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Session 10:  Mitochondria and Degenerative 
Diseases. 

 II. Patients and Human Cell Lines 
 
 

10-01. Oxidative capacity, lipotoxicity and mitochondrial function 
in type 2 diabetes mellitus. 
Patrick Schrauwen, J Hoeks, MKC Hesselink 

Dept.s Human Biology and Movement Sciences, NUTRIM, Maastricht Univ., 
NL-6200 MD Maastricht, The Netherlands. - p.schrauwen@HB.unimaas.nl  

 Recent evidence points towards decreased oxidative capacity and mitochondrial 
aberrations as a major contributor to the development of insulin resistance and type 2 
diabetes mellitus.  
 Type 2 diabetes mellitus is accompanied by accumulation of fatty acids in non-adipose 
tissues. In metabolically active tissues, such as skeletal muscle, fatty acids are prone to 
so-called oxidative damage: in addition to producing energy, mitochondria are also a 
major source of reactive oxygen species, and the latter can lead to lipid peroxidation. 
Especially the mitochondrial matrix, which contains DNA, RNA and numerous enzymes 
necessary for substrate oxidation, is sensitive to peroxides-induced oxidative damage 
and needs to be protected against the formation and accumulation of lipids and lipid 
peroxides.  
 One of the proteins thought to be involved in the protection of lipid-induced 
mitochondrial damage is the mitochondrial uncoupling protein 3 (UCP3). We and others 
have observed that the regulation pattern of UCP3 closely parallels changes in fatty acid 
metabolism: UCP3 is up regulated under conditions of an abundant fatty acid supply to 
the mitochondria and is down regulated when fatty acid oxidation is increased or plasma 
FFA levels are lowered. Under conditions where fatty acid delivery mismatched oxidative 
capacity, the surplus of fatty acids may reach the mitochondrial matrix and be 
responsible for the formation of lipid peroxides, leading to mitochondrial damage. 
Because UCP3 is able to export fatty acid anions across the mitochondrial membrane 
away from the matrix and is activated by 4-hydroxynonenal, a byproduct in lipid 
peroxidation [1], we have postulated the hypothesis that UCP3 is an exporter of fatty 
acid anions with the function to protect the mitochondrial matrix against lipid 
accumulation and lipid peroxidation-induced mitochondrial damage [2,3].  
 Interestingly, type 2 diabetic patients are characterized by a 50 % reduction in UCP3 
protein content [4], and are also characterized by smaller and damaged mitochondria [5] 
and increased levels of lipid peroxidation [6]. Thiazolidinedione treatment and life style 
interventions, known to improve muscular insulin sensitivity, restore UCP3 levels in type 
2 diabetic patients (unpublished observations), although the effect on mitochondrial 
function and lipid peroxidation is yet unknown. In addition, UCP3 protein content is 
already reduced in the pre-diabetic state of impaired glucose tolerance (IGT). These 
observations suggest that low levels of UCP3 may ultimately lead to increased levels of 
lipid peroxidation and lipid-induced mitochondrial damage [2], which can be of relevance 
in the etiology of diabetes. 
1. Echtay KS, Esteves TC, Pakay JL, Jekabsons MB, Lambert AJ, Portero-Otin M, Pamplona R, Vidal-Puig AJ, 

Wang S, Roebuck SJ, Brand MD (2003) A signalling role for 4-hydroxy-2-nonenal in regulation of 
mitochondrial uncoupling. Embo J. 22: 4103-4110. 

2. Schrauwen P, Hesselink MK (2004) Oxidative capacity, lipotoxicity, and mitochondrial damage in type 2 
diabetes. Diabetes 53:1412-1417. 
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3. Schrauwen P, Saris WH, Hesselink MK (2001) An alternative function for human uncoupling protein 3: 
protection of mitochondria against accumulation of nonesterified fatty acids inside the mitochondrial matrix. 
Faseb J. 15:2497-2502. 

4. Schrauwen P, Hesselink MK, Blaak EE, Borghouts LB, Schaart G, Saris WH, Keizer HA (2001) Uncoupling 
protein 3 content is decreased in skeletal muscle of patients with type 2 diabetes. Diabetes 50: 2870-2873. 

5. Kelley DE, He J, Menshikova EV, Ritov VB (2002) Dysfunction of mitochondria in human skeletal muscle in 
type 2 diabetes. Diabetes 51: 2944-2950. 

6. Russell AP, Gastaldi G, Bobbioni-Harsch E, Arboit P, Gobelet C, Deriaz O, Golay A, Witztum JL, Giacobino JP 
(2003) Lipid peroxidation in skeletal muscle of obese as compared to endurance-trained humans: a case of 
good vs. bad lipids? FEBS Lett. 551: 104-106. 

 
 

10-02. Dissipating excess energy in the liver is a potential treatment strategy 
for the metabolic syndrome. 
Rolf K Berge, KJ Tronstad, J Skorve 

Inst. Medicine, Univ. Bergen, Norway. - rolf.berge@med.uib.no 
 Much data indicates that lowering of plasma triglyceride levels by hypolipidemic agents 
is caused by a shift in the liver metabolism, toward peroxisome proliferator activated 
receptor (PPAR) α regulated fatty acid catabolism in mitochondria. Feeding rats with 
tetradecylthioacetic acid (TTA) leads to hypolipidemia possibly by increased channeling of 
fatty acids to mitochondrial fatty acid oxidation at the expense of triacylglyceride 
synthesis [1]. Our results suggest that a TTA-induced increase in hepatic fatty acid 
oxidation and ketogenesis drains fatty acids from blood and extrahepatic tissues and that 
this contributes significantly to the beneficial effects of TTA on fat mass accumulation and 
peripheral insulin sensitivity [2]. These effects are associated with altered energy state 
parameters of the liver at the tissue-, cellular, and mitochondrial level [3]. The hepatic 
phosphate potential, energy charge, and respiratory control coefficients were lowered, 
while rates of oxygen uptake and oxidation of pyridine nucleotide redox pairs. This is 
compatible with uncoupling of mitochondria due to increased proton conductance of the 
inner membrane. Thus, uncoupling activity of TTA was confirmed by measuring the 
proton electrochemical potential. The data suggested that TTA influences expression 
and/or activity of electrogenic ion transport systems in the mitochondrial membrane. A 
candidate protein is uncoupling protein 2 (UCP2) whose mRNA expression was induced 
after TTA treatment in rats as well as in wild type and PPARα-deficient mice. TTA also 
activates the other PPARs (e.g. PPARδ), and this may compensate for the deficiency of 
PPARα. 
1.  Berge RK, Skorve J, Tronstad KJ, Berge K, Gudbrandsen OA, Grav H (2002) Metabolic effects of thia fatty               

acids. Curr. Opin. Lipidol. 13: 295-304. 
2.  Berge RK, Tronstad KJ, Berge K, Rost TH, Wergedahl H, Gudbrandsen OA, Skorve J (2005) The metabolic 

syndrome and the hepatic fatty acid drainage hypothesis. Biochimie 87: 15-20. 
3. Grav HJ, Tronstad KJ, Gudbrandsen OA, Berge K, Fladmark KE, Martinsen TC, Waldum H, Wergedahl H, 

Berge RK (2003) Changed energy state and increased mitochondrial beta-oxidation rate in liver of rats 
associated with lowered proton electrochemical potential and stimulated uncoupling protein 2 (UCP-2) 
expression: evidence for peroxisome proliferator-activated receptor-alpha independent induction of UCP-2 
expression. J. Biol. Chem. 278: 30525-30533. 

 
 

10-03. Endothelial mitochondria exhibit an initial target of 
hyperglycemia. 
Wolfgang F Graier, J Paltauf-Doburzynska, R Malli, M Trenker 

Dept. Molecular Biology Biochemistry, Center Molecular Medicine, Medical Univ. 
Graz, A-8010 Graz, Austria. - wolfgang.graier@meduni-graz.at 

Diabetes mellitus is associated with vascular disorders that are thought to be causally 
linked to endothelial dysfunction initiated by elevated high D-glucose, glycated (lipo-) 
proteins and advanced glycation end products [1]. However, the molecular mechanisms 
responsible for the development of endothelial malfunction in human diabetes is only 
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fractionally clarified. Recent findings 
suggest that endothelial mitochondria 
may represent a causal link between 
high blood glucose levels and the 
appearance of vascular diseases [2]. 
We showed that under hyperglycaemic 
conditions (HGC) endothelial 
mitochondrial shape changed from a 
mainly tubular, highly interconnected 
network towards multiple, isolated 
singular structures within several hours. 
This striking and fast alteration in 
mitochondrial architecture was accompanied by enhanced mitochondrial free radical 
formation and a prolonged mitochondrial Ca2+ accumulation upon cell stimulation with an 
IP3 generating agonist. Notably, the changes in mitochondrial structure by HGC could not 
be correlated with altered cytosolic Ca2+ signaling, while cytosolic Ca2+ signaling under 
HGC was normalized with antimycin A, an inhibitor of the respiratory chain. These data 
suggest that although mitochondrial structure greatly changed during HGC, alterations in 
cytosolic Ca2+ signalling are more likely due to the enhanced energy status/metabolism 
of the mitochondria. As endothelial Ca2+ signalling represents a key regulator for many 
endothelial vascular functions [3], mitochondria related alterations of endothelial Ca2+ 
homeostasis may support the development of vascular diseases in human diabetes. In 
addition, the balance between the metabolic stimulation of mitochondria and their free 
radical production during HGC may represent the turning point of either cell adaptation 
response or the initiation of fatal pathways is decided in diabetes. 
1. De Vriese AS, Verbeuren TJ, Van de Voorde J, Lameire NH, Vanhoutte PM (2000) Endothelial dysfunction in 

diabetes. Br. J. Pharmacol. 130: 963-974. 
2. Paltauf-Doburzynska J, Malli R, Graier WF (2004) Hyperglycemic conditions affect shape and Ca2+ 

homeostasis of mitochondria in endothelial cells. J. Cardiovasc. Pharmacol. 44: 423-436. 
3. Wascher TC, Toplak H, Krejs GJ, Simecek S, Kukovetz WR, Graier WF (1994) Intracellular mechanisms 

involved in D-glucose-mediated amplification of agonist-induced Ca2+ response and EDRF formation in 
vascular endothelial cells. Diabetes 43: 984-991. 

 
 

10-04. Complex I and physiopathology of mitochondrial oxygen 
metabolism. 
S Scacco1, N Capitanio2, C Piccoli2, F Bellomo1, T Cocco1,  
F Papa3, V Petruzzella1, A Iuso1, M Zeviani4, Sergio Papa1,5 

1Dept. Medical Biochemistry, Medical Biology Medical Physics, Univ. Bari; 
2Dept. Biomedical Science, Univ. Foggia, Italy; 3Dept. Odontostomatology 
Surgery, Univ. Bari; 4Dept. Molecular Neurogenetics, National Inst. 
Neurology “C. Besta”, Milano; 5Inst. Bioenergetics Biomembranes, CNR, 

Bari, Italy. - papabchm@cimedoc.uniba.it 
 Conditions leading to arrest of cell replication are associated with decline of the 
activity of complex I of the respiratory chain and increased level of ROS in a variety of 
cell cultures in vivo. Short term (60 min) activation of the cAMP cascade by cholera toxin 
results in marked enhancement of the rotenone sensitive NADHubiquinone 
oxidoreductase activity of complex I, a rate limiting step of the respiratory chain, and 
disappearance of ROS from the cells. Experiments on fibroblast cultures from patients 
with pathological mutations of nuclear genes of complex I were also carried out. 
 The results showed that mutations in the NDUFS4 gene (18 kDa subunit), causing 
complete suppression of complex I NADHubiquinone oxidoreductase activity, prevented 
ROS formation in the fibroblast cultures. Mutation in the NDUFS1 gene (75 kDa, 
FeSprotein) causing severe depression of the NADHubiquinone oxidoreductase activity of 

Control

2h HGC (44 mM D-glucose)

Control

2h Osmotic  control
(i.e. 10 mM D-glucose +34 mM mannitol)

Control

2h HGC (44 mM D-glucose)

Control

2h HGC (44 mM D-glucose)

Control

2h Osmotic  control
(i.e. 10 mM D-glucose +34 mM mannitol)

Control

2h Osmotic  control
(i.e. 10 mM D-glucose +34 mM mannitol)



   
 

 
Mitochondrial Physiology – MiP2005 www.mitophyisology.org  

114

complex I, was associated with production ROS, reversed by activation of the cAMP 
cascade. 
 

10-05. Two components in pathogenic mechanism of 
mitochondrial ATPase deficiency: Energy deprivation and 
ROS production. 
Josef Houštěk1, T Mráček1, P Pecina1, A Vojtíšková1, O Šebesta1,  
M Vrbacký1, H Mayr2, M Kalous1, P Ješina1 

1Inst. Physiology, Acad. Sci. Czech Republic, 142 20 Prague, Czech 
Republic; 2Dept. Paediatrics, General Hospital Salzburg, A-5020 Salzburg, 

Austria. – houstek@biomed.cas.cz 
 Isolated defects of mitochondrial ATP-synthase (ATPase) due to diminished 
biosynthesis of the enzyme represent a new class of severe mitochondrial diseases, 
characterized by selective, 70-90 % decrease in cellular content of ATPase [1,2]. The 
primary cause is a mutation in nuclear gene(s) affecting the initial stage of enzyme 
biogenesis - assembly of the F1 catalytic part of the enzyme [1,3]. Our studies of cellular 
respiration and ATP synthesis in fibroblasts from several unrelated patients with ATPase 
deficiency showed that the content of the enzyme is insufficient, or without any reserve 
capacity to maintain basal mitochondrial energy provision. The cells exhibited altered 
discharge of mitochondrial membrane potential ∆ψm (cytofluorometry with TMRM), which 
was increased at state 4 and especially at state 3-ADP. ATPase-deficient cells further 
showed several-fold increase in mitochondrial ROS production analyzed by CM-H2DCFDA 
fluorescence (using fluorometry or confocal microscopy) that was fully abolished by 
uncoupler FCCP. Activated ROS production was associated with a variable increase of 
mitochondrial superoxide dismutase (MnSOD), and small changes in cellular content of 
glutathione, but inhibition of glutathione synthase with buthionine sulphoximide (BSO) 
significantly activated ROS production. Aurovertin and oligomycin titration studies and 
replacement of glucose by galactose in culture medium demonstrated a marked decrease 
in viability of ATPase-deficient cells when they depend on mitochondrial oxidative 
metabolism rather than on glycolysis. 
 Our studies demonstrate that altered discharge and high levels of ∆ψm activate ROS 
production in ATPase-deficient cells. The resulting oxidative stress can be counteracted 
by activity of MnSOD and glutathione levels, however, activated mitochondrial ROS 
production is lethal in patient cells.  
1. Houstek J, Klement P, Floryk D, Antonicka H, Hermanska J, Kalous M, Hansikova H, Hout'kova H, 

Chowdhury SK, Rosipal T, Kmoch S, Stratilova L, Zeman J (1999) A novel deficiency of mitochondrial 
ATPase of nuclear origin. Hum. Mol. Genet. 8: 1967-1974. 

2. Mayr JA, Paul J, Pecina P, Kurnik P, Förster H, Fötschl U, Sperl W, Houstek J (2004) Reduced respiratory 
control with ADP and changed pattern of respiratory chain enzymes due to selective deficiency of the 
mitochondrial ATP synthase. Pediatr. Res. 55: 1-7. 

3. Houstek J, Mracek T, Vojtiskova A, Zeman J (2004) Mitochondrial diseases and ATPase defects of nuclear 
origin. Biochim Biophys Acta. 1658: 115-121. 

 
 

10-06. Trolox restores aberrant mitochondrial morphology and improves the 
assembly and activity of complex I in patients with an isolated 
deficiency.  
H Visch1,2, PHGM Willems1, S Grefte1, LWPJ van den Heuvel2, JAM Smeitink2, 
LG Nijtmans2, Werner JH Koopman1,3 

1Depts. Biochemistry; 2Paediatrics; 3Microscopical Imaging Ctr., Nijmegen Ctr. Molecular 
Life Sciences1,3; 2Mitochondrial Disorders, Radboud Univ., Nijmegen, The Netherlands. - 
w.koopman@ncmls.ru.nl  
 Mutations in nuclear-encoded subunits of NADH:ubiquinone oxidoreductase (complex 
I) cause complex I deficiency (OMIM 252010), which is associated with a broad spectrum 
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of clinical presentations. Currently, the cellular consequences of these disorders remain 
elusive and rational treatment strategies are lacking. We recently demonstrated that 
mitochondrial complexity is increased upon inhibition of complex I [1] and linearly 
correlated with residual complex I activity in patient cells [2]. This finding suggests that 
an increase in mitochondrial complexity might reduce complex I deficiency. Here, we 
investigated this idea in a collection of 13 patients carrying mutations in nuclear-encoded 
subunits of complex I (NDUFV1, NDUFS1, NDUFS2, NDUFS4, NDUFS7 or NDUFS8). 
Cluster analysis highlighted two classes of patients within this cohort displaying a 
relatively low (class I: 33±3 % of lowest control) or high (class II: 65±3 %) residual 
complex I activity. Mitochondrial complexity was significantly lower in class I (68±4 % of 
control) than in class II (115±3 %) and not related to the activity of complex III and IV. 
Under resting conditions, patient cells displayed a normal cytosolic calcium homeostasis 
but an increased rate of ROS generation. The latter was fully normalized by treatment 
with the vitaminic antioxidant Trolox. Both in vehicle and Trolox-treated patient cells 
complex I activity and assembly were linearly (y=x) correlated. This suggests that 
complex I, once fully assembled, displays normal catalytic activity. In class I, treatment 
with Trolox fully restored mitochondrial complexity and enhanced the expression and 
activity of complex I by 200 %. In class II, Trolox did not affect mitochondrial complexity 
and increased complex I expression and activity by 50 %. Such restoration was induced 
by treatment with the mitochondria-targeted antioxidant mitoquinone (MitoQ). We 
conclude that nuclear-encoded mutations in complex I affect the assembly of the 
complex but, once assembled, not its catalytic activity. The reduced expression of 
complex I results in enhanced levels of ROS that contribute to the cellular phenotype by 
affecting mitochondrial complexity and complex I expression/activity. The effectiveness 
of Trolox might indicate a potential beneficial role in the treatment of patients.  
1. Koopman WJH, Verkaart S, Visch HJ, van der Westhuizen FH, Murphy MP, van den Heuvel LWPJ, Smeitink 

JAM, Willems PHGM. (2005) Inhibition of complex I of the electron transport chain causes oxygen radical-
mediated mitochondrial outgrowth. Am. J. Physiol. Cell Physiol. 288: C1440-C1450. 

2. Koopman WJH, Visch, H., Verkaart, S., van den Heuvel, LWPJ, Smeitink, J.A.M., Willems, P.H.G.M. (2005) 
Mitochondrial network complexity and pathological decrease in complex I activity are tightly correlated in 
isolated human complex I deficiency. Am. J. Physiol. Cell Physiol. (in press). 

3. Boxma B, de Graaf RM, van der Staay GW, van Alen TA, Ricard G, Gabaldon T, van Hoek AH, Moon-van der 
Staay SY, Koopman WJH, van Hellemond JJ, Tielens AG, Friedrich T, Veenhuis M, Huynen MA, Hackstein JH. 
(2005) An anaerobic mitochondrion that produces hydrogen. Nature 434: 74-79. 

 
 

10-07. Cytochrome c oxidase assembly defects. 
Petr Pecina1, Z Drahota1, M Vrbacký1, C Dell'Agnello2, M Zeviani2,  
J Houštěk1 

1Inst. Physiology, Ctr. Integrated Genomics, Acad. Sci. Czech Republic, 142 
20 Prague, Czech Republic; 2Unit Molecular Neurogenetics, National 
Neurological Inst., 'Carlo Besta', Milan, Italy. - pecina@biomed.cas.cz 
 Mutations in SURF1, the cytochrome c oxidase (COX)-specific assembly 
factor, are the primary cause of Leigh syndrome associated with COX 

deficiency (LSCOX), one of the most frequent mitochondrial disorders with fatal 
consequences [1]. The Surf1p absence in LSCOX patient fibroblasts leads to severe 
reduction of the COX holoenzyme content and accumulation of COX assembly 
intermediates. Our previous studies showed that such deficiency manifests in decreased 
stability of the enzyme, impaired proton-pumping ability of COX, and decreased affinity 
of the enzyme for oxygen [2,3]. We suggested that these functional changes were due to 
altered properties of the COX assembly intermediates [2,3].  
 Recently, we extended our studies in the SURF1 knock-out mice model of LSCOX [4].  
In mitochondria isolated from tissues of homozygous SURF1 -/- mice we observed similar 
functional alterations as in patient fibroblasts, e.g. decreased affinity of COX for oxygen 
and release of the enzyme downregulation. These changes, however, were not 
accompanied by the accumulation of COX assembly intermediates, only severe reduction 
of the holoenzyme content was found. Using high-resolution BN-PAGE and 2D-PAGE 
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techniques and the SURF1 knock-out mice model, we aim to further resolve whether the 
functional manifestations of the COX assembly defect are due to (i) accumulation of 
intermediates with altered functional properties; (ii) changes in subunit composition of 
the COX holoenzyme that has not been so far recognized due to low resolution of BN-
PAGE, i. e. absence of one or several small nuclear-encoded subunits; and (iii) decreased 
content of otherwise structuraly and functionaly normal COX. 
1. Tiranti V, Hoertnagel K, Carrozzo R, Galimberti C, Munaro M, Granatiero M, Zelante L, Gasparini P, Marzella 

R, Rocchi M, Bayona-Bafaluy MP, Enriquez JA, Uziel G, Bertini E, Dionisi-Vici C, Franco B, Meitinger T, 
Zeviani M (1998) Mutations of SURF-1 in Leigh disease associated with cytochrome c oxidase deficiency. Am 
J Hum Genet. 63: 1609-1621. 

2. Pecina P, Capkova M, Chowdhury SK, Drahota Z, Dubot A, Vojtiskova A, Hansikova H, Houst'kova H, Zeman 
J, Godinot C, Houstek J (2003) Functional alteration of cytochrome c oxidase by SURF1 mutations in Leigh 
syndrome. Biochim. Biophys. Acta. 1639: 53-63. 

3. Pecina P, Gnaiger E, Zeman J, Pronicka E, Houstek J (2004) Decreased affinity for oxygen of cytochrome-c 
oxidase in Leigh syndrome caused by SURF1 mutations. Am. J. Physiol. Cell Physiol. 287: C1384-C1388. 

4. Agostino A, Invernizzi F, Tiveron C, Fagiolari G, Prelle A, Lamantea E, Giavazzi A, Battaglia G, Tatangelo L, 
Tiranti V, Zeviani M (2003) Constitutive knockout of Surf1 is associated with high embryonic lethality, 
mitochondrial disease and cytochrome c oxidase deficiency in mice. Hum. Mol. Genet. 12: 399-413. 

 
 

10-08. Mitochondrial alterations during apoptosis induced by a 
thia fatty acid in leukemia cells. 
Karl J Tronstad, BT Gjertsen, K Berge, Ø Bruserud, R Berge 

Inst. Medicine, Univ. Bergen, Norway. - karl.tronstad@med.uib.no 
 Some fatty acids and derivatives are known to induce cell death in 
cancer cells. Mitochondria may have important roles in the death process. 
The modified fatty acid tetradecylthioacetic acid (TTA) has in multiple 

studies been demonstrated to have anticancer properties [1, 2]. The objective in this 
study was to investigate the underlying mechanism behind TTA-induced apoptosis in IPC-
81 leukemia cells. The first signs of apoptotic morphology were seen after 12 hours. 
Overexpression of the antiapoptotic protein Bcl-2 partially blocked the induction of 
apoptosis. Mitochondrial release of cytochrome c could be detected less than one hour 
after TTA administration. This was equally evident in Bcl-2 overexpressing cells, and in 
cells overexpressing the inducible cAMP early repressor (ICER), which are resistant to 
cAMP indcuced apoptosis. Intriguingly, caspase-3 activation in TTA-treated cells occurred 
in parallel with the appearance of apoptotic morphology, i.e. several hours after the 
release of cytochrome c. The broad-spectrum caspase inhibitor zVAD-fmk did not block 
induction of apoptosis; however, it appeared to suppress nuclear fragmentation. In 
addition to early cytochrome c release, the importance of mitochondria in TTA-induced 
apoptosis was further substantiated by depolarisation of the mitochondrial membrane 
potential (∆ψ). Finally, we observed an early depletion of mitochondrial glutathione and a 
reduction in the percentage of non-oxidized glutathione (GSH). This supports the 
understanding that the mitochondrial level of glutathione may be of importance early in 
the apoptotic process. It is concluded that TTA, as a modified fatty acid, seems to cause 
apoptosis possibly through a direct effect on mitochondria [3]. This type of compounds 
might therefore be candidates for new mitochondrion-targeting drugs that overcome 
apoptosis resistance. 
1. Berge K, Tronstad KJ, Flindt EN, Rasmussen TH, Madsen L, Kristiansen K, Berge RK (2001) 

Tetradecylthioacetic acid inhibits growth of rat glioma cells ex vivo and in vivo via PPAR-dependent and 
PPAR-independent pathways. Carcinogenesis 22: 1747-1755. 

2. Tronstad KJ, Bruserud O, Berge K, Berge RK (2002) Antiproliferative effects of a non-beta-oxidizable fatty 
acid, tetradecylthioacetic acid, in native human acute myelogenous leukemia blast cultures. Leukemia 16: 
2292-2301. 

3. Tronstad KJ, Gjertsen BT, Krakstad C, Berge K, Brustugun OT, Doskeland SO, Berge RK (2003) 
Mitochondrial-targeted fatty acid analog induces apoptosis with selective loss of mitochondrial glutathione in 
promyelocytic leukemia cells. Chem Biol 10: 609-618. 
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10-09. Mitochondrial derangement induced by PPAR-ligands in HEP-G2 cell 
lines. Pathophysiological and pharmacotoxicological implications. 
Roberto Scatena1, P Bottoni1, GE Martorana1, F Vincenzoni1, M Bozzi2,   
B Giardina1 

1Ist. Biochimica Biochimica Clinica, Univ. Cattolica, Rome; 2Consiglio Nazionale Richerche 
(CNR), Ist. Chimica Riconoscimento Molecolare, Rome, Italy. - r.scatena@rm.unicatt.it 
 Thiazolidinediones, fibrate derivative drugs, have emerged as a treatment option in 
the pharmacotherapy of type 2 diabetes mellitus. Some drugs belonging to this class, 
however, are characterized by an intriguing pharmacotoxicological profile. The first 
thiazolidinedione drug, troglitazone, was rapidly withdrawn from the market because of 
liver toxicity. Moreover, also the ‘newer’ glitazones have been reported to provoke a 
dangerous hepatotoxicity [1]. Recently the American Heart Association and the American 
Diabetes Association contraindicated thiazolidinediones in patients at risk for heart 
failure. Our recent studies showed that some fibrates (clofibric acid, gemfibrozil and 
bezafibrate) and a thiazolidinedione derivative, ciglitazone, are all capable of inhibiting 
NADH cytochrome c reductase activity of the mitochondrial electron transfer chain in 
human myeloid and human muscular cell lines [1]. 
 All these drugs are considered well-known PPARs (Peroxisome Proliferator Activated 
Receptors) ligands and their pharmacological activities are classically reported as 
consequences of their capacity to bind and activate these particular class of nuclear 
receptors [2]. In particular fibrates, interacting with subtype alpha of PPARs, seem 
mainly to control the transcription of genes encoding key enzymes related to fatty acid 
catabolism, and thereby are used as hypolipidemic-hypotrygligeridemic drugs while 
fibrate derivatives thiazolidinediones, interacting mainly with PPAR subtype gamma, 
seem to act as insulin sensitizers and because of this they have been introduced in 
therapeutic protocols of type 2 diabetes mellitus.  
 At present, clinical data about a moderate activity of glitazones as hypoglycemic 
agents together with unwanted noxious effects (episodes of acute liver insufficiency 
and/or heart failure) seem to confirm that the pharmacotoxicological profiles of these 
PPAR ligands cannot be fully ascribed only to receptor activation. Mitochondria may 
represent secondary but still important targets of these drugs and this aspect can not be 
underestimated in all its implications anymore. In fact, these organelles, characterized by 
a typical physical and chemical matrix milieu (∆ψm and ∆pH), may accumulate some 
amphipatic xenobiotics like fibrates and glitazones at concentrations much higher than 
those measured in blood [3]. 
 PPAR-ligands impairing NADH oxidation at the level of Complex I of the mitochondrial 
respiratory chain induce cells to respond to the energy demand by a series of metabolic 
shortcuts (i.e., stimulation of glycolysis and/or β-oxidation) which could explain some 
aspects of their pharmacological and toxicological profiles. In our opinion, a right 
emphasis on the interaction between synthetic PPAR-ligands and mitochondria is 
fundamental in order to reduce, in genetically or pathologically predisposed patients, 
further dangerous side effects.  
 Considering the role of liver in the pathophysiology of type 2 diabetes and its 
demonstrated vulnerability to the toxic effects of glitazones, the scope of this 
investigation was the characterization of the metabolic and toxicological effects of 
different PPAR-ligands in a human liver cell line. 
1. Scatena R, Bottoni P, Martorana GE, Giardina B (2004) Mitochondrial dysfunction by synthetic ligands of 

peroxisome proliferator activated receptors (PPARs). IUBMB Life 56: 477-82. 
2. Kersten S, Desvergne B, Wahli W (2000) Roles of PPARs in health disease. Nature 405: 421-424.  
3. Szewczyk A, Wojtczak L (2002) Mitochondria as a pharmacological target. Pharmacol. Rev. 54: 101-127. 

 
 
 



   
 

 
Mitochondrial Physiology – MiP2005 www.mitophyisology.org  

118

10-10. Cancer cell growth can be affected by different mitochondrial DNAs 
from subjects without cancer. 
Y Min Cho, JH Kim, KS Park, Hong Kyu Lee 

Dept. Internal Medicine, Seoul National Univ. Coll. Medicine, Seoul, Korea. - 
hkleemd@snu.ac.kr   
 The role of mitochondrial dysfunction in carcinogenesis has been shown in previous 
studies [1,2]. Most of the previous studies used pathogenic mutant mitochondrial DNA 
(mtDNA) to examine the effect of mtDNA on carcinogenesis. In this study, we made 
trans-mitochondrial hybdrids (cybrids) containing 143B osteosarcoma cell nucleus and 
mtDNAs from platelets of normal subjects (n = 24) who did not have cancer at the time 
of study. Since mtDNA haplogroup D has been reported to be associated with longevity in 
Japanese [3], we included hapolgroup D with other common Asian-specific haplogroups. 
The mtDNAs used in this study were haplogroup A, B, D, and F (n = 6 in each 
haplogroup). We compared cell counts at 72 h after seeding same number of cells and 
found that the cybrids harboring haplogroup D mtDNAs grew at the lowest rate (P<0.05 
compared to 143B rho+ parent cell). When comparing individual clones, we observed 
that cybrid A1 showed the highest growth rate and cybrids D1, D3, D6 showed the lowest 
rate. The thymidine uptake rate was higher in cybrid A1. By FACS analysis using 
propidium iodide staining, we found that the cells of sub-G1 phase were less than 40% in 
cybrid A1 and more than >50 % of cybrids D1, D3, and D6 remained at sub-G1 phase. 
There was no difference in the rate of apoptosis. In prostate cancer, it has been shown 
that reactive oxygen species (ROS) contributes as cell growth stimuli [1]. However, we 
could not find any difference among cybrids A1, D1, D3, and D6, although 143B rho+ 
cells showed significantly increased ROS levels. By sequencing of whole mtDNA, we 
found that cybrid A1 has Met490Thr mutation in COI gene and Thr127Ala mutation in 
ND5 gene. Among them, Thr127Ala is highly conserved amino acid across all species. 
Thus, it could be responsible for the functional difference of cybrid A1. From above 
results, we conclude that cancer cell growth is affected by different mtDNAs from 
subjects without clinically evident cancer and subjects harboring mtDNA haplogroup D 
could live longer by avoiding carcinogenesis. 
1. Petros JA, Baumann AK, Ruiz-Pesini E, Amin MB, Sun CQ, Hall J, Lim S, Issa MM, Flanders WD, Hosseini SH, 
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from apoptosis. Cancer Res. 65: 1655-1663.  
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 The mitochondrial genetic diseases can be caused by more than 50 mtDNA mutations 
and 200 rearrangements. It has been already observed that several distinct mtDNA 
mutations can product the same disease and reciprocally several diseases can be related 
to the same mutation. These observations highlight the problem of the variability of the 
expression of these mutations. Several hypotheses such as differences in the “threshold 
effect”, or heteroplasmy levels have been proposed to explain this variability. However, 
differences in the mitochondrial genetic background is another hypothesis, but this notion 
is difficult to investigate with traditional genetic approaches. 
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 The recent progress in molecular anthropology has lead to the possibility of the 
definition of monophyletic groups of mitochondrial DNA. Indeed, the analysis of mtDNA 
sequences has shown a high degree of homogeneity among European populations with 
99% of European mtDNAs fall into one of ten haplogroups (H, I, J, K, M, T, U, V, W or X). 
These “haplogroups” can be a useful tool for such genetic/epidemiology study. For the 
moment, only few studies are published on the relationships between haplogroups and 
mitochondrial diseases and concern few of these pathologies. In addition, these works 
often concern a small number of patients, which do not allow a clear statistical analysis. 
 Three laboratories of Bordeaux1,2,3 in collaboration with the French network of the 
mitochondrial diseases work to define the haplogroups of most of 500 French patients 
and to highlight the importance of the mitochondrial genetic background in the mtDNA 
mutations expression.  
1 Laboratoire d’anthropologie des populations du passé UMR CNRS 5809/ Université Bordeaux 1  
2 Laboratoire de « Pysiopathologie Mitochondriale » INSERM U688/ Université Victor Segalen-Bordeaux 2 
3 Laboratoire de Biologie Moléculaire et Séquençage  IBGC UMR CNRS 5095/Université Victor Segalen-

Bordeaux 2 
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 Mitochondrial DNA alterations have been suspected to play an important role in the 
development and progression of cancer. Several mutations have been identified in a wide 
variety of human tumors including breast, colorectal, ovarian, gastric, hepatic and 
esophageal cancers as well as hematological malignancies [1]. D-loop region of the 
mtDNA is the most potent accumulation site for many of these mutations and numerous 
polymorphisms have also been reported in this region. The sequence alterations of this 
region may contribute to altered replication or transcription properties.  
 Recently, Sanches-Cespedes and colleagues [2] have identified a polyC 
mononucleotide repeat located between 303 and 315 nucleotides within the D-loop 
region as a mitochondrial hot spot of deletion or insertion mutations. This region is part 
of the conserved sequence block (CSB) II and consists of a stretch of cytosines 
interrupted by a thymine nucleotide (CCCCCCCTCCCCC). Although the number of the 
cytosine residues at the first stretch of polyC is accepted as 7-C (GeneBank NC_001807), 
it is highly polymorphic ranging between 6-C to 9-C [3,4]. It is still questionable if there 
is any correlation between the number of the cytosine residues and development and 
progression of the cancer. Typically, time and money consuming methods such as  
sequencing and radioactivity based gel electrophoresis are required in order to evaluate 
this polymorphism among individuals. Also, gel electrophoresis remains ineffective unless 
confirmed with sequencing and these limidations are especially obvious with studying 
large populations.   
 In this study we established a restriction fragment length polymorphism (RFLP) assay  
for the first step rapid screening of the individuals if they carrying 7-C at their 
mitochondrial D310 region. We tested a total of 141 tissue samples including normal and 
cancerous tissues of 25 breast and 25 colorectal cancer patients and 41 blood samples of 
healty individuals.  By using this simple approach, 41 % of the studied samples were 
found that have 7-C in their mtDNA D310 region without need for sequencing and/or 
radioactive labelling.  Furthermore, we compared the cases and normal samples for their 
RFLP status and found a statistically significant difference between colorectal cancer 
samples and healty individuals. 
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 Hyperglycemia in insulin-resistant type 2 diabetes is associated with mitochondrial 
dysfunction characterized by diminished mitochondrial oxidative capacity and proton 
uncoupling, elevated membrane potential, increased ROS production and impaired lipid 
metabolism. While mitochondria are considered a central locus of altered metabolic 
pathways leading to pathogenic processes in type 2 diabetes, the mechanisms underlying 
these factors remains to be elucidated. Evidence for reduced oxidative capacity of 
skeletal muscle in diabetes is based on markers of oxidative enzyme levels and gene 
expression defects, yet there is a paucity of data reporting direct measures of 
mitochondrial O2 flux capacity in cells. In this study, O2 flux capacity of permeabilized 
muscle fibers from biopsies of the quadriceps in healthy humans (n=5) and patients with 
type 2 diabetes (n=7) was measured at 37 °C using high resolution respirometry 
(OROBOROS Oxygraph-2k). Oxygen flux was expressed per mg muscle fresh weight. 
Diabetic and control subject characteristics were; age = 62 ± 2 and 56 ± 2 yrs; body 
mass index =  33 ± 2 and 29 ± 1 kg/m2; fasting glucose = 8.7 ± 0.8 and 5.3 ± 0.2 mM; 
lactate = 1.3 ± 0.1 and 1.5 ± 0.4 mM, respectively. 
 In healthy controls and diabetics respectively, ADP-stimulated state-3 respiration with 
complex I substrate (glutamate) was 43±4 vs. 33±2 pmol O2·s-1·mg-1, and state-3 O2 
flux with parallel electron input from complex I+II (glutamate+succinate) was 87±8 vs. 
70±3 pmol·s-1·mg-1. Further increases in flux capacity were observed with uncoupling by 
FCCP, but were lower in type 2 diabetics (106±12 vs. 84±2 pmol·s-1·mg-1). Subsequent 
fluxes with rotenone were 73±9 vs. 58±3 allowing for an estimation of individual fluxes 
through complex I and II. The findings demonstrate serial blunting of state-3 O2 flux with 
electron flux through either complex I or II, and a similar reduction with parallel electron 
input through both complexes. Furthermore, on the basis of similar uncoupled responses 
relative to state 3 (glutamate+succinate) in both healthy (1.22) and diabetic subjects 
(1.2), the results reflect an attenuation of mitochondrial oxidative capacity in skeletal 
muscle of type 2 diabetic patients indicative of an impaired  electron transport capacity.  
 Supported by the Lundbeck Foundation and Fonds de la Recherche en Sante Quebec. The authors 
acknowledge the excellent technical work of Regitze Kraunsøe.  
1. Brownlee M (2005) The pathobiology of diabetic complications: a unifying mechanism. Diabetes 54: 1615-
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2. Schrauwen P, Hesselink MK (2004) Oxidative capacity, lipotoxicity, and mitochondrial damage in type 2 
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