
Abstract  

Pancreatic cancer is one of the deadliest types of malignant diseases. Asymptomatic early tumour 

stages, tumour heterogeneity, cancer cell plasticity and unusually dense pancreatic stroma are 

responsible for the poor prognosis attributed to late diagnosis and therapy resistance. Therefore, 

targeting of a pivotal element common for any cell type within the tumour, e.g. mitochondria, may 

bring significant improvement. 

In this work, we demonstrate mitochondrial targeting of metformin, an anti-diabetic drug 

associated with reduced risk of developing pancreatic cancer, substantially increases accumulation 

of the compound in mitochondria. In consequence, we show that mitochondrially targeted 

metformin, MitoMet, eliminates pancreatic cancer cells in more than 1000-fold lower 

concentration than used for its parental compound. Following interaction with respiratory complex 

I (CI), MitoMet inhibits mitochondrial respiration, activates AMP-activated protein kinase 

pathway and causes depolarization of mitochondrial membrane potential in pancreatic cancer cells. 

Moreover, MitoMet induces cell cycle arrest and apoptosis, which is partially mediated via 

increased level of reactive oxygen species (ROS), and suppresses pancreatic tumour growth in 

vivo. Interestingly, SMAD4-deficient pancreatic cancer cells manifest decreased responsiveness 

to MitoMet when compared to cells with intact SMAD4. Furthermore, SMAD4 deletion alters 

mitochondrial function, morphology and upregulates autophagy pathway. To our surprise, 

stimulation of TGFβ pathway, whose central signalling mediator affecting transcriptional profile 

of a cell is SMAD4, mimics the effects of SMAD4 loss, including reduced sensitivity to MitoMet. 

Our findings demonstrate, for the first time, that SMAD4 loss leads to elevated autophagic removal 

of mitochondria, i.e. mitophagy, which is in part triggered by constitutive activation of MAPK/Erk 

signalling. On the other hand, autophagy in PDAC cells treated with TGFβ is not accompanied by 

mitophagy. Interestingly, while increased mitophagy upon SMAD4 loss in PDAC cells partially 

mediates increased resistance to MitoMet, TGFβ-induced resistance to this compound in SMAD4-

positive cells is not linked to autophagy but rather to activation of epithelial-mesenchymal 

transition. Finally, we report that in comparison with MitoMet, mitochondrially targeted 

tamoxifen, MitoTam, eradicate PDAC cells irrespective the SMAD4 genotype and activity of 

TGFβ pathway likely due to ROS overload and rapid inhibition of mitochondrial respiration. 



To conclude, we provide evidence that mitochondrial targeting is particularly relevant strategy to 

combat pancreatic cancer. Moreover, we propose SMAD4 as a diagnostic marker for adequate 

choice of therapeutic regimen, since its loss initiates different cellular programmes responsible for 

limited treatment success and worsened outcome of the disease. 
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