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Pheochromocytomas and paragangliomas (PPGL)

Favier et al, Nat Rev Endocrinol 2015

Head and Neck PGL

Adrenal PGL (Pheo)

Thoraco-Abdomino-
Pelvic PGL

15% of PPGL become metastatic (MPP)
(~10% of Pheo, 40% of PGL)





Succinate dehydrogenase and cancer
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Determination of genetic status on germline and/or tumor DNA with NGS assay

67%

Ben Aim et al, J Med Genet 2019
Drossart*, Buffet* et al, JCEM 2024
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Main questions

• How do cells survive to SDH deficiency?

• How does SDH loss cause tumorigenesis?

• Why are SDHB mutations specifically associated

to metastatic progression?



Consequences of SDH loss of function

Morin et al. Cell Rep, 2020; Castro-Vega et al, Nat Commun 2015 
Lussey-Lepoutre C, Nat Commun, 2015, Letouzé et al. Cancer Cell. 2013

, 



SDHi are fungicides used to control moulds

SDHi 
Fungicides

Wide variety of crops
Increased use

Limit the proliferation of fungi
that affect crop yields

Dr Pierre Rustin



IC50 values of SDHIs on the 
succinate cytochrome c 
reductase in different species

Dr Paule Benit Bénit et al.,Plos One 2019



SDHi pesticides and cancer: what are the issues?

• Known mechanism of action: inhibition of SDH encoded by
genes considered to be tumor suppressors

• Clinical evidence of loss of SDH activity in humans
• Lack of specificity of SDHi towards fungi (Bénit et al., 2019;

Sierotzki and Scalliet, 2013)

• Available data on carcinogenic effects of SDHi
• Regulatory/firm evaluation tests

• Rodent tumors
• BUT no genotoxicity

-> Most SDHi (10/13) are classified as NON-CARCINOGENIC.

 Potential impact on other cancer hallmarks?

from Hanahan, 2022



SDHi projectsApril 2018

SOHO-EpiMetCan
Impact of the use of SDHi : 
Epidemiological, epigenetic and metabolic
evaluation in relation to cancer 
SOHO-SDHi ecOHealth
Agro-socio-economic, epidemiological
and toxicological evaluation
PGL-EXPO
Impact of environmental exposures on 
tumor risk in subjects at risk of SDH-
determined hereditary paraganglioma

Epigenetic changes, EMT

Collaborators: HolliMitox consortium (L. Huc (INRAE) S. Bortoli (Inserm), B. Fervers (Léon Bérard center, Inserm) 





Impact of SDHi exposure in human colon cells?

HCEC-1CTRPA
HCEC-1CT cells with driver 

mutations of CRC

HCEC-1CT 
Immortalized human colon 
epithelial cell line derived 
from a biopsy of healthy 

colon

SDHi

Boscalid Bixafen Sedaxane

Doses

0.1, 1 and 10 µM 
(extrapolated from Acceptable Daily Intake)

Exposition

Short  48h
Sub-chronic  3 weeksAPC -/-

KRAS +++
TP53-/-

 Route of exposure of the general population to 
SDHi: diet

 Target organ: colon

 Cellular models

Duarte Hospital et al, Environment Int 2025



Bixafen inhibits the 2 functions of the SDH complex and 
leads to an accumulation of succinate.

HCEC-1CT cells

SDH SQR

Succinate

Activity of complex II of the mitochondrial respiratory chain

SDH activity catalyzes the oxidation of succinate into fumarate; SQR 
activity transfers electrons from FADH2 to the ubiquinone 

HCEC-1CT cells exposed
for 3 weeks to bixafen



Bixafen induces metabolic reprogramming...

HCEC-1CT cells

Lactate

Fumarate Oxaloacetate

Fructose 1,6 BP

Malate



...associated with slower cell proliferation

HCEC-1CT cells

Cell growth in complet 
medium (CM)

Cell growth in CM without
pyruvate

Aspartate

CM CM w/o PYR CM w/o PYR
+ ASP

+ ASP
Doubling time



Bixafen induces morphological changes typical of EMT
HCEC-1CT cells
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The effects of bixafen are enhanced in transformed colon cells
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







Genetic inactivation of SDH

Exposure to SDHi reproduces some of the effects 
observed in SDH-/- tumors

Chemical inactivation of SDH by SDHi

Pyruvate and aspartate dependence

 Metabolic Switch OXPHOS  glycolyse 

Transcriptomic reprogrammation

Migration, invasion, adhesion

Succinate accumulation 
AA metabolism

alteration

Metabolic
reprogramming

Pseudohypoxia

Transcriptomic
reprogramming

EMT
Migration, invasion



HOLIMITOX
scientific network for the integrated assessment of pesticides toxic to mitochondria



Toxicity in rodents A
Multivariate analysis 
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PGL.EXPO : 
Impact of environmental exposures on tumor 

risk in subjects at risk for SDH-determined 
hereditary paraganglioma.

Anne-Paule GIMENEZ-ROQUEPLO
Béatrice FERVERS



PGL.EXPO-1 Pilot feasibility study (2020-2)
PGL.EXPO-2 National case-control study (2024-7)
PGL.EXPO-3 Prospective multicenter cohort
PGL.EXPO-4 Genetic and epigenetic studies

Projet Phyto Pharmaco Vigilance

Impact of environmental exposures on tumor risk in subjects at risk for SDH-
determined hereditary paraganglioma.



101 subjects included (1 centre: HEGP), 82 interrogated
Participation rate: 81.2%

Bonne qualité du géocodage



PGL.EXPO 2 : 
Impact of environmental exposures on tumor risk in subjects at risk

for SDH-determined hereditary paraganglioma.

650 cases/650 controls in 26 centers in France
inclusions ongoing

Clinical Trial NCT06408402



Exposure to SDHi reproduces effects observed in SDH-/- tumors

Chemical inactivation of SDH by bixafen mimics several key events observed
during genetic inactivation in SDHx-deficient cancers

These effects might be involved in tumor development in rodents in response to
chronic SDHi exposure but are not specifically explored by regulatory evaluation
tests

SDHi exposure might induce progression to a more aggressive phenotype in
patients with cancers linked to SDHx mutations PGL.EXPO Project

Other susceptible populations?

TAKE HOME MESSAGE
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Thank you for your attention
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