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Electrophysiological evaluation of an anticancer drug gemcitabine on cardiotoxicity revealing 

down-regulation and modification of the activation gating properties in the human rapid delayed 

rectifier potassium channel                                  

（抗腫瘍薬ゲムシタビンがヒト急速活性化遅延整流カリウムチャネルの活性化ゲーティング特性の修

飾と同チャネル発現の抑制によって心毒性を示すことを明らかにした電気生理学的研究）          

要     旨 

【 Introduction and purpose】Gemcitabine is an antineoplastic drug commonly used in the 

treatment of several types of cancers.  Although gemcitabine-induced cardiotoxicity is widely 

recognized, the exact mechanism of causing arrhythmias remains unclear.  The objective of this 

study was to evaluate the proarrhythmic cardiotoxicity of gemcitabine focusing on the human 

rapid delayed rectifier potassium (hERG) channel.                                              

【Methods】The human embryonic kidney 293 (HEK293) cells stably expressing the hERG channel 

(hERG-HEK cells) were examined for the purpose of hERG channel current (IhERG) recordings by 

use of the voltage-clamp technique. Neonatal rat ventricular myocytes were prepared from 1- to 

2-day-old Wistar rats for the molecular biological studies. IhERG was recorded by whole-cell patch 

clamp using an EPC-9 amplifier. For analysis of the conductance-voltage relationship or 

IhERG-membrane potential relationship, activation, inactivation, deactivation and reactivation  
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gating properties, distinct pulse protocols were applied as shown in the each experimental methods.  

Real-time PCR, western blotting and immunocytochemistry were applied for the evaluation of 

hERG channel expression and distribution in cardiomyocytes.                                    

【Results】 In heterologous hERG expressing HEK293 cells, gemcitabine reduced IhERG and 

modified the activation gating properties of the hERG channel toward the hyperpolarization 

direction, while inactivation, deactivation or reactivation gating properties were unaffected when 

applied for 24 h. Gemcitabine was unable to reduce IhERG or shift the activation properties when 

gemcitabine was applied with tunicamycin, an inhibitor of the transfer of N-acetylglucosamine 

1-phosphate to dolichol monophosphate. Kifunensine, a specific class I mannosidase inhibitor, was 

without effect on IhERG when hERG-HEK cells were pretreated with gemcitabine for 24 h. In 

addition, gemcitabine down-regulated fluorescence intensity for hERG potassium channel protein 

in rat neonatal cardiomyocyte, although hERG mRNA was unchanged.                           

【Conclusions and Implications】Our study revealed that the long-term application of gemcitabine 

reduces IhERG possibly through the inhibition of asparagine-linked glycosylation of the channel, 

which may explain the hitherto unknown pharmacological mechanism of gemcitabine to cause QT 

prolongation in ECG.  Furthermore, excessive reduction of IhERG by gemcitabine in cardiomyocytes 

may account for supraventricular arrhythmogenicity of this drug as documented in clinical reports. 

                                               

                                               

                                               

                                               

                                               

                                               

                                               


