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The present thesis was designed to study the effects and mechanisms of methylmercury
(MeHg) toxicity on neuronal and endothelial cells.

The first chapter report a study entitled “MARCKS is involved in MeHg-induced
decrease in cell viability and nitric oxide production in EA.hy926 cells”. MeHg is a persistent
environmental contaminant that has been reported worldwide. MeHg exposure has been reported
to lead to increased risk of cardiovascular diseases; however, the mechanisms underlying the
toxic effects of MeHg on the cardiovascular system have not been well elucidated. We have
previously reported that mice exposed to MeHg had increased blood pressure along with
impaired endothelium-dependent vasodilation. In this study, we investigated the toxic effects of
MeHg on a human endothelial cell line, EA.hy926. Although it has been reported that the
alteration in MARCKS expression or phosphorylation affects MeHg-induced neurotoxicity in
neuroblastoma cells, the relationship between MeHg toxicity and MARCKS has not yet been
determined in vascular endothelial cells. Therefore, in this study, we investigated the role of
MARCKS in MeHg-induced toxicity in the EA.hy926 endothelial cell line. Cells exposed to
MeHg (0.1-10 #M) for 24 hr showed decreased cell viability in a dose-dependent manner.
Treatment with submaximal concentrations of MeHg decreased cell migration in the wound
healing assay, tube formation on Matrigel and spontaneous nitric oxide (NO) production of
EA.hy926 cells. MeHg exposure also elicited a decrease in MARCKS expression and an increase
in MARCKS phosphorylation. MARCKS knockdown or MARCKS overexpression in EA.hy926
cells altered not only cell functions, such as migration, tube formation and NO production, but
also MeHg-induced decrease in cell viability and NO production. These results suggest the broad
role played by MARCKS in endothelial cell functions and the involvement of MARCKS in
MeHg-induced toxicity.
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In the second chapter, the author report a study entitled “MARCKS protein amount is
differently regulated by calpain during toxic effects of methylmercury between SH-SY5Y and
EA.hy926 cells”. We previously reported that amount of MARCKS protein in SH-SY5Y
neuroblastoma and EA.hy926 vascular endothelial cell lines is decreased by treatment of
MeHg, however, the mechanisms are not known. While, calpain, a Ca2+-dependent protease, is
suggested to be associated with the MeHg toxicity. Since MARCKS is known as a substrate of
calpain, we investigated relationship between calpain activation and cleavage of MARCKS,
and its role in MeHg toxicity. In SH-SYSY cells, MeHg induced a decrease in cell viability
accompanying calcium mobilization, calpain activation, and a decrease in MARKCS
expression. However, pretreatment with calpain inhibitors attenuated the decrease in cell
viability and MARCKS expression only induced by 1 M but not by 3 uM MeHg. In cells
with MARCKS-knockdown, calpain inhibitors failed to attenuate the decrease in cell viability
by MeHg. In EA.hy926 cells, although MeHg caused calcium mobilization and a decrease in
MARCKS expression, calpain activation was not observed. These results indicated that
involvement of calpain in the regulation of MARCKS was dependent on the cell type and
concentration of MeHg. In SH-SYS5Y cells, calpain-mediated proteolysis of MARCKS was
involved in cytotoxicity induced by low concentration of MeHg.

Together, the present thesis revealed 1) characteristics of MeHg toxicity on endothelial
cells, 2) involvement of MARCKS on its toxicity, and 3) different toxic mechanism of MeHg
between neuronal and endothelial cells. The results suggest the broad role of MARCKS in
endothelial cell functions and show that MARCKS is involved in MeHg-induced toxicity in
endothelial cells. The results also indicate that the participation of calpain in the regulation of
MARCKS amounts is dependent on the cell type and concentration of MeHg. These findings
will stimulate and support further progress in research on toxic mechanisms of MeHg in

central nervous system and cardiovascular system.
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