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Emerging molecular mechanisms underlying cancer metastasis:
the rising role of the long non-coding RNA GAS5
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Metastasis is a multistep process, wherein cells in a
primary tumor acquire invasive properties and disseminate
throughout the body to establish secondary tumors at
distant organs. During the metastatic cascade a complex
interaction of signals are involved and identification of
novel players in this process is crucial for cancer prognosis
and for the development of agents effective on late stage
malignancies. Although most of the studies in the literature
focus on protein modulators of metastasis, the relevance
of non-coding RNAs is now being appreciated. Long
non-coding RNAs (IncRNAs) are commonly referred to
as non-protein-coding RNA transcripts longer than 200
nucleotides. Emerging evidence has shown that IncRNAs
are dysregulated in multiple cancer types and have a
critical role in the process of metastasis (1). Of particular
interest in this regard is the IncRNA GASS5 (growth arrest-
specific transcript 5) which is down-regulated and inversely
correlates with clinicopathological characteristics such as
tumor size and metastasis progression in various human
cancers, such as renal clear cells and bladder cancer (2,3).
However, studies on melanoma are still scarce.

Recently, Chen ez al. (4) reported new insights on the role
of GASS as regulator of metastasis phenotype in melanoma
cells, testing the effects of modulating its expression by
silencing and over-expression in iz vitro melanoma cell
models and iz vivo in the nude mouse model. The authors
demonstrated that GASS controls the metastasis phenotype
via downregulation of the matrix metalloproteinases
(MMPs) 2 and 9, whose activity has been implicated in
proteolysis of the extra-cellular matrix (5). Of interest,
previous studies have reported an association of MMP2 and
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MMP9 expression with invasion and metastasis and poorer
survival in different cancers, although with contrasting
results (6). In primary and metastatic melanoma, MMP?2
expression was significantly increased, was associated with
worse survival of patients and was an independent molecular
prognostic factor (7,8).

Chen ez al. (4) have shown that the expression of these
metalloproteinases is inversely correlated with GASS
levels: overexpression of GASS inhibits the expression of
MMP2 and MMP9 whereas specific knockdown of GASS
increased the proteinase expression (Figure 14). However,
the mechanism by which GASS regulates the transcription
of MMP2 and MMP9 in vitro is largely unknown. In a
previous paper (9), aiming to detect whether there is any
direct interaction between GASS5 and MMP?2, the same
authors carried out an RNA pull-down assay, but the
mass spectrometry could not demonstrate this kind of
interaction. Given that a RNA-protein interaction has been
excluded, it will be important to investigate, for example
by chromatin immunoprecipitation, on the possibility that
GASS5 is involved in regulating the transcription of MMP2.

GASS5 negatively regulates even the expression of
vimentin, another protein associated with tumor invasion,
in vitro and in vivo, as demonstrated by Chang and
colleagues (10). In this paper, the expression level of GASS
was examined in hepatocellular carcinoma and adjacent
normal tissues of 50 patients, demonstrating that decreased
expression of GASS5 was closely associated with the tumor
differentiation. A significant negative correlation between
GAS5 and vimentin levels was observed, again suggesting
that GASS expression correlates with invasion processes.
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Figure 1 Putative regulatory role of GASS and GAS5-AS1 in metastasis phenotype. (A) Schematic illustration of the role of GASS and

GASS5-ASI in metastatic processes; (B) complementarity between the two IncRNAs could lead to an interaction that directly modulate RINA

stability or degradation, providing an explanation for enhanced or diminished transcripts abundance, and consequent effect on metastatic

process.

Relevant to this topic, Hu and colleagues (11) proposed
GASS5 as endogenous “sponge” to regulate migration and
invasion of hepatocellular carcinoma cells. In particular,
GASS5 has a complementary region with miR-21, an
important target of a large number of protein-coding
transcripts that have a role in migration and invasion of
cancer cells, and it can directly regulate miR-21 and its
targets (11). Unfortunately, no data were reported about the
role of GASS in the regulation of MMPs in hepatocellular
carcinoma. Although Chen and colleagues (4) demonstrated
that low expression of GASS promotes invasion and
migration by mediating MMP2 and MMP9 expression in
in vitro cell models and in the nude mouse model,
melanoma clinical samples are needed to confirm the
molecular function of the IncRINA.

Consistent with these studies, recent investigation
demonstrated that also the antisense RNA of GASS, GASS5-
ASI represses migration and invasion in non-small cell lung
cancer cells without altering proliferation and survival (12).
GAS5-AS1 is a IncRNA transcribed by a gene located

in chromosome 1, as GASS, and part of its sequence of
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nucleotides is complementary to the sense strand of GAS5.
Reduced expression of GAS5-AS1 in non-small cell lung
cancer samples as compared to the adjacent normal lung
tissues was significantly correlated with tumor-node-
metastasis stage, tumor size, and lymph node metastasis
while in vitro overexpression of GAS5-AS1 led to a dramatic
inhibition of migration and invasion in different non-
small cell lung cancer cell lines (12). To better understand
the molecular basis responsible for the inhibition of
migration and invasion mediated by GAS5-AS1, Wu and
colleagues explored potential targets associated with cell
migration and invasion. Elevated expression of GAS5-
AS1 in cells clearly decreased vimentin and several key
epithelial-mesenchymal transition markers (Figure 1A).
Intriguingly, GASS and GAS5-AS1 have a similar role in
this context, although, at least in non-small cell lung cancer,
they function in a different way: indeed, GAS5 mainly
inhibits cell proliferation and induces apoptosis, while
GASS5-ASI1 represses cell migration and invasion. It will
be interesting to study if the partial overlap of 40 or so 3'
terminal nucleotides between the two transcripts has a role
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in the balance of the levels of the two IncRNAs and in the
maintenance of these biological functions (Figure 1B).

Of particular interest is also the observation that some
agents such as rapamycin have been proven to increase
GASS expression (13) and this effect could contribute
to their anti-tumor and anti-metastatic activity (14).
Rapamycin has already been proposed as a co-treatment in
some chemotherapeutic protocols, to increase the cytotoxic
effect (15); given the mechanism highlighted in this
commentary, this co-treatment strategy could improve the
anti-metastatic effects, especially in patients with low levels
of GASS.

Careful and well-controlled investigations on the
molecular mechanisms of IncRNAs activity are needed
to understand their anti-metastatic and anti-proliferative
effects; in particular, GAS5 and its antisense GAS5-AS1
seem particularly promising. These studies could provide
new perspectives for IncRNA-directed diagnostics and anti-
metastatic drug targets.
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