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ORGANELLES INVOLVED IN CELL DEATH
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CONNECTION BETWEEN LYSOSOME AND MITOCHONDRIA
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Different pathways can co-exist in the same cell
and can be switched on by specific stimuli

Fiers W et al. Oncogene 1999, 18: 7719-7730.
Golstein P & Kroemer G 2005, 12: 1490-1495.

Gérard Lizard



SWITCHING FROM APOPTOSIS TO NECROPTOSIS
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Three types of autophagy:

-Macroautophagy
-Microautophagy
-Chaperone-mediated
autophagy

Sequences of autophagy

Klionsky et al., Autophagy 2012 8:4, 445-544
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Rupture de I’équilibre RedOx et induction de mort cellulaire
Implication du peroxysome et de la mitochondrie

antioxidants sources of ROS/RNS
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Lismont C, Nordgren M, Van Veldhoven PP, Fransen M. Front Cell Dev Biol. 2015, 27;3:35.



Relations peroxysome / mitochondrie

Implication dans le contréle de I’équilibre RedOx et I’activation de la mort cellulaire

peroxisomes mitochondria
. . ? .
stress signals / metabolites <= ====ceccccccee- metabolic changes
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Lismont C, Nordgren M, Van Veldhoven PP, Fransen M. Front Cell Dev Biol. 2015, 27;3:35.



Lipids and Cell Death

Gérard LIZARD : EA7270
Univ. Bourgogne Franche Comté / INSERM



Les lipides : structures et classification

Basé sur la structure chimique, on distingue
v'/Acides gras

v'Lipides simples
- glycérides
- stérols et stéroides
- cérides (esters d’alcools gras + acides gras)

v'Lipides complexes
- phospholipides
- sphingolipides
- plasmalogenes

v'Lipides isopréniques
- carbures isopréniques (polymeéres d’isoprénes: terpénes)
- quinones et vitamines liposolubles

Insolubles dans I’eau, solubles dans les solvants organiques apolaires
(groupements chimiques communs: -CH=CH-; -CH2-; -CH3-)

http://slideplayer.fr/slide/1165755/ Gérard LIZARD : EA7270
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Biosynthese des céramides
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Galadari S, Rahman A, Pallichankandy S, Thayyullathil F. Tumor suppressive functions of ceramide: Gérard LIZARD : EA7270

evidence and mechanisms. Apoptosis. 2015:20(5):689-711. Univ. Bourgogne Franche Comté / INSERN



Ceramides : cibles thérapeutiques

Enzymes Cancer species (cell line) Drug Resistance
Breast cancer (MCF-7) Adriamycin t
Colon cancer (SW620) Adriamycin !
GCS 1 Epidermoid carcinoma (KB-3-1) Ac'lrlamy.cm t
Vinblastine
Leukemia (HL-60) Vincristine !
Melanoma (MeWo) Etoposide 1
Leukemia (HL-60) Doxorubicin 1
Adriamycin-resistant MCF-7 Adriamycin |
Adriamycin-resistant MCF-7 e '
Paclitaxel
G Qiz:tnggcne rrfgﬁ?g)N{CF 7 and murine -
Adriamycin-resistant SW620 Doxorubicin |
%Z‘):);;)gg)bicin-resistant ovarian carcinoma Déxoribicii |
Doxorubicin-resistant cervical cancer (KB-A1) Doxorubicin
Hepatoma (HepG2) Doxorubicin |
Multidrug-resistant leukemia (K562/A02) Adriamycin |
Doxorubicin
Acid Ceramidase ! Prostate cancer (DU145) Cisplatin t
Etoposide
Gemcitabine
Acid Ceramidase ! Hepatoma (HepG2, Hep-3B, SK-Hep and Daunorubicin !

Hepalclc7)

Gérard LIZARD : EA7270
Univ. Bourgogne Franche Comté / INSERN



Céramides : effecteurs et cibles moléculaires
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Galadari S, Rahman A, Pallichankandy S, Thayyullathil F. Tumor suppressive functions of ceramide: Gérard LIZARD : EA7270
evidence and mechanisms. Apoptosis. 2015;20(5):689-711. Univ. Bourgogne Franche Comté / INSERN



Céramides : inducteurs d’apoptose / activité anti-tumorale
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Galadari S, Rahman A, Pallichankandy S, Thayyullathil F. Tumor suppressive functions of ceramide: Gérard LIZARD : EAT270
evidence and mechanisms. Apoptosis. 2015;20(5):689-711. Univ. Bourgogne Franche Comté / INSERN



Stimuli apoptotique : génération de céramides
(détection par immunofluorescence)

Anticorps anti-céramides
.

Cellule
normale

Cellule
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Cellule
apoptotique

Expression de céramides

Huang WC, Chen CL, Lin YS, Lin CF. Apoptotic sphingolipid ceramide in cance
therapy.



Céramides : autophagie cytoprotectrice et lethale
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Dany M, Ogretmen B. Ceramide induced mitophagy and tumor
suppression. Biochim Biophys Acta. 2015;1853(10 Pt B):2834-45. Gérard LIZARD : EA7270

Univ. Bourgogne Franche Comté / INSERN



Céramides : régulation de la mitophagie

Ceramide
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C, g-ceramide or C, g-pyr-ceramide
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Regulation of mitophagy by ceramide. Endogenous generation of Cyg-ceramide via
CerS1 or exogenous reatment by G g-pyridinium-ceramide is followed by two processes: ASSOPNRRSCINS
A. conjugation of LC3-1 o phosphatidylethanclamine on the carboxy terminal to form LG3-II
and B. accumulaton of ceramide in the mitochondrial outer membrane, Ceramide in the mi-
tochondrial membrane acts as a receptor to LG3-11 by binding to its amino terminal, oppaosite
to where PE is conjugated This results in C, requiting the autophagosome to engulf the mi-
tochondria. Lysosomes then fuse with the autophagosomes (D) for hydrolyticdegradation of
the contents.

Tumor su pression
. . . . Gérard LIZARD : EA7270
Dany M, Ogretmen B. Ceramide Biochim Biophys Acta. 2015;1853(10 Pt B):2834-45. Univ. Bourgogne Franche Comté / INSERI



Sphingosine 1 kinase / Sphingosine 1 phosphate (S1P) :
facteur de risque associé a plusieurs cancers

Blood Lymphatic

I, .1
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S1P1/S1Ps

Cer: ceramide
" Cancer Cell | == Sph == Cer Sph: sphingosine
SphKs S1P: sphingosine 1 phospt
Sph Ks: sphingosine 1 kine
Proliferation/Motility/Invasion apoptosis

Aoyagi T, Nagahashi M, Yamada A, Takabe K. The role of sphingosine-1-phosphate in breast cancer

_. ] ] . . .07. Gérard LIZARD : EA7270
tumor-induced lymphangiogenesis. Lymphat Res Biol. 2012;10(3):97-106. Univ. Bourgogne Franche Comté / INSER)



Synthese de novo de phosphatidylcholine : voie de Kennedy
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http://fr.slideshare.net/michielvds/heidelberg-17113935
Gibellini F & Smith TK Life 2010, 62(6): 414-428. Gérard LIZARD : EA7270
Huang C & Freter C Int. J. Mol. Sci. 2015, 16, 924-949 Univ. Bourgogne Franche Comté / INSERN

Ceramide-1-phosphate
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Oxysterols et cancer

FROM SEVERAL TISSUES FROM THE BRAIN FROM THE LIVER
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FROM DISEASED TISSUES UPON OXIDATIVE STRESS

Activités pro-tumorales des oxystérols ????7??

Olkkonen VM et al. J Steroid Biochem Mol Biol. 2015 Dec 28. doi: 10.1016/j.jsbmb.2015.12.026. Gérard LIZARD : EA7270

Univ. Bourgogne Franche Comté / INSERN



Cancer du sein :
implication du cholestérol et du 27-hydroxycholestérol

High Fat Diet

Statins, = -
PCSK9 Inhibitors,
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Tumor Growth
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Obésité — cholestérol — 27-hydroxycholestérol (27HC) — Récepteurs aux oestrogénes (ER)

s
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(activité pro-tumorale)
Nelson ER, Chang CY, McDonnell DP. Cholesterol and breast cancer ) .
Gérard LIZARD : EA7270

pathophysiology. Trends Endocrinol Metab. 2014;25(12):649-55. Univ. Bourgogne Franche Comté / INSERN



HMG-CoA symehase

Statines et cancer
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Aechanism of action of statins and cancer

Stryjkowska-Gora A, Karczmarek-Borowska B, Gora T, Krawczak K. Statins and cancers. Contemp Oncol

(Pozn). 2015;19(3):167-75.

Gérard LIZARD : EA7270
Univ. Bourgogne Franche Comté / INSERN



Implication du cholestérol et de ses dérivés oxydés (7-cetocholestérol)
dans la cancérogénese

l [»\
/ Casp12\ 1// 1\ PA
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Le cholestérol et les oxystérols sont impliqgués dans la régulation
de la signalisation apoptotique (activités anti-tumorales)

Huang C & Freter C Int. J. Mol. Sci. 2015, 16, 924-949 _Gerard LIZARD : EAT270

Univ. Bourgogne Franche Comté / INSERN



Tamoxifen et cancer du sein

5,6-EC —> Accumulation de 5,6-EC

5,6-epoxicholestanols e, i
. Activité anti-tumoralle

] o L, ) L
Siidcaieaifie By Cholestane-3p,50,6B-triol Activite pro-tumoralge
Retculum

Le site AEBS porte I'activité ChEH . En absence de ligands, les 5,6-EC sont hydrolysés en CT. Lorsqu’un
ligand, comme le Tam vientse fixer, il provoque I'inhibition de la ChEH et 'accumulation des 5,6-EC.

D8D71: 3B-hydroxysterol-A8-A7-isomérase
DHCRY7: 3B-hydroxystérol- A7-réductase
AEBS: anti-estrogen binding site

ChEH: cholesterol ester hydrolase

N . . 0 Gérard LIZARD : EA7270
Thése de Doctorat 2015 — M. Voisin, Univ. Toulouse Univ. Bourgogne Franche Comté / INSER)



Oxydation des acides gras et carbonylation protéeique

PV . 0 Bt
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i . o
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/\/\)\/\ = of lysine} +H -H
Transport out Carbonylation of Proteins ' R.
of cell protonated H /
Schifl base R, —N=—C
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R
protein (lysine)
Fit lular fates of «, f-unsaturated aldehydes and carbonylated proteins. ROS stimulate peroxi-

dation of polyunsaturated fatty acids (PUFA}, an oxidative event that is reversible through reducticn by perox-
iredoxin (PRX) and glutathione peroxidase (GPX) enzymes. The lipid hydroperoxides (PUFA-OOH) generated are
unstable and lead to a variety of reactive aldehydes. The lipid peroxidation products generated include the
«,B-unsaturated aldehydes 4-HNE, 4-ONE, 4-hydroxy-{2E}-hexanal (4-HHE), (2E)}-hexenal, crotonaldehyde, and
acrolein as well as the dialdehydes glyoxal and malondialdehyde (MDA). GSTA4 catalyzes the conjugation of
the highly reactive «,B-unsaturated aldehydes to glutathione, leading to their efflux from the cell by the
glutathione conjugate transporter RLIP76. In addition, oxidation by aldehyde dehydrogenase or reduction by
alcohol dehydrogenase, aldehyde reductase, or aldose reductase converts free aldehydes into less toxic mol-
ecules. The a,8-unsaturated aldehydes that escape cellular metabolism serve as electrophiles in the covalent
modification of proteins via non-enzymatic Michael addition. The resulting aliphatic carbonyl adducts on
cysteine, histidine, or lysine residues may alter the activity of protein targets or cause them to become

degraded by the proteasome.

. . . . . . . . . Gérard LIZARD : EA7270
Grimsrud PA et al. Oxidative stress and covalent modification of protein with bioactive aldehydes. J Biol Chem;283(32):21837-41. univ. Bourgogne Franche Comté / INSERN



AVAILABLE METHODS ALLOWING THE CHARACTERIZATION
OF APOPTOSIS, NECROSIS / NECROPOTOSIS, AND AUTOPHAGY

Gérard Lizard,



Phosphatidylserine externalization : Annexin V-FITC / Pl test
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Pl: propidium iodide Annexin V - FITC

7 AAD: 7 amino actinomycin D Gérard Lizard,



Mitochondrial potential (FCM)

Control 7-ketocholesterol 7B-hydroxycholesterol
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Gérard Lizard,




Control

Rottlerin

CHARACTERIZATION OF AUTOPHAGY:
‘VISUAL’ CRITERIA - LIPOPHAGY

Untreated

Gérard Lizard,



CHARACTERIZATION OF AUTOPHAGY:
ULTRASTRUCTURAL CRITERIA — Transmission Electron Microscopy

7KC (50 pM, 24 h)

tOH (0.1%) 1§

|
e 3

ap: autophagosome; apl: autophagolysosome
Gérard Lizard



CHARACTERIZATION OF AUTOPHAGY: BIOCHEMICAL CRITERIA
Murine oligodendrocytes (158N) - autophagy and apoptosis (oxiapoptophagy)
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Etude du Métabolisme Lipidique : Utilisation du Nile Red

Nile Red Cellules U937 non traitées ., CeIIuI(f,-s U937 ,
: traitées 7-cétocholestérol

° Excitation 488 nm

° Emission > 515 nm

° Excitation
534-558 nm

° Emission > 590 nm

Gérard Lizard, EA7270
Dijon, France



Distinction des Lipides Neutres et polaires avec le LipidTOX

Fibroblastes humains : quet normal Fibroblastes humains_: patient X-ALD

;"
> % X5

’.‘

g *
il

LipidTOX (Ref H34158; Invitrogen)

* Lipides neutres : fluorescence verte * Lipides polaires : fluorescence rouge
Contrairement au Nile Red, I'extinction de fluorescence est faible
Microscopie confocale possible dans de bonnes conditions

Gérard Lizard, EA7270
Dijon, France



Fluorochromes dédiés a I’analyse des lipides

Sondes

Nile Red

HCS LipidTOX
Filipine

BODIPY

Laurdan

Mérocyanine 540

Cis-parinaric acid

DPH

Cibles

Lipides polaires et
neutres

Lipides neutres et
phospholipides

Cholestérol non estérifié

Lipides neutres

Phospholipides

Phospholipides

Acides gras insature

Lipides de la membrane
plasmique

Utilisation

Microscopie, cytométrie

en flux, analyse spectrale

Microscopie, analyse
spectrale

Microscopie, cytométrie
en flux

Microscopie, cytométrie
en flux

Polarisation de
fluorescence,
microscopie confocale
multiphotonique

Microscopie, cytométrie
en flux

Microscopie,
cytométrie en flux

Polarisation de
fluorescence

Applications

Phospholipidose,
stéatose

Phospholipidose,
stéatose

Hypercholestérolémie

Métabolisme des
lipides, radeaux
lipidiques

Fluidité membranaire,
radeaux lipidiques

Externalisation des
phosphatidylsérines

Peroxydation lipidique

Fluidité membranaire



