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Are natural compounds still 
important in drug discovery?



75 first-in-class drugs were approved by FDA between 
1999 and 2008

REVIEW: D. C. Swinney & J. Anthony.  How new medicines were 
discovered. Nature drug discovery 2011; 10: 507

Fully synthetic small 
molecules: 43% Biologics: 33%

Natural product
derivatives: 24%

Natural products make a comeback in oncology in 2007

1996
Topotecan

1997
First targeted therapies:
- Trastuzumab & Rituximab

2007
Temsirolimus
Ixabepilone

2011
Abiraterone 

acetate
Eribulin

1995
Docetaxel

1992
Taxol
Teniposide

2010
Trabectedin

2009
Vinflunine



Reasons for a comeback of natural products in oncology

- Limitation of targeted therapies: in the cases of solid tumors, 
these drugs prolong the life of the patients for few months, 
rarely for years.

pharmaceutical companies go back to natural products, 
because they have demonstrated their value to develop 
efficient anticancer drugs, even for solid tumors.

Flavaglines

- first isolated in 1982 by King 
and coll from asian tropical trees 
of the genius Aglaia

rocaglamide

- most of the biological studies 
have  been performed with 
natural flavaglines extracted 
from these trees

(1 kg of stem bark          ~ 1 mg )



Flavaglines display a unique profile of anticancer activities

- potent cytotoxicity specific to cancer cells,

- potentiate the efficacy of chemotherapies in many mouse

models of cancers,

- no sign of toxicity in vivo.

Review: L. Désaubry and coll., Recent advances in the biology and chemistry 
of the flavaglines.  Bioorganic  & Medicinal Chemistry, in press (2011).

Summary of Structure-Activity Relationships

OH ≈ NHCHO
The presence  of an amide 
or an ester is responsible 
for the sensitivity to 
multidrug resistance

> OMe > H

F. Thuaud et al., J. Med. Chem. 52, 5176–5187 (2009) & 54, 411–415 (2010)



FL3 is the first synthetic compound that displays  a 
cytotoxicity superior to that of natural flavaglines
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Comparison with other cytotoxic drugs
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Volume of the 
tumor (mm3)

FL3 analogue FL23 diminishes tumour growth
(3LL Lewis lung carcinoma allograft model)

(C. Gaiddon’s lab, Strasbourg)

FL23 (20 mg/kg ip)

What is the mechanism of the 
anticancer effects of flavaglines ?



Flavaglines block the Cap-dependant protein synthesis in 
cancer cells

Cap-dependant protein synthesis:

cyclin D1, Myc, VEGF, Bcl-2, survivin, Mcl-1, FCF …

Ras

MEK mTOR

ERK

J. Pelletier and coll. J. Clin. Invest. 2008; 118: 2651.
M. Li-Weber, P.H. Krammer and coll. Cell Death and Differentiation 2011; 18: 362 
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Flavaglines induce apoptosis independantly 
of caspase-3 in HL60 cells

(C. Nebigil, Strasbourg & T. Cresteil, Gif-sur-Yvette)

Induction of 
apoptosis
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Activation of caspase-3

*
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Apoptosis pathways
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FL3 induces the translocation of AIF to the 
nucleus in HL60 cells
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F. Thuaud et al., J. Med. Chem. 52, 5176–5187 (2009)



FL3 induces the translocation of AIF and caspase-12 to the 
nucleus in HeLa cells

FL3

flavaglines might be of interest to treat tumors that 
are resistant to the classical pathways of apoptosis

vehicle

FL3

Design of a fluorescent probe to locate 
the molecular target of flavaglines

N,N-dimethyl-7-aminocoumarin
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- suitable photophysical properties for fluorescence microscopy

- easily penetrates into cells,

- does not localize preferentially in any subcellular compartment



Flavagline target is located in the 
endoplasmic reticulum of HeLa cells

Coumarin-FL3         Bodipy-Brefeldin              Merge
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Model for flavaglines-induced apoptosis in cancer cells
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F. Thuaud et al., J. Med. Chem. 52, 5176–5187 (2009)



Flavaglines: neuroprotective activities

- Bayer’s scientists described potent in vitro and in vivo  
neuroprotective activities of a synthetic flavagline in models 
of brain trauma and Parkinson disease. 

(T. Fahrig and coll. Mol. Pharmacol. 67: 1544-55 (2005))

Is FL3 also neuroprotective?

Neuronal  
survival (%)

3000

2000

1000

control              - FL3 
(10 nM)

Bayer’s 
compound 

(10 nM)

MPP+ (3 μM)

*
*

Neuroprotective effect of flavaglines in a cellular 
model of Parkinson disease: apoptosis of 
dopaminergic neurones induced by MPP+

(Etienne Hirsch’s lab, Paris)



Neuroprotective effects of Flavaglines on
cisplatine-induced neuronal apoptosis

(C.  Gaiddon’s lab, Strasbourg)
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Do flavaglines protect also the 
heart against the adverse effects 

of chemotherapies?



Cardiotoxicity induced by anthracyclines 
(doxorubicin and related compounds)

• Anthracyclines are among the most widely used 
drugs in cancer chemotherapy even though they are 
cardiotoxic

• 36% of adults treated with anthracyclines display 
cardiac dysfunction 

• 15% of survivors of childhood cancer develop 
congestive heart failure with a mortality of 50% within 
2 years

BV. Jensen et al. Ann Oncol. 2002;13: 699-709.

FL3 protects H9c2 cardiomyocytes against  doxorubicin-
induced apoptosis 

(C. Nebigil’s lab, Strasbourg)

Y. Bernard et al. Flavaglines Alleviate Doxorubicin Cardiotoxicity: Implication of
Hsp27. Plos One, in press (2011).

**



Phosphorylation of the small heat shock protein HSP27 
induces a cascade of events that protect cardiomyocytes 

from many stresses, including doxorubicine cardiotoxicity

Hsp27

Actin disruption

ROS

modulation  of the 
transcriptional 
activity of p53

Caspases-3 and -9

REVUE: S. Kostenko & U. Moens  Cell Mol. Life Sci. 2009; 66:3289-307. 

FL3 activates HSP27 by phosphorylation in cardiomyocytes

phosphorylated HSP27

total HSP27

veh  FL3  veh FL3



Knocking down Hsp27 in cardiomyocytes by siRNA for 
Hsp27 prevents the cardioprotectant effect of FL3 

75 % knock-down 
of Hsp27

FL3 increases survival rate of mice treated with 
doxorubicin

55 %

31 %(15 mg/kg i.p.)

(0.1 mg/kg i.p.)



FL3 protects heart by reducing fibrosis and apoptosis 
induced by doxorubicin

Apoptosis

Fibrosis

FL3 improves cardiac contractility by preventing 
dowregulation of contractile genes induced by doxorubicin



FL3 protects H9c2 cardiomyocytes against serum starvation

Conclusion

- We identified compounds that display an in vitro cytotoxicity 
in cancer cells superior to that of natural flavaglines and many 
anticancer drugs used in clinic. 

- These compounds are not sensitive to multidrug resistance 
and do not display any apparent toxicity. They selectively 
induce apoptosis in cancer cells through AIF and caspase-12.

- Flavaglines protect cardiomyocytes against the apoptosis 
induced by several cardiotoxic anticancer drugs. Flavaglines 
protect also neurones in models of Parkinson disease and 
cisplatine neurotoxicity.



Conclusion

Flavaglines may enhance the efficacy of 
chemotherapies and alleviate their adverse effects.

Is this effect unique?

Exemples of anticancer agents that are
also cardioprotectant and neuroprotectant

- Rapamycin derivatives (protection against 
neurodegeneration and traumatic brain injury, induces potent 
preconditioning-like effect against myocardial infarction)

- SAHA and other histone deacetylase inhibitors 
(treatment of heart failure and neurodegenerative disorders).
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