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Racl has been described as a major player in glioma invasion and progression. The development of novel anti
Racl inhibitors, such as 1A-116, provides a targeted rational approach to counteract glioma progression. This
therapeutic strategy could affect the glioma cell behavior as well as its interplay with the microenvironment.
Further studies are needed to validate the effectiveness of this novel molecules and their use in glioma
progression.
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Introduction

Gliomas are brain neoplasms with a glial cell origin and
represent the most common primary tumors of the central
nervous system in humans, with a mean survival of less than
1 year. The current treatment for gliomas includes the use of
surgery, radio- and chemotherapy ™. Despite their limited
metastatic potential outside the central nervous system,
gliomas are characterized by their high invasion potential
throughout the brain. Migration and invasion of glioma cells
is one of the most challenging processes that mainly
contribute to the high frequency of tumor recurrence and
tumor progression [, Consequently, new therapeutic
approaches are essential to improve treatment outcome.

A key group of molecules involved in glioma cell invasion
are Rho-GTPases. These proteins are molecular switches that
cycle between two conformational states: an inactive
GDP-bound form and an active GTP-bound form. This cycle
is highly regulated by guanine nucleotide exchange factors

(GEFs) that catalyze nucleotide exchange and mediate
activation, and GTPase-activating proteins (GAPSs), that
stimulate GTP hydrolysis and inactivate the GTPase [¥l. The
active GTP-bound state binds preferentially to downstream
effector proteins and actively transduces signals 1.

Racl is one of the most studied members of the family and
controls fundamental cellular processes such as actin
cytoskeleton reorganization; affecting endocytosis and
trafficking, cell cycle progression, cell adhesion and
migration. Accumulating evidence indicates that Racl is
overexpressed and/or hyperactivated in a wide range of
nervous system tumors. In astrocytomas, Racl is
overexpressed in high-grade tumors. Notably, the plasma
membrane localization of Racl observed in a subset of
glioblastoma multiforme tumors, but not in low-grade
astrocytomas or non-neoplasic brain, indicates that Racl is
hyperactivated in glioblastomas > 6. Importantly, Racl was
identified as a key molecule involved in the invasive
behavior of gliomas. Many GEFs have been found to
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contribute to Racl activation and mediate glioma cell

motility, such as Ect2, Vav3, Trio, Dock180, among others [
8].

Due to their key role in many transforming events in
different cancer types, Rho GTPases are therefore attractive
and validated targets for anticancer therapies [°. Recently, we
identified ZINC69391 as a small molecule that inhibited
Racl-GEF interaction [ 11 We further developed novel
analogs using ZINC69391 as the parental compound and we
showed that 1A-116 analog is a more potent Racl inhibitor.
Both, ZINC693291 and 1A-116 had no effect on Cdc42
GTPase activation, a close-related Rho GTPase member of
Racl.

Two structurally unrelated families of GEFs have been
described so far: the classical Dbl and the atypical
Dock180-related families. The mechanism involving Trp56
by which many Dbl-GEFs bind and activate Racl has been
known for more than a decade 12 131, More recently, it has
been described that Dock180 also shares the same residue as
a determinant for specific recognition for Racl [ In
support of this, we already showed that ZINC69391 was able
to interfere Rac1-Tiaml (a dbl-family GEF) recognition and
ZINC69391 also blocks Rac1-Dock180 interaction. Dock180
has been characterized to contribute to the enhancement of
glioma cell migration and invasion via Racl activation.
Moreover, Dock180 was found to be involved in the
signaling pathways that mediate PDGFRo- and EGFRvlIII-
driven tumorigenesis and invasion in glioma, via Racl
activation 5 161 In line with the evidence indicating that
ZINC69391 blocks Racl-Dock180 interaction, ZINC69391
effectively reduced endogenous Racl activation levels. We
also examined the effect of ZINC69391 treatment on Pakl
phosphorylation. Pakl is widely expressed in a variety of
normal tissues, and its expression is significantly increased in
different cancers. In malignant glioblastoma,
immunohystochemical analysis showed that phosphorylated
Pak1l levels in the cytoplasm of glioma specimens correlated
with shorter survival time in patients 7). Our results present
that treatment of LN229 cells with ZINC69391 reduced Pakl
phosphorylation in a concentration-dependent manner upon
EGF stimulation. These results demonstrate that ZINC69391
inhibits Dock180-Racl-Pakl signaling pathway on glioma
cells in vitro.

In agreement with observations that used expression of
dominant-negative Racl to inhibit proliferation and survival
of glioma cell lines (81 ZINC69391 treatment showed
antiproliferative activity in LN229 and U-87 MG cell lines.
This inhibition was associated with a cell cycle arrest in G1
phase. We also show an increase in subGO cell population,
suggesting apoptosis induction. To extent our observations,

we evaluated the proapoptotic activity of ZINC69391.
Annexin V and TUNEL studies established that ZINC69391
induces apoptosis on glioma cell lines. These findings are in
agreement with observations that used recombinant
adenoviruses expressing dominant negative Racl on glioma
cell lines and glioblastoma primary cultures to suppress Racl
activity [°1. Senger et al, showed that Racl inhibition
induces apoptosis in glioma cells but not in normal human
astrocytes.

As previously mentioned, diffuse cell migration and
invasion are key properties of malignant gliomas. This
invasive behavior has major therapeutic implications, since it
is the major driver of glioma recurrence and therapeutic
failure 1. Surgery is unable to cure patients even when the
lesions arise in areas in which wide surgical resection is
possible, since glioma cells infiltrate throughout the brain.
Racl GEFs such as Ect2, Vav3 and Trio have been
implicated in glioblastoma cell invasion 2°! and Dock180 in
EGFRuvlll-driven invasion. This shows that Racl axis is
important for glioma motility. In agreement with
observations that used expression of dominant-negative Racl
and siRNA Racl to interfere with glioma cell invasion, our
data indicate that ZINC69391 modulates actin cytoskeleton
dynamics inhibiting cell migration and having a significant
impact on cell invasion in vitro.

Our data also show the increased potency of 1A-116
analog compared to parental ZINC69391 compound. This
analog was rationally designed using ZINC69391 as a lead
structure and was selected from a group of analogs because
better docking scores correlated with an improved in vitro
and in vivo potency on an aggressive breast cancer model.
Importantly, ZINC69391 and analog 1A-116 showed to be
more potent inhibitors than the described Racl inhibitor
NSC23766 on cancer cells in vitro (ICsp values: NSC23766:
140uM, ZINC69391: 61 pM, 1A-116: 4 pM) [0,

Interestingly, 1A-116 analog presented also an improved
antiproliferative activity compared to the parental analog on
glioma cells and this antiproliferative activity showed to be
Racl dependent using siRNA probes. We also show that
1A-116 analog is a more potent anti-invasive compound
using Matrigel coated-transwells, a key feature for an
anticancer agent for glioma treatment.

Taken together, our data provides evidence that
Dock180/Rac1/Pakl signaling pathway is downregulated by
ZINC69391 compound leading to inhibition of cell
proliferation and cell invasion on glioblastoma cell lines.
Treatment with ZINC69391 arrested glioma cells in G1
phase, triggered apoptosis and modulated actin cytoskeleton
dynamics, resulting in inhibition of cancer cell motility. We
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also show that 1A-116 analog inhibits in vitro proliferation
and invasion more efficiently.

We focused our data so far on the impact of Racl
inhibition in the tumor cell behavior. But this is only part of
the complex mechanism governing the biology of gliomas.
Tumor progression is orchestrated not only by glioma cells,
but also by the tumor microenvironment. This complex
network of different cell types, soluble factors, signaling
molecules and extracellular matrix components are a critical
aspect of the disease mechanism. Tumor-associated cells,
such as endothelial cells, pericytes, microglia, astrocytes and
macrophages have vital roles in the course of glioma
progression. This complex interplay also affects therapeutic
efficacy, since many of these cell types protect cancer cells
from anti-cancer agents?l. This represents an additional
challenge for glioma therapeutics and its effect on patient
outcome.

As mentioned before, GBM tumors are intrinsically
invasive and infiltrative. Cancer cells utilize different
strategies for migration, namely glioma dispersal into the
surrounding tissue involves detachment from the primary
location, attachment to and degradation of the extracellular
matrix (ECM), and finally migration. Racl has historically
been implicated in the molecular mechanisms of cell
migration, affecting mainly actin cytoskeletal reorganization.
But Racl regulation is also associated to matrix
metalloproteinase 2 (MMP-2) secretion and activity[??l,
Further, high levels of MMP-2 in tissues are associated with
tumor cell growth and invasion [231,

Apart from the infiltrative and invasive phenotype,
malignant brain tumors are among the most vascularized
tumors in humans [?4. Indeed, antiangiogenic strategies have
long been studied and applied in different cancer settings [2°]
and some drugs targeting the vascular endothelial growth
factor (VEGF) such as the monoclonal antibody
Bevacizumab (Avastin) are currently used in clinical therapy
of gliomas with some success [?. In this regard, strategies
targeting the autocrine or paracrine loop of VEGF expression
and secretion might be a plausible therapeutic approach.
Interestingly, Racl is an important regulator of
VEGF-mediated angiogenesis in different tumor types [#7],
including glioblastoma [281,

Growing evidence indicates that a cellular subpopulation
with stem cell like features, commonly referred to as glioma
stem-like cells (GSLCs), is critical for tumor generation and
maintenance. These GSLCs reside in stem-cell niches where
they integrate extracellular signals (VEGF, IL-6, IL-8,
IL-1beta), cell adhesion molecules and ECM components
resulting in sustained growth and angiogenesis promotion.

e
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Figure 1. Rac1l signaling participates in the interplay of glioma
cells with its brain microenvironment. Racl signaling pathway is
involved in glioma invasion, angiogenesis and GSLCs maintenance
via modulation of different molecular mechanisms. Rac1 inhibition by
1A-116 might be a plausible therapeutic approach to interfere glioma
progression.

This cellular subpopulation is also involved in chemotherapy
and radiotherapy resistance and contributes to glioma
patients relapse 2%, In this regard, Racl has been described
as a key molecule in maintenance of glioma cell stemness,

conferring radiation and chemotherapy resistance in GSLCs
[301,

Taken together, all these features show the intricate
landscape in glioma progression and therapeutics. As
schematized in Figure 1, glioma cell invasion, angiogenesis
and the presence of GSLCs are interconnected and mutually
dependent, supplying more levels of disease complexity.
This dynamic interaction provides a new rationale for the
development of novel anticancer strategies where
heterogeneous features of glioma cells and their
microenvironment should be targeted together to improve
patient outcome. Racl stands out as an interesting target in
this scenario, showing an important role in glioma cell
behavior and its interaction with the ECM and its cellular
components. There is an urgent need to validate Racl
targeting in relevant preclinical models to further contribute
with novel therapeutic options and try to restrain glioma
progression.
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