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Antioxidants, micronutrients, and genes in aging

L. Packer

Pharmacology and Pharmaceutical Sciences, School of Pharmacy, University of Southern California, Los Angeles, CA, USA

Gene deletions or mutations point to a person’s susceptibility for developing a disease but identified genes do not tell us about gene activity, which determines healthspan and healthy aging. A brief overview will be presented of

· Free radicals, oxidative stress, and antioxidants

· Intervention trials with high doses of antioxidants

· Lifestyle factors 

· Gene expression and aging

· Caloric restriction and antioxidants

· Lifespan genes and centenarians

A key question is how nutrients change the way genes are expressed. Clive McKay reported 75 years ago the classical experiment in aging research, that lifespan is extended by calorie restriction. This effect has been observed in yeast, worms, flies, mouse strains, non-human primates, and other species. The caloric restriction effect can be mimicked by antioxidants and other substances that affect key cell signaling pathways. Genes highly expressed in centenarians can offer clues by comparing expression in younger individuals from populations with the same lifestyle. 
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Lipid peroxidation and vitamin E: a look back and ahead

E. Niki

Health Research Institute, AIST, Japan

The studies of lipid peroxidation and vitamin E started in 1930’s. Since then, remarkable advancement has been achieved by many excellent studies.  For example, Dianzani and his colleagues reported in 1986 that carbon tetrachloride administration generated trans,trans-conjugated diene products, a specific marker of free radical oxidation, which were suppressed by vitamin E [1]. It is now well accepted that both active oxidants and antioxidants exert versatile functions and effects. Active oxidants induce modification of biological molecules or regulate gene expression, while lipid peroxidation products may induce oxidative damage or adaptive response. Abundant data show that the antioxidants effectively suppress the chronic diseases such as atherosclerosis of experimental animals, whereas the beneficial effects of antioxidants such as vitamin E against human health and diseases are not clear and these issues have been the subject of extensive arguments. The role and effects of vitamin E as antioxidant and non-antioxidant messenger in vivo should be elucidated in the future studies.

[1] Corongiu FP, Poli G, Dianzani MU, Cheeseman KH, Slater TF. Chem Biol Interact 59: 147-155: 1986.
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Cellular targets of 4-hydroxynonenal in vitro and in vivo

R.J. Schaur1, W.G. Siems2, G. Leonarduzzi3, G. Poli3
1Institute of  Molecular Biosciences, University of Graz, Austria; 2Research Institute of Physiotherapy and Gerontology, KortexMed Institute for Medical Education, Bad Harzburg, Germany; 3Department of Clinical and Biological Sciences, University of Turin, Italy

4-Hydroxynonenal (HNE) is regarded as a second messenger of oxidative stress. It is a long-lived molecule compared to reactive oxygen species such as the hydroxyl radical but it is short-lived compared to other lipid peroxidation products such as mercapturic acids. As a highly reactive electrophil it may react theoretically with a great variety of cellular nucleophiles. However, it appears that in vivo HNE forms conjugates with only a limited number of targets [1].

This contribution will focus on those factors which determine the actual targets of HNE within a cell such as the concentration and nucleophilicity of the target, the polarity of the microenvironment, the accessibility within the tertionary structure, and the site of formation as well as the metabolic rate of HNE.

[1] Poli G, Schaur RJ, Siems WG, Leonarduzzi G. 4-Hydroxynonenal: a membrane lipid peroxidation product of medicinal interest. Med Res Rev 28 (4): 569-631 (2008).
S4
Nitric oxide synthase and mitochondrial brain dysfunction in aging
A. Boveris
Laboratory of Free Radical Biology, School of Pharmacy and Biochemistry, University of Buenos Aires, Buenos Aires, Argentina

Aged mammalian brain is characterized by the presence of dysfunctional mitochondria with a decreased ATP production capacity. The impairment of mitochondrial function is mainly due to decreased rates of electron transfer by the selectively diminished activities of complexes I and IV. Inner membrane H+ impermeability is only slightly decreased in old animals. The activity of F1-ATP synthase activity has been recognized also markedly decreased upon aging with an identified nitration in Tyr269 in the -subunit of F1-ATP synthase. Nitration appears driven by an increased intramitochondrial steady state level of ONOO-, which is produced by increases in the levels of intramitochondrial O2- and of mitochondrial and cytosolic NO. The first seems due to an increased rate of O2- production by an altered complex I, in a classic “complex I syndrome”, and the second by an increased cytosolic iNOS activity secondary to an inflammatory response. Dysfunctional mitochondria in aged rodents also show increased size and fragility, decreased O2 uptake and membrane potential and increased content of phospholipids, proteins and DNA oxidation products. Additionally, a significant decrease in mitochondrial nitric oxide synthase (mtNOS) activity has been observed in the brain of senescent mice and rats. Free-radical mediated oxidations are determining factors of mitochondrial dysfunction and consequently of mitochondrial turnover, cell apoptosis, tissue dysfunction and lifespan. In aged mice and humans, the activities of mitochondrial complexes I and IV and of mtNOS in brain are decreased and may afford useful aging markers. In mice brain, these mitochondrial aging markers are linearly correlated with neurological performance, as determined by the tightrope and the T-maze tests, and survival. The same markers correlated negatively with the mitochondrial content of lipid and protein oxidation products. Selected conditions, such as vitamin E supplementation, decreased food intake, high neurological activity and moderate physical exercise, ameliorate brain mitochondrial dysfunction and improve neurological function in aging mice. High doses of vitamin E (2.0 and 5.0 g/kg of food; from 9 to 12 months) restored almost completely the complex I inactivation observed in aging rats (from 4 to 12 months). The NO and H2O2 levels in the cytosol may constitute the biological signals for mitochondrial biogenesis in mammalian brain. An adaptive response has been described in human cortex in Parkinson’s disease and in dementia with Lewy bodies in which increased levels of mtNOS are associated to a “complex I syndrome” with decreased rates of tissue respiration.  
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Delaying age-related disease with micronutrients: triage theory

B. N. Ames

Children’s Hospital Oakland Research Institute, Oakland, California

An inexpensive intervention could delay the degenerative diseases accompanying aging, such as cancer, cardiovascular disease, cognitive decline, stroke, and immune dysfunction. Most of the world’s population, even in developed countries, has inadequate intake of one or more micronutrients (~40 essential vitamins, minerals, fatty acids and amino acids) that a varied and balanced diet should provide. My triage theory (PNAS 103, 17589, 2006; AJCN 90, 889, 2009) posits that, as a result of recurrent shortages of micronutrients during evolution, natural selection developed a metabolic rebalancing response to shortage. The rebalancing favors micronutrient-dependent proteins needed for short-term survival while starving those only required for long-term health. Triage theory predicts that the consequence of moderate shortages of even a single micronutrient, though insufficient to cause overt clinical symptoms, will impair functions essential for long-term health. This impairment will result in insidious damage (e.g. increased oxidative damage) that, over time, leads to the acceleration of age-associated diseases (e.g. increased cancer and brain dysfunction). As people with modest deficiencies have no overt clinical symptoms, there has been little incentive to correct these deficiencies, though this could change if it can be shown that they are resulting in biochemical changes, e.g. chromosome breaks, that are markers of increased risk of age-related diseases, e.g. cancer. The considerable experimental and theoretical support for the triage idea will be discussed as will a strategy for determining the optimum level of each micronutrient in humans. The triage theory should help to put micronutrient nutrition on a firm foundation and lead to preventive medicine for age-related diseases.
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MAPK- and insulin signaling in aging and a model of Alzheimer’s disease. Role of mitochondria

E. Cadenas

Pharmacology & Pharmaceutical Sciences, School of Pharmacy, University of Southern California, Los Angeles, CA, USA

In primary cortical neurons and brain homogenates the levels of ATP and lactic acid decrease and increase, respectively, as a function of age. This indicates a metabolic shift from aerobic glycolysis to the less efficient anaerobic glycolysis, a feature that is also present in age-related neurodegenerative disorders, such as Alzheimer’s disease. 

Aberrant JNK- and PI3K/Akt signaling are associated with a brain hypometabolic phenotype mostly due to inactivation of mitochondrial pyruvate dehydrogenase that correlated with the increased translocation of active JNK to mitochondria and with an increase of pyruvate dehydrogenase kinase-2. Aberrant PI3K/Akt signaling – largely entailing decreased Akt and increased GSK3 activities – may account for the low cell energy charge due to decreased glucose uptake and mitochondrial energy-transducing capacity. GSK3 translocation to the mitochondrion increases as a function of age and mitochondrion-associated GSK3 was activated at Tyr216. Increase in mitochondrial hydrogen peroxide generation resulted in activation of GSK3 in primary cortical neurons, probably due to inhibition of the upstream Akt.

Aβ1-42 treatment caused a slight decrease in Akt phosphorylation and a significant dephosphorylation of both GSK-3α and GSK-3β. Lipoic acid rescued Aβ-induced down regulation of Akt and attenuated Aβ induction of GSK activity. These data show that lipoic acid feeding enhances Akt activity, whilst substantially downregulating GSK-3β activity in vivo in the brain. 
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Adaptive response of the Lon gene to oxidative stress

K. J. A. Davies

Ethel Percy Andrus Gerontology Center of the Davis School of Gerontology, and Division of Molecular & Computational Biology of the College of Letters, Arts & Sciences, the University of Southern California, Los Angeles, California, U.S.A.

The targeted removal of damaged proteins by proteolysis is crucial for cell survival.  We have shown previously that the product of the human lon gene, the Lon protease, selectively degrades oxidized mitochondrial proteins, thus preventing their aggregation and cross-linking.  We now show that lon is a stress-responsive gene, whose protease product is a stress-responsive protein that is induced by multiple stressors, including heat shock, serum starvation, and oxidative stress.  Lon induction, by pre-treatment with low-level stress, protects against oxidative protein damage, diminished mitochondrial function, and loss of cell proliferation, induced by toxic levels of hydrogen peroxide. Blocking Lon induction, with lon siRNA, also blocks this induced protection.  All of these results were obtained in young, healthy cells.  In older cells, however, Lon activity declines, and adaptational responses become sluggish or even ineffectual.  Studies in animals and humans now suggest that declining Lon activity and, perhaps, declining responsiveness to stress, may contribute to the ageing process, and to various age-associated diseases.  We propose that Lon is a generalized stress-protective enzyme whose decline may contribute to the increased levels of protein damage and mitochondrial dysfunction observed in ageing and various age-related diseases.
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Calcium and reactive oxygen species in mitochondrial regulation of cell death    

S. Orrenius 

Institute of Environmental Medicine, Karolinska Institutet, Stockholm,  Sweden                                                                                                         

In addition to the long established role of the mitochondria in energy metabolism, regulation of cell death has emerged as a second major function of these organelles. This seems to be linked to their role as the predominant intracellular source of reactive oxygen species (ROS), which are mainly generated at Complex I and III of the respiratory chain. Excessive ROS production can lead to the oxidation of macromolecules and has been implicated in carcinogenesis, ageing, and apoptotic cell death. Hence, many lethal agents target the mitochondria and cause the release into the cytosol of pro-apoptotic proteins, which can trigger caspase activation and other key events in apoptosis. One such protein is Apoptosis Inducing Factor (AIF), which is anchored to the inner mitochondrial membrane (IMM) by part of its peptide chain. Hence, AIF must be detached from the IMM before it can be exported from the mitochondria into the nucleus, where it promotes DNA fragmentation. AIF cleavage is catalyzed by mitochondrial calpain, which is activated by a sustained cytosolic Ca2+- elevation. Further, AIF cleavage is preceded by its oxidative modification (carbonylation) triggered by Ca2+-stimulated mitochondrial ROS production. Subsequent release of the AIF fragment into the cytosol occurs via pores in the outer mitochondrial membrane formed by pro-apoptotic Bcl-2 family proteins, or by Ca2+/ROS-induced mitochondrial permeability transition. Hence, it is apparent that mitochondrial Ca2+/ROS-signaling is critically involved in the control of AIF-mediated apoptotic cell death.  
S9

Modulation of the expression of longevity-related genes: an example of adaptation to stress

J. Viña, C. Gomez-Cabrera, C. Borras, V. E. Martinez-Bello, F. Sanchis-Gomar, J. Gambini, R. Lopez-Grueso

Departamento de Fisiología, Facultad de Medicina, Valencia, Spain

Longevity-associated genes are those whose expression, when modulated, positively affects longevity.  Many of these genes have been identified. Antioxidants were the first ones to be clearly established as longevity-associated genes. We have recently recognised p53, p16, telomerase and GRF1-RAS as longevity-associated genes.  

Identifying longevity-related genes is an important endeavour but one must be aware that gene therapy with these genes is not feasible and therefore we must aim at up-regulating those genes by physiological, nutritional and even pharmacological manipulations.

Many of the situations in which oxidative stress occurs, result in a compensatory up-regulation of longevity-associated genes.

We will discuss the effect of exercise (exhaustive and non-exhaustive) dietary manipulations such as soya feeding and pharmacological interventions and psychological stress in the up-regulation of longevity-associated genes. 

In general terms, it may be said that reactive oxygen species up regulate the longevity-related genes and that therefore, the occurrence and activity of reactive oxygen species should not be systematically quenched by pharmacological interventions. Oxidative stress is however, a different matter: when reactive oxygen species overwhelm the capacity of cells to metabolise them, damage may occur as is the case in exhaustive exercise when practised by untrained persons.  

The biological and medical implications of these ideas will be discussed in this presentation.
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Vitamin E is activated by phosphorylation to -tocopheryl phosphate
A. Azzi

Vascular Biology Laboratory, JM USDA-HNRCA at Tufts University, Boston, MA 
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Vitamin E ( -Tocopherol), traditionally described as an antioxidant, has revealed to posses specific cellular functions that are independent of its radical scavenging properties. It inhibits protein kinase C and PI3 Kinase, as well as activates protein phosphatase 2A and diacylglycerol kinase. Furthermore, at transcriptional level, several genes (the first to be described have been CD36,-TTP,-tropomyosin, and collagenase) are modulated by -tocopherol [1]. -Tocopheryl phosphate (-TP) is synthesized and hydrolyzed in animal cells and tissues; it modulates also several cell functions [2, 3]. While it is similar to -tocopherol (-T), -TP appears to be more potent than -T in inhibiting cell proliferation, down regulating CD36 transcription, inhibiting atherosclerotic plaque formation etc. In cells and animals -TP does not act by liberating -T; rather, the intact molecule appears to be more potent than -T itself [4, 5]. -TP can be defined as the active form of -T. Administration of -TP to cells or to animals requires its transfer through membranes. Specific inhibitors, glybenclamide and probenecid showed to inhibit -TP transport and to eliminate the effects caused by -TP to cells, in a dose-dependent way. In a search for genes that are specifically and strongly affected by TP, gene arrays representing essentially all human genes were used. A group of genes was found that is up-regulated by TP but not by T; suggesting that in some cells T is not sufficiently converted to TP. Genes which were regulated by both compound were more affected by TP than by T.
[1] Azzi, A. (2007) Molecular mechanism of alpha-tocopherol action, Free Radic Biol Med. 43, 16-21.

[2] Gianello, R., Libinaki, R., Azzi, A., Gavin, P. D., Negis, Y., Zingg, J. M., Holt, P., Keah, H. H., Griffey, A., Smallridge, A., West, S. M. & Ogru, E. (2005) Alpha-tocopheryl phosphate: a novel, natural form of vitamin E, Free Radic Biol Med. 39, 970-6.

[3] Negis, Y., Zingg, J.-M., Ogru, E., Gianello, R., Libinaki, R. & Azzi, A. (2005) On the Existence of Cellular Tocopheryl Phosphate, its Synthesis, Degradation and Cellular Roles: A Hypothesis, IUBMB Life. 57, 23 - 25.

[4] Munteanu, A., Zingg, J.-M., Negis, Y., Azzi, A., Ogru, E., West, S., Libinaki, R. & Gianello, R. (2004) Modulation of cell proliferation and gene expression by -tocopheryl phosphates: Relevance to atherosclerosis and inflammation, Biochemical and Biophysical Research Communications. 318, 311-316.

[5] Negis, Y., Aytan, N., Ozer, N., Ogru, E., Libinaki, R., Gianello, R., Azzi, A. & Zingg, J. M. (2006) The effect of tocopheryl phosphates on atherosclerosis progression in rabbits fed with a high cholesterol diet, Arch Biochem Biophys. 450, 63-6.
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Oxidative stress, non-alcoholic fatty liver disease (NAFLD), and obesity

L. A. Videla

Molecular and Clinical Pharmacology Program, Institute of Biomedical Science, Faculty of Medicine, University of Chile, Santiago, Chile

NAFLD is a common disorder associated with the increasing prevalence of obesity in the Western hemisphere, encompassing triacylglycerol accumulation in hepatocytes (steatosis) and steatosis with inflammation, fibrosis, and cirrhosis (non-alcoholic steatohepatitis, NASH). 

Overnutrition is related to the onset of oxidative stress in the liver, an effect involving a higher saturated fatty acids (FA) availability and oxidation, with consequent reactive O2 species (ROS) production, liver n-3 long-chain polyunsaturated FA (LCPUFA) depletion, and insulin resistance (IR) due to the redox activation of serine/threonine kinases altering insulin signaling. Both n-3 LCPUFA depletion and IR are associated with increased SREBP-1c/PPAR-( ratios, thus favouring lipogenesis over FA oxidation, which determine hepatic steatosis.

The oxidative stress status of the liver is further enhanced in NASH over steatosis, which is associated with CYP2E1 induction due to IR, mitochondrial dysfunction, and Kupffer cell or infiltrating leukocyte NADPH oxidase activation. Under these conditions, promotion of cellular damage may be ascribed to (i) severe oxidative alteration of biomolecules with loss of their functions and of cell viability; and (ii) activation of the redox-sensitive factors NF-(B and AP-1 with consequent upregulation of the expression of pro-inflammatory mediators at the Kupffer cell level. Thus, oxidative stress plays a key role in NAFLD through alterations in the expression pattern of the liver, representing a central issue for developing effective therapeutic strategies (Supported by FONDECYT 1060105 and 1090020). 
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(-)-Epicatechin, nitric oxide, and oxidants in hypertension 

C. G. Fraga1-3, C. Litterio1, P. D. Prince1, C. A. Taira2, P. I. Oteiza3-4, M. Galleano1
1Physical Chemistry-PRALIB, and 2Pharmacology, Pharmacy and Biochemistry, University Buenos Aires-CONICET, Buenos Aires, Argentina; 3Departments of Nutrition and 4Environmental Toxicology, University of California, Davis, USA

Flavanoids are naturally occurring plant compounds that when ingested, their biological effects could explain some of the cardiovascular benefits linked to the consumption of fruit and vegetables. Dietary intervention studies in humans and animals indicate that flavanol-rich foods, i.e. wine, tea, and chocolate may exert blood pressure (BP) lowering effects, and other cardiovascular benefits. However the biochemical mechanisms mediating those benefits are still under debate. To advance on the understanding the effects of flavanols on BP, we used a model of induced hypertension in rats by treatment with the NO-synthase (NOS) inhibitor L-NAME. The addition of (-)-epicatechin (EC) in the diet (0.2-4.0 mg/g diet) significantly modulated the L-NAME-dependent BP increase in a dose-dependent manner. The decrease in BP was associated with the presence of EC in plasma, the decrease in plasma markers of oxidative damage, i.e. malondialdehyde, nitrated proteins, and oxidized glutathione, and an increase in plasma NO. In aorta, pro-oxidant changes induced by L-NAME, were prevented by the consumption of EC. These results suggest that by lowering cell oxidants EC is maintaining an optimal NO steady-state level that finally results in the maintenance of BP at normal values (This work was partially supported by UBACyT (B801 and B802, and ANPCyT PICT 2008-994. CGF, PO, CAT and MG are members of the CIC, CONICET, Argentina). 
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Lipid peroxidation associated disorders – Tribute to oxidative stress and 4-hydroxynonenal research

N. Zarkovic

Rudjer Boskovic Institute, Division of Molecular Medicine, Zagreb, Croatia
Lipid peroxidation (LPO) plays important role in various diseases and in oxidative homeostasis. That is in particular due to the effects of major bioactive marker of LPO, 4-hydroxynonenal (HNE), considered also as a second messenger of free radicals. Hence, recent research on LPO revealed numerous regulatory roles of HNE essential for the maintenance of oxidative stress responses.

During the last four years within the European Cooperation in the field of Scientific and Technical Research (COST), the first networking project in the LPO field denoted COST B35 Action “Lipid Peroxidation Associated Disorders” provided a research platform aiming to improve the understanding, monitoring and control of LPO in medicine and biomedical research. The COST B35 Action was structured according to its scientific objectives in four working groups: 1) Improvement of methods for the determination of LPO products; 2) Studies of the fundamental aspects of LPO; 3) Pathological aspects of LPO and 4) Development and validation of antioxidants. Researchers involved in these working groups made important breakthroughs in validation of the LPO methods and improvement of the fundamental concepts of LPO. Hence, COST B35 Action revealed LPO not only a pathological but also a physiological process for various cells and tissues, considering HNE as major bioactive marker of LPO and antioxidants as biological stress-response modifiers necessary to maintain homeostasis and hormesis. 

Therefore, COST B35 Action was also crucial starting point for new ways in LPO research and should be followed by further scientific and technological collaborations.
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The discovery of carnosine derivatives as selective and efficient sequestering agents of cytotoxic carbonyl species: from molecular design to preclinical studies

G. Aldini, M. Orioli, G. Vistoli, M. Carini

Department of Pharmaceutical Sciences "Pietro Pratesi". Università degli Studi di Milano, Milan, Italy

Reactive carbonyl species (RCS) are involved in the pathogenesis of several human diseases. Hence RCS, beside to be considered a biomarker of oxidative damage, are also potential targets for the development of bioactive compounds acting as detoxifying agents of RCS (carbonyl quenching compounds). We found that the natural dipeptide carnosine ((-alanyl-L-histidine, CAR) is a selective and potent RCS sequestering agent [1], even if its clinical application is limited due to the rapid hydrolysis in blood by a specific dipeptidase (carnosinase). Consequently, we developed a drug discovery approach aimed to design, synthesize and evaluate novel CAR derivatives and peptidomimetics stable to carnosinase and bioavailable. The ADMET properties and the pharmacodinamic profile of the most promising compounds have been evaluated leading to the identification of a lead compound which was found highly effective in several animal models (diabetic renal disease, db/db mouse; atherosclerosis, ApoE null mouse). The mechanism of action was addressed to a RCS sequestering effect as demonstrated by several analytical evidences.

[1] G. Aldini et al. J. Cell Mol Med, in press.
S15

Mass spectrometry analysis of oxidized phospholipids and studies of their effects on inflammation

C. M. Spickett

Strathclyde Institute of Pharmacy and Biomedical Science, University of Strathclyde, Glasgow, UK

Oxidized phospholipids are increasingly understood to play important roles in many diseases involving oxidative stress. Electrospray mass spectrometry is a sensitive and informative technique for monitoring phospholipid oxidation that can provide structural information and simultaneously detect a wide variety of oxidation products, including chain-shortened and chlorinated phospholipids. Improvements in technology will facilitate the analysis of specific oxidation products in complex biological samples. This is essential for determining the contributions of different phospholipid oxidation products in disease. While many pro-inflammatory effects of oxidized phospholipids are known, it has only more recently become clear that they can also have anti-inflammatory effects in conditions such as infection and endotoxaemia. In contrast to the free radical-generated oxidized phospholipids, chlorinated phospholipids appear to demonstrate mainly pro-inflammatory effects, such as increasing inflammatory cytokine release, reactive oxygen species production, and leukocyte endothelial adhesion. These effects may contribute to the progression of atherosclerosis and restenosis.

S16

HNE metabolism and its age dependency

W. Siems

Research Institute of Physiotherapy and Gerontology, KortexMed – Institute of Medical Education, Bad Harzburg. Germany 

Mammalian cells possess highly active pathways of aldehyde including HNE metabolism [1,2]. As primary HNE products in hepatocytes and many other cell types the HNE-glutathione conjugate (HNE-GSH), the hydroxynonenoic acid (HNA) and the corresponding alcohol of HNE - the 1,4-dihydroxynonene (DHN) - were identified [3]. The pattern of HNE metabolites involves a lot of further intermediates. The rapid HNE metabolism underlines the role of HNE degrading pathways in mammalian cells as important part of the secondary antioxidative defense mechanisms in order to protect proteins from modification by aldehydic LPO products. 

From blood plasma and also from various tissues of human beings and further mammalian species it is known, that HNE levels increase with increasing age. It is not clarified if that is due to whether accelerated formation of HNE or to reduced metabolism and, therefore, removal, of this compound. In the model of human skin fibroblasts from donors of different age the age dependency of the HNE degradation rate was analyzed. It was found, that the overall HNE degradation rate strongly decreases with age. Both the formation of HNE-GSH (due to reducing intracellular GSH) and the generation of the HNA are reduced with increasing age. It is concluded, that the diminishing HNE metabolism contributes strongly to increasing HNE levels in plasma and tissues with age.

[1] Siems W, Grune T Mol Asp Med 2003; 24:167-175.
[2] Poli G, Schaur RJ, Siems WG, Leonarduzzi G Med Res Rev 2008; 28:569-631.
[3] Siems WG, Zollner H, Grune T, Esterbauer H J Lipid Res 1997; 38:612-622.
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Covalent modification of proteins by lipid peroxidation-derived volatile aldehydes

K. Uchida

Graduate School of Bioagricultural Sciences, Nagoya University, Nagoya, Japan
Lipid peroxidation mediated by a free radical chain reaction mechanism yields lipid hydroperoxides as primary products, and subsequent decomposition of the lipid hydroperoxides generates a large number of aldehyde species. The important fragments that give rise to the modification of a protein may be represented by reactive aldehydes, such as 2-alkenals. These highly reactive aldehydes have been shown to exhibit facile reactivity with various biomolecules, including proteins, generating stable products at the end of a series of reactions that are thought to contribute to the pathogenesis of many diseases. On the other hand, during lipid peroxidation, the saturated aldehydes, such as hexanal, are most abundantly formed. It is well recognized that saturated aldehydes mainly form Schiff bases through the formation of unstable carbinolamine intermediates. However, a novel mechanism of covalent protein modification by the alkanals, in which H2O2 and alkyl hydroperoxides mediate the binding of the aldehydes to the lysine residues of protein, has been established. In this presentation, I will show you some of our latest findings on covalent modification of proteins by lipid peroxidation-derived volatile aldehydes.
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Iron and lipid oxidation: physiological functions of ferritin

P. M. Eckl, I. Ohlenschläger, H. Jaksch, T. Sindelar, H. Lacher, N. Bresgen

Department of Cell Biology, University of Salzburg
Ferritins are globular proteins composed of heavy (H) and light (L) chain subunits. The holoprotein consists of 24 subunits, the composition of which differs in a tissue- and cell-type specific manner. The so-called basic isoferritins are rich in the L-subunit and are found in the blood serum, liver and spleen, while acidic isoferritins are rich in the H-subunit and are found in placenta, muscle, fetal and malignant tissues. Isoferritins can take up a maximum of 4500 iron ions. In addition up to 80% of the ferritin protein can be glycosylated. These differences between the ferritin species point to more than one specific function: Free iron may potentially lead to the generation of the hydroxyl radical via the Fenton reaction. By its capacity to store a large number of iron ions ferritin therefore qualifies as an antioxidant. Stored iron, however, could also be released upon reduction to ferrous iron causing the formation of the hydroxyl radical and the initiation of lipid peroxidation. In fact, it has been shown, that primary hepatocytes release acidic isoferritins, which cause apoptosis in responsive (altered) cells via an increase of lipid peroxidation as evidenced by immunocytochemical analysis of HNE-modified proteins, and is mediated by DNA damage and a concomitant upregulation of p53. Apoptosis induction can be inhibited by antioxidants, iron chelators and antibodies against the heavy chain subunit of ferritin. Due to their iron load ferritins therefore can also be understood as an effective prooxidant physiological means of the body to enable the integrity of tissues (Supported by COST action B35).
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Genomics analysis of functional effects of beta-carotene 

J. Keijer

Human and Animal Physiology, Animal Sciences, Wageningen University, Wageningen, The Netherlands

Beta-carotene (BC) is a naturally occurring phytochemical, that is widely used as coloring agent in food products and is added as pro-vitamin A to vitamin supplements. Epidemiology shows a beneficial association of BC plasma levels and (cardiovascular) disease risk. BC, an effective anti-oxidant, was also thought to decrease cancer risk, especially that of lung cancer. However, two large scale intervention trials, the ATBC study and the CARET study, unexpectedly showed increased, rather than decreased, lung cancer risk in smokers and asbestos workers. The mechanism leading to this increased lung cancer risk is not known. This poses problems for the establishment of upper limits for its use, since it has increased the uncertainty in weighing the available experimental evidence. We therefore attempted to elucidate the functional effects of BC using in vitro studies and dietary intervention studies in ferrets and mice. We found that BC increased in vitro hydroxyl radical formation in the Fenton reaction, but that it inhibited the formation of carbon centered radicals. Similarly, BC was able to enhance 8-oxo-dG in vitro in lung epithelial cells. On the other hand, BC significantly inhibited MDA-dG adduct formation in lung epithelial cells, especially after induction of MDA-DNA adducts by H2O2 or B[a]P. In ferrets, which have BC metabolism that resembles that of humans, BC supplementation resulted in a significant decrease in MDA-dG adducts, but in contrast to the in vitro experiments, no effect was observed on 8-oxo-dG levels, probably because of increased base excision repair capacities (BER) as assessed by a modified comet assay. While BC is able to enhance 8-oxo-dG adducts in vitro, this was not observed in vivo. Upon entry in the body BC can be cleaved by carotenoid mono-oxygenase (BCMO1). In humans (and ferrets) BCMO activity allows for intact BC in plasma. However, BCMO1 activity differs greatly between humans and rodents. Rodents have a more active BCMO1 enzyme variant than man, resulting in a virtual absence of BC and a high concentration of BCM in rodents upon BC supplementation. Previously, a BCMO1 knock out (BCMO-/-) mouse has been established and characterized and BC supplementation in these BCMO-/- mice results in increased BC plasma concentrations and BC accumulation in mouse lung. This BCMO-/- mouse is therefore a unique model to perform BC research, since it allows to study effects of BC itself. By comparing effects of BC in the BCMO-/- mice with effects in the wild-type, effects can be related to BC or its metabolites. We supplemented female BCMO+/+ mice as well as BCMO -/- mice with a Vit A sufficient diet (1500 IU/kg) with or without BC (150 mg/kg diet) for 14 weeks. To analyze effects of BC in lung, microarray analysis was performed (mouse whole genome arrays) on lung cRNA. We observed strong differences in response between male and female BCMO-/- mice. Female BCMO-/- mice on the control diet had an increased expression of genes involved in the inflammatory response, particularly interferon induced genes, which was decreased upon BC supplementation. This effect was not seen, where the Wnt signaling pathway was affected.

The data presented are mainly by Yvonne van Helden and are generated in collaboration with Rogier Godschalk and Frederik-Jan van Schooten (Maastrciht University) and the NuGO carotenoid focus team. 
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Modification of hepatic fatty acid binding protein by 4-hydroxynonenal in a rat model of alcoholic liver disease

R.L. Smathers1, K.S. Fritz1, C.T. Shearn1, B.J. Stewart2, D.R. Petersen1
1Department of Pharmaceutical Sciences, School of Pharmacy, University of Colorado Denver Anschutz Medical Campus, Aurora, CO; 2Center For Accelerator Mass Spectrometry, L-397 Lawrence Livermore National Laboratory, Livermore, CA
Chronic ethanol consumption is a prominent cause of liver disease and is responsible for significant morbidity and mortality throughout the Western world. Among the predictable and prominent histologic abnormalities resulting from ethanol ingestion is hepatosteatosis (fatty liver).  The mechanisms behind the observed fluctuations in lipid homeostasis include, but are not limited to,  increased hepatocellular synthesis of fatty acids, decreased β-oxidation of fatty acids and impairment of cellular trafficking and secretion of hepatic lipids.  Using a proteome-wide scan of cellular extracts prepared from livers of rats chronically ingesting alcohol for 16 weeks, we identified liver fatty acid binding protein (L-FABP) as a protein target for modification by 4-HNE.  The LC-MS/MS and MALDI-TOF TOF-MS assessment of purified recombinant mouse L-FABP (rL-FABP) exposed to 1X, 5X, and 10X  molar excess of 4-HNE identified H43, C69, K31 and K57 as primary targets of 4-HNE modification.  The functional consequences of 4-HNE modification to rL-FABP on fatty acid binding were assessed using the fluorescent probe 1-anilinonaphthalene-8 sulfonic acid (ANS).  Saturation isothermic analysis revealed significant reductions in maximal ANS binding of rL-FABP treated with 0.1X or 1.0X molar excess of 4-HNE.  Likewise, 4-HNE pretreatment markedly altered high- and low-affinity ANS dissociation constants.  Collectively, these data indicate that L-FABP is a target for modification by 4-HNE in a model of chronic alcohol-induced oxidative stress and that the modification is associated with impairment of fatty acid binding; suggesting dysregulation of intracellular trafficking of hydrophobic ligands throughout cellular compartments.  It is known that L-FABP interacts with peroxisome proliferator-activated receptor alpha (PPAR-α), suggesting  a role for 4-HNE  modulation of transcriptional activation of genes involved in β-oxidation resulting in fatty acid accumulation.  These data suggest that L-FABP may be considered as an important and attractive target for study in the initiation and progression of alcoholic liver disease (Supported by F31 NIH/AA 18898-01 to R.L.S. and R37 NIH/AA009300 to D.R.P).
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4-hydroxydodecadienal (4-HDDE): a new club member?

Y. Riahi, G. Cohen, O. Shamni, S. Sasson
Institute for Drug Research, Department of Pharmacology, Faculty of Medicine, The Hebrew University, Jerusalem, Israel  

While 4-hydroxy-2E-nonenal (4-HNE) has been in the center stage of 4-hydroxyalkenal research for several decades, other members of this group of reactive aldehyde species have gained less attention. All 4-hydroxyalkenals are derived from polyunsaturated fatty acids by a series of complex peroxidation and chain breaking reactions. Often, the generation of 4-HNE from n-6 unsaturated fatty acid, such as arachidonic acid and linoleic acid, requires their initial transformation to the corresponding hydroperoxy-metabolites 15-HpETE and 13-HpODE by the enzyme15-lipoxygenase. Yet, peroxidation reactions in cells that express predominantly 12-lipoxygenase, which transforms arachidonic acid to 12-HpETE, generate 4-hydroxy-2E,6Z-dodecadienal (4-HDDE). Due to its high lipophilicity (logP=3.48) and the diene motif, 
4-HDDE is more potent and reactive than 4-HNE (logP=2.45). We have obtained pure 4-HDDE (courtesy of M. Guichardant, Lyon, France) and studied it in primary vascular endothelial cell cultures. Whereas 4-HNE induced half-maximal and maximal cell death at 20 and 50 µM, respectively, 4-HDDE induced similar effects at 0.3 and 2 µM. Non-cytotoxic concentrations of 4-HNE and 4-HDDE downregulated the glucose transport system in vascular endothelial cells by activating the nuclear receptor PPARδ. Again, the potency of 4-HDDE in this process, tested both pharmacologically and by a PPAR Response Element (PPRE)-driven trans-activation assay of a luciferase reporter gene, was 20-fold higher than that of 4-HNE (50 nM vs. 10 µM). More examples for the high potency and reactivity of 4-HDDE will be discussed in the presentation. Based on these facts we recommend to admit 4-HDDE as an equal member to the HNE Club, and more importantly, to bring it in the frontline of modern lipid peroxidation research. 
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An attempt to determine both 4-hydroxy-2-nonenal and malondialdehyde in a single assay by gas chromatography-mass spectrometry
S. Zelzer*, C. Bernecker*, G. Fauler, G.A. Khoschsorur

Clinical Institute of Medical and Chemical Laboratory Diagnostics, Medical University of Graz, Austria
Introduction: 4-Hydroxy-2-nonenal (HNE) and Malondialdehyde (MDA) are aldehydic lipid peroxidation (LPO) products. HNE is a highly reactive product of the free radical-stimulated lipid peroxidation, whereas MDA is a stable compound derived from LPO and from eicosanoid biosysnthesis. 

Aim: The aim was to establish a highly sensitive GC-MS detection method for HNE and both, free and total MDA in human plasma samples using the O-Pentafluorobenzyl-Oxime (PFB-oxime) method. 

Methods: The method for HNE is based on the use of PFBHA ▪ HCl to form the O-Pentafluorobenzyl-Oxime (PFB-oxime) derivatives, followed by trimethylsilylation of the hydroxyl group to trimethylsilyl (TMS) ethers. The derivatives are analyzed by capillary column gas chromatography-negative-ion chemical ionization mass spectrometry with methane as reagent gas. Quantification of HNE is achieved using HNE-d11-dimethylacetal as an internal standard in selected-ion-recording mode (HNE: ion at m/z 152; HNE-d11: ion at m/z 162). 

For the quantification of MDA, the derivatization with 2,4-dinitrophenylhydrazine (DNPH) is used and the MDA and MDA-d2 (internal standard) ions are detected at m/z 204 and at m/z 206, respectively. 

Results: The two methods mentioned above were tested for both, MDA and HNE detection to develop one combined quantification method. Only the DNPH-method showed enough sensitivity for the determination of free MDA also, besides better results for the IS. Attempts using 2,4-DNPH in our assay for derivatization of HNE failed, because of lack of sensitivity. 

Therefore we established two independent highly sensitive quantification methods to detect the aldehydes in low amounts of plasma. 

* Both authors contributed equally.
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Alterations of lipid peroxidation in brown adipose tissue by cold, nitric oxide and glutathione

V. Otasevic1, B. Buzadzic1, A. Korac2, A. Stancic1, A. Jankovic1, M. Vucetic1, B. Korac1
1University of Belgrade, Instutute for Biological Research, Belgrade, Serbia; 2University of Belgrade, Faculty of Biology, Belgrade, Serbia

Changes in nitric oxide (NO) and glutathione (GSH) concentration on 4-hydroxynonenal (4-HNE) content and mitochondrial molecular and structural status in brown adipose tissue (BAT) were examined. 

Thus, adult rat males were divided into 4 groups: untreated, L-arginine-treated, Nω-nitro-L-arginine-methyl ester (L-NAME)-treated and L-buthionine-[S,R]-sufoximine (BSO)-treated. All groups were additionally divided into two subgroups: 1. kept at room temperature (22±1°C) and 2. kept at cold (4±1°C), for 45 days. Untreated group kept at 22±1°C served as control.

Unexpectedly, 4-HNE content decreased in all cold-acclimated groups. Specifically, in untreated rats, cold increased GSH content, mitochondrial number and cristae remodeling, as well as expression of respiratory chain components - uncoupling protein 1 (UCP1), cytohrome c oxidase (COX) and cytochrome c. L-arginine augmented all aforesaid cold-induced changes. Prolonged depletion of both NO and GSH did not alter BAT lipid peroxidation and cold-induced mitochondrial remodeling. However, on room temperature, 4-HNE content slightly increased by L-arginine, as well as GSH content and mitochondriogenesis. L-NAME further increased 4-HNE, decreased expression of COX, cytochrome c and induced mitochondrial insults. Nevertheless, prolonged BSO treatment depleted GSH content that was followed by marked increase in 4-HNE and degradation of mitochondrial membrane accompanied by decreased content of examined respiratory chain constituents.

In general, these results implicate that brown adipocytes might use setting of NO and GSH content to fine-tune regulation of mitochondrial content/integrity according to tissue metabolic needs, whereas this redox targeting appears to include 4-HNE.
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Inhibition of erythropoiesis in malaria anemia. Role of hemozoin and hemozoin-generated 4-hydroxynonenal

O. A. Skorokhod1*, L. Caione2*, T. Marrocco1, G. Migliardi2, V. Barrera1, P. Arese1, W. Piacibello2, E. Schwarzer1
1Department of Genetics, Biology and Biochemistry, and 2IRCC (Candiolo, TO), University of Torino Medical School, Torino, Italy 

Severe malaria anemia is characterized by inhibited/altered erythropoiesis and frequent presence of hemozoin (HZ)-laden bone-marrow macrophages. HZ mediates peroxidation of unsaturated fatty acids and production of terminal aldehydes such as 4-hydroxynonenal (HNE). Present data show that HZ-laden human monocytes inhibited growth of co-incubated human primary erythroid cells and produced HNE that diffused to co-incubated cells generating HNE-protein adducts. Co-incubated HZ or lowmicromolar HNE inhibited growth of developing human erythroid cells interfering with cell-cycle without inducing apoptosis. Two critical proteins in cell-cycle regulation, p53 and p21, were increased and the retinoblastoma protein, central regulator of G1- to S phase transition, was consequently hypophosphorylated. The resultant decrease of cyclin A and D2 expression retarded cell-cycle progression in both erythroid cells and the K562 cell line. As a second major effect, HZ and HNE inhibited the protein expression of crucial receptors (R): transferrin R1, Stem Cell Factor R (c-kit), interleukin-3 R and erythropoietin R. The reduced receptor expression and the impaired cell-cycle activity decreased cells expressing glycophorin A and hemoglobin. Present data confirm the inhibitory role of HZ, identify HNE as one inhibitory molecule and describe multiple molecular targets of HNE in erythroid precursors possibly involved in erythropoiesis inhibition in malaria anemia.

* Both authors contributed equally
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Elimination of HNE from the gastric mucosa can be improved by adding activators of aerobic metabolism to standard eradication therapy 

O.P. Yelisyeyeva1, A.P. Cherkas1, K.O. Seme1, K. Zarkovic2, D.V. Kaminskyy1, O.B. Leshchuk3, A.D. Lutsyk1, A. Cipak4, M. Jaganjac4, N. Zarkovic4 

1Danylo Halytsky National Medical University, Lviv, Ukraine; 2Division of Pathology, University Hospital Centre “Zagreb”, Zagreb, Croatia; 3Lviv Regional Clinical Hospital, Lviv, Ukraine; 4Division of Molecular Medicine, Institute “Ruđer Boškovič”, Zagreb, Croatia
Oxidative stress is commonly recognized as important pathogenetic mechanism of many illnesses including peptic ulcer associated with H. pylori. Development and progression of this disease are determined not only by virulence factors of the microbe, but also host resistance, which is predominantly related to the potency of aerobic metabolism estimated by its ability to compensate increased ROS flow and withstand oxidative damage. Standard eradication therapy can effectively treat inflammation in the gastric mucosa, however, it is not equally efficient for relieve of signs of oxidative stress and improvement of organism’s adaptive potential, which can determine complications and relapses of ulcer.  

The aim of present research was to study the dynamics of HNE content in gastric mucosa under the influence of adjuvant antioxidant therapy in complex treatment of duodenal peptic ulcer disease. H. pylori positive patients (n=110, mean age 32.1±1.8 yy, 78 males and 32 females) with endoscopically proved active duodenal peptic ulcer disease of duration up to 10 years were enrolled into the study and administered standard triple eradication therapy. Afterwards, they were divided into three groups: group 1 (control, n=40, mean age 32.1±1.7 yy, 24 males, 16 females) used 30 mg of Lansoprazole daily for 4 weeks; group 2 (n=36, mean age 32.4 ± 1.7 yy, 23 males, 13 female) together with Lansoprazole was supplemented with concentrated oil derived from the seeds of Amaranthus cruentus (1 milliliter/60 kg of body weight) once a day for 4 weeks; group 3 (n=37, mean age 31.9±1.6 yy, 24 males, 13 females) in addition to Lansoprazole practiced daily session of interval normobaric hypoxic training consisted of three one-minute, followed by one two-minute and one three-minute hypoxic exposures separated by one-minute room air breathing (hypoxicator TDI-01). Before and 4 weeks after treatment the depth of oxidative stress in the mucosa of the antrum and corpus of the stomach was evaluated by the HNE level determined  immunohistochemically. Functional metabolic potential of an organism was assessed by parameters of heart rate variability. As a result it was shown that after standard therapy group 1 patients had increase in HNE content in all structures of gastric mucosa and, of note, its accumulation in glandular nuclei: in antrum grades 1, 2, and 3 of immunopositivity were found in 26.0% of patients before treatment, while after treatment in 37.5% (grades 2 and 3); in corpus grades 1 and 2 before therapy were present in 27.0% while after treatment grade 2 and 3 in 62.5% of subjects as determined by semiquantitative analysis. Activation of aerobic metabolism during posteradication period improved elimination of HNE and, thus, reduced signs of oxidative stress in gastric mucosa. For example, group 2 patients after intake of Amaranth oil did not show any HNE immunopositivity in glandular nuclei in antral part of the stomach, and only 16.6% had grade 1 and 2 of HNE accumulation in gastric corpus. Similarly, group 3 individuals after sessions of interval hypoxic training did not have any HNE positive staining in antral part and in corpus of the stomach only 8.3% had grade 2 HNE accumulation. Such metabolic changes in group 2 and 3 were associated with improvement of heart rate variability, especially its spectral parameters, further proving increase in resistance to oxidative damage after adjuvant antioxidant therapy in these groups. To conclude, use of activators of aerobic metabolism such as Amaranth oil or interval hypoxic training in complex treatment of H. pylori associated peptic ulcer disease can substantially reduce signs of oxidative stress as demonstrated by decrease in HNE content and modulate autonomic balance. Improved HNE elimination from the glandular nuclei of the gastric mucosa achieved with adjuvant antioxidant therapies but not with standard treatment may reduce the risk of further malignant.
S26

A temporal and quantitative pharmacoproteomics study of γ-tocotrienol in metastatic prostate cancer cells dissects tumor suppressing caveolin-mediated pathways 

A.D. Odysseos1-2, T. Roumeliotis3, A. Evdokiou4, V. Liapis4, P. Vraka2, S. Garbis3
1EPOS-Iasis, R&D, Nicosia, Cyprus; 2University of Cyprus, Nicosia, Cyprus; 3Biomedical Research Foundation of the Academy of Athens, Athens, Greece; 4Adelaide University, Adelaide, Australia

Dietary lipids have been strongly associated with the progression of prostate malignant transformation while reactive oxygen and nitrogen species (ROS and RNS) are inherent to prostate cancer.  Transition from an androgen-dependent to an androgen independent phenotype is triggered by an autocrine loop sustaining  EGFR activation. Hydroxyl-nonenal (HNE), one of the major lipid peroxidation products is reported to be an important signaling mediator triggering EGFR activation and internalization into membrane caveolae, membrane microdomains with important roles in signal transduction and lipid transport.  Central to these events is   Caveolin is a cholesterol binding protein located in the lipid raft, which serves as a platform for organizing and integrating signal transduction process. Caveolin-1 overexpression is observed in PCA during progression to the androgen-unresponsive phenotype and its implication in tumor invasiveness is associated  with ROS.
DU-145 cells is an anchorage-dependent, androgen-independent PCA cell line with high potential of metastasis and invasion. A temporal and quantitative pharmacoproteomic study with γ –Tocotrienol (γ-T), a vitamin E antioxidant with potent antilipidemic activity has been undertaken in order to dissect converging tumor progression and metastatic axes. A total of 35 proteins with statistically significant differential expression and defining four distinct functional clusters have been identified. Caveolin-1 was marginally upregulated at 6h and 12h but markedly downregulated after 36h of γ-T treatment. Probing with an anti-Caveolin-1 monoclonal antibody revealed two different isoforms (α, β) of Caveolin-1 which are speculated to represent both Caveolin -1 and -3 which are the sole isoforms described so far in vertebrae. Caveolin-1 modulation has been followed by prominent chromatin condensation and DNA fragmentation indicating impairment of DNA repair mechanism.  Whether these findings are attributed to the signal-modulating effect of γ-T or denote residual ROS/RNS activity is currently evaluated in studies with redox-silent γ-T derivatives.
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Combined antitumoral efficacy of the histone deacetilase inhibitor LBH589 and the lipid peroxidation end product 4-hydroxynonenal (HNE) on PC3 prostate cancer cell

P. Pettazzoni1,2, S. Pizzimenti1, C. Toaldo1, M.U. Dianzani1, P. Sotomayor2, L. Tagliavacca2, R. Pili2, G. Barrera1 

1Dep. Medicine and Experimental Oncology University of Turin; 2Roswell Park Cancer Institute Buffalo, NY

LBH589 (Novartis) is a potent histone deacetilase inhibitor (HDACi) currently under investigation for the treatment of prostate cancer.

4-Hydroxynonenal (HNE) is an unsaturated aldehyde derived from the lipid peroxidation that inhibited proliferation of several tumor cells.

In the present study we have demonstrated that HNE potentiates the antitumoral efficacy on the HDACi, LBH589 in PC3 prostatic cancer cell line. The PC3 cell model represents an advanced stage of the disease and is relevantly less susceptible to the antiproliferative efficacy of LBH589 respect other prostatic cells.

Both HNE and LBH589 inhibited cell proliferation, however, the combination of the two agents caused a synergistic effect associated with a relevant cell cycle arrest in G2/M phase that resulted in cell death.

The nature of the cell cycle arrest was different: LBH589 induced prevalently a G2 arrest whereas HNE induced a mitotic block at the metaphase level. The combined treatment showed a greater Mitotic block respect to the treatment with HNE only.

Gene expression analysis revealed a complex scenario of modulation of different cell cycle regulators.

Since PC3 cells are androgen refractory cells, PC3 cells stably expressing androgen receptor were also used demonstrating that the synergistic effect of HNE and LBH589 is independent of the androgen responsiveness. 
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PKC-dependent redox-signaling in the chemosensitivity of neuroblastoma cells

B. Marengo1, C. De Ciucis2, R. Ricciarelli2, M. Passalacqua2, M. Nitti2, U.M. Marinari2, M.A. Pronzato2, C. Domenicotti2
1G. Gaslini Institute, Genoa, Italy; 2Department of Experimental Medicine, University of Genoa, Italy

Neuroblastoma (NB) relapse is caused by a small number of cancer cells in the blood and/or in the bone marrow that are resistant to conventional therapies. Free radicals, derived from chemotherapeutic agents, modulate the activity of signaling proteins, such as protein kinase C (PKC) isoforms. PKCs are key regulators of many cellular processes, including proliferation, differentiation and tumorigenesis. These signaling proteins are sensitive to redox stress because modification of their redox-sensitive regions interferes with their activity and biological effects. We have previously demonstrated that cells, depleted of glutathione, undergo apoptosis via oxidative stress and PKCδ activation. In the present study, we transiently transfected PKCδ in human NB cells characterized by a different status of MYCN amplification. Our results show that overexpression of PKCδ induces DNA oxidation and increases the apoptotic rate of NB cells in response to glutathione depletion or to etoposide, a chemotherapeutic drug. Collectively, our data provides evidence that PKCδ is critical for enhancing the susceptibility of NB cells to chemotherapeutic drugs, thereby suggesting interesting clinical applications (Grants from Genoa University and PRIN 2008N9N9KL_002).
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PI3k class III-dependent autophagy precedes and promotes cell death by oxidoradicals  in  human neuroblastoma cells

R. Castino, N. Bellio, C. Follo, I. Fiorentino, C. Isidoro

Laboratorio di Patologia Molecolare, Università del Piemonte Orientale “A. Avogadro”, Dipartimento di Scienze Mediche, Novara (Italy)

H2O2 is a prototypic reactive oxygen specie (ROS) generated as a by-product of the normal oxidative metabolism and also under various stressful conditions including ischemia-reperfusion, neurotransmitter stimulation and pesticide-intoxication. Autophagy, a lysosomal degradation pathway, is triggered by ROS as a defensive response. In human neuroblastoma SH-SY5Y cells H2O2 rapidly induced the formation of LC3-positive autophagic vacuoles. A prolonged incubation with 200 µM H2O2 provoked cell death associated with lysosomal and mitochondrial permeabilization. Desferioxamine (DFO), a lysosomotropic iron chelator that abrogates the formation of ROS, prevented H2O2 induction of autophagy, lysosomal permeabilization and cell death. Inactivation of Vps34-dependent autophagy in oxidative-stressed cells abrogated caspase-dependent apoptosis. Inhibition of caspase activity (by ZVAD-fmk) afforded complete protection from oxidative toxicity, despite the ongoing generation of oxidoradicals and the cellular accumulation of autophagic vacuoles and of leaking lysosomes. The present data highlight the pivotal role of autophagy in H2O2-induced cell death in dopaminergic neuroblastoma cells. 
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Adaptation to oxidative stress mediated by catalase in D12 desaturase expressing yeast

A. Cipak1, M. Hasslacher2, L. Andrisic1, M. Jaganjac1, E. J. Collinson3, O. Tehlivets2, I. W. Dawes3, S. D. Kohlwein2, N. Zarkovic1
1Rudjer Boskovic Institute, Zagreb, Croatia; 2Karl-Franzens University, Graz, Austria; 3School of Biotechnology and Biomolecular Sciences, Sydney, Australia

It is known that oxidative stress plays important role in various diseases among which is cancer. Disturbed antioxidative defence and reaction patterns to exogenous oxidative stress in tumours are often the reason for therapy failure. Yeast functionally expressing D12 desaturase provides good model for the research of these processes. Analysis of expression profile by microarray, and experiments on different mutant strains, with or without functional expression of desaturase, together with activity of certain antioxidative enzymes provided answers to some questions about processes that take part in adaptation to oxidative stress caused by the change in fatty acid content of cell membrane. One of the consequences of the adaptation is change in lipid metabolism that goes hand in hand with an increase in catalase activity. Of special interest is the fact that peroxisomal catalase is the one responsible to adaptation as (-oxidation of fatty acid occurs in peroxisome. Novel insight of the processes caused by changes in membrane’s fatty acid content opens new possibilities in targeting genes and proteins in cancer therapy.
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Effects of volatile cleavage products of (-carotene on primary hepatocytes – An alliance between analytical chemistry and cell biology

G. Martano1, C. Vogl2, E. Bojaxhi2, W. Gruber1, N. Bresgen2, P. Eckl2, H. Stutz1

1Division of Chemistry and Bioanalytics, Department of Molecular Biology; 2Division of Genetics, Department of Cell Biology, University of Salzburg, Austria 

Despite the postulated anti-oxidant effect of (-carotene (BC), supplementation with BC has induced an increased incidence of lung cancer in cigarette smokers and asbestos workers. This detrimental impact has been linked to the prooxidant effect of BC cleavage products (CPs) which are generated under oxidative stress. The disease-eliciting role of volatile CPs has not been investigated yet and was therefore addressed applying primary hepatocytes as a cell model. The application solution has to provide appropriate solubility for CPs, absence of geno- and cytotoxicity per se and compatibility with the final analytical measurement (GC-MS). Its composition also governs (i) CP losses, e.g. by evaporation, and (ii) actual CP uptake by cells. Consistently, prominent volatile CPs were individually and in various combinations applied to primary hepatocytes covering a concentration range between 0.01 and 1.0 µM. This approach intends to reveal synergistic or antagonistic effects of CP mixtures in comparison to single CP solutions of equivalent concentrations. Some CP combinations fostered the generation of novel degradation products, which possess a higher reactivity than their parent compounds. In this context, a combined application of capillary electrophoresis with subsequent off-line solid phase extraction and final GC-MS analysis has revealed an epoxy-product as a consequential compound, which was absent in individual CP solutions (Supported by the Austrian Science Fund, grant No. P20096).
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Lipid peroxidation in brain in mild cognitive impairment and early Alzheimer’s disease: implications for the progression of Alzheimer’s disease

T. T. Reed

Eastern Kentucky University

Lipid peroxidation is a complex process involving the interaction of oxygen-derived free radicals with polyunsaturated fatty acids, resulting in a variety of highly reactive electrophilic aldehydes that are capable of easily attaching covalently to proteins by forming adducts with cysteine, lysine, or histidine residues through Michael addition[1]. Among the aldehydes formed, malondialdehyde and 4-hydroxy-2-nonenal (HNE) represent the major products of lipid peroxidation [1]. Lipid peroxidation is highly evident in several neurodegenerative diseases including Parkinson’s disease [2], Huntingon’s disease 
 ADDIN EN.CITE 

[3]
, and Alzheimer’s disease [4]. Specifically in Alzheimer’s disease, HNE, and acrolein have been found to be significantly elevated 
 ADDIN EN.CITE 

[5-6]
. Accumulated evidence indicates that lipid peroxidation is an early event during the evolution of the disease. This phenomenon has been observed in all the stages of Alzheimer’s disease including: preclinical AD [7], mild cognitive impairment [8], early AD [9], and late-stage AD [10]. Several proteins have been found to be significantly HNE-bound in all stages of Alzheimer’s disease, which may contribute to protein dysfunction and memory loss associated with this disease 
 ADDIN EN.CITE 

[11]
. Therefore, the role of lipid peroxidation is pivotal to understanding the in the pathogenesis and progression of Alzheimer’s disease.
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Mechanisms of lipotoxicity in human skeletal muscle
J. Eckel 

Institute of Clinical Biochemistry and Pathobiochemistry, German Diabetes Center, Düsseldorf, Germany
[abstract not received]
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Lipid modification and radical stress in membranes

C. Chatgilialoglu, C. Ferreri
ISOF, Consiglio Nazionale delle Ricerche, Bologna, Italy

An increasing number of studies have explored the presence of trans fatty acid moieties in living systems. Trans fatty acids are well known to have an exogenous origin, since those present in the diet can be incorporated in tissues. Their biological role and adverse health effects have been largely studied. However, some trans fatty acid residues found in humans can only be formed through an endogenous transformation of the naturally occurring cis structures, and their presence has been correlated with radical stress produced during physiological and pathological processes. 

Several free radicals, including the biologically-relevant thiyl radicals (RS•) and nitrogen dioxide (NO2•), are known to isomerise double bonds. Based on biomimetic chemistry studies, diffusible sulfur-centered radicals are quoted to be the candidate isomerizing species. Antioxidant vitamins act as protecting systems for preserving lipid geometry.

Research is ongoing to establish the biological effect of free radical-catalyzed transformation of lipids from cis to trans configuration together with the overall effect of radical stress within the body, focusing on the consequences for membrane structures, lipid metabolism and enzymatic processes.

Functional lipidomics can monitor the changes of the lipid status in living organisms, and individuates the relationship also with free radical stress and metabolic situations. This is an important approach for developing diagnostic tools and health care products, which has been applied to an entrepreneurial initiative at CNR in Bologna (www.lipinutragen.it). An overview of the lipidomic approach applied in the company and referred to the metabolic and functional status of cell membranes is presented, including the development of medical diagnostic tools and an innovative consulting for nutraceutical companies. 
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Natural and synthetic antioxidants for prevention of lipid peroxidation

G. Bartosz, A. Augustyniak, A. Čipak, G. Duburs, L. Horáková, W. Łuczaj, M. Majekova, A. D. Odysseos, L. Rackova, E. Skrzydlewska, M. Stefek, M. Štrosová, G. Tirzitis, R. Venskutonis, J. Viskupicova, S. Vraka, N. Žarković

COST B-35 Action, Work Group 4: Łódź, Białystok (PL), Zagreb (HR), Riga (LV), Bratislava (SL), Kaunas (LT), Nicosia (CY)

The current understanding of the complex role of ROS in the organism and pathological sequelae of oxidative stress points to the necessity of comprehensive studies of antioxidant reactivities and interactions with cellular constituents. Studies of antioxidants performed within the COST B-35 action has concerned search for new natural antioxidants, synthesis of new antioxidant compounds, evaluation and elucidation of mechanisms of action of both natural and synthetic antioxidants. Representative studies to be presented concern antioxidant properties of various kinds of tea, search for new antioxidants of herbal origin, properties of chemically modified flavonoids, modification of tocopherols and their use in combination with selenium, and properties of two promising groups of synthetic antioxidants: derivatives of stobadine and derivatives of 1,4-dihydropyridine. New developments in the field of antioxidant synthesis and administration include synthesis of mitochondrially targeted antioxidants and microencapsulation of antioxidants. 
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Novel aspects of EpRE signaling by HNE in lung epithelial cells

H. J. Forman1, C. Mahaffey1-2, P. C. Mack2, H. Zhang1, S. Levy1
University of California at Merced1 and Davis2
Recent studies have indicated that the activation of the electrophile response element (EpRE) is more complex than the activation of Nrf2, the principal transcription factor that binds to it. Here we report that interactions of Nrf2 with c-Jun, c-Myc, and p53 modify the expression of EpRE-regulated genes in human bronchial epithelial cells (HBE1) and human non-small cell carcinoma (NSCLC) cell lines.

In 5 NSCLC cell lines and 33 NSCLC pre-treatment patient specimens a significant correlation between Keap1/Nrf2 mutational status and multidrug resistant protein three (MRP3) levels was observed. Transfection of a p53 null NSCLC cell line with wt p53, empty vector (EV), and mt p53 plasmids revealed that basal MRP3 levels increased in the absence of functional p53, in a similar fashion to what we also observed in our patient cohort. We also found a significant link between harboring a Keap1 and p53 mutation in our patient cohort.

In HBE1 cells, we observed that c-Myc also regulates phase II genes through interaction with EpRE. In HBE1, si-RNA for c-Myc increased transcription and promoter activity of phase II genes. We also showed binding of c-Myc to EpRE, direct interaction of c-Myc with Nrf2 that leads to degradation of Nrf2. We also showed that c-Jun is a partner of Nrf2 in activating EpRE activity; however, unlike in its role in TRE-regulated transcriptional activity, phosphorylation of c-Jun is not essential (These studies were supported by grant ES05511 from the US National Institutes of Environmental Health Sciences).
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Lipofuscin and the aging process: the role LPO products as protein cross-linkers

T. Grune

Institute of Biological Chemistry, University of Hohenheim, Germany 

Oxidatively modified proteins are selectively recognized and degraded by the proteasomal system. The isolated proteasome is able to degrade moderately oxidized proteins, whereas severely oxidized model proteins are poor substrates of the protease. Therefore, under severe or chronic oxidative stress the accumulation of oxidized proteins occurs. This takes place due to cross-linking of proteins, most likely driven by cross-linking substances. Our studies revealed, that 4-hydroxynonenal in cells is able to modify proteins, cross-link them and, therefore, facilitate the formation of lipofuscin and, perhaps, the aging process.

In cellular models protein aggregates, as liposuscin, are major players in the metabolic changes during aging of postmitotic cells. Protein aggregates accumulate during aging in the lysosomal compartment. Located in the lysosomes they might be involved in adverse metabolic pathways leading to the apoptosis of senescence cells. 

We some of the in vivo obtained results also during the pathophysiology of neurodegenerative  diseases and aging. 
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Towards understanding epigenetic mechanisms in progeroid syndromes
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The epigenetic landscape includes a variety of covalent modifications that affect the methylation status of DNA but also, the post-translational modifications of histones. These modifications determine the structural features of chromatin that ultimately, control transcription, proliferation or differentiation. 

Aging processes has been associated to conformational changes and aberrations in the chromatin (Oberdoerffer P., Nature Rev. 2007. Oberdoerffer P., Cell. 2008).

The most studied modifications on histones are acetylation and methylation. Other modifications in histones, such as redox related post-translational modifications (carbonylation, poly-ADP-rybosilation) are underappreciated. Although there are scarce studies about carbonylation of histones, some of them are very surprising. Sharma et al. observed the apparent paradoxical finding of reduced carbonylation of histones in the liver of old animals. Surprisingly, higher levels of this modification in histones were obtained from young and dietary restricted animals (Sharma R., Free Rad. Biol Med. 2006). Our studies have found chances on this histone post-translational modification and its relation with poly-ADP ribosylation changes during proliferation and the cell cycle of NIH3T3 fibroblasts. Additionally, we have studied these modifications in Dyskeratosis congenital fibroblasts (DKC), a rare disease with affected telomerase activity and similar features to progeroid syndromes. In this view, we have studied carbonylation and poly-ADP-rybosilation levels and characterized stress oxidative parameters in two modified DKC cell lines, the affected pLNCx line and the telomerase restored activity 24.2. Our results, suggest that carbonylation and poly-ADP-ribosylation of histones are related with the cellular proliferation capability, giving to these redox related post-translational modifications a new role in cellular physiology.
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Rat-brain bioenergetics is impaired in a two-vessel occlusion model of vascular dementia 
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Chronic cerebral hypoperfusion during old age may lead to Alzheimer disease (AD) and vascular dementia (VaD). Mitochondria dysfunctions and oxidative stress due to chronic hypoperfusion are considered to be major risk factors in the pathogenesis of dementia. The rat model of vascular hypoperfusion is a well-established model of human vascular disease–related dementia and it reproduces many features of human VaD and AD. Our aim was to evaluate changes of mitochondrial respiratory chain function and hydrogen peroxide production in male Wistar rats subjected to chronic cerebral hypoperfusion induced by permanent bilateral common carotid artery occlusion (2VO). 3 months after surgery, brain mitochondria from the 2VO group exhibited a reduction in state 3 respiration using glutamate-malate when compared to Sham. Reduction in state 4 respiration associated with  increase in RCI was observed at Complex II. 2VO rats showed an increased mitochondrial H2O2 synthesis when PM  was added. No differences in peroxide production were observed at Complex II level. Such observations suggest a compensatory mechanism by Complex II, which can overcome the reduction in efficiency of Complex I. In conlusions, oxidative modifications of mitochondria bioenergetic may participate in vascular cognitive impairment and neuronal degeneration observed in VaD and AD.
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Tocotrienols activity in breast cancer cells: involvement of ERβ signal transduction
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A number of reports have shown that specific tocotrienols (T3s) are able to affect the growth of several lines of tumour cells, and that this activity is not shared by tocopherols (TOCOs). However, the molecular mechanism(s) involved in T3s activity is still unclear. We have recently proposed, a novel mechanism for T3s activity involving estrogen receptor beta (ERβ) signalling. In our studies, we have demonstrated that, in MCF-7 and MDA breast cancer cells, T3s treatment increases ERβ translocation into the nucleus and significantly inhibits ERα expression and signaling. Moreover, T3s treatment induces ER dependent expression of genes (MIC-1, EGR-1 and Cathepsin D) and DNA fragmentation and caspase 3 activation. These effects are countered by the ER inhibitor, ICI 182.780. Finally, by means of cDNA array methodology, we observed activation of specific pathways in cells treated with γ-T3 but not by other T3 forms. In particular, we detected Endoplasmic Reticulum stress-induced apoptosis. Finally, in vivo studies performed on rats corroborate our in vitro observation. All together these experiments suggest a specific molecular mechanism for γ-T3 activity. 
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Hepatoprotection in ischemia/reperfusion injury after fish oil supplementation: relation to changes in the liver lipid profile and oxidative stress status
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N-3 polyunsaturated fatty acids (PUFA) eicosapentaenoic acid (EPA) and docosahehanoic acid (DHA), highly concentrated in fish oils, have been reported as effective antioxidants, anti-inflammatory and tissue protective mediators, affording  beneficial effects on human diseases associated to inflammation. Hepatoprotective effects in ischemia/reperfusion (IR) injury, upon fish oil-supplementation, have been found concomitantly with significantly enhanced antioxidant potential and anti-inflammatory response. This study was aimed to test the hypothesis that dietary fish oil-supplementation to rats preconditions the liver against IR-injury. We studied the effects of dietary fish oil-supplementation (270mg EPA/kg plus 180mg DHA/kg, for 7 days) or saline (control) to rats subjected to subsequent hepatic IR-injury (1 h ischemia/20 h reperfusion) or sham laparotomy. Parameters of liver injury (serum transaminases) were correlated with liver fatty acid composition (n-3 PUFA content and n-6/n-3 PUFA ratio) and parameters of liver oxidative stress (serum 8-isoprostanes and hepatic GSH and GSSG content). Liver lipid profile of fish oil-supplemented animals (fish oil/sham; fish oil/IR) showed significantly increased n-3 PUFA content and decreased n-6/n-3 PUFA ratio. IR-injury in saline-supplemented animals, evidenced by significantly enhanced serum transaminases, led to increased serum 8-isoprotanes, net reduction in liver GSH levels and net increment in those of GSSG. As all IR-induced changes were normalized in fish oil-supplemented animals (fish oil/IR), we concluded that fish oil-supplementation preconditions the liver against IR-injury, with suppression of liver oxidative stress, and attainment of reduced n-6/n-3 PUFA ratio with enhanced n-3 PUFA content, which may underlie enhanced antioxidant potential and effective anti-inflammatory response to the liver (FONDECYT 1080039).
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Effect of a mediterranean diet supplemented with olive oil and nuts on lipid peroxidation associated with metabolic syndrome
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It is hypothesized that in patients with the metabolic syndrome (MS), oxidative stress may be amplified by a concomitant antioxidant deficiency that may favour the propagation of oxidative alterations. The Mediterranean diet (MD) is rich in antioxidants. A reduction in MS features has been observed after 1-year of Mediterranean diet consumption in the frame of the PREDIMED study. The PREDIMED study is a large-scale feeding trial, performed in a high cardiovascular risk population, aimed to assess the effects of two MDs, supplemented with extra virgin olive oil (EVOO) or nuts, versus a low-fat diet, on cardiovascular outcomes.

Here, we report the results of a 1-year intervention on MS-related parameters, markers of lipid peroxidation, and endogenous antioxidant status. We observed a reduction of MS features in participants after MD plus EVOO diet. Basal serum malondialdehyde was high in all participants, probably due to the MS status, and no changes on antioxidant status and lipid peroxidation were observed after 1-year treatment. In the MD plus nuts-rich diet group an increase in serum lipid peroxides was observed when determined by the thiobarbituric acid reactive substances (TBARs), but not when malondialdehyde was determined by HPLC-fluorescence. This fact can be explained by the generation of other aldehydes and TBARs from nuts.
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Substituted pyridoindoles as multitarget-directed antioxidants in treatment of  diabetic complications: preclinical study at cellular and organ level in vitro and under conditions of experimental diabetes  in vivo
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Innovative strategies in treatment of diseases of multifactorial origin are oriented on rational design of chemical entities able to affect simultaneously multiple key mechanisms. Recently, novel carboxymethylated pyridoindoles, structural analogues of the efficient chain-breaking antioxidant stobadine, were synthesized as aldose reductase inhibitors endowed with antioxidant activity. These bifunctional compounds thus represent an example of a multi-target approach to treatment of diabetic complications. Of them (2-benzyl-2,3,4,5-tetrahydro-1H-pyrido[4,3-b]indole-8-yl)-acetic acid (compound 1) was found to be the most efficient inhibitor of aldose reductase with the corresponding IC50 value in a micromolar region. Firstly, compound 1 was found efficient in inhibiting sorbitol accumulation in the cellular system of isolated rat erythrocytes and at organ level in the isolated rat eye lenses cultivated in vitro with high glucose.  At the same time, compound 1 efficiently protected the erythrocytes against oxidative damage induced by peroxyl radicals. Secondly, compound 1 significantly inhibited sorbitol accumulation in red blood cells and sciatic nerve of diabetic rats in vivo. The results thus corroborated good biological availability of the novel carboxymethylated pyridoindoles after oral administration as predicted before from their amphoteric acidobasic behavior. To conclude, the novel carboxymethylated pyridoindoles, endowed with antioxidant activity combined with the ability to inhibit aldose reductase, represent potential agents for multitarget pharmacology of diabetic complications.
