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Ion channels in cancer 



Ion channels in the cancer hallmarks 



The cancer tissue 



 



ION CHANNELS IN THE TUMOR 
MICROENVIRONMENT 



Agenda of the session 

• A. Arcangeli (Ion channels in Cancer: from molecular 
devices totherapeutic targets) 

• N. Verma (ion chennels in the immune cells of the 
tumor microenvironment) 

• L. Leanza (intracellular (mitochondrial) channels as 
novel antineoplastic targets) 

• Anna Borgstroem (Investigation of TRPM4 and its Role 
in Cell Migrationand Proliferation of Prostate Cancer 
Cells) 
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Agenda 

• Novel achievements: 

 

• K+ channels networking (Kca 3.1 and hERG1) 

 

• Targeting specific hERG1 conformational states 



The networking of Potassium channels 



Cisplatin-resistant CRC 
cells express higher levels 
of KCa3.1 and Kv11.1 
channels compared with 
Cisplatin-sensitive cells 



In resistant cells, KCa3.1 activators (SKA-31) and Kv11.1 inhibitors 
(E4031) had a synergistic action with Cisplatin in 
triggering apoptosis and inhibiting proliferation. 









Cisplatin uptake into resistant cells depended on KCa3.1 
channel activity, as it was potentiated by KCa3.1 

activators 



The activation of KCa3.1 modulates 
the VRAC-dependent uptake of  
Cisplatin (Jentsch et al, 2016).  
Blocking Kv11.1 increases the 
uptake of Cisplatin, which relies on 
the activity of KCa3.1 channels. 
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Kv11.1 blockade led to increased KCa3.1 expression and 
thereby stimulated Cisplatin uptake. 
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Cisplatin-resistant cells exhibit 
higher functional expression of 
KCa3.1 and Kv11.1 channels, 
compared with Cisplatin-
sensitive cells.  
 
The two channels are 
functionally related in these 
cells:  
 
(1)they set VREST to more 

hyperpolarised values; 
 

(2)their expression is 
coordinated, one 
compensating for the other: 
prolonged (24h) inhibition of 
Kv11.1 currents leads to 
upregulation of functional 
KCa3.1 channels. 

+ 

Inhibitors of Kv11.1 
channels 
(E4031) 



….a summary 



 



The concomitant activation of 
KCa3.1 and inhibition of Kv11.1 
potentiates the pro-apoptotic 
activity of Cisplatin, both in 
vitro and in vivo, and 
contributes to overcome 
Cisplatin resistance. 
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hERG1 



Strategies to target hERG1 in cancer 

Use of non cardiotoxic hERG1 blockers 
 

Targeting the molecular differences between “tumour” 
and “cardiac” hERG1: 

 





hERG1 and the beta1 integrin subunit are directly 

linked…... 



hERG1 and the beta1 integrin subunit are directly 

linked…..neither the N- or C-termini are involved 



hERG1 and the beta1 integrin subunit are directly 

linked…..neither the N- or C-termini are involved 



The hERG1 conformational state determines (the 

closed state favours) integrin association 

hERG1 mutants: 
G628S: non conductive 
S620T: non inactivating 
K525C: S4 (voltage sensor) mutant*  
R531C: S4 (voltage sensor) mutant* 
*=alterations of gating 



The hERG1 conformational state determines (the 

closed state favours) integrin association 



The hERG1 conformational state determines (the 

closed state favours) integrin association 



K+ flux regulates integrin signaling (FAK phosphorylation) 



…...and local tumor growth 



The hERG1 conformational state determines (the closed state 

favours) integrin association: MDA-MB-231 breast cancer cells 



The hERG1 conformational state determines (the closed state 

favours) integrin association…...and tumor metastasis (MDA-

MB-231 breast cancer cells) 



The hERG1 conformational state determines (the closed state 

favours) integrin association…...and tumor metastasis (MDA-

MB-231 breast cancer cells) 
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Disrupting the hERG1/b1 integrin 
complex inhibits tumor metastasis 

Tumor cells injection 
Drugs/molecular tools 
which unlock the hERG1/b1 
integrin complex  

Lung and Lymph Nodes Metastasis 



The hERG1/b1 complex occurs in tumour cells, but not 

in the heart 



… because tumour cells do not express “canonical” 

(KCNE1) beta subunits 
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hERG1 and b1 integrin associate in 
human cancer tissue but not cardiac 

tissue. 
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Future …. Blockade of the hERG1/b1 
integrin complex 

K+ 



hERG1/integrin-based immunotherapy: bifunctional 

antibodies 

Patent(deposit n. 102017000083637) 
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