["AUuKOAUON,
netapPpoAiopoc,
uttocia
& KapKivocg



«Kapkivoc»



AdEVOKAPKIVWUATA

Mveuuova
Maxéog Evrépou
MaaoTou
MaykpéaTtog
2Toudxou
Oico@ayou
MpooTtatn
Evdountpiou
QoBnkwyv

KapkivwuaTa

TTAAKWOOUC £1TIONAiou

Aépuatog

Pivikiig KolIAOTNTOG
ddpuyya
NdGpuyya
Mveupdvwy
Oico@ayou
TpaxnAou

KapkivwuaTta

2 ApKWPATA

OoTeo0dpKWPa
NITTOoApKWUaA
N€EIOPJUOCAPKWUA
PapBdouuocdpkoua
Kakon0eg Ivwdeg
IOTIOOAPKWUA
IvodoodpKkwua
ApBpIk6 chpKwua
Ayyeloodpkwua
Xovopoodpkwua

«Kapkivoc»

Kakor0gleg
TOU VEUPIKOU

MoAupop@ikd
yAoloBAdoTwua
AoTpoKUTTWUA
Mnviyyiwpa
Neupivwpa
PeTivoBAdoTwpa
NeupoBAdoTwua
EtrevOupwpa
OAiyodevdpoyAoiwua
MedouAloBAdoTwa

AAAoI TUTTOI
KAPKIVWUATWY
MiKpPOKUTTOPIKO &
MeyaAokuTTapIKO
Twv MNveupovwy
HTTaToKuTTOpPIKO
Ne@pIko

Oupoddyou KUOTEWG

KakonBeleg
TOU QIMYOTTOINTIKOU

Octeia Agp@okuTTapikh Asuxaiyia
O¢eia Mueloyevrig Asuxaipia
Xpovia Mugloyeviig Asuxaipia
Xpovia Aep@okuTTapIKh Aguxaiyia
MoANaTTAEG MUEAwHQ

NAépowpa non-Hodgkin

AocBéveia Hodgkin




Cell, Vol. 100, 57-70, January 7, 2000, Copyright ©@2000 by Cell Press

The Hallmarks of Cancer

Douglas Hanahan* and Robert A. Weinbergt

Sustaining proliferative
signaling

Resisting
cell death

Inducing
angiogenesis

Enabling replicative
immortality

Review

Evading growth
suppressors

Activating invasion
and metastasis



Leading Edge
(&N Coll 144, March 4, 2011 ©2011 Elsevier Inc.

Hallmarks of Cancer: The Next Generation

Douglas Hanahan'2* and Robert A. Weinberg3*

Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability Iy Tumor-promoting
and mutation Inflammation

Enabling Characteristics




Cell Metabolism cel

Cell Metabolism 7, January 2008 ©2008 Elsevier Inc.

The Biology of Cancer: Metabolic Reprogramming
Fuels Cell Growth and Proliferation

Ralph J. DeBerardinis,’2 Julian J. Lum,! Georgia Hatzivassiliou,! and Craig B. Thompson'*
'Department of Cancer Biology, Abramson Cancer Center, University of Pennsylvania, Philadelphia, PA 19104-6160, USA

Cancer Cell

Cancer Cell 73, June 2008 ©2008 Elsevier Inc.
Tumor Cell Metabolism: Cancer’s Achilles’ Heel

Guido Kroemer'.23* and Jacques Pouyssegur?
'INSERM, U848, F-94805 Villejuif, France

@ uicc []C

global cancer control

International Journal of Cancer
Int. J. Cancer: 128, 1001-1008 (2011) © 2010 UICC
Anticancer drugs that target metabolism: is dichloroacetate

the new paradigm?

loanna Papandreou, Tereza Goliasova, and Nicholas C. Denko

Department of Radiation Oncology, Division of Radiation and Cancer Biology, Stanford University School of Medicine, Stanford, CA




» Tloiéc aAAayécg ouppaivouv oTov peTaPpoAiopd Twy
KAPKIVIKWY KUTTAPWV;

> T1 eCutnpeTOUV AUTEC 01 aAAayég
(kai TWC UTTOPOUHE Va TIC EKHETAAAEUTOUHE OTNV
AvTIHETWTTION TOU KAPKivou);

> TTwc¢ tpokaAouvTal AuTEéC TIC aAAayég
(n oxéon Tn¢ utroiac kar Twv HIF);



To paivépevo Warburg ("the Warburg effect")

Otto Heinrich Warburg (Nobel 1931) 5 |

Ta ep1o06TEPA KAPKIVIKA KUTTAPA TTAPAYOUV
KUpiw¢ evépyeld HEow YAUKOAUGNC-YAAQKTIKAC
(Upwaonc akoun Kai o aspoPiec oUVOAKEC
(taxutnTa yAukdAuong 200 popéc peyaAUTepn
aTod AuTH PUOIOAOYIKWY KUTTAPWYV)
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Ti eCumnpeTei To paivopevo Warburg;



Ti e€umtnpeTei To paivopevo Warburg;

1. Tov kKUTTApPIKO TTOAAATTAACIAONO

H evepyomoinon Thg YAUKOAuong xpetaleTal yia va tapaxouv petaPpoAikd
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YAUKEPOAN via Aitidia, TTupooTa@uAiko yia apivoléa, pipoln yia DNA, NADPH
KATL.)
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Ti e€umtnpeTei To paivopevo Warburg;

1. Tov kKUTTApPIKO TTOAAATTAACIAONO

H evepyomoinon Thg YAUKOAuong xpetaleTal yia va tapaxouv petaPpoAikd
evdiapeoa (dopikoi AiBol) amapaitTnTa yia Tnv dnpioupyia véwv KUTTApwy (TT.X.
YAUKEPOAN via Aitidia, TTupooTa@uAiko yia apivoléa, pipoln yia DNA, NADPH
KATL.)

2. Thv amopuyh ThC ATTOTTTWONG
H mapaywyn evépyelag amoé Th YAUKOAuon emiTpémel Thy adpavoToinon Twy
HITOXOVOPIWY KAl TV ATTOPUYA TNE ATTOTTTWONG TToU HTTopoUV vd TTUPOOOTACOUV.

3. Tnv emiPpiwon KATW Ao UTTOC IKEC OUVONKEC

H avaepopia mapaywyh evépyelag péow ThG YAUKOAUONG-YaAaKTIKAC CUpwong
ETUTPETIEI TRV ETIPIWON TWV KAPKIVIKWY KUTTAPWY TWV OTEPEWYV OYKWY KATW
amod oUVOARKeC XapnAnc ofuyovwonc.

4. Tnv aAAayn Tou pikpotrepipdAAovtog (pH) Tou dykou
H mapaywyn kai amékkpioh Tou YaAakTikoU oivi(el To HIKpoTepiPAAAOV TwV
KAPKIVIKWY KUTTApWYV Kal 01EUKOAUVEI Thy HETAKivRoNn KAl HeTdoTaon.
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O1 aAAayécg oTov KUTTAPIKO peTaPpoAiopo
(T1.X. agpopia yA\ukoAuaon, yAouTtapivoAuon)

attAd amoTeAoUV TTPOCAPHOYA TWV KAPKIVIKWY

KUTTApWYV 0TV dvdykn vid YpAYOpO KUTTAPIKO
TToAAaTTAdciaopo

n

ouvTeAOUV OTNV gUPAvIOn TOU KAPKivou;



MeTaPpoAikd oykoyovidia Kal OyKOKATAOTOAEIC,
oykoévlupd, oyKoHETAPOAITEC KAl TTPWTO-0YKOUETAPOAITEC
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2 nuacia Tou gpaivopévou Warburg otn didyvwon kai Bepameia
TOU KdpKivou OH

Aidyvwon o
O1 dyko! pmropoUv va evromioToUv péow PET (Topoypaegia
eKTTOUTIAC TToITpoviwy) Adyw ThS auénpuévng mpooAnyng 2-
18F-2-8c0fuyAukolne (pAhouopodeofuyAukdlng, FDG) mou
PWOoPopUAIWVETAI amd Thv e€okivdon aAAd dev peTapoAileTal
TEPAITEPW KAl CUCOWPEVETAI O€ 10TOUC e EvTovhn YAUKOAuoN.
Oc¢parteia

AvaoToAegic aegpdoPpiag YAUKOAUGNG £€XOUV aVTIKAPKIVIKA dpdon,
T.X. 2-0c0EuyAukoln (2DG) & AixAwpolikd ofU (DCA):
avaoTtoAéac Tn¢ Kivdon¢ Th¢ apudpoyovdong Tou
TUpooTaPuAikoU. Evepyomoici Tnv apudpoyovdon Tou
TTUPOOTAPUAIKOU, ONA. ThV HETATPOTIA TOU TTUPOOTAPUAIKOU O€
akéTUuAo-CoA Kail Thv oeidwaon Tou oTa HiToxovopld.
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Table 1 | Examples of promising metabolic targets for cancer therapy

Targets Pathways

Bioenergetic metabolism

CPT1 B-oxidation
Complex | Mitochondrial
respiration
GLUT1 Glycolysis
GLS51 Glutamine

metabolism

Hexokinases  Glycolysis

MCT1 Krebs cycle
PDK1 Krebs cycle
PKM2 Glycolysis

Agents or
approaches
(company)*

* Etomoxir
* Oxfenicine
* Perhexiline

* RNAi

* Metformin
* Phenformin

= WZB117
* RNAi

= 068
= BPTES
* RNAI

= 2-DG
= 3-BP
* | onidamine

* Methyl

jasmonate

* RNAI

= AR-C155858
« AR-C117977
= AZD3965

(AstraZeneca)

« CHC
* RNAI

« DCA

» TLN-232
(Thallion)
= RNA

Development stage

Perhexiline is approved for
use as an anti-angina agent
in Asia, Australia and New

Zealand

Metformin is prescribed for
the treatment of type 2
diabetes

Preclinical data

Preclinical data

The clinical development of
2-DG, 3-BP and lonidamine

has been discontinued

AZD3965 is in clinical

development

DCAis a prescription drug
for the treatment of lactic
acidosis

The clinical development
of TLN-232 has been

discontinued

Galluzzi et al., Nat Rev Drug Disc 2013

Observations

Inhibition of CPT1 exerts anticancer effects
in vitro and in vivo, yet it remains unclear

whether these stem from the blockade of
p-oxidation

The antineoplastic activity of metformin is

independent of glycaemia and may reflect its

capacity to inhibit mitochondrial respiration

Pharmacological or genetic inhibition of
GLUT1 exerts antineoplastic effects, both
in vitro and in vivo

Malignant cells expressing mutant IDH1
may be particularly sensitive to

GLS1-targeting agents

It remains to be determined whether the
anticancer effects of 3-BP and lenidamine
stem from the inhibition of hexckinases

AZD3965 is currently being tested in a
Phase | clinical trial enrolling patients with
advanced solid tumours; these agents
may be incompatible with the use of

MCT1-transported drugs such as 3-BP

DCA is well tolerated by patients with
glioblastoma multiforme and provokes
profound mitocheondrial defects in cancer

cells

Inhibition of PKMZ2 reverses the Warburg
effect (at least in some tumour models),
yet it may favour anabolism

Refs

213-215

23,200
169,170
205,206

9,
154-157,
161

159,202

179

108,166,
286



Table 1 | Examples of promising metabolic targets for cancer therapy

Targets

Pathways

Anabolic metabolism

Choline

kinase

HMGCR

IDHs

MGLL

PGAM1

PHGDH

PKM2

Lipid
biosynthesis

Mevalonate
pathway

Lipid
biosynthesis

Lipid
biosynthesis

Pentose
phosphate
pathway

Anaplerosis

Pentose
phosphate
pathway

Agents or
approaches
(company)*

= CK37
= TCD-717

(TCD Pharma)

» RNAI

* Statins

= AGI-5198
(Xcessbio)
= AGI-6780
(Xcessbio)
» RNA

=]ZL184
= RNAi

* PGMI-004A
= RNAI

= RNAi

« TEPP-46
« SAICAR

» Serine

Development stage

TCD-717 isin clinical
development

Statins are prescription
drugs that are used to treat
hypercholesterolaemia

Preclinical data

Preclinical data

Preclinical data

Preclinical data

Preclinical data

Galluzzi et al., Nat Rev Drug Disc 2013

Observations

The safety and therapeutic profile of TCD-717
is currently being tested in patients with
advanced solid tumours

The antineoplastic potential of statins is being
investigated in multiple prospective clinical
trials

Inhibition of both wild-type and mutant IDH
results in multipronged antineoplastic effects,
presumably reflecting a decrease in 2-HG
levels as well as an interference with glutamine
metabolism

MGLL promotes the migration, invasion and
survival of malignant cells, as well as in vivo
tumour growth

Pharmacological or genetic inhibition of
PGAM1 attenuates tumour growth in vitro and
in vivo, presumably owing to the 3PG-mediated
inhibition of the pentose phosphate pathway

PHGDH inhibition fails to affect serine
availability, yet limits that of multiple
intermediates of the Krebs cycle

PKM2 activators reportedly limit the diversion
of glucose toward the pentose phosphate
pathway, hence mediating antitumour effects

Refs

245,246

16,248

48,135,
203,204

247

221

229,230

175,176,
226,227
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T1 tpokaAei TiI¢ aAAayéC oTov HETAPOAIOHO TWV KAPKIVIKWY KUTTAPWYV;

Hyperactivation f Inactivation of
of oncogenes tumour suppressors RSP SR\
Oncogenesis

Malignant
lesion

Normal
tissue

Galluzzi et al., Nat Rev Drug Disc 2013



T1 tpokaAei TiI¢ aAAayéC oTov HETAPOAIOHO TWV KAPKIVIKWY KUTTAPWYV;

Hyperactivation j Inactivation of gL Oncogene
of oncogenes tumour suppressors ¥ SRR, F4  addiction

> > > > > >

Oncogenesis

Malignant
lesion

Normal
tissue

Galluzzi et al., Nat Rev Drug Disc 2013
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O poAoc Twv HIF oTov kapkivo

> Ymotia & HIF

» HIF & kapkivog

> PuBuion Twv HIF

> PuBuion Tou HIF-1 amé pwopopuAiwon Kai n

ETITTTWON TNC oToVv HeTaPoAiopd AImidiwv Kai Thv
emiPpiwon TWV KUTTApWYV KAtd Thv uttolia



YTTO=IA
Yyoéuetpo - “Evrovn puikh doknon
TTveupovomd®eiec - Avaipia - Toxaipia - Kapkivog - ®Aeypovi

D ! o
116- -
47-

Emaywyn yovidiwv tmou puBpilovTal amé tnv utoia

: | : |

36-

{0, HRE DX

Coomassie anti-HrlF-1 a

AuEnon USTGLPOP'C'ICP‘EUYC"VOU AvaepoPia TTapaywyh evEpyeidc
. Avv£|06|agToAn (iNOS) - TTpéoAnwn yAukéZne (6LUT-1)
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O1 emtayopevol amd Thv utolia mtapdyovrec HIF
(Hypoxia Inducible Factors)

Trans Activation

HIF-1a (HIF-2a, HIF-3a) Domain-N
ol B A PASTe | -
DNA Dimerization Oxygen Dependent Trans Activation
binding Degradation Domain Domain-C
HIF-1 = ARNT
ot BN A PSTle ]
DNA binding Dimerization Trans Activation
Domain
»Etepodiuepn: »Juvdovtal og eLOLKEC
eHIF-a (emtayetal ano tnv vnoéia) aAAnAovyiec DNA, tic HRE (Hypoxia
eHIF-13 = ARNT response element,
5’-RCGTG-3’)

» 0 HIF-1a ekdppaletal KATA TNV UTTOELOL OTOUC MTEPLOCOTEPOUC LOTOUC evw 0 HIF-2a
(EPAS) mapouotdalel LotoeldkotTnTA



Movidia-oToxol Twv HIF sivai urevBuva yia Tov
HETAPOAIKO eTTAvaTpoypdUUaTIoONO TTou XapakThpilel

TRV amékpion oTnv utogia kai To gaivopevo Warburg
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TTooo oxetiCetal o HIF-1 pe Tov Kapkivo;



O1 HIF-a ouvnBwc umtepekppdlovTal oTa KAPKIVIKA
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Table 1 | Correlation of prognosis and HIFa expression in human cancers*

Cancer type

Astrocytoma
Bladder
Breast
Cervical
Colorectal

Gastric

GIST
Glioblastoma
Glioma

Head and neck

Hepatocellular

NSCLC

Melanoma
Neuroblastoma

Qvarian

Pancreatic
Prostate

RCC

Prognosis
HIF1a expression
Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

ND

NCs

Poor

ND

Poor

Poor

NC

Poor
Favourable
Poor

Poor

Poor

Poor
Favourable

Poor

HIF2a expression
Poor
ND
Poor
Poor?
Poor
NC
ND
ND
Poor
Poor®
Poor
Poor
Poor
ND
Poor
Poor
Poor
ND
Poor?
ND
Poor?
ND
ND

Refs

161,162
163
164,165
166,167
168
169,170
171
172
162

69
173,174
175
176
177
178
179
180

181
182
183,184
185
186
187

KAivika dedopéva
ouoxeTiCouv Ta emiTedd
HIF-1la & HIF-2a pe
Thv BvnToTNTA A0OEVWYV
HE KAPKiVo

Ta avénuéva emimeda
HIF-a cuvhBwc
ovoxeTiovTal He KAkn
TIpOyvwon Kai
HeEIwHEVN emipiwon
TWV adoBevwyv

Keith et al. Nat Rev Cancer 2012



Movidia atoxol Twv HIF kwdikoToloUv mpwTEiveg TTou
EUTTAEKOVTAI O€ Kpigipa 0Tdd1d TG KAPKIVIKAC avdaTTuEng
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Dengler et al., 2013, Crit. Rev. Biochem. Mol. Biol.



H avaotoAn Tou HIF-1a pymopei va xpnoipgomoinOei yia
Thv Beparmeia Tou KApKivou

Table 6 Selected classes of drugs that inhibit HIF-1 activity
Drug class Example
Anthracyclines Doxorubicin
EGFR inhibitors Cetuximab
Cardiac glycosides Digoxin
Histone deacetylases TSAP
NAC: - + e o o y
HSP90 inhibitors 17-AAG*
——— 4 HIF-1a Microtubule targeting agents Taxotere
- mTOR inhibitors Rapamycin
_ Proteasome inhibitors Bortezomib
A < Tubulin Topoisomerase I inhibitors Topotecan
s . Semenza, Oncogene 2010
In vivo: tumor ’

Gao et al. (C.V. Dang, JHM), Cancer Cell 2007



O HIF-1 amoTeAei «popiakd aToxo»
yld ThV avTIKAPKIVIKA Bepameid.

TTpoUmT6Oeon yia auto civai
N KATavonon Twv pnxaviopgwy puBuiong Tou.



O¢uyovoeapTwpevn puBUIon Tou HIF-1a
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Figure 7-28a The Biology of Cancer (© Garland Science 2007)

YdpoluAdaec mpoAivng (PHDs) xpnoipotoioUv popiaké ofuyovo yia va
TpoToToinoouv Tov HIF-1a kai va mpokaAéagouv Tn ypAyopn amoikodopnon Tou
oe pualohoyikég ouykevTpwaeic O, (vopuolia).



AveldpTnTn Tou ofuyovou puBpion Tou HIF-1a
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H pwopopuAiwon amé Thv ERK avaoTéAAel
Thv aAAnAemtidpaon Tou HIF-1a pe tnv e&mopTivn CRM1 Kai
TIPOKAAEI ThV oUOOWPEUOH TOU HEoA OTOV TIUpAvA
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H pwopopuAiwon amé Thv ERK avaoTéAAel
Thv aAAnAemtidpaon Tou HIF-1a pe tnv e&mopTivn CRM1 Kai
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H owopopuAiwon Tou HIF-1a amé tnv CK1d avaoTtéAAel Tnv
aAAnAemidopaon Tou pe Tov ARNT

A
120
>
=
£ 80
m
2
5
@ 3" -
3
|
0
o CK‘IES CK13
| K38M
| DMOG - + =+
HIF-IG IC261 . =,
anti- =
ARNT -

A RNT b anti-

HIF-1a =

anti-
ARNT - -

L.P.

anti-

HIF-1a | = " .
1 2 3

Kalousi et al. Journal of Cell Science (2010)



H owopopuAiwon Tou HIF-1a amé tnv CK1d avaoTtéAAel Tnv
aAAnAemidopaon Tou pe Tov ARNT
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TTwc emnpealel n pwagopuliwon Tou HIF-1a
Thv avdmTuén TWV KAPKIVIKWY KUTTAPWYV 0 ouvOnkec umoliac;

KutTapikoc moAAamAaciaopocg



AvaoTtoAn Twv Kivaowyv Tou HIF-1a emnpealel tnv avamruén
NTTATOKAPKIVIKWY KUTTAPWYV g€ OUVONKEC utoliac
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Inhibition of MAPK by kaempferol
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Inhibition of MAPK by kaempferol
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H popiakn atéxeuon The pwopopuAiwaong Tou HIF-1a
UTTOPEi va 0ONYNOEI 0€ VEA AVTIKAPKIVIKA @dppaka




