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Benzene: from very high to very low exposure
what (adverse) effects in exposed subjects?
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Benzene, chromosome changes and leukemia
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Benzene and leukemia: from scientific evidence to
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LEGGE 5 marzo 1663, n. 245,

Limitazione dell'impiego del benzolo e snoi emologhi nelle
attivita lavorative,

La Camera dei deputati ed il Senato della Repubblica
hanno approvato;

1L PRESIDENTE DELLA REPUBBLICA

ProMULGA
la seguente legge:
Art, 1,

Ta norme contenule nella prescnie Iegge stappheano
a tutte le attivitd, anche se esercitate dallo Btato e da-
gli Enti pubblici, alle quali siano eomungue addetti
prestatori di lavoro, ivi compresi quelli che svolgono
attivitd artigiane e quelli ¢he lavorano a domicilio su
commissione,

Art, 2.

Nei lavori di lavaggio a secco, di sgrassageio e di pu
litura in genere, @ vietato Yuso di solventi contenenti
benzolo. E’ pure vietato l'uso di toluole o xilole in
percentuale superiore a! 5 per cento in peso. Qualory
il solvente contenga pid di una delle dette sostanze I
percentuale del 5 per cento si intende riferita al com-
plesso di esse.

Art. 3.

Nelle impermeabilizzazioni dei tessuti, nella fabbrica-
zione e riparazione degli impermeabili, nella fabbrica-
zione e riparazioue delle calzature, & vietato I'uso di
prodotti, quali colle, mastici, cementi, sciolti in sol-
venti contenenti benzolo. E’ pure vietato I'uso di to-
luolo o xilolo in perceniuale superiore al & per cento in
peso del solvente.

Nelle lavorazioni diverse da quelle indicate al primo
comma & consentito Yuso di prodotti, quali colle, ma-
stici, cementi, i cui solventi contengano toluolo o xilo-
lo in misura non eccedente il 30 per cento, complessi-
vamente considerati, fermo restando il divieto per
I'uso del benzolo.

ATt 4,

Nei Javori 4i pittura, di decorazione, di verniciatura
e di rivestimento in genere, nonche nei lavori di sver-
niciatura e di decapaggio, & vietato Yuso del benzolo.
E’ consentito Puso di prodotti i cui solventi o diluenti
contengano toluolo o xilolo in percentuale non supe-
riore al 45 per cento in peso, complessivamente consi-
derati.

Art. D.

12’ vietato I'uso di inchiostri, nei quali le sostanzg
diluenti o disperdenti contengano benzolo, 15° pure vie-
tato 1'uso di toluole o xilolo in percentunale superiore
al § per cento, complessivamente considerati.

Nei lavori di rotocalcografin ¢ consentito 'impiego
di inchiostri eon solventi costituiti in tutto o in parte
da toluolo o xilolo, fermo restando il divieto di uso detl
benzolo.

Itimane in vigore per quanlo riguarda le aperazioni
di ripulitura dei rolli inclhiostratori, dei cilindri, dei
ealamai, di parti di maechine, di attrezzi in genere, il
disposto dell’articolo 2 della presente legge relativo ai
lavori di pulitura,




International Agency for Research on Cancer IARC MONOGRAPHS ON THE IDENTIFICATION OF

b*;bk‘*i, World Health CARCINOGENIC HAZARDS TO HUMANS
& #/ Organization

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)

GROUP 1



International Agency for Research on Cancer IARC MONOGRAPHS ON THE IDENTIFICATION OF

%N World Health CARCINOGENIC HAZARDS TO HUMANS
g, 1%,# Organization
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International Agency for Research on Cancer IARC MONOGRAPHS ON THE IDENTIFICATION OF

b*;bk‘*i, World Health CARCINOGENIC HAZARDS TO HUMANS
& #/ Organization

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

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



Animal data: Sufficient evidence
Humans:

Sufficient evidence for Acute Myeloid Leukemia
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Limited evidence: non-Hodgkin lymphoma,

BENZENE CLL,MM, CML, AML in children, and lung cancer
VOLUME 120

Mechanistics data:
Strong evidence, including in exposed human
that benzene :
- is metabolically activated to electrophilic
metabolites,
- induce oxidative stress and oxidative DNA
damage
B ONOGRARHS - is genotoxic ( DNA damage and chromosomal
ON THE EVALUATION changes)
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Key charaCteristic of carcinogensis (smith
2006)

1. Is electrophilic or can be metabolically activated to electrophiles

2. |s genotoxic

3. Alters DNA repair or causes genomic instability
4. Induces epigenetic alterations
2. Induces oxidative stress

_Induces chronic inflammation

=}

s iImmunosuppressive
8. Modulates receptor-mediated effects

9 Causes immortalization

10. Alters cell proliferation, cell death, or nutrient supply
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Fig. 4.3 Stacked bar plots of ToxPi values by assay category for benzene metabolites phenol,
catechol, hydroquinone, and 1,4-benzoquinone using ToxCast and Tox21 assay end-points
mapped to six key characteristics of carcinogens

1.4-Benzoguinone -

Assay

Alters cell proliferation, cell death or nuirient supply (37/68)
. Induces chronic inflammation (23/45)
. Induces epigenetic alterations (5/11)

Induces oxidative stress (1018}
Ils electrophilic or can be metabelically activated (21/31)
E‘J Modulates receptor-mediated effects (35/92)

Hydroquinone -

Catechal-

Phenol -

0.00 0.25 D.Eﬂ 0D.75 1.00
ToxPi value

The numbers in the parentheses next to each category represent the ratio of the maximum number of hits to assays assigned to category over
189 TARC agents to the total number of assays assigned to the category



Benzene oggi




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

Fino al 5 aprile 2024 1 ppm (3,25 mg/m?3)
5 aprile 2024-5 aprile 2026 0,5 ppm

Poi 0,2 ppm




METILAZIONE DEL DNA
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Mechanism of DNA methylation

Expert Reviews in Molecular Medicine
©2002 Cambridge University Press
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BENZENE

>

Ipotesi 1

Alterazioni nella
metilazione

|

>

Aumento di
rischio per
AML

» Globale (sequenze ripetute di Alu e LINE-1)

» (Gene oncosoppressore p-15

» Gene MAGE-1
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LINE-1 methylation (%)

p15 methylation (%)
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Effetti sulla Metilazione:
Confronto malattia e nostri risultati

Metilazione Leucemia nostri
Resultati

Globale { J

p15 T T

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’e associazione coi pattern alterati di
metilazione osservati?

Copie di DNA
mitocondriale



Benzene exposure & mitochondrial DNA

copy number alterations
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Authors

Shen (2008)
China

Li A (2020)
China

Ji B (2021)
China

Subjects

40 unexposed

20 low exposed

20 high exposed

58 unexposed

87 low exposed

87 high exposed

102 unexposed

294 exposed

Benzene
Exposure

ppm (previous year)
< 0.04

1-10
=10

Median CE (ppm-yr)
NA

09+04
36+14

NA
0.8

MtDNAcp

0.7

0.02
(P-trend 0.02)

0.004

0.001



Chromosome

3 ipotesi

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



Benzene e telomerl

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)

Environment International 158 (2022) 106871

Contents lists available at ScienceDirect

Environment International

o

-

o ¥
ELSEVIER journal homepage: www.clsevier.com/locate/envint

Epigenetic aging biomarkers and occupational exposure to benzene,
trichloroethylene and formaldehyde

Lars van der Laan™® ', Andres Cardenas ™" *', Roel Vermeulen “, Raj P. Fadadu?, Alan
E. Hubbard “”, Rachael V. Phillips "‘_’_“‘, Luoping Zhang “, Charles Breeze !, Wei Hu “, Cuiju Wen *,
Yongshun Huang®, Xiaojiang Tang', Martyn T. Smith ', Nathaniel Rothman “-!, Qing Lan '

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

cccccc
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Benzene (ppm) GM (95%CIl) m

<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

Bassig (2014)

Ren (2020)

Van der Laan (2022)

Everson (2020), SA

Wang (2024)

Subjects

40 unexposed
21 low exposed

22 high exposed

102 unexposed

151 low exposed

143 high exposed

48 unexposed

50 exposed

61 women

50 chronic benzene poisoning

60 healthy s.

Exposure (ppm)

< 31
>31
Median CE(ppm-yr)
NA
<9.9
=>9.9

< 0.035
6 (mean £13 DS)

0.0031 (median 6 days)

NA

TL

ref

T 9%
ref
T 55%

ref
Il 0.09kb

| 68%

ﬂ 17%

Notes

P=0.03

P<0.001

P=0.02

P<0.001

P<0.05



Revietr

Benzene Exposure and MicroRNAs Expression: In Vitro,
In Vivo and Human Findings Mozzoni Pet al, int J Environ Res & Public Health 2023

Author
Bai (2014)

Liu Y (2016)

Chen Y (2016)

Hu D (2016)

Chen Y (2017)

Wang Ts (2021)

Subjects

4 CBP
3 controls

27 CBP with low blood count
54 BEW and 54 controls

50 BEW vs 50 controls

97 petrol station attendants

103 controls
314 BEW vs 288 controls

73 BEW vs 8 controls

ppm
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4.4

1.1

0.02

0.8

0.1

mi_RNA
t miR-34a,miR-205, miR10b,let-7d, miR185, miR423-5p-2

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

1 miR-24-3p, miR-221-3p

<+—

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

« Sono aspecifici

» Variabilita (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



Archives of Toxicology (2024) 98:365-374
https://doi.org/10.1007/s00204-023-03650-w

REVIEW ARTICLE

Review on novel toxicological effects and personalized health hazard
in workers exposed to low doses of benzene

Tongshuai Wang' - Yiyi Cao? . Zhaolin Xia®>* . David C. Christiani® - William W. Au®7®

Specific CpG sites methylation is associated with hematotoxicity in
low-dose benzene-exposed workers

Feier Wang ™', Lizhu Ye ™™, Xinhang Jiang ™', Rui Zhang ", Shen Chen?”, Liping Chen ",
Hongyao Yu ", Xiaowen Zeng ', Daochuan Li ", Xiumei Xing °, Yongmei Xiao ™ , Wen Chen™

* Department of Toxicolozy, Guangdong Provineial Key Laboratory of Food, Nutrition and Health, School of Public Health, Sun Yat-sen University, Guangzhou, China
® Boji Drug Evaluation Center, Boji Medical Technology Go., Ltd, Guangzheu, China

(Environ Intern, 2024)



Specific CpG sites methylation is associated with hematotoxicity in
low-dose benzene-exposed workers  (Wang Fetal. Environ Intern, 2024)
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«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




2 4
by 5 3
1 TRIM326 4 TRIM3IE and RASSF1a T All three genes

2 RASSFia 5 TRIM3IG and MGMT

3 MGMT & RASSF1a and WGMT
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Further Steps?

» |dentificare un panel di marcatori che esplorino diversi meccanismi
tra 1 piu rilevanti

* Misure ripetute sia della esposizione che degli outcomes

Archives of Toxicology (2024) 98:365-374
https://doi.org/10.1007/s00204-023-03650-w

REVIEW ARTICLE

Review on novel toxicological effects and personalized health hazard
in workers exposed to low doses of benzene

Tongshuai Wang' - Yiyi Cao? - Zhaolin Xia®** . David C. Christiani® - William W. Au®7 ¢
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