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Pathological Effect of Melatonin on Vascular Endothelial Cell Detachment
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In this study, we carried out a series of experiments to know whether melatonin, an anti-oxidative
and immunosuppressive agent, played an important role in endothelial cells. It was revealed that mel-
atonin had little or no effect on endothelial proliferation, cell death or migration. Additionally, melato-
nin had no effect on adhesion of THP-1 leukocytes to bovine aortic endothelial cells (BAECs) and
THP-1 homotypic cell aggregation. In contrast, it was shown that melatonin diminished the basal level
of nitric oxide by PP2A-mediated dephosphorylation of endothelial nitric oxide synthase (eNOS), lead-
ing to enhanced detachment of BAEC from the extracellular matrix. Collectively, melatonin in high
doses decreases the NO production via regulations of PP2A and eNOS activities, inducing detachment
of endothelial cells, a possible initial step for thrombosis.
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Fig. 1. Melatonin has no effect on endothelial cell proliferation, apoptosis, migration, THP-1 aggregation and adhesion of leukocytes
to endothelial cells. A. BAECs were serum-starved for 16 hr and treated with 20% FBS, none or various concentrations
of melatonin. Then the cells were incubated with WST reagent for detecting cell proliferation. Data were plotted on the
bar graph (means=SE, n=3). *p<0.05. B. Starved cells were treated with 100 uM etoposide, none or indicated concentrations
of melatonin and then cells were lysed. Proteins of the lysed cells were resolved by SDS-PAGE, electrotransferred to PVDF
membranes and immunoblotted with antibodies specific for caspase-3 (Cas-3) or actin. C. Confluent BAECs were incubated
with none, 20% FBS or various concentrations of melatonin after synchronized with 2 mM thymidine for 24 hr. Then the
cells were wounded with a scraper and additionally incubated for 24 hr. The migrated cells were then observed under
a microscope and were counted in the same visual field. Data were plotted on the bar graph (meanstSE, n=3). *p<0.05.
D. THP-1 cells were serum-starved for 12 hr, and treated with none, 1 ug/ml lipopolysaccharide (LPS) or various concen-
trations of melatonin. Then the cells were incubated for 8 hr. The homotypic aggregation of THP-1 cells was observed
under a microscope. E. BAECs were serum-starved for 16 hr and then cells were treated for 6 hr with none, 1 pg/mL
LPS or various concentrations of melatonin. Before adding THP-1 cells to BAECs, THP-1 cells (5-6x10° cells) were stained
with 10 pM Calcein AM. Then THP-1 cells were aliquot into BAEC culture dishes. After 1 hr additional incubation, adherent
cells were observed under a fluorescent microscope. Then we counted the adherent cells. Data were plotted on the bar

graph (meanstSE, n=3). *p<0.05.
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2. Melatonin induces endothelial cell detachment. Serum-
starved BAECs were treated with none or the indicated
concentrations of melatonin for 30 min in Ca/Mg”
ion-free PBS. We then observed the detached cells under
a microscope. Representative pictures were shown in
panel A. The percentage of detached cells were repre-
sented in panel B on bar graph (means*SE, n=3).
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Fig. 3. Melatonin decreases an acute NO production of endothe-
lial cells. A. BAECs were serum-starved for 16 hr and
then were reacted with 5 tM DAF-2 DA. Then cells were
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solved by SDS-PAGE, electrotransferred to PVDF mem-
branes and immunoblotted with antibodies specific for
eNOS, phospho-eNOS (p~eNOS) or actin.
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Fig. 4. Reduced NO production induces endothelial cell
detachment. Serum-starved BAECs were treated with
none, 150 nM SNAP or 2.5 tM L-NAME in the pres-
ence of 1 mM melatonin for 30 min in Ca*/Mg™*
ion-free PBS. We then observed the detached cells un-
der a microscope. Representative pictures were shown
in panel A. The percentage of detached cells were rep-
resented in panel B on bar graph (meanstSE, n=3).
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Fig. 5. PP2A is involved in melatonin-induced dephosphor-
ylation of eNOS. Serum-starved BAECs were pre-treat-
ed with none, 100 nM okadaic acid (OA) or 100 nM
cyclosporin A (CsA) before treating with 1 mM
melatonin. After treatment of melatonin, cells were
lysed. Proteins of cell lysates were resolved by
SDS-PAGE, electrotransferred to PVDF membranes and
immunoblotted with antibodies specific for eNOS, phos-
pho-eNOS (p~eNOS) or actin. Experiments were per-
formed in triplicate.
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Fig. 6. Okadaic acid, a PP2A inhibitor, reverses the melatonin-in-
duced cell detachment. Serum-starved BAECs were treat-
ed with none, 100 nM okadaic acid (OA) or 100 nM cyclo-
sporin A (CsA) for 30 min. Subsequently, cells were treat-
ed with none or 1 mM melatonin for additional 30 min
in Ca’*/Mg”" ion-free PBS. Finally, the detached cells
were observed under a microscope. Representative pic-
tures were shown in panel A. The percentage of detached
cells were represented in panel B on bar graph
(means£SE, n=3). *p<0.05.
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