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Our lab is mainly engaged in the investigation of toxicological mechanisms of 
drugs and other chemical compounds on the liver, skeletal muscle and on the 
heart. During the last 3 years we published reports mostly in the fields of statin-as-
sociated myo- and cardiac toxicity and of hepatotoxicity associated with different 
drugs such as dronedarone, benzbromarone and flucloxacillin. All of these drugs 
are idiosyncratic toxicants; adverse effects are rare and appear at therapeutic dos-
es, and only in patients with susceptibility factors. Principle aims of our studies are 
to understand the mechanism of toxicity and, based on the mechanism, to pro-
pose and investigate potential susceptibility factors.
Regarding statins and myotoxicity, we have shown that statins inhibit the AKT/
mTOR pathway in C2C12 cells but also in vivo in mice. As a consequence, skele-
tal muscle protein synthesis is impaired, muscle breakdown is upregulated by in-
duction of atrogin-1 and apoptosis of myocytes is increased. The reasons for the 
inhibition of AKT phosphorylation are inhibition of signaling across the IGF-1 re-
ceptor and inhibition of the activation of mTORC2. The IGF-1 receptor is N-glyco-
sylated and N-glycosylation is impaired by statins. We have shown that in C2C12 
cells, but have obtained similar findings in the heart and in skeletal muscle of mice 
treated with statins. In additional projects we could confirm that statins are mito-
chondrial toxicants and that they are associated with mitochondrial ROS produc-
tion in cultured cells, mice and also in skeletal muscle of humans. Future studies 
will focus on answering the question why statins inhibit activation of mTORC2 and 
on the molecular mechanisms of insulin resistance associated with statins. Since 
insulin uses the same intracellular signaling pathway like IGF-1, it can be assumed 
that similar mechanisms are responsible for statin-associated insulin resistance. 
Furthermore, we are going to study the effect of impaired mitochondrial prolifera-
tion (using PGC1-  and PGC1-  knock-out mice) as a risk factor for statin-asso-
ciated myopathy. Finally, we plan to investigate the mechanisms of statin-associ-
ated liver injury.
A second field of interest is the mechanism of hepatotoxicity associated with spe-
cific drugs. For that, we have studied the effects of benzbromarone and drone-
darone on isolated liver mitochondria, on human liver cell lines and primary 
hepatocytes and in mice in vivo. Benzbromarone and dronedarone are mitochon-
drial toxicants which inhibit the function of the electron transport chain and of 

-oxidation. In vivo, dronedarone was more toxic in mice with a defect in mito-
chondrial -oxidation than in the corresponding wild type animals. This suggests 
that impaired mitochondrial -oxidation may be a susceptibility factor for droneda-
rone-associated liver injury. Interestingly, dronedarone and benzbromarone break 
up the mitochondrial network, leading to fragmentation of the mitochondria (mi-
tochondrial fission, see Fig. 1 and Fig. 2). They are also associated with increased 
mitochondrial production of ROS. Future studies will focus on the consequences 
of ROS production on the antioxidative defense system (Nrf2 activation and down-
stream reactions) and on the consequences of mitochondrial fission (increased mi-
tophagy). Defects in activating the antioxidative defense system and/or in mitoph-
agy could represent susceptibility factors for toxicity. This possibility will be tested 
in engineered cells and in mice. We will expand our research also on tyrosine ki-
nase inhibitors, which are known mitochondrial toxicants.
Our studies show that, in contrast to what is written in many textbooks, it is possi-
ble to find mechanisms for idiosyncratic toxicity. This allows identifying suscepti-
bility factors with the final aim to prevent this type of toxicity in patients.
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Fig. 1: Confocal microscopy of HepG2 cells treated for 24h with benzbroma-
rone (BB) or with DMSO 0.1 % (control) and stained with an antibody against 
TOMM22. The mitochondrial network in cells treated with benzbromarone has 
a granular appearance, suggesting mitochondrial fission.

Fig. 2: Transmission electron microscopy of HepG2 cells treated for 24h with 
benzbromarone (BB) or with 0.1 % DMSO (control). Mitochondria in cells treat-
ed with benzbromarone appear smaller than in control cells, compatible with 
mitochondrial fission. The bar is 500 nm.
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Connection to Clinical Practice

Modelling of organ toxicity of tyrosine kinase 
inhibitors
Tyrosine kinase inhibitors (TKIs) inhibit the phos-
porylation of proteins which are essential for cell 
proliferation. They have therefore become impor-
tant for treating different types of cancer. During 
the development and clinical application of TKIs it 
was recognized that most of them carry the risk for 
organ toxicity, e.g. for liver, skeletal muscle and/or 
cardiac toxicity. Several recent reports have shown 
that the mechanism may be related to effects on 
mitochondrial function by these drugs. Since se-
rum concentration and tissue distribution of these 
agents has been characterized, it would be possi-
ble to predict organ toxicity, if precise data about 
cellular toxicity were available. We plan to fill this 
gap and will therefore study organ toxicity of some 
of these drugs using established cell models and 
in mice in vivo. After having obtained these data, 
we will build a model which predicts organ con-
centrations and organ toxicity for individual TKIs in 
relation to dose and plasma concentrations in hu-
mans. Based on such data, we will be able to mon-
itor patients treated with such drugs with the aim 
to individualize and optimize the dosing.


