MZ; South Australian Oesophageal Research Group. (2010).
MicroRNA profiling of Barrett’s oesophagus and oesophageal
adenocarcinoma. Br j Surg 97:853-861.

Wu BL, Xu LY, Du ZP, Liao LD, Zhang HF, Huang Q, Fang GQ, Li EM.
(2011). MiRNA profile in esophageal squamous cell carcinoma:
downregulation of miR-143 and miR-145. World j Gastroenterol
17:79-88.

Wu W. (2011). Modulation of microRNAs for potential cancer
therapeutics. Methods Mol Biol 676:59-70.

Yang H, Gu J, Wang KK, Zhang W, Xing J, Chen Z, Ajani JA, Wu X.
(2009). MicroRNA expression signatures in Barrett’s esophagus
and esophageal adenocarcinoma. Clin Cancer Res 15:5744-5752.

Ye Y, Wang KK, Gu J, Yang H, Lin J, Ajani JA, Wu X. (2008). Genetic
variations in microRNA-related genes are novel susceptibility loci
for esophageal cancer risk. Cancer Prev Res (Phila) 1:460-469.

Yoshino M, Ishiwata T, Watanabe M, Matsunobu T, Komine O, Ono 'Y,
Yamamoto T, Fujii T, Matsumoto K, Tokunaga A, Naito Z. (2007).
Expression and roles of keratinocyte growth factor and its receptor
in esophageal cancer cells. Intj Oncol 31:721-728.

Yuan Y, Gong DJ, Liu XH, Lu FL. (2010). MiR-203 inhibits
proliferation and invasion of esophageal squamous cell
carcinoma. Academic Journal of Second Military Medical
University 31: 818-821.

YuanY, Zeng ZY, Liu XH, Gong D], Tao J, Cheng HZ, Huang SD. (2011).
MicroRNA-203 inhibits cell proliferation by repressing ?Np63
expression in human esophageal squamous cell carcinoma. bmc
Cancer 11:57.

Zhang H, Li M, Han Y, Hong L, Gong T, Sun L, Zheng X. (2010). Down-
regulation of miR-27a might reverse multidrug resistance of
esophageal squamous cell carcinoma. Dig Dis Sci 55:2545-2551.

Biomarkers

RIGHTS LI MN Kiy



	Potential clinical insights into microRNAs and their target genes in esophageal carcinoma
	Abstract
	Introduction
	MiRNAs biogenesis
	The two faces of miRNAs in tumours
	MiRNAs profiling and their target genes
	MiRNAs and its clinical insights
	MiRNAs and gene therapy

	Prospects
	Declaration of interest
	References


