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 First causes of mortality in France  153 000 death / year 

 Second causes of mortality in the world 

Mortality 

 Since 20 years, incidence 
increases 

Incidence 

Prostate 
19% 

Sein 
16% 

Poumons 
10% Colorectal 

10% 

Cavité 
orale et 
pharynx 

4% 

Autres 
41% 

 Main objectives to fight cancers 

Cancer, epidemiological data and strategies 



 Good practices or resolutions to prevent cancer development : 

Cancer, epidemiological data and strategies 



Cancer, epidemiological data and strategies 

 Development of new drugs to fight cancer : 

Hanahan and Weinberg (2011) Cell, 144(5):646-74 

Cyclin-dependent 
kinase inhibitors 

Immunotherapies 
(anti-CTLA4 mAb, 
anti-PD1/PDL1) 

Chemotherapies 
EGFR inhibitors 

Aerobic glycolysis 
inhibitors 

PARP/DDR 
kinases inhibitors  

Proapoptotic 
BH3 mimetics 

Inhibitors of 

VEGF 

signaling 

Telomerase 
inhibitors 

Selective anti-
inflammatory drugs 

Inhibitors of 
HGF/c-Met 



Cancer, epidemiological data and strategies 

 5-years survival rate remains very low for a large number of cancers 

Treatment failure: 

90% of patients with 

metastatic cancer 

Factors related to the host 

(biotransformation, 

bioavailability, toxicity, …)  

Cellular factors 

(i.e. intrinsic or acquired resistances, 
lack of apoptosis, …) 

Factors related to the tumor microenvironment 

(i.e. angiogenesis, membran fluidity, metabolism, …) 

Need to develop new therapeutic approaches that 

could be described as multifactorial  



Cancer, epidemiological data and strategies 

 The concept of therapeutic adjuvant 

Tumoral cell 

Host 

Normal cell 

Therapeutic 

adjuvant 

Antitumoral 

drugs 

+ 

Synergy to kill 

tumoral cells 



Cancer, epidemiological data and strategies 

 The concept of therapeutic adjuvant 

DHA during chemotherapy was 

devoid of adverse side effects and 

can improve the outcome of 

chemotherapy when highly 

incorporated. 

DHA has a potential to specifically 

chemosensitise tumours.  

Omega-3 

Bougnoux et al., Br J Cancer 2009 

DHA was administered from inclusion before initiation 

of chemotherapy (a 7–10-day loading period) and then 

for the 5 months of chemotherapy.  



Cancer, epidemiological data and strategies 

 The concept of therapeutic adjuvant 

DHA during chemotherapy was 

devoid of adverse side effects and 

can improve the outcome of 

chemotherapy when highly 

incorporated. 

DHA has a potential to specifically 

chemosensitise tumours.  

Omega-3 

Bougnoux et al., Br J Cancer 2009 

DHA was administered from inclusion before initiation 

of chemotherapy (a 7–10-day loading period) and then 

for the 5 months of chemotherapy.  

Polyphenols, especially Resveratrol, could 

present therapeutic properties and / or be used 

as chemotherapeutic adjuvant in cancer ?  



Resveratrol, a safe molecule with health benefits 

Trans-3,5,4’-trihydroxystilbene 

Resveratrol, a phytoalexin of grapewine 

Sources : 

• Polygonum cuspidatum, 

• Peanuts, 

• Grapes red wine,  

• Blackberries, … 



Preventing properties against 

pathology processess : 

• Oxidative stress, 

• Atherosclerosis, 

• Foam cells formation, 

• Cytokines production,  

• Platelet aggregation, 

Trans-resveratrol 

Cardiovascular 

diseases 

Trans-3,5,4’-trihydroxystilbene 

Sources : 

• Polygonum cuspidatum, 

• Peanuts, 

• Grapes red wine,  

• Blackberries, … 

Resveratrol, a safe molecule with health benefits 

see for review Delmas et al. Mol Nut Food Res (2006) 



Preventing properties against 

pathology processess : 

• Oxidative stress, 

• Atherosclerosis, 

• Foam cells formation, 

• Cytokines production,  

• Platelet aggregation, 

• Age-related degenerescence, 

Trans-resveratrol 

Ageing 

Neurodegenerative diseases 

(Parkinson, Alzheimer, …) 

Trans-3,5,4’-trihydroxystilbene 

Sources : 

• Polygonum cuspidatum, 

• Peanuts, 

• Grapes red wine,  

• Blackberries, … 

Resveratrol, a safe molecule with health benefits 

Ocular diseases (AMD) 
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pathology processess : 

Trans-resveratrol 
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Ocular diseases (AMD) 

N
u

m
b

er
 o

f 
v
ia

b
le

 c
el

ls
 (

p
er

 w
el

l)
 

* 
* 

# 
# 

0 

50 000 

100 000 

150 000 

200 000 

250 000 

300 000 

350 000 

400 000 

450 000 

Co Resv 7β-OH 7KC 
+Res 

7KC + 
Res 

7β-OH 

7β-OH: 30 µg/mL 

7KC: 30 µg/mL 

Res: 1 µM 

* 
* 

# 
# 

40h 

Dugas et al. Eur J Nutr (2010) 



Preventing properties against 

pathology processess : 

Trans-resveratrol 

Ageing 

Neurodegenerative diseases 

(Parkinson, Alzheimer, …) 

Trans-3,5,4’-trihydroxystilbene 

Sources : 

• Polygonum cuspidatum, 

• Peanuts, 

• Grapes red wine,  

• Blackberries, … 

Resveratrol, a safe molecule with health benefits 

Ocular diseases (AMD) 

Dugas et al. Eur J Nutr (2010) 
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Preventing properties against 

pathology processess : 

• Oxidative stress, 

• Atherosclerosis, 

• Foam cells formation, 

• Cytokines production,  

• Platelet aggregation, 

• Carcinogenesis, … 

Trans-3,5,4’-trihydroxystilbene 

Sources : 

• Polygonum cuspidatum, 

• Peanuts, 

• Grapes red wine,  

• Blackberries, … 

Resveratrol, a safe molecule with health benefits 

Initiation 

Promotion 

Progression 

Trans-resveratrol 

• Age-related degenerescence, 



Delmas et al. Oncol. Report (2000); Delmas et al.  Int. J. Mol. Med. 

(2002); Marel et al.Mol. Nut. Food Res. (2008); 

Colin et al. Int. J. Cancer (2009) 

Tumeur   

Trans-resveratrol 

 Resveratrol inhibits colon and hepatic 

cancer cell proliferation 
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Resveratrol, a safe molecule with health benefits 

1- Resveratrol: an inhibitor of tumoral proliferation 



Delmas et al. Oncol. Report (2000); Delmas et al.  Int. J. Mol. Med. 

(2002); Marel et al.Mol. Nut. Food Res. (2008); 

Colin et al. Int. J. Cancer (2009) 

Tumeur   

Cell  

cycle 

 

  Resveratrol blocks the cell cycle in S phase 
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 Resveratrol inhibits colon and hepatic 

cancer cell proliferation 

Resveratrol, a safe molecule with health benefits 

2- Resveratrol: a disruptors of cell cycle 



Tumeur   

Cell  

cycle 

 

  Resveratrol blocks the cell cycle in S phase 

Cdk1 
P 

Cyclin B 

Cdk2 
P 

Cyclin A 

Cdk2 
P 

  Resveratrol induces the accumulation and the 

phosphorylation of key regulators of the cell 

cycle 

Delmas et al.  Int. J. Mol. Med. (2002); 

Colin et al. Int. J. Cancer (2009) 

 Resveratrol inhibits colon and hepatic 

cancer cell proliferation Trans-resveratrol 

 Cyclin A  

- + 
Res 30 µM/48h 

Actin 

 Cyclin B 

 CDK2 

 Hyperphosphorylation of 

Cdk1 

Resveratrol, a safe molecule with health benefits 

2- Resveratrol: a disruptors of cell cycle 



Tumeur   

Le cycle 

cellulaire  

 

Cyclin E 

Cdk2 
P 

Cyclin A 

Cdk2 
P 

Cyclin E 

Cdk1 
P 

 Resveratrol induces accumulation and 

nuclear relocalisation of cyclin A during 

early S phase of cell cycle 

Resveratrol, a safe molecule with health benefits 

2- Resveratrol: a disruptors of cell cycle 

Trans-resveratrol 

Colin et al. Int. J. Cancer (2009) 



Colin et al. Int. J. Cancer (2009) 

Cycle 

cellulaire  

 

5-FU 

2 

 Synergic effect of Resveratrol with 5-FU (5-

Fluoro-uracil) on colon carcinoma cells 

Resveratrol, a safe molecule with health benefits 

3- Resveratrol: a chemosensitizer agent to drugs targeting cell cycle 

Res 

1 



Res 

Control Res. 30 µM/48h 

Delmas et al. J. Biol Chem (2003) 

 Resveratrol induces apoptosis of tumoral 

cells via a mitochondrial pathway 

Res 30 µM / 48 h Control 

  Mito      Cyto                Mito          Cyto 

15 kDa CytC 

Bax 

Bak 

C N 
Res 

ROS 

C N 

C N 

C N 

C N 

cyt C 

Smac 

Apoptosis 

Caspase-3 

Apoptosome 

Apaf-1 

Caspase-9 

Pro-caspase-3 

ROS 

Resveratrol, a safe molecule with health benefits 

4- Resveratrol: an inducer of apoptosis 

HSC 70 mito Overlay Control R 30 µM 



 Resveratrol induces: 

     - trimérization 

Delmas et al. J. Biol Chem (2003) 

Delmas et al. Oncogene (2004) 

Control R 30 µM / 48h 

Fas 

- redistribution of death receptors into lipid 

microdomains ? 

R

e

s 

DISC 

FADD 

Fas 

C8 

? 

Res 

Resveratrol, a safe molecule with health benefits 

4- Resveratrol: an inducer of apoptosis 



 Why lipid rafts ? 

Rafts 

Drugs, xenobiotics, nutrients, 

Inflammation, Aging, … 

Biological Effects 

& 

Physio-pathological 

Processess 

Cancers 
Cardiovascular 

diseases 

Degenerative 

diseases 

 (DMLA, NP, 

Alzheimer, …) 

Inflammation/ 

Immunity 

Diabetes and 

Obesity 

Resveratrol, a safe molecule with health benefits 



Lipid macrodomains functions: 

- amplification of protein-protein interactions ; 

- amplification of initial signal ; 

- increases of rafts recruitment and signaling proteins. 

(adapted from Susan K. Pierce, Nat Rev Immunol, 2002)  

Ligand 

Ligand-Receptor 

Interactions 

Microdomains 

Intracellular signaling and 

actin polymerization 
Biological effects 

Microdomains 

migration 

Actine / Myosin 

Signal pathways 

amplification  

Macrodomains 

 Lipid rafts as dynamic platforms 

Resveratrol, a safe molecule with health benefits 
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 Resveratrol induces death receptors 

redistribution into lipid rafts 

R30 

Co 

Cav-2 Fas Overlay 

Delmas et al. J. Biol Chem (2003) 

Delmas et al. Oncogene (2004) 

Caveolin-2 

Res 

Resveratrol, a safe molecule with health benefits 

4- Resveratrol: an inducer of apoptosis 
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Cell 

Culture 

Lysis with non ionic 

detergents 

° Sucrose gradient 

° Ultracentifugation 

(39 000 rpm, 20h, 4°C) 

* Lipid analyses 

 - CG/MS and LC/MS-MS  

 * Protein analyses 

- Electrophoresis (SDS-PAGE) 

- Western blotting (rafts markers) 

 Resveratrol induces death receptors 

redistribution into lipid rafts 

Nonraft 
proteins 

Res 

Resveratrol, a safe molecule with health benefits 

4- Resveratrol: an inducer of apoptosis 
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 Resveratrol induces DISC proteins 

redistribution into rafts 

Caspase activation 

Res 

Resveratrol, a safe molecule with health benefits 

4- Resveratrol: an inducer of apoptosis 



Caspase activation 

    Resveratrol sensitizes colon cancer cells 

to death receptor agonists-mediated 

apoptosis 

Resveratrol, a safe molecule with health benefits 

5- Resveratrol: a chemosensitizer via lipid rafts 



    Resveratrol sensitizes colon cancer cells 

to death receptor agonists-mediated 

apoptosis 

Caspase activation 

Cell death 

Resveratrol, a safe molecule with health benefits 

5- Resveratrol: a chemosensitizer via lipid rafts 



Caspase activation 

Cell death 

 Resveratrol / death receptor agonists 

combination overcome Bcl-2 resistance in 

colon cancer cells 

Resveratrol, a safe molecule with health benefits 

5- Resveratrol: a chemosensitizer via lipid rafts 



Caspase activation 

 Nystatin prevents death receptors 

redistribution into rafts and 

resveratrol-induced apoptosis 

Resveratrol, a safe molecule with health benefits 

5- Resveratrol: a chemosensitizer via lipid rafts 



 Nystatin prevents death receptors 

redistribution into rafts and 

resveratrol-induced apoptosis 

Resveratrol, a safe molecule with health benefits 

5- Resveratrol: a chemosensitizer via lipid rafts 



Resveratrol, a safe molecule with health benefits 

6- Pharmacology of Resveratrol and clinical trials 

Delmas et Lin Mol Nut 

Foood Res (2012) 

Phase I/II clinical trial 

(Patel et al, Cancer Res. 2010)  

 Daily oral ingestion of 1g Resveratrol during 8 days to 

patients with confirmed colorectal cancer shows a 

reduction of 5% in tumor proliferation before 

chirurgical resection and who received 1g of RSV, 

present a plasmatic level of 25 µM, 15h after oral 

ingestion of RSV 

 Resveratrol metabolites accumulates into tumoral 

colorectal tissus 

OH

OH

S

O

OOH

Trans-resveratrol 3-O-D-sulfate 

O
O

O
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OH

OH

OH

OH

OH

Trans-resveratrol 3-O-D-glucuronide 

OH

OH

O
O

O
OH

OH

OH

OH
Trans-resveratrol 4’-O-D-glucuronide 

What are the effects of Resveratrol 

metabolites on colon tumoral cells? 



Resveratrol, a safe molecule with health benefits 

7- Resveratrol & metabolites: inducers of DNA damages 
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Resveratrol, a safe molecule with health benefits 

Aires et al. Mol Nut Food Res (2013) 
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 Resveratrol metabolites accumulate colon 

cancer cells in S phase of the cell cycle 
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Cell 

cycle  
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7- Resveratrol & metabolites: inducers of DNA damages 



Resveratrol, a safe molecule with health benefits 

Aires et al. Mol Nut Food Res (2013) 

Colin et al. Cell Death & Diseases (2014) 
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   Resveratrol sulfate and the combination of 

each metabolites induce DNA damages in 

colon cancer cells 

7- Resveratrol & metabolites: inducers of DNA damages 



Resveratrol, a safe molecule with health benefits 

   Resveratrol sulfate and the combination of 

each metabolites induce DNA damages in 

colon cancer cells 
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7- Resveratrol & metabolites: inducers of DNA damages 

Aires et al. Mol Nut Food Res (2013) 

Colin et al. Cell Death & Diseases (2014) 



Resveratrol, a safe molecule with health benefits 

Tumeur   

Cycle 

cellulaire  
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   Resveratrol sulfate and the combination of 

each metabolites induce apoptosis  of colon 

tumoral cells 
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7- Resveratrol & metabolites: inducers of DNA damages 

Aires et al. Mol Nut Food Res (2013) 

Colin et al. Cell Death & Diseases (2014) 



Resveratrol, a safe molecule with health benefits 

Tumeur   

Cycle 

cellulaire  
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  Colon cancer cells, especially, metastatic cells, 

present a huge reduction of DNA double 

strand breaks formation compared to 

sensitive cells 

Drugs 

8- Resveratrol & metabolites: chemosensitizers via DNA damage pathway 



Resveratrol, a safe molecule with health benefits 

Tumeur   

Cycle 

cellulaire  
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  Colon cancer cells, especially, metastatic cells, 

present a huge reduction of DNA double 

strand breaks formation compared to 

sensitive cells 

Drugs 

8- Resveratrol & metabolites: chemosensitizers via DNA damage pathway 

Resveratrol metabolites could sensitize 

colon metastatic cells 

to anticancer agents 

inducing DNA damages ? 



Resveratrol, a safe molecule with health benefits 

 Resveratrol metabolites sensitize colon 

metastatic cells to death induced by SN38 

and oxaliplatin R30 

R3S 

R3G 

R4G 

Aires et al. Mol Nut Food Res (2013) 
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8- Resveratrol & metabolites: chemosensitizers via DNA damage pathway 



Resveratrol, a safe molecule with health benefits 

R30 

Aires et al. Mol Nut Food Res (2014) 

9- Resveratrol: an agonist of Peroxisome Proliferator Activated Receptor 
(PPAR) 
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  GW a PPAR  antagonist decreases resveratrol effects: 
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Resveratrol, a safe molecule with health benefits 

R30 

Aires et al. Mol Nut Food Res (2014) 

10- Resveratrol: a chemosensitizer with an agonist of PPAR 
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  Resveratrol synergizes with Rosiglitazone to kill tumoral cells 



Resveratrol, a safe molecule with health benefits 

11- Resveratrol: a modulator of the immune system 

Tumoral 
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Lymphoïd organs 

Chemokines IL-6 
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Naive T cell 

IL-6R 

TFG-βR 

IL-17 

        Th17 cell 



Resveratrol, a safe molecule with health benefits 

11- Resveratrol: a modulator of the immune system 
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Resveratrol, a safe molecule with health benefits 

11- Resveratrol: a modulator of the immune system 

Resveratrol 
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Resveratrol, a safe molecule with health benefits 

11- Resveratrol: a modulator of the immune system 

(Limagne et al. Cell Reports, 2017) 

   Resveratrol (RSV) decreases IL-17 

production from Th17 lymphocytes 
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Resveratrol, a safe molecule with health benefits 

11- Resveratrol: a modulator of the immune system 

(Limagne et al. Cell Reports, 2017) 

   Resveratrol (RSV) decreases il-17A mRNA 

levels into Th17 lymphocytes 
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Resveratrol, a safe molecule with health benefits 

11- Resveratrol: a modulator of the immune system 
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Resveratrol, a safe molecule with health benefits 

11- Resveratrol: a modulator of the immune system 

(Limagne et al. Cell Reports, 2017) 

   Resveratrol (RSV) decreases RORt 

protein expression into Th17 lymphocytes 
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11- Resveratrol: a modulator of the immune system 
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11- Resveratrol: a modulator of the immune system 
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11- Resveratrol: a modulator of the immune system 
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11- Resveratrol: a modulator of the immune system 
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Resveratrol, a safe molecule with health benefits 

11- Resveratrol: a modulator of the immune system 
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11- Resveratrol: a modulator of the immune system 
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Resveratrol, a safe molecule with health benefits 

11- Resveratrol: a modulator of the immune system 

   RSV prevents STAT3 binding on putative 
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11- Resveratrol: a modulator of the immune system 

   Invalidation of Sirt-1 in T CD4+ prevents 
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Resveratrol, a safe molecule with health benefits 

11- Resveratrol: a modulator of the immune system 

   Sirt-1 inhibitor EX527 prevents RSV 

antitumoral effects in vivo 

(Limagne et al. Cell Reports, 2017) 
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11- Resveratrol: a modulator of the immune system 

   Sirt-1 inhibitor EX527 prevents RSV 

antitumoral effects in vivo 

(Limagne et al. Cell Reports, 2017) 
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11- Resveratrol: a modulator of the immune system 

(Zhu et al. Oncotarget, 2016) 



Resveratrol, a safe molecule with health benefits 

12- Resveratrol: a safe molecule 

68 

Colin et al., Cancer Prev Res (2011) 

   Resveratrol induces only cell death in 

tumoral cells and not in normal cells 
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Conclusion & Perspectives 

 Resveratrol presents a strong potential as chemopreventive agent 

in many cancer models and particularly in colorectal cancers ; 

 Despite a low bioavailability, resveratrol metabolites accumulates 

into tissues approaching the concentrations reported to have 

pharmacological activity in vitro ; 

 Resveratrol as therapeutic adjuvant is a promising approach to 

sensitize resistant cancer cells to death induced by classical 

anticancer agents. 
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