
Subsequent experiments will allow us to assess whether HSC
administration can confer vasculoprotection.
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Cardiac muscles and conduction system are very sensitive to
interruption of plasma membrane integrity due to uncontrol-
lable ion diffusion. There are many types of toxins that could
bind to cell membrane and form pores to allow ion diffusion
cross the membrane. However, the effects and underlying
mechanisms of those pore-forming toxins on cardiac functions
have not been systemically investigated.

In this work, we investigated the effects of extracellular his-
tones (endogenous) and pneumolysin (exogenous) on cardio-
myocytes and underlying molecular mechanisms using cultured
cardiomyocytes and mouse models. We found that both toxins
could bind to cardiomyocyte membrane and caused large
inward currents which altered membrane potentials. This led
arrhythmia of cultured cardiomyocytes and mice infused with
isolated toxins. In addition, circulating troponins, a marker of
cardiac injury, were significantly elevated and the contractile
performance of cardiomyocytes was also reduced.

Further investigation, we found that the uncontrollable cal-
cium influx mainly increased diastolic intracellular calcium
concentration and resulted in calcium transient reduction.
However, the calcium-dependent protein kinase C, particularly
PKC±, was significantly activated by calcium influx. Conse-
quently, the phosphorylation of Troponin I was enhanced,
which is known to correlate to contractile reduction. In addi-
tion, the phosphorylation levels of P38 and JNK kinases, and
endoplasmic reticulum (ER) stress levels were also increased.
Those changes may contribute to the suppression of cardio-
myocyte contractility too.

In conclusion, the endogenous pore-forming toxins, such as
circulating histones released after extensive tissue injury, and
exogenous pore-forming toxins released during bacterial infec-
tion, may play important roles in the development of cardiac
complications in many types of critical illnesses. In certain sce-
nario, such as sepsis, both endogenous and exogenous toxins
may synergistically harm the heart and cause severe complica-
tions to lead to early death of patients. Therefore more inten-
sive investigation should be carried out to clarify their effects
in patients as well as their molecular mechanisms in order to
develop effective tools to diagnose, prevent and treat those
cardiac complications induced by pore-forming toxins.
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Ischaemic cardiovascular disease is the leading cause of death
worldwide. Therapeutic angiogenesis aims to stimulate the
growth of new blood vessels from pre-existing ones to reper-
fuse ischaemic tissues. Our laboratory is characterising the
molecular mechanisms that regulate activation of the calci-
neurin/NFAT pathway during VEGF-induced angiogenesis. We
recently showed that the Plasma Membrane Calcium ATPase 4
(PMCA4) negatively regulates angiogenesis by establishing a
molecular interaction with calcineurin. The identification of
aurintricarboxylic acid (ATA) as an inhibitor of PMCA4
prompted us to hypothesise that ATA will enhance VEGF-
induced angiogenesis.

Consistent with this hypothesis, we demonstrate in this
work that inhibition of PMCA4 by treatment with ATA signif-
icantly increases the activity of calcineurin/NFAT signalling,
and the subsequent expression of the NFAT-dependent, pro-
angiogenic protein RCAN1.4 in VEGF-stimulated endothelial
cells. Targeting PMCA4 with ATA significantly reduces the
level of membrane-associated calcineurin, and the amount of
calcineurin co-precipitated with PMCA4 in immunoprecipita-
tion assays, indicating that ATA promotes disruption of the
PMCA4/calcineurin interaction. ATA robustly enhances endo-
thelial cell motility, and in vitro and in vivo blood vessel for-
mation, with no harmful effects to the cells. Interestingly,
incubation of HUVECs with low concentration of ATA had
no effect on the viability of the cells or the development of
zebra fish embryos. However, higher ATA concentrations were
associated with cellular and embryo toxicity.

Our study provides evidence for the therapeutic potential
of targeting endothelial PMCA4 to improve VEGF-based pro-
angiogenic interventions, and highlights possible clinical appli-
cations for PMCA4 inhibitors in the treatment of ischaemic
cardiovascular disease.
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