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INTRODUCTION

RESULTS

In MDA-MB-231 cells, DMOG and chronic hypoxia
pre-incubation decreased Na+ currents possibly by
inhibiting the formation of the Nav1.5 channels as a result
of metabolic suppression while acute hypoxia increased
persistent currents possibly via SUMOylation of Nav1.5.
Further work is required to delineate the mechanisms.
HIF stabilisation using DMOG did not alter SCN5A
expression but increased SCN1B expression, which might
be responsible for the increase in cell adhesion caused by
DMOG. HIFs may not have a direct effect on Nav1.5
expression and activity.
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• Triple-negative breast cancer (TNBC): Lacks hormone receptors,  
more aggressive and challenging to treat compared to ER+ breast cancer1.
• Voltage-gated Na+ channels (VGSCs): α subunit and auxiliary β subunits2

o Nav1.5 (SCN5A): Up-regulated in TNBC, promotes invasion and metastasis3. 
o β1 (SCN1B): Controls expression and activity of Nav1.5, cell adhesion molecules4.

• Hypoxia: Low O2 in tissues, usually developed in breast tumours
o Hypoxia increases the persistent current of Nav1.5 in the ischaemic heart via SUMOylation and causes an 

increase in intracellular [Na+] in breast cancer6,7.
• Hypoxia-inducible factors (HIFs): Key regulators of the cellular hypoxic response 

o HIF-1α is the most critical subunit, overexpressed in breast cancer and significantly enhances metastasis8.

Effect of DMOG and hypoxia on Na+ currents

Effect of DMOG on cell adhesion

Effect of DMOG and hypoxia on metabolism

Hypothesis: HIF-1α is responsible for the upregulation of Nav1.5 in hypoxia, 
and hypoxia can alter Nav1.5 function post-transcriptionally. These lead to 
higher channel activity and increased invasive properties of breast cancer.

• Inhibiting HIF-1α by GN44028 may suppress the 
upregulation of SCN1B by DMOG, but the effect was not 
significant.

• Inhibiting HIF-2α by TCS7009 did not suppress the effect 
of DMOG on SCN1B expression.

CONCLUSION

• CellTiter-Glo® assay: ATP levels decreased in cells 
treated with DMOG or hypoxia for 48 or 96 hours.

• Hypoxic patch clamp system

Effect of acute hypoxia on Na+ currents

• Cell-cell adhesion: Cell adhesion increased in cells 
treated with DMOG after 72 hours of treatment. 

• 5 µM TCS7009 may suppress the effect of DMOG on 
cell adhesion.

• Electrophysiology: Peak current and persistent current
decreased in MDA-MB-231 cells treated with 1 mM 
dimethyloxalylglycine (DMOG), a HIF stabiliser and α-
ketoglutarate analogue. 

• Acute hypoxia (4-11% O2) decreased peak current and 
increased persistent current in MDA-MB-231 cells.

• There was a significant negative correlation between 
O2 levels and persistent current.

• A deSUMOylase, SENP1 (1 nM), inhibited the effect of 
acute hypoxia on VGSC currents. 

Control SENP1

Effect of HIF stabilisation and inhibition on SCN5A
and SCN1B expression

• rt-qPCR: Increased expression of the canonical HIF 
target genes (GLUT1 and CA9) showed that DMOG 
successfully stabilised HIFs in the MDA-MB-231 cell line.

• SCN5A expression was not affected by DMOG at 24, 48, 
or 72 hours of DMOG incubation.

• SCN1B expression was upregulated in DMOG-treated 
cells in a time-dependent manner.

• Peak current and persistent current also decreased in 
cells cultured in hypoxia (1% O2) for 48 hours.

• 1 µM GN44028, a HIF-1α inhibitor, did not suppress 
the inhibiting effect of hypoxia on Na+ currents.  

• Protein synthesis assay: Protein synthesis decreased in 
cells cultured in hypoxia for 48 hours. 


