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ABSTRACT

Background: The risk of occupationally related lung cancer, as well as pleural mesothelioma, in association with
genetic polymorphisms, has been investigated with contradictory results.

This systematic review aims to summarize the current knowledge on the relationship between genetic polymorphisms,
occupational exposures, and lung cancer and pleural mesothelioma.

Methods: We searched MEDLINE, ISI Web of science, and SCOPUS online databases for all articles published
in English language up to September 2016. Studies were considered eligible if they had assessed the association
between occupational exposures and lung cancer/pleural mesothelioma in relation to genetic polymorphisms.
Results: Sixteen studies were included, of which eleven on lung cancer and six on mesothelioma, of which one was
in common. NATZ2 slow acetylator genotype confers an increased risk of pleural mesothelioma in subjects exposed
fo asbestos (OR=2.10; 95% Cl=1.10-4.10), especially in combination with the GSTMT null genotype [OR=3.60;
95% Cl=1.309.60). GSTT1 null and CYPTAT Mspl T6235C (T/C+C/C) genotype carriers exposed fo arsenic,
uranium, asbestos and other chemical agents have an increased risk of lung cancer respect fo not exposed wild type
genotypes (OR=1.33; 95% CI=0.67-2.64, OR=2.20; 95% Cl=1.11-4.35, respectively).

Conclusions: Genetic polymorphisms might modulate individual susceptibility to lung cancer and pleural mesothelioma
in occupationally exposed subjects.
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INTRODUCTION estimated 1,6 million of new cases and 1.4 million deaths
annually [2,3]. Regarding malignant mesothelioma, its

lung cancer is the most frequent neoplasm among incidence has increased  significantly after the second
men in most countries [ 1]. Together with pleural malignant half of the 20" century, with more than Q0% of the cases
mesothelioma, lung cancer affects lungs and chest with an aftributed to pleural mesothelioma [4]. According fo some
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authors, 250,000 new cases of malignant mesothelioma
are expected over the next decades, presuming the peak
in incidence to occur in the period of 2015-2020 [5] .

Besides tobacco smoking, which is unequivocally
the main cause of lung cancer, environmental and
occupational risk factors are also playing a significant
role [6]. The affributable fraction for lung cancer
due to occupational exposures has been reported
to be between 7-15% in men, and 2-9% in women,
with estimated number of deaths 29300 and 3200,
respectively [7]. The major confributors with sufficient
evidence in humans are agents such as asbestos,
diesel engine emissions and other mixtures of polycyclic
aromatic hydrocarbons, crystalline silica, arsenic and
some heavy metals, while acid mists and welding fumes
are the agents with limited evidence [8, 9]. Even though
the World Health Organization defines asbestos as
“the most important occupational carcinogen causing
about half of the deaths from occupational cancer”,
it is sfill present in some industrialized countries
[10]. Furthermore, asbestos fibers are thought to be
responsible for more than 80% of pleural malignant
mesothelioma cases worldwide, whose number increase
everyday [11].

The risk for lung cancer and malignant pleural
mesothelioma cannot be solely aftributable  to
occupational agents [12]. Genes may modify the
individual response in such a way that the host is more
or less likely to develop a disease [13]. In the last
decade many studies reported that polymorphism in
genes involved in xenobiotic and oxidative mefabolism
(Phase | and Phase Il enzymes) or in DNA repair
processes may play an important role in the efiology
and pathogenesis of these diseases [14-17]. Among
them, glutathione S-ransferase family genes represent
a relevant candidate gene for lung cancer and pleural
mesothelioma susceptibility because of its involvement
in the metabolism of some carcinogens, occupational
agents and environmental toxins.

This systematic review aims to summarize the
current knowledge on the relationship between genetic
polymorphisms, occupational exposures, lung cancer
and mesothelioma.

METHODS
Literature search and eligibility criteria

Identification of the studies was carried out through a
search of MEDLINE, ISI Web of science, and SCOPUS
databases, up to September 30", 2016, by two
independent investigators (SM and JS). The search strategy
was based on combinations of the following terms and their
synonyms: [occupation* AND “genetic polymorphism*”
AND cancer], with the restfriction to English language.

Studies were considered eligible if they assessed the
association between occupational exposures and  lung
cancer/pleural mesothelioma risk in relation with genetic
polymorphisms, and if they reported effect measures such
as odds ratios [OR), relative risks (RR) and 95% confidence
intervals (Cl) or relevant information to calculate them. A
manual search of reference lists from included studies was
also used in order fo identify additional studies.

Data extraction

From each study the following information were
exfracted: first author, publication year, study design,
location of the study, number of cases/controls according
fo each genotype, carcinogenic agent, infensities of
occupational exposures, genes, polymorphisms and
genotypes, number of cases/controls for each genotype,
effect measures with corresponding 95% Cl. If available,
information regarding smoking, alcohol consumption and
diefary habits, which might have modified the effect of
occupational agents on lung cancer and mesothelioma risk
were also extracted.

The sysfematic review was undertaken according to
the “Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA|" guidelines.

RESULTS

Out of 1451 potentially relevant records identified,
280 were assessed for eligibility. Sixteen studies [12,
15-29] were ultimately included in the systematic review
(Fig.1).

The main characteristics of the included studies are
reported in Tables Ta and 1b.

Ten siudies were on lung cancer, five on pleural
mesothelioma, and one reported both diseases. The
most frequently investigated polymorphisms were GSTMT,
GSTT1, NAT2 and CYPIAT genes (Tables 2, 3, 4, and 5).

GSTMz1 genotype

Seven siudies reported the association between
GSTMT genotype and asbestos exposure on risk of lung
cancer or pleural mesothelioma [12, 15-17, 25, 28,
29]. Two studies showed that GSTMI null carriers are
at increased risk of lung cancer or pleural mesothelioma.
london et al 1995b reported an increased risk of lung
cancer among subjects with GSTM 1 null genotype possibly
exposed fo asbesfos respect to GSTM 1 present (OR=1.89;
95% Cl=1.03-3.46) [28]. The authors associated possible
exposure with the following working activities: floor
installation, roofing, welding, smelting, foundry, engine
repair, rubber work, building renovation, and truck driving.

Genetic factors in occupationally caused cancers
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FIGURE 1. Study selection flowchart
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In the study by Malats ef al., an increased lung cancer risk
was observed in group exposed fo occupational agents
for null genotype respect o present genotype, although not
statistically significant (OR=10.70; 95% Cl=0.40-260.00)
[29]. Conceming pleural malignant mesothelioma, similar
influence of GSTM 1 null genotype among exposed subjects
was reported affer comparison with present genotype
among not exposed subjects (OR=2.30; 95% Cl=1.00-
5.60) [16] [Table 2).

Individuals with combined GSTM1 null and NAT2
slow acetylator genotypes have 4-old risk of developing
pleural malignant mesothelioma compared to those with
the GSTM1 present and NAT2 fast acetylator genotypes
(OR=3.60; 95% Cl=1.30-9.60) [15] (Table 2).

GSTT1 genotype

Five studies [12, 15, 17, 25, 29] reported
on the association between GSTT1 genotype and
asbestos exposure on risk of lung cancer or pleural
mesothelioma. Lopez-Cima reported two borderline
stafistically significant results concerning lung cancer

risk [25]. Affer comparison of GSTTT present genotype
subjects occupationally exposed to arsenic, uranium,
asbestos and other chemical agents (Occupational list
A which includes occupations known to be associated
with lung cancer) with subjects with the same genotype
not occupationally exposed, the reported unadjusted OR
was of significance, but after adjusting for age, family
history of any cancer, and packyears, the significance
faded. Similar results were obtained after comparison of
GSTTT null carriers exposed to various chemical agents
(Occupational list Al with not occupationally exposed
GSTT1 present genotype carriers: unadjusted OR was of
a borderline stafistical significance which affer adjustment
was 1.33; 95% Cl=0.67-2.64, (Table 3).

Regarding pleural mesothelioma, different response
fo occupational asbestos exposure in two populations
was reported for GSTTT null genotype, although not
stafistically  significant. It showed a protfective effect
in ltalion population and an opposite result in Finnish
population when GSTTT null genotype carriers were
compared with GSTT1 present carriers (OR=0.80;
@5% Cl=0.40-1.80, OR=1.30; 95% CI=0.40-3.90,
respectively) [17] (Table 3).

Genetic factors in occupationally caused cancers
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TABLE 1A. Main characteristics of the included studies on lung cancer

Exposure Oceupational Occupational
First author, year | Study design | Control source cla'::’f'cur'on setting/ Gene a nr Significant outcomes
thieat Job tasks 9e
R e o /INF
“ not £° vs. e
C / None P { Debrisoquine Asbesfos E%E b‘ /H( ‘ h E
aporaso et al., . N ipe fifters, metabolic ossipled/likel Vs,
7959 Case control Hospital based E(EZT‘ble sh?pyord workers phenogpe PAHs® P/\/\/pll\/\ not E /
v CYP2D6 EM not E vs. PM/IM not E
EM possible/likely E vs.
PM/IM not E
London et al., I | Popylation None N ified CYPIAT bestos -
1995a ase confro »A(/]\S(g’ fil Possible of specitie Motor vehicle _
edicare file oxhoust
None Heating./coolin OR adjusted:
Lﬁgggg etal, Case control Population based Eosgibéel systems, shipyar GSTM] Asbesfos Null ?ssEib\e‘E vs. Present
robable work, welding possible
Population and _
gAO%OOfS etdl, Case control Ezségictla\ Lez Not reported gg%\/;] Not specified
Processing, Univariate and adjusted
g%/géja:‘h etal, Case control Population based EATP'OEGd d machine frade MPO Asbestos multivariate OR*:
Of Expose occupations wi Evs. wt not E
Butk | N Welders, drivers, ?p?eecqgiggromong (ngn?gxggﬁ::mt” E
utkiewicz et al. ’ one mechanics . )
' Case control Hospital based ) : ' XPA asbestos, mineral ossible vs.
2004 Possible g]r:iéjsgg“:/;/;rskers fibers, metals, omozygous wh +
coal products heterozygous E possible
OR adjusted®:
) Homozygous mt not/
g\/ogonj etal, Case control Population-based Hﬁoﬁ\ow g;?;mgﬂ%n’ MnSOD Asbesfos ow Evs.
9 'ng Homozygous wt not/
low E
Chromate lung cancer
] | cases vs. chromate control
ung capcera ) Surfactant w
Ewis ef al., 2006 | Case control Not reported eé)o_sed Chromate industry | b/ ein Hexavalent Chromate lung cancer
SCCexposed workers Gen chromium SCCr with variant gene
vs.never ene vs.
glé)g chromate-elated
wit
-Unexposed .
Schneider ef ol factory control Oeifvépat\onolly Asbestos, silica
2000w K Case control group Not reported lung cancer CYPIAI ust, ionizing -
;;Aodpiﬂlt;?ino%l ;(Zig: workers radiation
Panel Fcommunity | Casescoal Panel | %ﬁgﬁwf{ezd;:] GsC
Guoetal., 2010 | Case control ased exposed Wuhan lron and HSPB1 PAHs GC vs.GG
Panel I-hospital Controls-not Steel Group/
based exposed Corporation GC+CC vs. GG
Panel | haplotype
diplotype
CGCvs. GGT
GGT/CGC vs. GGT/
GGT
Arf}enic, Urogiurr‘\, CYPIAT A
. . Worker from list as es'?’s and fale gent not CYPTAT OR" adijusted:
lépezCima et Case control Hospital based A occupation*: miners, GSIMI specified among T/C+C/Cist ASI vs.
al., 2012 N ) Coke plant and GSTT1 arsenic, uranium, T/ Tono list A
o/ ve goskproducﬁon GSTPI asbesfos, iron ol
workers;

“PAHs=Polycyclic aromatic hydrocarbons, ®RR adjusted= Relative risk adjusted for age and smoking [pack-years), <EM=extensive metabolizers, “E=exposed,
*PM=poor metabolizers, IM=intensive metabolizers, 9possible=individuals that fit neither of the categories [cat. 1 : 'likely= exposure fo asbestos in occupations
such as pipe fitters, shipyard workers, boilermen, or in the construction trades; or subjects who had stated exposure to asbestos, cat.2: unlikely=subjects
with no stated exposure who worked in seftings considered unlikely to encounter occupational lung carcinogens, e.g., housewives, office workers), 'OR
adjusted= adjusted for age, sex, race, and lifetime smoking history, ipossible=possible exposure included employment in floor installation, roofing, welding,
smelting, foundry, engine repair, rubber work, building renovation, and truck driving, *multivariate OR adjusted= by age, sex, and smoking status, 'wi=wild
type carriers, "OR adjusted= for gender, age groups, and pack-year groups,nmt=mutant type, °OR adjusted= adjusted for age, sex, exsmoker, current
smoker, square root pack-years, years since quitling smokingpSCC=small cells cancer, “OR adjusted= adjusted for age, sex, smoking status, pack-years,
and family history of cancer. ‘OR adjusted = Adjusted by age, family history of any cancer, and packyears (non-smoker, <37PY, >237PY). slist A= List
A includes occupations known fo be associated with lung cancer, 'Slow genolype=NATZ slow acelylators, *Fast genotype =NATZ fast acelylators, YOR
adjusted= adjusted for age and sex, *Schneider eim al.=paper is overlapping for different diagnoses studied

£12559-4 Genetic factors in occupationally caused cancers



ORIGINAL ARTICLES

(1
Epidemiology Biostatistics and Public Health - 2017, Volume 14, Number 3

TABLE 1B. Main characteristics of the included studies on pleural mesothelioma

First author, Exposure Occupational Occupational
" | Study design | Control source pasire setting/ Gene pd Significant outcomes
year classification agent
Job tasks
Hirvonen et al., | Case control Blood donors Moderate Employers in the GSTM1 | Asbestos -
Llow manufacture of
High asbesfos products | NAT2 Slow genotype' cases

vs. fast genotype® cases

Slow genotype high E cases vs
fast genotype high E cases

Hirvonen et al., | Case control Population-based

Unlikely/unknown

Definite/probable | Consfruction
996 Possible workers

GSTM1T | Asbestos -
GSTT1 -

NAT2 Slow E cases vs. fast cases

Combination of GSTM1 and NAT2:
Null/slow E vs. Present/Fast E

Neri et al., Case confrol Population-based | Llow, high Shipyard workers | GSTM1 | Asbestos -
2005 GSTTI
CYPIAT Low activity vs. high actitvity
mEH
Fast vs. slow
Fast high E vs. slow high E
NATZ2
Dianzani et al., | Case control Population-based | Exposed vs. not Asbesfos
2006 expose Workers from
aspesfos
cement factory in | XRCC1 OR adjusted: RQ+QQ Evs. RR E
Casale XPD -
XRCC3 T/M Evs. M/M E, T/T+M/T vs. M\/M
OGGI -
Neri ef al., Case control | Cohort of Exposed cases and | Not specified CYPIAT | Asbestos
2006 construction controls GSTMI
workers GSTT1
EPHX1 -
INAT2
-Unexposed  factory o ionall Ash il
Schneider et control grou ccupationally sbesos, silica
oL 2009 Case control -Addmo%o\ prou . derived dust, ionizing
K P | Not reported lung cancer workers | CYP1B1 | radiation -

population based

°PAHs=Polycyclic aromatic hydrocarbons, *RR adjusted= Relative risk adjusted for age and smoking (pack-years), <EM=extensive metabolizers, *E=exposed,
*PM=poor metabolizers, IM=intensive metabolizers, 9possible=individuals that fit neither of the categories (cat. 1 : Mlikely= exposure to asbestos in occupations
such as pipe fitters, shipyard workers, boilermen, or in the construction trades; or subjects who had stated exposure to asbestos, cat.2: unlikely=subjects
with no stated exposure who worked in seftings considered unlikely to encounter occupational lung carcinogens, e.g., housewives, office workers), ‘OR
adjusted= adjusted for age, sex, race, and lifetime smoking history, ipossible=possible exposure included employment in floor installation, roofing, welding,
smelting, foundry, engine repair, rubber work, building renovation, and fruck driving, *multivariate OR adjusted= by age, sex, and smoking status,'wi=wild
type carriers, "OR adjusted= for gender, age groups, and pack-year groups,nmt=mutant type, °OR adjusted= adjusted for age, sex, exsmoker, current
smoker, square root pack-years, years since quitting smokingpSCC=small cells cancer, “OR adjusted= adjusted for age, sex, smoking status, pack-years,
and family history of cancer. ‘OR adjusted = Adjusted by age, family history of any cancer, and packyears (non-smoker, <37PY, >37PY|. slist A= List
A includes occupations known fo be associated with lung cancer, 'Slow genotype=INATZ slow acelylators, *Fast genotype =INATZ fast acelylators, YOR
adjusted= adjusted for age and sex, “Schneider eim al.=paper is overlapping for different diagnoses studied

NAT2 genotype

When NATZ genotype is concemed, four studies [ 12,
15-17] reported on the association between this genotype
and asbestos exposure on risk of pleural mesothelioma.
Neri et ol. 2005. reported the association of NAT2 fast

acetylator genotype with increased pleural mesothelioma

risk, respect to NAT2 slow acetylator genotype of 1.74
(95% Cl=1.02-2.96) [12]. After stratifying for degree
of asbesfos exposure the association was confined to the
highly exposed cases (OR=2.14; 95% Cl=1.15-3.98).
Oppositely, the study by Hirvonen et al. reported an
increased risk of pleural malignant mesothelioma among
asbestos exposed NATZ slow acetylators respect to fast

Genetic factors in occupationally caused cancers
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TABLE 2. Studies reporting on GSTM1 and occupational exposure to asbestos on development of pleural mesothelioma or lung cancer

Number of subjects

First author, year
Y (cases/controls)

Mean age

Measure of association (OR,

Disease Cl 95%, RR)

Hirvonen et al., 1995 44/270 56.6

Nulle E® cases vs. null not E

Pleural 5°%0
) 1.80 (1 OO3 50)
mesothelioma Null high E vs. present not £

2.30 [1.00-5.60)

Hirvonen et al., 1996 76/69 55.7

Null E cases vs. present E in
reference roup

Pleural 2.30(0.80-7.10)
mesothelioma GSTM1 ond NAT2: null/slow?
Evs. presem/foste
3.60(1.309.60)

Neri et al., 2005 80/255 Not reported

Pleural Null high E vs. present high E
mesothelioma 1.27 | .()87258)

Neri et al., 2006 105/376 Not reported

Null high E vs. present high E:
Pleural Hohcmsg] 20 8 70-2. 2%'

mesothelioma
Finns 1.60 (0.80-3.30)

Cases64

london et al., 1995b Controls-63

356/731

Noull not E vs presem not E
1.03(0.6

Noull p055|b\e Evs present
possible E

] 89 (1.03-3.46)

Null probable E vs. present

probo le E

1{0.554.15)

Lung cancer

Cases64

Malats et al, 2000 122/121 Controls-59

Null not E vs. present not E
1.50(0.80-2.
Null E vs. resem E

10.70 (0.4-260.00)

Llung cancer

lépezCima et al., 2012 789 /789

Cases: 67 (33-84)
Controls: 66 (30-87)

=1 null allele-No list A" vs.
present/present-No list A
O 97 (0.75-1.24)
present/present-List A vs.
Lung cancer ?r%sgm/presem No list A
> il allele~List A vs.
presem/presem No list A
1.18(0.78-1.79)

°null=gene absent, "E=exposed, “present=gene present, “Slow genotype=NATZ slow acetylators, °Fast genotype =NATZ fast acetylators fpossible=possible
exposure included employment in floor installation, roofing, welding, smelting, foundry, engine repair, rubber work, building renovation, and truck driving,
9probable=probable exposure category included employment in insulation work or repair of heating/cooling systems, shipyard work, construction work
prior fo 1975, boilermaking, and coke-oven work. 'list A=List A includes occupations known to be associated with lung cancer

acetylators (OR=2.10; 95% Cl=1.10-4.10] [16]. A
borderline significant positive association was observed
between pleural mesothelioma and NATZ fast acetylators
respect fo slow acetylators in asbestos exposed Italian
population [OR=1.90; 95% Cl=1.00-3.40), while fast
acetylator was profective in asbestos exposed  Finnish
population, although not statistically significant (OR=0.60;
95% Cl=0.30-1.20) [17] (Table 4).

CYP1A1 genotype

Five studies [12, 17, 19, 25, 27] reported on
the associafion between CYPIAT genolype and asbesfos

exposure on lung cancer and pleural mesothelioma risk. Study
conducted by Schneider ef al. reported lower risk in terms of
CYPIAT T6235C genolypes among asbestosexposed
lung cancer cases, and on the other hand an increased
risk among mesothelioma cases (OR=0.70; 95% Cl=0.27-
1.81, OR=1.12; 95% CI=0.30-4.14, respectively| [27].

A possible interaction between CYPTAT spl
T6235C genotype, occupational exposure and lung
cancer risk was reported after comparison of subjects
exposed to arsenic, uranium, asbesfos and other chemical
agents carrying combined genotype (T/C+C/C] with
not occupationally exposed homozygotes (T/T) yielding
a stafistically significant result (OR=2.20; 95% Cl=1.11-
4.35) [25] [Table 5.

e12559-6
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TABLE 3. Studies reporting on GSTT1 and occupational exposure to asbestos on development of pleural mesothelioma or lung cancer

First author. vear Number of subjects Mean age Disease Measure of association
24 (cases/controls) 9 (OR, CI 95%)
) Pleural Nulle E> patients vs. null in reference group
Hirvonen et al., 1996 76/69 557 mesothelioma 0.80 (0.10-4.70)
Neri et al., 2005 80/255 Not reported iﬁlzgé?Le\iomo qugoh‘ Ohgsvsz pzris)em“ high £
Null high E vs. H:)resem h\g
Neri et al., 2006 105/376 No reported Pleval halians ™ 0.80 (0
Finns  1.30(0.40-3.90)
Malats et al., 2000 122/121 ggiﬁgﬁ%o Lung cancer Null not E vs. present not E 0.70 (0.40-1.30)
>1 null oHele—No list Advs. present/present-No list A
C 67 (33-84) 08HO/ |) A / No list A
L ases: — resent presem ist A vs. present/present—No list
Llépez-Cima et al. 2012 789 /789 Controls: 66 (30-87) Lung cancer 1,27 (0.86-1.70)
>] null allele-list A vs. present/present-No list A
1.33(0.67-2.64)

°null=gene absent, *E=exposed, “present=gene present, 9list A=List A includes occupations known to be associated with lung cancer

TABLE 4. Studies reporting on genotype NAT2 and occupational exposure to asbestos on development of pleural mesothelioma

First author. vear Number of subjects Mean aqe Disease Measure of association
84 (cases/controls) 9 (OR, CI 95%)
Slow genotype® cases
vs. fast genotype® cases
Hirvonen et al,, 1995 | 44/270 cases 306 Plevrel 10 (1.10:4.10)
confrolsa 1 mesoihetioma S\ow genotype high E¢ cases vs fast
enoTy e h\gh E cases
F 1.30-10.20)
Hinonen efal,, 1996 | 76/69 557 Pleurd plogF casesvs. fust cases 3.80
Pleural FOS}ZS'( 352, 906)
) eura
Neri ef al., 2005 80/255 Nt reported mesothelioma Fast h\%h E vs. s\ov)v high E
Fast high E vs. slow high E:
Neri ef al., 2006 105/376 Not reported o S telians 1.90 {1.00-3.40)
Finns 0.60 (0.30-1.20)

eslow=slow acetylator, *E=exposed, “fasi=fast acetylator

DISCUSSION

This systematic review has attempted fo summarize
studies on lung cancer and pleural mesothelioma due to
the most frequent gene polymorphisms in association with
occupational exposure. Papers included in the present
study were mainly focused on the following genes:
GSTM1, GSTT1, NAT2 and CYPTAT, with maijority of the
subjects occupationally exposed to asbestos.

Differences in individual susceptibility to occupationally
induced carcinomas can be in part ascribed to polymorphic
nature and diversities in activity of genes involved in
metabolism of occupational carcinogens.

Considering the foct that GSTs are taking part in
detoxification of many potentially carcinogenic compounds,
their polymorphisms are considered important modifiers
of individual risk to occupationally induced cancers [30,

31]. Thus, the observed association between the influence
of GSTMT null genotype and occupationally related lung
cancer and pleural mesothelioma was not surprising [15,
28]. Conceming GSTT] present genolype, it seemed
that exposure fo chemical compounds played a great role
in examining the association with the risk of developing
the disease. The same siudy reported that occupationally
exposed individuals with GSTTT null genotype might be
ot increased lung cancer risk when compared to GSTT]
present genotype carriers not occupationally exposed [25].

Findings from several papers demonstrated
inconsistency in behavior of some gene polymorphisms.
One of the most obvious examples was NAT2 gene,
involved in the activation and inactivation reactions of
numerous xenobiotics. Two studies [15, 16] reported that
NATZ2 slow acetylators exposed fo high levels of asbesfos
were at risk of developing pleural malignant mesothelioma,

Genetic factors in occupationally caused cancers
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TABLE 5. Studies reporting on CYP1A1 and occupational exposure to asbestos on development of lung cancer or pleural

mesothelioma

First author. vear Number of subjects Mean age Disease Measure of association
24 (cases/controls) 9 (OR, CI 95%)
Msp] RFLP
london et al., 1995a 144/230 63 Lung cancer Present posswbleb Ec vs. homod wt* possible E
2.20(0.80-6.10)
76235C
£+C/C No list Al vs.T/T-No list A
. Cases: 67 [33-84) ol (0.77:1.39]
lépez-Cima et al. 2012 789 /789 Controls: 66 (30-87) Lung cancer ]T/]]:ST(éTBhQST A vs) T/T-No list A
T/C+C/Cist A vs. T/T-No list A
2.20(1.11-4.35)
Pl ‘ Msp 1 RFLP
Neri et al., 2005 80/255 Not reported eurc:h I Hetero® + homo high E vs. Homo wt high E
mesothelioma 0.77 (0.35-1.60)
Msp] RFLP
Pleural Hetfero + homo hé;h E vs. homo wt high E:
Neri et al., 2006 105/376 Not reported mesothelioma ltalians  0.90 (0.40-1.90)
Finns 1.70 (0.60-4.90)
asbestoselated lung cancers
asbestos induced Mspl T6253C
mesotheliomas _64.4 Pleural wt/mt" or ml/ml E vs. wt/wt not E (\ung cancer)
Schneider et al., 2009 | 490(105)/184 lyng cancer pafients mesothelioma, 0.700.27-1.81)
healthy unexposed control lung cancer wt/mt or mt/mt E vs. wt/wt not E (mesothelioma)
group 58.4 1.12(0.30-4.14)
additional healthy control
group 53.8
lled462Val
wi/mt or mt/mt E vs. wi/wt not E (lung cancer)
1(0.14-1.83)
wt/mt or mt/mt E vs. wt/wt not E (mesothelioma)
0.39(0.10-1.54)

P=variant allele present, P=possible exposure, “=exposed, =homozygous, *=wild type genolype (variant allele absent], '=List A includes occupations
known fo be associated with lung cancer (Arsenic, uranium, ironore, asbestos and falc miners; Ceramic and pottery workers; Iron and steel founding
[casters, moulders and core makers); Copper, zinc, cadmium, aluminum, nickel chromates, beryllium blue collar workers; Platters; Shipyard,/dockyard,
railroad manufacture workers; Coke plant and gas production workers; Insulators, roofers and asphalt workers; and painters, 9=heterozygous, "=mutant

type (mutant genotype)

while the other study [12] did not confirm this finding. In
one previous pooled analysis, Befti et al. suggested that
reason for obtaining different results may derive from a
rather low number of cases and controls or differences in
exposure levels across studies [32].

Neri ef ol. reported that NAT2 fast acetylator
genotype seems fo be associated with increased pleural
mesothelioma risk in ltalian population [17], whereas it
has been previously demonstrated that it protects Finnish
population exposed to asbestos from this malignancy [15,

6]. Different risk patterns of NATZ genotypes in two
populations might suggest that diverse metabolic pathways
and infermediates are involved in the disease etiology
arising from exposure fo asbestos fibers. This would be
consistent with the idea that oxidative pathways may differ
according fo mineral type and fiber length [17].

The CYP isoenzymes are wellknown phase | catalyzing
enzymes responsible for oxidation of various xenobiofics
[31]. The association between CYPTAT genotypes (Msp 1
T6235C and lled62Val) and occupationally related lung

cancer and pleural mesothelioma was not proven [27].
However, an increased lung cancer risk was reported for
CYPIAT Mspl T6235C genotype among occupationally
exposed subjects carrying combined genotype (T/
C+C/C)[25].

To the best of our knowledge, this study represents
the first effort to explore the modification effect of different
gene polymorphisms on lung cancer and mesothelioma
risk due to exposure to occupational agents.

In the review process there were some difficulties in
obtaining a unique result and making a final conclusion
because of the numerous gaps identified in the included
studies. The most important was the lack of dafa regarding
measures of exposure, such as biological monitoring
measurements, duration of the employment and duration
of the exposure fo the occupational agents, which together
may play a crucial role in determining their association
with the disease risk. Maijority of the studies did not provide
defails on occupational settings or precise definition of the
job tasks of the participants. The information on residence

Genetic factors in occupationally caused cancers
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type (urban or rural living areas| of study participants was
provided only in one study.

Therefore, in the interprefation of findings from this study
some limifations should be considered. Generalizability of
the results could be an issue, considering the fact that
included studies did not focus on the same work settings
and occupational exposure level assessment was not
uniquely reported across the studies. Furthermore, some
studies had difficulties to confrol for confounding for
variables like smoking and ethnicity. Thus, interpretation
of this kind of results should always be done with special
aftention because of the residual confounding.

Measurements of the concentration of xenobiotics or
their mefabolites in biological matrices can provide useful
information in assessing the individual human exposure,
effects and susceptibility to occupational risk factor. Bearing in
mind that fogether with environmental exposure measurements
they provide greater precision in risk estimates, they should be
preferred in epidemiological studies.

Besides already mentioned genetic factors, the past
decade has seen a great rise in understanding of
mesothelioma’s immunobiology, and in the optimization
of freatments for patients affected by this disease. Several
novel and highly important therapeutic strategies were
identified, but it seems that only the combination of
bevacizumab with pemetrexed and cisplatin has improved
survival in patients with advanced disease, as reported in
one clinical trial. This therapy is currently unlicensed [33].

From a genomic point of view, this disease is
characterized by a preponderance of tumour suppressor
alterations, and therefore some additional theropeutic
strategies are currently in process of development. Some
promising results are obtained for currently tested agents
such as inhibitors against angiogenesis, mesothelin and
immune checkpoints inhibitors, as well as for their
combinations [33].

This study contributes further evidence to the hypothesis
that the onset of lung cancer and pleural mesothelioma
is aftributable to the potfential inferaction between the
individual genetic profiles and exposure to occupational
agents. Even though some results appeared to be divergent,
some cerfain findings were observed in GST isoenzymes.
Subjects carrying GSTM1 null genotype were at greater risk
both to lung cancer and mesothelioma. Furthermore, pleural
mesothelioma risk was altlered among individuals lacking

GSTM1 gene and being NAT2 slow acetylators.
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