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Results

Summary

The sarcoplasmic reticulum in heart cells acts as a calcium store. Leak from
this store during diastole (when the heart is meant to be relaxing) is
increased in doxorubicin-induced cardiotoxicity. The leak occurs primarily via
RYR2 channels. MG23 is believed to also play a part as a calcium leak
channel. When tetracaine was used to inhibit the RYR2 channels, a small leak
remained. There is convincing evidence to suggest that MG23 is responsible
for the RYR2-independent leak.
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Background

Intracellular Calcium Dynamics

 |n cardiac muscle, highly controlled release of calcium from
sarcoplasmic reticulum (SR) intracellular stores is vital for
excitation-contraction coupling, and the contraction of the heart.

* The major intracellular calcium release channel in the SR is the
Ryanodine type 2 receptor (RYR2).

e Mitstugumin-23 (MG23) is a voltage-gated, cation-conducting
channel, permeable to both K* and Ca?*, and expressed in
abundance on the SR/ER!.

e Disturbances to calcium homeostasis, such as leaks from the SR,
have been implicated in the pathophysiology of the failing heart?.
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Tetracaine weakly modulates MG23 reversibly via cytosolic (cis)
addition at mM concentrations

Noise analysis using WIinEDR 4.0.0 software was done to analyse mean
direct current of MG23 channels throughout the recordings. As
illustrated above, tetracaine reduced the mean direct current (D.C.)
slightly. By washout, this effect was reversed, and mean D.C. returned
to control levels.

Intracellular Calcium Dyshomeostasis in Heart Failure

 Doxorubicin (DOX) has been shown to upregulate diastolic calcium
leak3.

e The RYR2’s are the greatest contributor to the diastolic calcium
leak in heart failure; however, it has been proposed that the leak
from MG23 also becomes significant in disease states, resulting in

depleted SR Ca’* stores, arrythmias, and weaker contractions®.

A clinical dose of doxorubicin activates MG23 via cytosolic (cis)
addition

As shown in the figure, DOX had an almost immediate effect in
increasing current through MG23. This demonstrates how DOX could
increase the MG23 responsible leak in disease states.

Hypothesis and Aims

Hypothesis
The hypothesis of this research project is that MG23 is a target of the
anti-cancer drug, doxorubicin, and is responsible for the diastolic

RYR2-independent leak associated with cardiotoxicity.

Conclusion

Our data indicates that tetracaine is a partial antagonist of the calcium
leak channel. In the presence of high concentrations of tetracaine
(1ImM) added to the cytosolic face of the channel, current fluctuations
were still observed suggesting that tetracaine could not fully close
MG23. Our data also reveals that the anti-cancer drug, doxorubicin,
increases MG23 channel activity even after addition of tetracaine. In a
whole cell, the concentration of Tetracaine at the single protein
channel level is likely to at lower uM concentrations. Going forward, a
dose-response curve investigating the effect of Tetracaine on MG23 at
LM concentrations would be needed to better understand the
pharmacology of this interaction in whole cells. This would provide
opportunity to better quantify the ‘invisible’ calcium leak in whole
cells by potentially selectively inhibiting RYR2 but not MG23.

Aims
* Use electrophysiology techniques to investigate the effects of
doxorubicin and tetracaine on MG23 isolated from mouse heart

Methods

Planar Phospholipid Bilayer

Native RYR2 and MG23 channels were isolated from mice hearts and
incorporated into an artificial bilayer under voltage-clamped
conditions following well established protocol!>. Below is a schematic
of the apparatus used®.

Acknowledgements

| extend thanks to the support and funding provided by the Laidlaw
Foundation for this project. We also give thanks to the entire Pitt group whose
assistance was crucially helpful throughout the research project.

Headstage

—/V\V\

Ve

Agar bridge : - References

1 - Venturi, E., Mio, K., Nishi, M., Ogura, T., Moriya, T,, Pitt, S. J., Okuda, K., Kakizawa, S., Sitsapesan, R., Sato, C., & Takeshima, H. (2011).
Mitsugumin 23 forms a massive bowl-shaped assembly and cation-conducting channel. Biochemistry, 50(13), 2623-2632.
https://doi.org/10.1021/bi1019447

2 - Rawat, P. S,, Jaiswal, A., Khurana, A., Bhatti, J. S., & Navik, U. (2021). Doxorubicin-induced cardiotoxicity: An update on the molecular
mechanism and novel therapeutic strategies for effective management. Biomedicine & pharmacotherapy = Biomedecine &
pharmacotherapie, 139, 111708. https://doi.org/10.1016/j.biopha.2021.111708

3 - Sag CM, Kohler AC, Anderson ME, Backs J, Maier LS. CaMKII-dependent SR Ca leak contributes to doxorubicin-induced impaired Ca
handling in isolated cardiac myocytes. J Mol Cell Cardiol. 2011 Nov;51(5):749-59. doi: 10.1016/j.yjmcc.2011.07.016. Epub 2011 Jul 26. PMID:
21819992; PMCID: PMC(C3226826.

4 - Zima, A. V., Bovo, E., Bers, D. M., & Blatter, L. A. (2010). Ca%+ spark-dependent and -independent sarcoplasmic reticulum Ca?+ leak in
normal and failing rabbit ventricular myocytes. The Journal of physiology, 588(Pt 23), 4743-4757.
https://doi.org/10.1113/jphysiol.2010.197913

5 - Sitsapesan, R., Montgomery, R. A., MaclLeod, K. T., & Williams, A. J. (1991). Sheep cardiac sarcoplasmic reticulum calcium-release
channels: modification of conductance and gating by temperature. The Journal of physiology, 434, 469—-488.
https://doi.org/10.1113/jphysiol.1991.sp018481

6 -Schematic of planar lipid bilayer apparatus; unpublished data Pitt lab
The University of St Andrews is a charity registered in Scotland, No: C013532

Ag/AgCI
electrode

Amplifier

l I 1(pA)

Digitiser

l

Computer R



https://doi.org/10.1021/bi1019447
https://doi.org/10.1016/j.biopha.2021.111708
https://doi.org/10.1113/jphysiol.2010.197913
https://doi.org/10.1113/jphysiol.1991.sp018481

