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Metastasis-related miRNAs: a new
way to differentiate patients with

higher risk?

“If the detection of miRNAs overcomes the limitations of today’s
biomarkers, we will be able, in the near future, to improve diagnosis,
treatment, prognosis in cancer patients.”

Athina Markou', Evi Lianidou' & Vassilis Georgoulias*?

Metastasis refers to the spread of can-
cer cells to distant organs in the body.
Although metastasis is the major cause of
mortality in cancer patients, there are still
many unanswered questions at the cellu-
lar and molecular level. miRNAs seem to
join the pieces of this huge puzzle and may
offer the unique potential to understand
in a better way the biology of metastasis
and resistance mechanisms to established
therapies. This editorial focuses on the last
advances on the role of microRNAs in the
regulation of metastasis as well as in cancer
monitoring and therapy.

miRNAs are small molecules (22-25 nt)
that play an important role in gene regula-
tion, as they can target multiple ‘genes’ for
the ‘fine tuning’ of their expression. The
first association between miRNAs and can-
cer was shown in 2002 by George Calin and
Carlo Croce, who, after 7 years of research,
revealed that two miRNAs were causally
involved in the pathogenesis of chronic
lymphocytic leukemia [1]. Today, 12 years
after this important finding, a plethora of
more than 1800 human miRNAs have
been unveiled, and their role as key play-
ers in several stages of metastasis has been
demonstrated in several studies [2].

miRNAs could be paralleled as a coin
with two sides, as they seem to control

metastasis in various cancers either as
metastasis-suppressive miRNAs or as
metastasis-promoting miRNAs. It is also
important to note that the same miRNA
can act in a metastasis-suppressive or
metastasis-promoting role, depending
on the target. Their role in tumor inva-
sion and metastasis was first mentioned
by Bob Weinberg’s group, who docu-
mented a novel function for miR-10b in
promoting invasion and metastasis by
regulating the expression of the prometa-
static small GTPase RhoC [3]. Since then,
several groups started to investigate the
role of miRNAs in each step of metas-
tasis and there has been an explosion in
the number of publications concerning
metastasis-related miRNAs [4].

Today the list of miRNAs involved in
metastasis has increased exponentially;
some of them are established as anti-
metastatic miRNAs, such as miR-31,
miR-335, miR-451, miR-206, miR-126
and other prometastatic miRNAs such as
miR-10b, miR-373, miR-520c, miR-21,
miR-143 and miR-182.

Due to their small size and their
remarkable stability in several types of
clinical samples such as serum, plasma,
formalin-fixed, paraffin-embedded and

fresh-frozen tissues, miRNAs can serve
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“It is clear that despite their
small size, miRNAs will play
a significant role in the
fight against cancer in the

366

future”

as novel tumor biomarkers [5,6]. It has also
been shown that miRNA expression profiles
are similar between paired fresh-frozen tissues
and formalin-fixed, paraffin-embedded sam-
ples. Nowadays, many groups have focused on
studying the expression profile of miRNAs in
different types of cancer. The main questions
arising are:
e Could we distinguish high-risk from low-risk
patients by using only the expression pattern
of specific metastasis-related miRNAs?

e Could miRNAs expression profile be used in
the clinical setting?

e Do miRNAs have a potential as diagnostic,
prognostic and predictive biomarkers?

e Could miRNAs be used in cancer therapeu-
tics?

These questions are difficult to answer, but
scientific evidence is continuously supporting
the use of miRNAs toward these directions.
It is now clear that miRNAs are suitable for
discriminating malignant from nonmalignant
tissues in breast, colon, lung, renal, prostate and
other types of cancer [7]. Moreover, by using
miRNA expression profiles, poorly differenti-
ated tumors could be classified with better accu-
racy than by using mRNA expression profiles
8], and this finding is a very strong indication
that miRNA profiling could be used in cancer
diagnosis. Large high-throughput studies have
recently revealed that miRNA profiling has
not only the potential to clarify tumors, but
can additionally predict patient outcome with
high accuracy [9]. The potential of miRNAs in
predicting patient outcome and prognosis is
evident in several studies [10]. It has been clear
that overexpression of miR-21 correlates with
the presence of metastasis in non-small-cell
lung cancer patients, while underexpression of
let-7 and overexpression of miR-155 correlates
with poor postoperative survival in lung cancer
patients [11,12].

Increasing evidence indicates that the intro-
duction of specific miRNAs into cancer cells and
tissues induces favorable therapeutic responses.
Several preclinical animal studies provide evi-
dence demonstrating that the administration
of miRNAs induces therapeutic response by
blocking or reducing tumor growth [13]. Not
surprisingly, miRNA-targeting therapies are
an area of intense interest to pharmaceutical
companies and many such compounds are
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in preclinical and clinical development for a
variety of indications. Although, for the most
part, miRNA therapeutics is still in a preclini-
cal development phase. Two therapies have
reached clinical trials: one is LNA anti-miR [14]
and the other is miRNA mimic therapy, which
seems to be the new insight for cancer therapy.
Recently, MRX34 entered Phase I clinical tri-
als in patients with advanced hepatocellular
carcinoma [15].

Tumor resistance remains a major unresolved
obstacle to successful chemotherapy. miRNAs
play an important role in the development of
chemosensitivity or chemoresistance mecha-
nisms in different types of cancer, as miRNAs
can change the cellular response to a specific
drug or class of drugs, not only through sur-
vival or apoptotic signaling but also by interfer-
ing with specific drug targets [16,17]. A strong
association between low miR-26 expression and
both prognosis and response to IFN therapy in
patients with hepatocellular carcinoma has been
reported [18]. Nevertheless, the first clinical trial
evaluating miRNA levels during exposure to
targeted therapies is ongoing [19]. These results
will show if changes in miRNA expression levels
can have a predictive function and can provide
the demonstration of their causative role in the
onset of resistance or even identify novel thera-
peutic targets [17].

Mitchell et al. were the first who clearly
showed that circulating miRNAs originate from
cancer tissues and are protected from endog-
enous RNase activity, reflecting the potential
of circulating miRNAs to serve as circulating
tumor biomarkers [20]. The presence of circu-
lating miRNAs in body fluids may represent
a gold mine of noninvasive tumor biomarkers,
since deregulated miRNA expression is an early
event in tumorigenesis. Measuring circulating
miRNA levels may also be useful for early can-
cer detection, which can contribute greatly to
the success of treatment. More than 200 studies
so far have assessed the potential use of serum
or plasma miRNAs as biomarkers in different
types of cancer. Interestingly, highly expressed
circulating miRNAs from cancer patients have
been reported to return to a normal level after
tumor resection [21,22].

The finding that miRNAs are included in
exosomes could explain their stability in blood
23]. Very recently Melo ¢t al. have shown that the
presence of specific miRNAs in exosomes could
unravel the possible role of cancer exosomes in
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inducing an oncogenic ‘field effect’ that further
subjugates adjacent normal cells to participate in
cancer development and progression [24].

It is clear that despite their small size,
miRNAs will play a significant role in the fight
against cancer in the future. If the detection of
miRNAs overcomes the limitations of today’s
biomarkers, we will be able, in the near future,
to improve diagnosis, treatment, prognosis in
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cancer patients.
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