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Mitochondrial complex I null cancer models reveal unspecific antiproliferative
effects of complex I inhibitors

Ivana Kurelac1*, Luisa Iommarini2, Beatrice Cavina1, Maria Iorio1, Licia Bressi1, Manuela Sollazzo2, Monica De Luise1, Eleonora 
Lama1, Hamid Razi Nasiri3, Anna Maria Porcelli2, Giuseppe Gasparre1

1 University of Bologna, DIMEC, Bologna, Italy; 2 University of Bologna, FABIT, Bologna, Italy; 3 Goethe University, Frankfurt, 
Germany, *ivana.kurelac@unibo.it

INTRODUCTION: Respiratory complex I (CI) inhibitors are gaining momentum as anticancer strategy, 
mainly due to the epidemiological data linking the use of biguanidine metformin with lower incidence of 
neoplastic disease. Nonetheless, clinical trials specifically designed to test metformin efficacy in 
improving patient survival are revealing conflicting results. Currently, several novel CI inhibitors are 
available and show encouraging preclinical data, here we evaluate and compare their efficiency as 
anticancer agents, with the aim of optimizing the strategy of targeting CI.

CONCLUSIONS: Our data demonstrate antitumorigenic effect of two novel CI inhibitors, and prompt for 
caution when testing CI inhibitors in preclinical and clinical trials. In particular, optimal concentrations and 
the specificity of inhibitor action should be determined by taking advantage of CI null cancer models. 
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Proliferation assays in presence of different CI inhibitors were performed with IncuCyte in thyroid
(TPC1), colorectal (HCT116), melanoma (B16F10) and ovarian (SKOV3) cancer cell lines. Data
are shown in terms of percentage of growth reduction after 72 hours of treatment with the
indicated concentrations of EVP4593 and QA2 in DMEM high glucose 25mM (blue bar plots) or
DMEM low glucose 5mM (orange bar plots). For each cell line and culture condition mean +
s.e.m. for n=3 were plotted. A Student’s t-test was performed, and, in each panel, statistical
significance is specified with asterisks (*p<0.05, **p<0.01, ***p<0.001).

Foto incucyte per morte EVP, QA2 
e METF se hai

Representative
images of HCT116
cells cultured for 72
hours with the
indicated
concentrations of
each CI inhibitor in
DMEM low glucose
(5mM) obtained with
IncuCyte. Dead cells
observed at
concentrations
causing CI unspecific
antiproliferative
effects are indicated
with red arrows.

Schemino modelli NDUFS3 KO
CI null cancer models used in this study. Sanger sequencing electropherograms on the left
show the frameshift c.9_10insCGGCG mutation causing NDUFS3 functional knock-out. On the
side, NDUFS3 western blot and CI In-Gel Activity (CI-IGA) of control (+/+) and NDUFS3 knock-
out (-/-) HCT116 cell line. Vinculin is used as loading control.

Proliferation curves of HCT+/+ and HCT-/- cultured for 72 hours with indicated
concentrations of EVP4593 (top) and QA2 (bottom) in DMEM high glucose (n=3). The
percentage of cell growth was calculated from cell confluence obtained by IncuCyte and
normalized to the value of treatment starting point. The CI inhibitor treatment of HCT+/+

proliferation represents the total growth inhibition effect (100%), while the treatment of
HCT-/- indicates the unspecific effect. From these data, the specific and unspecific effects
of each CI inhibitor concentration were quantified and plotted. Data are mean + s.e.m.

In vivo growth of HCT116 xenografts in CD-1 nude mice, treated with CI inhibitors.
CNTR= 5% DMSO in PBS. METF= metformin 2mg/mL in drinking water. EVP4593=
1mg/kg and QA2= 1mg/kg were administered by intraperitoneal injection daily. Growth
curve and survival Kaplan-Meier curves are shown, together with macroscopic images of
the tumors explanted on the day of the sacrifice. Data are mean + s.e.m.


