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“il medico competente programma ed 
effettua la sorveglianza sanitaria [...] 
attraverso protocolli sanitari definiti in 
funzione dei rischi specifici e tenendo 
in considerazione gli indirizzi scientifici 
più avanzati“.

D. Lgs. 81/2008, all'art. 25, comma b
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Il numeri di cicli cellulari delle staminali 
correla con l’incidenza dei tumori
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Il numero di cicli cellulari delle staminali 
correla con l’incidenza dei tumori
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Il 

1) No exposure to an exogenous agent is required for tumor initiation

2) Stochastic mutations depend on replicative errors of the DNA 

replication machinery .

3) Accordingly to the World health Organization the Center of Disease 

Control the 42% and the Cancer Research UK the 42% of tumours

may be prevented

4) Animal models are not suitable for cancer risk assessment

Conclusions of the authors
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Criticisms

1) High incidence tumors are not represented (breast, stomach, prostate,  

kidney, cervix, bladder and lynphoma

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

modifiable risk factors

3) Stem cell division rates and errors in replication depenend on external 

influences such as infections and inflammation.



LINEAR MODEL (CARCINOGENS)

CR (cancer risk) = dose x SF

SF is a slope factor defined for each substance

Italian low (D.Lgs 152/2006)

HI < 1 no risk

R < 10-5 Risk threshold

Assunzione giornaliera accettabile (ADI) o Dose di riferimento di rischio (RfD)

RfD=

Fattori di Incertezza: H, A, S, I, D

NOAEL

UFinterspeciesXUFintraspeciesXMF





Field cancerization: the lung example

Cancer Res. 63: 1727-1730. 2003



A step back inside the cell…



Cancer development follows Darwinian evolution

High mutation rate

Clonal expansion



Field cancerization

Cancer Res. 63: 1727-1730. 2003



Human Cancers develop over many decades of time:
the age factor

From W.K. Wong SEER Cancer Statistic Review
R.N. Proctor, Nat.Rev. Cancer 1:82-86, 2001



Exceptions

B. Westermark, Swedish Cancer Registry
J.Li et al. Pediatrics 121:e1470-e1477



The Multi-Step tumorigenesis



The tumor hallmarks

(Hanahan and Weinberg, 2000, 2011)



A step back inside the cell…



Genes involved in cell cycle regulation



Dr. Jekyll and Mr. Hyde in cell cycle regulation



An inevitable consequence of the persistent mitogenic stimulation 

that is imposed by RAS is the initiation of replicative stress, which 

is marked by increased numbers of active DNA replication origins 

and collapsed replication forks, which ultimately leads to DNA 

damage and the activation of the DNA damage response (DDR)

Yuliya Pylayeva-Gupta, et al., Nat RevCancer. ; 11(11): 761–774. doi:10.1038/nrc3106
Di Micco R, et al. Nature 444,638-642 (30 November 2006) | doi:10.1038/nature05327



In a cell that possesses the full complement 

of functional DNA damage checkpoints, the 

engagement of the DDR by oncogenic genes 

as HRASG12V leads to an irreversible cell 

cycle arrest that is known as oncogene-

induced senescence (OIS)

Chris J Norbury, et al., Oncogene (2004) 23,2797–2808. doi:10.1038 –
Noboru Motoyama, et al., Current Opinion in Genetics& Development Volume 14, Issue 1, February 2004, Pages 11–
16|doi:10.1016/j.gde.2003.12.003



Poly(ADP-ribose) polymerases (PARP) constitute a family of

enzymes involved in the regulation of many cellular processes such

as DNA repair, recombination, proliferation and genomic stability

DDR

Cell cycle STOP
DNA Repair

PARP activation

DNA Damage

OIS
Oncogene induced

senescence







The essential role of p53





Polycyclic aromatic hydrocarbons (PAH)

MODE OF ACTION (MOA) or simply marker research?

Vincent Mocquet, et al
DOI 10.1038/sj.emboj.7601730 |Published online 
24.05.2007The EMBO Journal(2007)26,2923-2932



Papova virus lead to the discovery of p53

and other oncosopressor genes…



Transformation usually requires collaboration of two or more mutated genes:
a multi-step transformation model





Fibrosarcoma cells invading collagen fibers

The Extracellular Matrix (EM) pressure

Chronic inflammation promotes tumor progression trough TGF-β β β β EM 

deposition and TNF-αααα myc (proliferation) and anti-apoptotic signalling activation. 
The  stiff EM induces integrin clustering and gene expression changes vs invasion 
trough YAP/TAZ transcription factor coactivators..

Michael W Pickup  et al EMBO reports Vol 15 | No 12 | 2014
Hongmei Yu et al. Trends Cell Biol. 2011 January ; 21(1): 47–56. doi:10.1016/j.tcb.2010.08.015.



The key role of mastocytes in chronic inflammation and fibrosis  
Not enough investigated

Chronic inflammation and excess of extracellular matrix can be observed in 
a variety of tumors.

Mast cell vesicles not only support a profibrotic Th-2–response, they also 
contain directly profibrotic stimuli such as transforming  growth factor 
(TGF)-beta, platelet derived growth factor (PDGF) or granulocyte 
macrophage colony-stimulating factor (GM-CSF) that further induce tumor 
cells  proliferation, de-differentiation and movement. 



Normal epithelium

Carcinoma in situ. External signals (inflammatory) 

and oncogenic signals inside the cells induce 

chemokines, cytokines, secretion, tumor associated 

macrophages (TAM) and T-linfocytes chemotaxis. In 

parallel cancer cells express cytokines receptors.

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



Distant metastasis. 

Local invasion

Intravasation





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

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



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



Epigenetic regulation of gene expression

Gene expression regulation by  methylation



RNA Trasduction regulation by  miRNA







Benzene



MODE OF ACTION (MOA) of benzene:

benzene metabolites formed through metabolism in the liver and bone marrow cause 
damage in hematopoietic cells via multiple mechanisms, mainly chromosomal 
aberrations and DNA repair functions damage:
:
1) Oxidative stress
2) Chronic exposure to benzene is associated with high levels of chromosomal 

changes including 5q −/−5 or 7q−/−7, +8, and t(8:21) in peripheral blood cell.
3) Benzene could cause leukemias with chromosomal translocations and inversions 

known to be induced by topo II inhibition, such as t(21q22), t(15;17), and inv(16).
4) DNA adducts from benzene have been postulated, including N7-phenylguanine 

and 3′-OH-1,N2-benzetheno-2′deoxyguanosine.
5) P53 is mutated

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







Asbesto



Wood dust

The general idea is that wood dust generates Inflammation and therefore triggers 
oxidative stress and free radical production and may indirectly result in genotoxic
effects (Kundu and Surh, 2008). Several different wood types have been evaluated 
for proinflammatory effects using immortalized cell lines or rodents as models. 
Induction of inflammatory responses by wood dusts or extracts resulted in 
expression of specific chemokines, cytokines, and proinflammatory enzymes.

2-methylanthraquinone (2-MAQ) accounted for the AhR ligand activity
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