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Important

1. Define genotoxic and non-genotoxic carcinogens
2. Know the three stages of carcinogenesis: initiation, promotion, 

progression
3. Describe the phenotype of a tumour cell
4. Understand the role of oncogenes, the hallmarks of cancer
5. Explain the mechanisms of non-genotoxic carcinogenesis and 

give examples of molecules.

Learning objectives



Definitions
Stages of carcinogenesis
• Initiation
• Promotion
• Progression
Tumoral cell phenotype
Oncogens
Non genotoxic (epigenetic) carcinogens
 How to evaluate carcinogenic effects?

Agenda





Oliveira et al, Annals of the Brazilian Academy of Sciences, 2005



Mutagenic

Mutagenic

Carcinogenic

Non carcinogenic

From Mc Cann 
and Ames, 

1976

Many mutagens are also carcinogens, but some carcinogens are not mutagens.



• Genetic carcinogens (genotoxic)
- Detectable by mutagenesis studies.
- Causes DNA damage.
- All or nothing effect, no threshold.

• Epigenetic carcinogens 
- Not detectable by mutagenesis studies.
- Cause no damage to the DNA.
- Reversible modifications in the activity of genes, leading to a
modification of their expression. Epigenetic processes are
involved in the regulation of numerous events such as cell
division, differentiation, survival, mobility, etc. The alteration
of these mechanisms can favour the transformation of healthy
cells into cancerous cells.
- Dose effect, threshold, reversible.

Definitions



Non-threshold toxic effects

These xenobiotics are essentially genotoxic.
For these substances, it is considered that the initiation of carcinogenesis or an effect on
offspring is triggered by mutations in the genetic material (DNA).

Definitions



Threshold toxic effects
They concern substances which, above a certain dose, cause damage whose severity is 
proportional to the absorbed dose.

According to this classical approach, toxic effects only occur if this dose is reached and 
exceeds the detoxification, repair or compensation capacities of the organism. 

NOAEL : no observed adverse effect level

Definitions



Casarett & Doull’s

Carcinogenesis stages



Carcinogenesis stages



Carcinogenesis stages



Stage Caracteristics

Initiation Results from an irreversible genetic alteration, 
most likely one or more simple mutations, 
transversions, transitions, and/or small deletions 
in DNA.

Promotion Does not involve changes in the structure of DNA 
but rather in the expression of the genes. 
Reversible.

Progression Irreversible
karyotypic instability and malignant growth

Carcinogenesis stages
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Initiation promotion model

Time Initiating agent administration

Promoting agent administration

Carcinogenesis stages
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Time Initiating agent administration

Promoting agent administration

Initiation promotion model
Carcinogenesis stages
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Time Initiating agent administration

Promoting agent administration

Initiation promotion model
Carcinogenesis stages
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Promoting agent administration
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Carcinogenesis stages



18

Time Initiating agent administration

Promoting agent administration

Initiation promotion model
Carcinogenesis stages
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Time Initiating agent administration

Promoting agent administration

Initiation promotion model
Carcinogenesis stages
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Time Initiating agent administration

Promoting agent administration

Initiation promotion model
Carcinogenesis stages
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1. Loss of contact inhibition
Development of proliferative foci

Tumoral cell phenotype
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2. Ability to proliferate in the presence of low concentrations of growth 
factors.

3. Ability to grow in the absence of support
(development of colonies in semi-solid medium).

Soft-agar Colony Formation Assay (Clonogenic Assay) of the MBC1 (A) and MBC2 (B) 
Cell Lines at 14 Days after Seeding. Magnification, 10X. Kamalidehghan et al 2012

4. Tumor formation in nude mice.

Tumoral cell phenotype



Morandi et al, Front. Oncol 2017

Epithelial-mesenchymal transition (EMT)
Tumoral cell phenotype



Hanahan and Weinberg, Cell, 2000.

Tumoral cell phenotype



- Genes which, when expressed in a disordered manner or when their
structure is altered, contribute to the transformed phenotype of a cell.

- Code for proteins with a wide range of functions (transcription factors,
transcriptional activators or repressors, proteins involved in chromatin
remodeling).

- Play a role in cell proliferation and survival such as the anti-apoptotic
protein BCL-2, growth factor receptors, intracellular effectors of signal
transmission such as proteins of the Ras family and intracellular tyrosine
kinases.

Oncogens



The Ras V12 mutation decreases 
the GTPasic activity of Ras, 
keeping it in an active state 
related to GTP.

Vasan et al, 2014

Oncogens



Oncogens

Ras V12 



Many non-genotoxic agents are capable of inducing tumors in laboratory animals
and are therefore considered as carcinogens.

Most of the chemicals belonging to this group were previously classified as
promoters.

E.g. chlorinated polycyclic hydrocarbons such as dioxin (TCDD).

Non-genotoxic carcinogens 



TCDD is a potent promoter of liver 
tumors in rats after initiation with

N-nitrosodiethylamine (Pitot et al, 1980).

Liver tumor promotion by TCDD. Female Charles River 
rats were partially hepatectomized (p.h.) and treated 
13 h later with (A) saline, or (B) with an initiating dose 
of 10 mg/kg NDEA by intragastric intubation.

After 28 weeks of treatment with Phenobarbital, Pb 
(0.05% in the diet) or TCDD (biweekly s.c. injections in 
corn oil) or vehicle alone (0), livers were examined by 
histomorphometry for development of altered hepatic 
foci.

Hepatocarcinoma and hepatic nodules were diagnosed 
by histopathological criteria and the sum of both is 
given right to the bars as number of rats with 
tumors/number of rats examined.

Non-genotoxic carcinogens 



Peroxisome proliferators
Non-genotoxic carcinogens 

Drugs Pesticides Chemical products

AspirineFibrates 
(fenofibrate, 
clofibrate…)

Diméthrine
HaloxyFOP
Lactofen

Dibutylphtalate
Perchlorethylène
Trichlorethylène



Paracrine effect

Peroxisome proliferators
Non-genotoxic carcinogens 

Promotion



Omeprazole

• Dosage 
20 mg/d (0.3 mg/kg, Ulcer), up to 60 mg/d (1 mg/kg, Zollinger-Ellison).

• Chronic toxicity studies
Reversible hyperplasia of the gastric mucous membrane cells, thickening of the mucous 
membrane (dog 1 year study: 28 mg/kg, rat 6 months study: 138 mg/kg).

• Carcinogenesis
Mouse: negative results (max dose 138 mg/kg).
Rat: enterochromaffin cell hyperplasia and gastric tumors from 1.7 mg/kg in females.
Suspension of clinical trials.

• Is omeprazole a direct carcinogen?
Mutagenesis tests: negative.
Inhibition of gastric acid secretion plasma gastrin trophic effects on gastric mucosa.
Treated patients: plasma gastrin x 1.3 to x 3.6

Non-genotoxic carcinogens 



How to evaluate carcinogenic effects?
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 Genotoxic carcinogens
Mutagenesis studies (regulatory battery)

 Non-genotoxic carcinogens
Carcinogenesis studies in rodents

• Experimental studies

• Regulatory studies 

SHE testSoft agar 

clonogenic test

Tumor 

development in 

nude mice

EMT



Long-term study in rodents

and
A complementary rodent study of shorter duration

(e.g. transgenic models)

Or
A second carcinogenesis study in a second rodent 

species.

S1A-C

Carcinogenicity studies in drug development 
How to evaluate carcinogenic effects?



The standard rodent protocol

• Species/strain: 

• Age:

• Duration of study:

• Route of administration

• Frequency

• Nb of groups

• Nb of animals

 Sprague-Dawley rats 

 CD1 mice

 At weaning

 24 months (rat)

 18 to 24 months (mice)

 Gavage or in food (same route of administration as in humans)

 7 days/week

 1 or 2 controls, 3 doses

 ≥ 50/sex/group

Carcinogenicity studies in drug development 
How to evaluate carcinogenic effects?



• Clinical signs: Daily (mortality); thorough, once a week

• Behaviour: Weekly

• Palpable masses: Monthly to weekly

• Body weight: Weekly

• Histopathology: All animals

The standard rodent protocol

Carcinogenicity studies in drug development 
How to evaluate carcinogenic effects?



The high dose

Defined as follows:

• Toxic but not life-threatening

• Causes a decrease in weight gain ≤ 10% 

• Ensuring exposure ≥ 25 times the therapeutic (maximum) dose 
exposure

Carcinogenicity studies in drug development 
How to evaluate carcinogenic effects?



PRODUCT CARCINOGENIC IF:

1. Presence of tumor types not found in the control sample

2. Increased tumor incidence compared to control sample (same 
tumor type)

3. Early tumor development compared to controls

Carcinogenicity studies in drug development 
How to evaluate carcinogenic effects?



Carcinogenicity studies in drug development 
How to evaluate carcinogenic effects?



Carcinogenicity studies in drug development 
How to evaluate carcinogenic effects?
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