
Benzene: from very high to very low exposure 
what (adverse) effects in exposed subjects?

Angela Cecilia Pesatori
Università degli Studi di Milano



1897, Santesson
1916, Selling ANEMIA APLASTICA

Numerose segnalazione di casi di leucemia in tutto il mondo a partire dagli anni ‘30 fino 
agli anni ’70
1928, Delore e Bergomano
1938, Penati e Vigliani
1939, Bowditch and Elkins

Hunter
Mallory et al

1945, Saita
1962, Ludwig and Werthermann
1963, DeGowin

Tareeff et al 
1964, Vigliani e Saita, Benzene and leukemia New Eng J Med
1967, Goguel et al 
1971, Aksoy et al



(Arch Environ Health, 1971)









1974, Animal data: The data reported do not permit the conclusion that carcinogenicity 
has been demonstrated

Human data: It is established that exposure to commercial benzene or benzene-
containing mixture may result in damage to the hematopoietic system.
A relationship between such exposure and the development of leukemia is suggested by 
many case reports, and this suggestion is strengthened by a case-control study from Japan

1979, Animal data: Inadequate evidence
Human data: Sufficient evidence (case-reports, case-control, cohort studies in workers)
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1987, Animal data: Sufficient evidence
Human data: sufficient evidence

Other relevant data: Chromosomal aberration in human peripheral lymphocites, in bone marrow cells of 
rats and mice; MN and SCE in rats and mice, benzene induced mutation and DNa damage in rodents
cells in vitro

1982, Animal data: Limited evidence
Human data: Sufficient evidence

It is established that exposure to commercial benzene or benzene-containing mixture may result in 
damage to the hematopoietic system, including pancytopenia.
A relationship between such exposure and the development of acute myelogenous leukemia has been 
established in epidemiological studies
Reports linking exposure to benzene with other malignancies were considered to be inadequate for 
evaluation



Animal data: Sufficient evidence

Humans: 

Sufficient evidence for Acute Myeloid Leukemia

Limited evidence: non-Hodgkin lymphoma, 
CLL,MM, CML, AML in children, and lung cancer

Mechanistics data:
Strong evidence, including in exposed human 
that benzene :
- is metabolically activated to electrophilic
metabolites,
- induce oxidative stress and oxidative DNA 
damage
- is genotoxic ( DNA damage and chromosomal
changes)
- Immunosuppressive and causes hematoxicity



Key charaCteristic of carcinogensis (smith
2006)







Benzene oggi 



Valori Limite di esposizione (OEL), Direttiva UE 2022/431 

Fino al 5 aprile 2024 1 ppm (3,25 mg/m3)

5 aprile 2024-5 aprile 2026 0,5 ppm

Poi 0,2 ppm



METILAZIONE DEL DNA



BENZENE Alterazioni nella 
metilazione

Aumento di 
rischio per 

AML

Ipotesi 1

 Globale (sequenze ripetute di Alu e LINE-1)
 Gene oncosoppressore p-15
 Gene MAGE-1



Popolazione
allo studio

Office
.002 - .004

Traffic Police
.005 - .01

Gas Station Work
.01 - .04

< 0.1 ppm



• Ipometilazione di LINE-1
• Ipometilazione di Alu

• Ipermetilazione di p15
• Ipometilazione di MAGE1



Effetti sulla Metilazione: 
Confronto malattia e nostri risultati 

Metilazione Leucemia nostri 
Resultati

Globale ↓ ↓

p15 ↑ ↑

MAGE-1 ↓ ↓



Ipotesi 2

 Gli effetti del benzene sulla metilazione 
potrebbero essere il risultato di danni a DNA 
causati da un aumento stress ossidativo?

 C’è associazione coi pattern alterati di 
metilazione osservati?

Copie di DNA 
mitocondriale



Benzene exposure & mitochondrial DNA 
copy number alterations

Carugno et al., EHP 2012



LINE-1 methylation and 
DNA mt copy number

p15 methylation and 
DNA mt copy number



Authors Subjects Benzene
Exposure 

MtDNAcp p

ppm (previous year)

Shen (2008)
China

40 unexposed < 0.04 ref

20 low exposed 1-10 4%          0.7

20 high exposed ≥ 10 15% 0.02
(P-trend 0.02)

Median CE (ppm-yr)

Li A (2020)
China

58 unexposed NA ref

87 low exposed 0.9 ± 0.4 4% 0.004

87 high exposed 3.6 ± 1.4

Ji B (2021) 102 unexposed NA ref

China 294 exposed 9.8 38% 0.001



3 ipotesi

Lo stress ossidativo causato dal 
benzene può portare ad un 
accorciamento dei telomeri?



Benzene e telomeri

• 48 lavoratori dell’industria calzaturiera
cinese esposti a benzene e 50 soggetti
non esposti

• Categorie di esposizione:
• referenti (<0.035 ppm)
• basse esposizioni (media = 1.35 ppm)
• alte esposizioni (media = 27.3 ppm)

• Riduzione della lunghezza telomerica e accelerazione dell’età biologica al crescere dell’esposizione



Study population: 423 exposed and 190 non exposed subjects
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Benzene (ppm) GM (95%CI) p-trend

≤0.005 0.94 (0.90 - 0.98)

>0.005 - ≤0.001 0.86 (0.82 - 0.90)

>0.001 - ≤0.05 0.83 (0.79 - 0.87)

> 0.05 0.79 (0.75 - 0.83) < 0.001



Authors Subjects Exposure (ppm) TL Notes

Bassig (2014) 40 unexposed ref
21 low exposed ≤ 31

22 high exposed >31 9%       P=0.03

Median CE(ppm-yr)

Ren (2020) 102 unexposed NA ref

151 low exposed < 9.9

143 high exposed ≥ 9.9 55% P<0.001

Van der Laan (2022) 48 unexposed < 0.035 ref

50 exposed 6 (mean ±13 DS) 0.09 kb P=0.02

Everson (2020), SA 61 women 0.0031 (median 6 days) 6.8 % P<0.001

Wang (2024) 50 chronic benzene poisoning NA 17% P<0.05

60 healthy s.



Mozzoni P et al, Int J Environ Res & Public Health 2023

Author Subjects ppm mi_RNA
Bai (2014) 4 CBP

3 controls
2.1 miR-34a,miR-205, miR10b,let-7d, miR185, miR423-5p-2

miR-133a, miR-543, miR-130a, miR-27b, miR-223, miR142-5p,  
miR-320b

Liu Y (2016) 27 CBP with low blood count
54 BEW and 54 controls

4.4 miR-24-3p, miR-221-3p

miR 122-5p, miR638 (vs pool ex e none)

Chen Y (2016) 50 BEW vs 50 controls 1.1 miR-133a

Hu D (2016) 97 petrol station attendants 0.02 miR-221

103 controls
Chen Y (2017) 314 BEW vs 288 controls 0.8 miR-34a

Wang Ts (2021) 73 BEW vs 8 controls 0.1 miR-222 



Nia SAH, MiRNAs: a new 
frontiers in benzene-mediated
toxicity,Toxicology 2023



AML
Marker 

epigenetici



MA
• Sono aspecifici

• Variabilità (tempo, individuo)

• Valore predittivo?



Dalla Letteratura

INTRODUCTION

Benzene is a well known carcinogen… but the mechanisms
underlying… are still unclear

CONCLUSIONS

Our study showed that….. However additional studies are required to 
better define the mechanisms



(Environ Intern, 2024)



(Wang F et al. Environ Intern, 2024)

Non fumatori
< 1 ppm

Urinary S-PMA 

White Blood Count
Comet assay: OTM (DNA damage) 
CBMN assay: NDI
Urinary 8-OHdG 

CpG sites

TRIM36 (apoptosis, cell cycle regulaion)
RASSF1a (apoptosis, cell cycle regulaion, 
genotoxicity)
MGMT (increased levels of ROS)



«Specific CpG sites … might
be the potential key sites that

exhibited significant
association with both
internal exposure and 

various adverse effects»

HOT CpG Sites
(overlapped sites) 

TRIM36: Site 6
RASSF1a: site 2, 4, 6

MGMT: site 1, 3







Further Steps?

• Identificare un panel di marcatori che esplorino diversi meccanismi 
tra i più rilevanti

• Misure ripetute sia della esposizione che degli outcomes



Grazie!
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