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Abstract

Metastasis to distant organs and not the primary tumor itself is usually the cause of death for
cancer patients. Hence, studying the key molecules and molecular pathways involved in metastasis
is essential. Metastasis is a complex process in which cancer cells detach from the original tumor,
migrate and invade through surrounding tissues and metastasize to other sites of the body through
circulation. Cell-extracellular matrix (ECM) adhesion proteins play a fundamental role in this
process as cancer cells need to weaken their adhesions in order to dissociate from the ECM as well
as the neighboring cells within the tumor and finally form new adhesions and invade surrounding
tissues. Ras suppressor-1 (RSU-1) was originally identified as a suppressor of Ras-dependent
oncogenic transformation and found to be localized to cell-ECM adhesions where it binds to
PINCH-1, a focal adhesion involved in cell survival. Although RSU-1 was connected to cancer
early on, little is known with regard to its expression in various cancer types or its role in
metastasis. In this article, we review the recent literature regarding the expression of RSU-1 in
various cancer types and its potential role in metastasis, discussing interesting findings and issues
that still need to be addressed.
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Cancer metastasis to distant organs, and not the primary tumor, is the main cause of death
for cancer patients. Metastasis is a complex biological process involving many different
steps in which connections to the extracellular matrix (ECM) are fundamental. More
specifically, the already disrupted cell-ECM and cell-cell adhesions in the primary tumor
undergo further changes (1-3) in order for cancer cells to be able to detach from the original
tumor mass, degrade adjacent ECM and invade through neighboring tissues to finally enter
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the circulation and form distant metastasis (Figure 1). Hence, integrins and ECM-related
adhesion proteins play important role in metastasis and invasive behavior of cancer cells (1).

| Introduction to Ras suppressor-1

Ras Suppressor-1 (RSU-1) gene was originally identified to suppress Ras-dependent
oncogenic transformation (4) and was found to be localized to human chromosome 10 (5).
Importantly, RSU-1 protein was later shown to be localized to cell-ECM adhesions through
its interaction with Particularly Interesting New Cysteine-Histidine-rich protein-1
(PINCH-1) (6), a cell-ECM adhesion adaptor protein vital for cell survival, apoptosis
resistance and cell shape modulation (7, 8). PINCH-1 is known to form a stable ternary
complex at cell-ECM adhesions along with adhesion proteins Integrin Linked Kinase (ILK)
and alpha-parvin (PARVA), which are also known to play important roles in cell survival (9).
Importantly, PARVA binds directly to actin connecting the whole IPP-RSU-1 complex to the
actin cytoskeleton and thus to functions such as cell spreading, migration and invasion that
require actin involvement and movement co-ordination (Figure 2).

RSU-1 was immediately connected to Ras-dependent oncogenic transformation since its
cloning in 1992 (4, 5), while there is consensus among researchers with regard to the fact
that RSU-1 has anti-tumorigenic effects suppressing cancer cell growth (4, 10-12).
However, little is known regarding its expression in cancer tissues, as well as its involvement
in metastasis and the underlining molecular mechanism.

A Gene expression of RSU-1 in cancer cells and tissues

Regarding the expression of RSU-1 in cancer cells and tissues, results are limited (Table 1).
A study involving colon cancer samples demonstrated that RSU-1 mRNA expression was
dramatically up-regulated in metastatic colon cancer samples compared to healthy controls
as well as compared to primary colon cancer samples (13). Another study in breast cancer
samples showed that RSU-1 expression level was elevated both at the mRNA and protein
level in samples from breast cancer patients compared to adjacent normal tissue of the same
patient. Moreover, it was shown that RSU-1 was more dramatically upregulated in metastatic
samples compared to non-metastatic (14) being associated with metastasis of breast cancer
cells to the lymph nodes (14). RSU-1 was also shown to be upregulated both at the protein
and mRNA level in aggressive cancer cell lines. For instance, it was found upregulated in
MDA-MB-231 breast cancer cells compared to less aggressive MCF-7 cells (14), as well as
in the aggressive HepG2 hepatocellular carcinoma cells compared to the less invasive
PLC/PRF/5 (Alexander) hepatoma cells (15).

B Effect of RSU-1 on metastasis-related properties

Given the fact that RSU-1 is upregulated in more invasive cancer cells as well as in several

metastatic tumors, it would be rational to hypothesize that it was involved in metastasis. A

few years ago it was demonstrated that depletion of RSU-1 from aggressive MDA-MB-468
breast cancer cells enhances cell migration (16), while its depletion from normal mammary
MCF-10A cells significantly reduces migration (17), suggesting a possibly different
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mechanism between cancer cell lines or a different function of RSU-1, depending on the
aggressiveness of the cell line.

Regarding its role in cell invasion, little was known until recently, when another /n vitro
study in hepatocellular carcinoma cells, indeed showed that RSU-1 depletion from the
highly invasive hepatocellular carcinoma HepG2 cells leads to increased cell proliferation
and reduced cell adhesion and invasion (15). This indicates that RSU-1 is implicated in HCC
cell invasive behavior. Furthermore, it was shown lately that RSU-1 siRNA-mediated
silencing also downregulates two major proteases known to be involved in the degradation of
matrix and the facilitation of invasion, namely, urokinase Plasminogen Activator (uPA), and
metalloproteinase-13 (18). More importantly, in the same study, tumor spheroids were
generated from three different breast cancer cell lines of different invasive potential and were
then embedded in three dimensional (3D) collagen gels. Strikingly, spheroids formed from
RSU-1-depleted cells exhibited dramatic reduction in their invasive capacity (18),
confirming the involvement of RSU-1 in metastasis-related processes. Finally, Kaplan-Meier
survival plot analysis using the /n sifico online tool Kaplan Meier plotter, corroborated that
high RSU-1 expression is associated with poor prognosis for distant metastasis-free and
remission-free survival in breast cancer patients (18).

C Known connections to main molecular pathways

Nevertheless, the molecular mechanism underlying RSU-1 functions within cells remains
vague. Most of the studies are focusing on its involvement in growth inhibition, as it has
been shown that overexpression of RSU-1 in breast cancer MCF-7 cells induces
upregulation of cell cycle regulator, p21CIP CDK inhibitor, which in turn suppresses cell
proliferation and tumor growth (11). In addition to that, another study showed that RSU-1
apart from inhibiting breast cancer cell proliferation, functions as an apoptosis-promoter by
upregulating the pro-apoptotic gene p53-upregulated-modulatore-of-apoptosis (PUMA)
(14). Furthermore, RSU-1 overexpression in response to Epidermal growth factor (EGF)
stimulation, led to increased Extracellular signal Regulated Kinase-2 (ERK) kinase
activation (11, 19), decreased activation of Jun kinase (11, 19) and reduced Rho kinase
(ROCK) activity (11). Regarding p38 Mitogen Activated Protein Kinase (MAPK) signaling,
RSU-1 depletion was demonstrated to activate p38 signaling in one study, suggesting that
RSU-1 is an inhibitor of p38 signaling (6), while RSU-1 depletion in another more recent
study was shown to abolish p38 signaling, suggesting RSU-1 can act as p38 activator (17).

Other RSU-1 functions also seem more complex. For instance, in one study RSU-1
depletion resulted in reduced expression level of PINCH-1, a known binding partner of
RSU-1 (17), and in elevated expression of PINCH-1 in another study (14).

I Concluding Remarks

RSU-1 is emerging as a novel and promising target of metastasis that should be evaluated
also as a potential metastasis biomarker. Current data point to the direction that RSU-1 is a
“friend” of metastasis promoting it in cancer cells. However, inhibiting RSU-1 seems to
abolish the cell invasion making potential inhibitory agents a “foe” of metastasis. Definitely
more research is needed in order to decipher the exact molecular mechanism involved and
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many questions remain still unanswered. For instance, is RSU-1 upregulated in other cancer
types apart from breast and colon cancer? Apart from PINCH-1, are there any other binding
partners that interact with RSU-1 and what is the proposed molecular mechanism of its
action? Could RSU-1 be a potent metastasis biomarker? If yes, for what type of cancer? Is
its role cell/tumor type-dependent? Lastly, since all the studies performed so far on RSU-1
have been performed in vitro, would /n vivo experiments blocking RSU-1 in animal cancer
models confirm in vitro findings?
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Figure 1. Schematic showing the initial stages of metastasis where RSU-1 isinvolved.
Cancer cells in /n situ cancer proliferate within the tumor while in invasive cancer cell

adhesion is disrupted and cells dissociate from the original tumor to migrate and invade
through surrounding tissues until they reach the circulation. Once in circulation, cells are
transferred to distant sites of the body where they colonize the sites and form metastasis.
RSU-1 localizes to cell-ECM adhesions and its expression is increased in invasive compared

to non-invasive cells.
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Figure 2. Schematic representation of the protein-protein interactions at the cell-ECM adhesion
sitesinvolving RSU-1.

RSU-1 binds to PINCH-1 which is connected to the IPP complex (ILK-PINCH-1-PARVA).
PARVA in turn binds directly to actin connecting the IPP-RSU-1 complex to actin
cytoskeleton and thus to functions such as cell spreading, migration and invasion.
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Table 1
Summary of literature findings on RSU-1 expression and cancer
Cancer type RSU-1 expression Reference No
Breast cancer Increased in 32 samples from breast cancer patients compared to respective adjacent normal 14
tissue and lymph node-metastatic samples compared to non-metastatic
Increased in aggressive MDA-MB-231 breast cancer cells compared to less aggressive 14
MCEF-7 cells
Colon cancer Increased in metastatic colon cancer samples compared to healthy controls or primary colon 13
cancer samples
Hepatocellular carcinoma | Increased in aggressive HepG2 hepatocellular carcinoma cells compared to the less invasive 15

PLC/PRF/5 (Alexander) hepatoma cells
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