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Abstract

The incidence of esophageal cancer is rising, mostly
because the increasing incidence of esophageal
adenocarcinoma in Western countries. Despite
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improvements in diagnosis and treatment, the overall
5-year survival rates remain low. MicroRNAs (miRNAs)
are small non-coding RNA molecules that regulate the
expression of target genes. Recently, disease specific
miRNAs have been identified, which act as tumor
suppressors or oncogenes. In this review, we will
summarize the current knowledge about the function
of aberrantly expressed miRNAs in esophageal cancer.
We selected 5 miRNAs (miRNA-21, -143, -145, -196a
and let-7) based on the available literature, and
described their potential role in regulating pathways
that are deregulated in esophageal cancer. Finally we
will highlight the current achievements of using and
targeting miRNAs. Because these miRNAs likely have
important regulatory roles in cancer development,
they open a therapeutic window for new treatment
modalities.

Key words: Esophageal cancer; Esophageal squamous
cell carcinoma; Esophageal adenocarcinoma; MicroRNAs;
Target genes
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Core tip: MicroRNAs (miRNAs) likely have important
regulatory roles in the development of cancer as
they target essential pathways. Here, we review the
function of aberrantly expressed miRNAs in esophageal
cancer, with the aim to provide guidelines for future
studies focusing on the function of miRNAs and the
development of new treatment modalities.
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INTRODUCTION

Esophageal cancer is the 8" most common cancer and
the 6™ most lethal cancer worldwide™. Esophageal
cancer is divided into two main histopathological
subtypes; esophageal squamous cell carcinoma (ESCC)
and esophageal adenocarcinoma (EAC). ESCC develops
in esophageal squamous cells while EAC develops
in intestinal type epithelium containing goblet cells,
which is also known as Barrett’s esophagus (BE). Both
cancer types are different in development, etiology
and treatment. Due to fact that most patients have
already distant metastases at the time of diagnosis,
the prognosis of esophageal cancer remains poor.
Despite improvements in diagnosis and treatment,
the overall 5-year survival rate is 15%-20%, and only
after treatment with a curative intent, the survival rate
increases to 47%".

MicroRNAs (miRNAs) are small non-coding RNA
molecules of 20-24 nucleotides long that modulate
the expression of target genes. They are first
transcribed from DNA as parts of longer molecules
(pre-miRNA) and undergo final processing by dicer
in the cytoplasm to form mature miRNAs®!. miRNAs
are present in tissue, blood and other body fluids
and have emerged as critical components of complex
functional pathways involved in processes such as
differentiation, apoptosis and proliferation™!. Recently,
numerous studies have identified tissue or disease
specific miRNAs by extensive miRNA-profiling. These
studies have identified miRNAs which are aberrantly
expressed in esophageal cancer for example miR-21,
-145, -192, which are upregulated and miRNA-31,
-203, -205 and let-7 which are often downregulated
compared to normal esophageal tissue®®., These
findings have led to the identification of miRNAs that
act as tumor suppressors or oncogenes. In addition,
several studies have shown that aberrant expression of
specific miRNAs correlates with the survival of patients
with esophageal cancer, presence of metastasis and
response to neo-adjuvant therapies[S]. However, to
date little is known about the cellular function of these
differently expressed miRNAs.

In this review, we will summarize the function of
miRNAs in the carcinogenic process of the esophagus.
Using PubMed, we identified studies that evaluated
the effects of miRNAs in ESCC or EAC and selected
five miRNAs, miRNA-21, -143, -145, -196a and
let-7, which are known to be up- or downregulated
in esophageal cancer. Moreover, we will describe the
current development of novel anti-cancer therapy by
targeting miRNAs.

MIRNA-21 ACTS AS AN ONCOGENE
IN ESOPHAGEAL SQUAMOUS CELL

CARCINOMA
MiRNA-21 is reported to be an oncogene and is highly

Baishidenge ~ WJG | www.wjgnet.com

expressed in various malignancies'. Next to colon

and gastric cancert”), miRNA-21 expression is also
upregulated in esophageal cancer. In ESCC, miRNA-21
expression is consistently reported to be higher
expressed compared to normal adjacent squamous
epithelium®™*, Moreover, increased expression of
miRNA-21 is associated with more advanced stages
of ESCC®., Profiling studies of EAC have also shown
upregulated miRNA-21 expression in EAC compared to
normal adjacent squamous epithelium™ ™, In addition,
high miRNA-21 expression is already observed in the
known precursor of EAC, BE!****], This indicates that
miRNA-21 plays an important role in the carcinogenic
process that occurs in the esophagus. Several studies
have focused on functional roles of miRNA-21 during
cancer development of the esophagus.

In vitro studies using ESCC cell lines showed
increased cell viability upon miRNA-21 precursor
transfection®?!, This increase in cell viability could be
the effect of miRNA-21 targeting the PI3K pathway.
This pathway regulates various cellular processes
including metabolism, proliferation and cell migration
and is one of the most critical cancer-promoting
pathways. In short, PI3K catalyzes the formation
of PIP3, which transduces activating signals to the
serine-threonine kinase AKT, which in his turn is
able to phosphorylate a wide array of additional
substrates that also induces proliferation and sur-
vival. Phosphatase and tensin homolog deleted on
chromosome 10 (PTEN) is an antagonist of this path-
way; it dephosphorylates PIP3 and subsequently
inhibits activation of AKT™®. Dysregulation of the
PI3K pathway through selective mutations have been
reported in numerous cancers™®,

In ESCC, Ma et al? observed an inverse correlation,
however not statistically significant, between miRNA-21
expression and PTEN protein expression (Table 1
summarizes the function of all miRNAs described
in this review). In vitro transfection experiments
overexpressing miRNA-21 showed no significant effect
on PTEN mRNA expression, but a downregulation of
PTEN protein expression was observed. This suggests
that miRNA-21 targets PTEN at a post-transcriptional
level. In addition, knockdown of miRNA-21 leads
to significantly upregulated PTEN expression®**®),
Moreover, Huang et al''”' showed, that after PTEN
downregulation, pAKT is dephosphorylated. Based
on these studies, it can be concluded that miRNA-21
inhibits PTEN thereby inhibiting the PI3K pathway
leading to increased proliferation and cancer cell
survival.

Next to regulating the PI3K pathway, Liu et aff
reported that miRNA-21 targets programmed cell
death 4 (PDCD4) gene in ESCC. This is in line with
other studies, which have shown that miRNA-21
directly targets PDCD4 in colorectal cancer, hepa-
tocellular carcinoma and breast cancer'***!), PDCD4 is
a recently discovered tumor suppressor which controls
cell migration, directs apoptosis and regulates the

10]
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Table 1 MiRNAs and their targets in esophageal cancer

miRNA Expression ESCC EAC Related biological function Ref.
profile
miRNA-21 il PTEN Cell proliferation [8,17,18]
PDCD4 Cell migration, apoptosis [9]
Let-7 | HMGA2 Cell proliferation [25,26]
IL-6 Cytokine activity [27]
miRNA-143 and -145 1 FSCN FSCN Cell migration [29,32]
ERK5 Cell proliferation, cell migration [30]
miRNA-196a il Annexin Al Apoptosis [38,39]
SPRR2C Pseudogene [38]
S100A9 Cell differentiation, cell proliferation [38]
KRT5 Cell architecture [38]
RAP1A Cell proliferation, cell adhesion and cell migration [41]

miRNAs with corresponding expression profile (T = upregulated, | = downregulated in esophageal cancer), described targets and related biological

function in esophageal squamous cells carcinoma (ESCC) and esophageal adenocarcinoma (EAC).

cellular response to DNA damage. In various types of
cancer tissue, PDCD4 expression is downregulated.
This was also observed in ESCC, where high expression
of PDCD4 was detected in normal squamous
epithelium in contrast to ESCC"%??!, In addition, in
ESCC an inverse correlation of PDCD4 with miRNA-21
was reported™ . Future studies should determine if
miRNA-21 also targets PDCD4 during the carcinogenic
processes that occur in the transition from BE to EAC.

LET-7 ACTS AS A TUMOR SUPPRESSOR

IN ESOPHAGEAL CANCER

One of the first miRNAs discovered, the let-7 family
is comprised of 12 family members and have an
overlapping set of target genes™®. In the earliest
phases of embryology, the let-7 family is not expressed
while expression is upregulated during later stages
of development. During neoplastic progression, let-7
is often downregulated and therefore considered to
be a tumor suppressort?, In both ESCC and EAC,
downregulated expression of let-7 has been reported
and downregulated expression is associated with a
poor prognosis™®.

Overexpression of let-7 in an ESCC cell line resulted
in decreased cell viability compared to cells transfected
with a let-7 inhibitor®®!, Several studies have identified
high mobility group AT-Hook (HMGA2) as a putative
target of let-7"%, In contrast to let-7, expression of
HMGA2 is prominent during development and absent
in adult human tissues. However, during cancer
development HMGA2 is re-expressed and acts as
an oncogene by regulating cell proliferation®. An in
vitro study of Liu et al* observed decreased HMGA2
protein expression after let-7 overexpression in an
ESCC cell line. However, no difference was observed
in MRNA expression among the different groups
suggesting that let-7 targets HMGA2 at a post-
transcriptional level. Another paper from the same
group confirmed with a luciferase assay that let-7
directly targets HMGA2 in the esophagus™. To our
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knowledge, no studies regarding HMGA2 expression
have been performed in BE or EAC. It would be
interesting to determine if downregulated expression
of let-7 also results in upregulation of HGMA2 in EAC.
Future studies are required to elucidate this in detail.

Besides HGMA2 as putative target of let-7,
Sugimura et al’®! reported an inverse association
between both let-7b/c and IL6 expression in ESCC
tissue. IL-6 was identified as potential target using
the Target scan database. In addition, in vitro studies
have shown that let-7c overexpression significantly
reduced IL-6 expression in ESCC cell lines. Moreover,
expression of STAT3, a downstream target of IL-6,
was also reduced after let-7c overexpression'®’),
Findings by Sung et a/*® supported the results of this
study as they showed that let-7 directly targets IL6 in
cancer associated mesenchymal stem cells involved in
prostate cancer.

miRNA-143 AND miRNA-145 JOINTLY

ACT AS TUMOR SUPPRESSORS

miRNA-143 and miRNA-145 are positioned in close
proximity with each other on chromosome 5 and this
suggests that they have similar biological functions.
The expression of miRNA-143 and miRNA-145 is down-
regulated in both ESCC and EAC™". Furthermore,
downregulation of these miRNAs is reported to be
associated with increased invasion depth and lymph
node metastasis®*” suggesting a tumor suppressive
role for these miRNAs. In vitro studies have shown
that overexpression of both miR-143 and miR-145
significantly reduced cell proliferation and migration
while apoptosis was increased®" !, In addition,
overexpression of miRNA-143 decreased invasive
properties of ESCC cell lines®”.

Two different groups have shown that miRNA-145
directly targets fascin homolog (FSCN). Following
overexpression of miRNA-145, a significant down-
regulation in FSCN expression was observed?®%,
In addition, Liu et a/*® showed that miRNA-143
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also directly targets FSCN, with even a 2-fold higher
inhibition efficacy compared to miRNA-145. FSCN is an
important regulatory element in the maintenance and
stability of filamentous actin. It organizes filamentous
actin in well-ordered parallel bundles and plays a
crucial role in the formation of membrane protrusions.
It has been suggested that FSCN has an oncogenic
role as it promotes cell motility and migrationt®®3%,
Knockdown of FSCN in an ESCC cell line resulted in
decreased cell growth and cell invasion™. In addition,
high expression of FSCN correlates with poor survival
in ESCCP*.

Besides the effect on FSCN expression, it was also
suggested that miRNA-143 targets extracellular-signal-
regulated kinase 5 (ERK5) expression. This kinase is a
member of the mitogen activated protein kinase family
and is important for cell proliferation and angiogenesis.
Some reports have shown a potential role for ERK5
in cancer progression™. To our knowledge, only one
study investigated ERK5 expression in ESCC on protein
level. After overexpression of miRNA-143 in an ESCC
cell line, ERK5 expression was downregulated™., In
bladder cancer, overexpression of both miRNA-143
and -145 reduced ERK5 expression™®, However,
further studies are necessary to evaluate if ERKS5 is
a direct target of miRNA-143 and -145 and if the
downregulation is a downstream effect of targeting
another gene in the MEK5/ERK5 pathway in the
esophagus.

MIRNA-196a ACTS AS AN ONCOGENE

The miRNA-196 family contains three miRNAs: miRNA-
196a-1, miRNA-196a-2 and miRNA196b. miRNA-
196a-1 is located on chromosome 17 while miRNA-
196a-2 is located on chromosome 12. When these
miRNAs are processed to mature miRNAs, both have
identical mature nucleotide sequences (MiRNA196a)™".
In BE, the precursor of EAC, the expression of miRNA-
196a is already significantly upregulated compared
to the normal squamous epithelium. This increased
expression is also observed in EACP®, Further
studies are needed to specifically identify whether
this is miRNA-196a-1 or -196a-2 that is upregulated
in BE and EAC. For ESCC, publications concerning
miRNA-196 expression are limited.

Functional assays have shown that overexpression
of miR-196a in EAC cells resulted in increased cell
proliferation compared to control cells®®. However,
this study used SEG-1 cells, which later found to
be a cell line derived from lung cancer®”. The first
study which evaluated the effect of increased miRNA-
196a expression in EAC found an inverse correlation
comparing the expression of Annexin A1 and miRNA-
196a. As expected, miRNA-196a was upregulated
while Annexin A1 was downregulated in EAC compared
to normal squamous epithelium®. Annexin Al is a
crucial factor regulating apoptosis and suppression
of Annexin is often reported in malignancies”®. To
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confirm that annexin Al was a direct target of miRNA-
1963, luciferase assays were performed, showing that
miRNA-196a directly targets annexin A1”%. The same
group also showed an inverse correlation between the
expression of miRNA-196a and SPRR2C, S100A9 and
Keratin 5. To confirm these putative targets, in vitro
miRNA-196a overexpression and luciferase-based
assays were performed in EAC cell lines®®®.

In addition, Wang et al"*" showed in ESCC cell
lines that miRNA-196a directly inhibits RAP1A.
RAP1A belongs to the family of RAS-related proteins
regulating a wide range of biological processes, i.e.,
cell proliferation, cell adhesion and cell mobility™".
In patients with ESCC, high expression of RAPla is
associated with lymph node metastasis. Overexpression
of RAP1A in an ESCC cell line resulted in increased
migration and invasion. In addition knockdown of
RAP1A resulted in decreased migration and invasion™..
To our knowledge, this is the only study which have
reported RAP1A as a target for miRNA-196a. It would
be interesting if other groups can confirm these results
and to further evaluate the effect of reduced expression
of RAP1A in ESCC.

CLINICAL APPLICATIONS OF MIRNAS

Results of the studies summarized above highlight the
important regulatory roles of miRNAs in mediating
changes in gene expression during the development
of esophageal cancer. These miRNAs are excellent
candidates for the development of novel treatment
modalities. Depending on the oncogenic or tumor
suppressive role(s) of the specific miRNA, it may be
possible to inhibit or replace its function through the
use of miRNA mimics and inhibitors. However until
now, the research field has mainly focused on the
identification of down-stream targets of miRNAs using
in vitro studies (Figure 1). Animal studies should
be the next step in order to elucidate whether the
manipulation of specific miRNAs could provide a new
therapeutic window for esophageal cancer. In a mouse
model of ESCC, knockdown of miRNA-21 reduced
tumor size and weight, suggesting a potential role for
miRNA-21 as therapeutic target in the treatment of
ESCC™. This study indicates that it should be possible
to translate the in vitro results to animal studies.
Recently, the first human study for the evaluation
of miRNA-based therapy was published. In patients
with chronic hepatitis C virus (HCV), Miravirsen, an
antisense oligonucleotide which binds and thereby
blocks miRNA-122, was randomly compared with
placebo. Treatment with Miravirsen was found to
dose-dependently reduce HCV RNA levels compared
to placebo™?. In addition, MRX34, a mimic of the
tumor suppressor miRNA-34, is currently evaluated
in an open-label phase 1 clinical trial in patients with
unresectable liver cancer (ClinicalTrials.gov number:
NCT01829971). These crucial studies will pave the way
for other phase 1 studies for miRNA-based therapies.
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Future studies
Phase-3 studies

Phase-1 studies

Phase-2 studies

‘ Animal studies

Current studies

‘ Experimental studies evaluating the function of miRNAs ‘

‘ Experimental profiling studies evaluating the expression of miRNAs ‘

Figure 1 Overview of study phases for developing miRNA-based therapies for esophageal cancer. An overview of the current and future studies for developing
miRNA-based therapies. The research field of esophageal cancer has mainly focused on the identification of miRNAs (profiling studies) and evaluating their specific
functions by identifying the targets using in vitro experiments. Animal studies provide insight whether the manipulation of miRNAs provide new therapeutic windows.
For the future, phase-1, -2 and -3 studies should be conducted in order to determine whether the manipulation of miRNAs could provide a new therapeutic window for

esophageal cancer.

Moreover the expression of specific miRNAs could
be used in order to individualize the treatment for
patients with esophageal cancer. For example, a
low expression of let-7c was found to correlate with
a poor response to chemotherapy!”’). Sensitivity to
cisplatin, which is commonly used as chemotherapy
in esophageal cancer, increased after transfection with
let-7c in ESCC cell lines®®”. Furthermore, Hummel et
al** compared the miRNA signature of chemoresistant
esophageal cell lines (both EAC as ESCC) to che-
motherapy sensitive controls and identified 18 miRNAs
that were significantly dysregulated compared to
controls. Q-RT-PCR validation of the microarray
experiments has identified numerous miRNAs aber-
rantly expressed in cisplatin resistant esophageal
cancer cell lines and 5-FU resistant esophageal
cancer cell lines It would be of high interest to further
investigate if these results can be translated into a
clinical setting in order to modify the treatment for
patients with esophageal cancer and increase disease
survival.

CONCLUSION

This review describes the current knowledge regarding
the function of aberrantly expressed miRNAs in
esophageal cancer. Overall there is a limited number
of studies published evaluating the effect of miRNAs
in esophageal cancer; however, the knowledge in
this field is rapidly expanding. Further studies to
identify putative targets of miRNAs will improve our
understanding of their function in the development
and progression of esophageal cancer. This knowledge
will improve the ability to utilize miRNAs clinically as
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therapeutic targets and/or as prognostic markers.
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