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Aim of the work

It was shown in the 1980s that gallium (I11) ions may have anti-tumor
activity in animals. Unfortunately, clinical trials with simple gallium salts
failed because of the low bioavailability of oral gallium salts, renal toxicity
and the rapid onset of gallium resistance. Furthermore, gallium salts
hydrolyse rapidly to insoluble gallium hydroxide. A solution to these
problems consists in the complexation of the metal by a ligand. A number of
effective ligands have been proposed, demonstrated promising results in
preclinical studies and have entered clinical trials but with limited water
solubility. In this context there is a need to identify a gallium ligand able to

preserve the gallium from the hydrolysis while maintaining water solubility.

To address this issue, the present study was designed to prepare,
synthesize and characterize the chemical structure of water soluble
bioavailable gallium complex(es) by using different chemical analyses
methods. This work was also pre-designed to evaluate the anti-
invasion capabilities of the novel synthesized gallium complex(es)
through inspecting their inhibitory effect over some collagenase
enzymes such as (MMP-2 and MMP-9 and MM-14) as a possible
promising mechanism to control the invasion of some metastatic
tumors where, studies that touched that goal were scarce. Moreover,
an intensive biological study was performed to evaluate the antitumor
activity, possible mode of action including reactive oxygen species
activity, early and late stage apoptotic, Phosphoinositide-3
kinase/Protein kinase B pathways and collagenases inhibitory action

of the tested gallium complex(es).
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Abstract

It was shown in the 1980s that gallium salts may have anti-tumor
activity in animals. Unfortunately, clinical trials with either nitrate or
gallium chloride have failed for a variety of reasons including low
bioavailability, renal toxicity, and rapid onset of gallium resistance. So, the
main task of our work was to prepare and characterize the chemical structure
of some new water-soluble bioavailable gallium complexes derived from
aspartic acid and to study their possible biochemical effects on the activity
of metalloproteinases (collagenases) as a possible promising mechanism to
control the invasion of some metastatic tumors.

In the present study, two water soluble gallium complexes with
formula [Ga(IlI)LCI], where L stands for the deprotonated form of N-2-
hydroxybenzyl aspartic acid derivatives that were synthesized and
characterized by 1H NMR, 13C NMR, FT-IR, mass spectrometry and
elemental analysis. The analytical data are consistent with a mononuclear
structure in which the gallium (I11) cation is liganded by one of the two
carboxylic acid groups, the phenol oxygen and the nitrogen atom of the 2-
hydroxybenzylamino group. In such a structure, the tridendate ligand secures
the binding of the metal ion whereas the carboxylic appendage provides the
water solubility. The cytotoxicity of the gallium complex of (R)-2-(5-chloro-
2-hydroxybenzylamino) succinic acid (GS2) was evaluated against human
breast carcinoma MDA-MB231 and fibrosarcoma HT-1080 cell lines. The
5-chloro derivative GS2 was found to be more cytotoxic than the
unsubstituted derivative and GaCl;. GS2 induces apoptosis through down-
regulation of AKT phosphorylation, G2M arrest in cell cycle via activation

of the caspase3/7 pathway. Although, many molecular and cell effects of Ga
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have been described, including proteasome inhibition and osteoclastic
activities, GS2 appears as the first gallium compound able to decrease AKT
phosphorylation in cancer cells. The activity of GS2 on cell invasion and on
the expression and activity of Matrix Metalloproteinases (MMPs) was
investigated using modified Boyden chamber coated with type | collagen.
The activity of MMPs was analyzed by zymography and enzymatic assay
using high affinity fluorogenic substrates. A selective inhibition of MMP-14
has been reported to block tumor cell migration and invasion. The
expression of MMPs mRNA was analyzed by gRT-PCR. GS2 induces a
decrease in cell invasion. A dose dependent inhibition effect was observed
on MMP-2, MMP-9 and MMP-14 activities. A decrease in MMP-14 mRNA
expression was observed in both cell lines, whereas MMP-2 and MMP-9
MRNA expression was decreased only in MDA-MB231 cells. Thus, the
present study proposes that GS2 compound may be a potential candidate to
decrease the MMP-14 activity in cancer metastatic diseases presenting high
level of MMP-14 expression and activity. Taken together, these data show
that the possible future combination of GS2 with cytotoxic chemotherapy
may be considered one of the promising treatment modes for anti-invasive

and anticancer therapy.

Keywords: gallium, coordination complex, anticancer agent,

metastasis, matrix metalloproteinase
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