Ion channel regulation by the AMPK: beware off-target effects of small molecule modulators
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Introduction and Aim
We have studied the regulation by the AMP-activated protein kinase of a variety of ion channel types and identified ion channel-specific off-target effects of small molecule AMPK activators. 
Methods
The effect extracellular application of a range of AMPL activators (1mM AICA-Riboside (ZMP); 100-300µM A79662; 1-3µM MK-8722; 10-100 µM BI-9774; 3-30 µM 991) was tested on HEK293 cells stably expressing a variety of recombinant ion channels, namely KCa3.1, KV1.5, KV2.1, KV4.3, TASK-3 and HCN2. 
Results
Two structurally unrelated AMPK activators, the thienopyridine A‑769662 (100-500 µmol/L) and the benzimidazole 991 (3-30 µmol/L) inhibited human (h)TASK‑3 currents in a concentration‑dependent manner, while the 4-azabenzimidazole MK‑8722 (3-30µmol/L) partially inhibited hTASK‑3 at concentrations above those required for maximal AMPK activation. By contrast, the 4-azabenzimidazole, BI-9774 (10-100µmol/L; a closely related analogue of MK8722) and the pro-drug AICA-riboside (1mmol/L; metabolised to ZMP, an AMP-mimetic) had no significant effect on hTASK‑3 currents at concentrations sufficient to maximally activate AMPK (Said et al, 2024). Moreover, 300µmol/L A769662, but not 1mmol/L AICAR, markedly attenuated KV4.3 potassium currents and delayed recovery from voltage-dependent inactivation, and markedly inhibited HCN2 currents. By contrast, A769662, AICAR, MK-8722, 991 and / or Compound 13 inhibited KCa1.1 (Ross et al, 2011), KV1.5 (Moral-Sanz et al, 2016 and 2018) and activated KV2.1 (Ikematsu et al, 2011) in an AMPK-dependent manner. 
Conclusion
These data highlight the importance of using complementary approaches and a range of small molecule modulators to address the role of AMPK in modulating ion channel function and other cellular processes.

Moral-Sanz, J. et al (2018) Sci Signal 11, eaau0296., doi:10.1126/scisignal.aau0296.
Moral-Sanz, J. et al. (2016)  J Physiol 594: 4901.
Ross, F. A. et al. (2011) J Biol Chem 286, 11929.
Ikematsu, N. et al. (2011) Proc Natl Acad Sci U S A 108, 18132.
Said, E. A. et al (2024) Biochem Pharmacol 230, 116562.

