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CANCER ETIOLOGY

Variation in cancer risk among
tissues can be explained by the
number of stem cell divisions

Cristian Tomasetti'* and Bert Vogelstein®”
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Il numeri di cicli cellulari delle staminali
correla con lI'incidenza dei tumori
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FAP = Familial Adenomatous Polyposis ¢ HCV = Hepatitis C virus ¢ HPV = Human papillomavirus ¢ CLL = Chronic lymphocytic leukemia ¢ AML = Acute myeloid leukemia
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Il numero di cicli cellulari delle staminali

correla con lI'incidenza dei tumori

Clustering of cancer types
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Conclusions of the authors

1) No exposure to an exogenous agent is required flrmor initiation

Stochastic mutations depend on replicative errorsf the DNA
replication machinery .

Accordingly to the World health Organization the Center of Disease
Control the 42% and the Cancer Research UK the 42%f tumours
may be prevented

Animal models are not suitable for cancer risk aassment
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Criticisms
1) High incidence tumors are not represented (breasstomach, prostate,

Kidney, cervix, bladder and lynphoma

2) The R-tumors such as melanoma and head and necancer have

modifiable risk factors

Stem cell division rates and errors in replicatio depenend on externa

Influences such as infections and inflammation.
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Figure 11.15 The Biology of Cancer (© Garland Science 2014)

Cancer development follows Darwinian evolution
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Field cancerization
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Figure 11.14 The Biology of Cancer (© Garland Science 2014)
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The Multi-Step tumorigenesis
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THE TRANSFORMATION
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DNA damage Stalled replication

Apoptesis
G,"S dmmﬂt
Intra-S checkpoint
G5 checkpont

| DNA repair
Cancer

Current Opinion In Genetics & Development

Chris J Norbury, et al., Oncogene (2004) 23,27978280i:10.1038 —
Noboru Motoyama, et al., Current Opinion in Genetics&Blopment Volume 14, Issue 1, February 2004, Pages 11
16|doi:10.1016/j.gde.2003.12.003
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Methylation of PARP-1 promoter involved in the regulation of benzene-induced
decrease of PARP-1 mRNA expression

Metals Toxicity

Interference by Toxic Metal lons with DNA Repair Processes and Cell Cycle
Control: Molecular Mechanisms
A. Hartwig,” M. Asmuss,"? I. Ehleben,” U. Herzer," D. Kostelac,” A. Pelzer," T. Schwerdtle,” and A. Biirkle®

TInstitut fiir Lebensmittelchemie und Toxikologie, Universitat Karlsruhe, Karlsruhe, Germany; 2 Bundesamt fiir Strahlenschutz, Institut fiir
Strahlenhygiene, Neuherberg, Germany; *Department of Gerontology, University of Newcastle, Newcastle upon Tyne, United Kingdom




NATURE GENETICS VOLUME 34 | NUMBER 3 | JULY 2003

Cancer, cadmium and genome integrity

Cynthia T McMurray & John A Tainer

The direct inhibition of DNA mismatch repair by cadmium provides a molecular mechanism for cadmium toxicity with
profound implications for human health, risk assessment and biological understanding of environmental mutagens.
Alteration of key DNA damage response pathways may prove even more important than direct DNA damage by mutagens.
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Figure 1 A beautiful toxin. (a) Claude Monet’s Fisherman's Cottage on the Cliffs at Varengeville from
1882 showing the powerful use of cadmium yellow pigments. (b) Revertant yeast colonies reflect
mutagenesis induced by cadmium inhibition of DNA MMR.




The essential role of p53

lonizing radiation
Carcinogens

/ Mutagens \

Cell with
mutations o
loss of p53

Normal cell
(p53 normal)

Hypoxia DNA damage DNA damage

p53 activated and p53-dependent genes
binds to DNA not activated

|

Nocell | nopNa

Transcriptional up-regulation cycle repair
of target genes arrest
/ i Y
Mutant cells
p21 GADD45

Expansion and

(CDK inhibitor)

v

G1 arrest
L

(DNA repair) additional

BAX ‘ mutations

(apoptosis gene)

|
Successful repair Repair fails

Normal cells Apoptosis

© Elsevier 2005

Malignant tumor












Transformation usually requires collaboration of two or more mutated genes:
a multi-step transformation model
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Michael W Pickup et al EMBO reports Vol 15 | No|12014
Hongmei Yu et al. Trends Cell Biol. 2011 January ;13147-56. doi:10.1016/j.tcb.2010.08.015.



The key role of mastocytes in chronic inflammation ad fibrosis

Not enough investigated




Moving out: invasion and metastasis:
the inflammosoma is essential to drive invasion









Chronic inflammation milieu induced by chronic hepatitis B and C virus
Leads to hepatocellular carcinoma (HCC)

The inflammatory states rather then specific aspects of \val function are
responsible of HCC



KRAS is a master regulator of pancreatic ductal adenocarcinoma
initiation and progression.
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Benzene




MODE OF ACTION (MOA) of benzene:

benzene metabolites formed through metabolism in the liver and bone ncaursgy
damage in hematopoietic cells via multiple mechanisms, mainyrasomal
aberrations and DNA repair functions damage:

1) Oxidative stress

2) Chronic exposure to benzene is associated with high levels of chromosomal
changes including 5q /5or 7q/ 7, +8, and t(8:21) in peripheral blood cell.

3) Benzene could cause leukemias with chromosomal translocations andims/ers
known to be induced by topo Il inhibition, such as t(21922), t(15;17), and inv(16).

4) DNA adducts from benzene have been postulated, including N7-phenylguanine
and 3-OH-1,N2-benzetheno-@oxyguanosine.

5) P53 is mutated

McHale et al. 2012, Carcinogenesis
Wang et al 2012, Chemical research in toxicology









Asbesto
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