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A B S T R A C T   

Exposure to asbestiform fibers, including chrysotile and amphibole, is carcinogenic, causing malignant pleural 
mesothelioma (MPM) when inhaled. Some populations globally face Naturally Occurring Asbestos (NOA) 
exposure, leading to MPM cases like in Biancavilla, Italy, from Fluoro-edenite (FE) contamination. Studies show 
NOA exposure causes epigenetic changes, focusing on mesothelin methylation, an MPM marker, and altered 
inflammation, emphasizing the health risks of FE and asbestos. This research, conducted from February 2022 to 
October 2022, studied 125 construction workers from Biancavilla and 125 controls from 40 km away without 
Biancavilla work history. With at least ten years in construction and no respiratory conditions, participants 
underwent medical assessments and gave blood samples for analysis, including inflammation markers, meso-
thelin methylation, and soluble mesothelin-related protein levels. The results showed similar demographics but 
differing inflammation and methylation levels in exposed workers, suggesting long-term cellular changes. 
Pearson correlation showed intricate biomarker relationships. Significant inflammatory differences were found 
between FE exposed and non-exposed workers, indicating potential health impacts from FE. This raises concerns 
for communities like Biancavilla, emphasizing the importance of extensive epigenetic research for public health.   

Introduction 

Exposure to all forms of asbestiform fibers (chrysotile, crocidolite, 
amosite, tremolite, actinolite and anthophyllite) is widely recognized as 
carcinogen [1]. Asbestos causes mesothelioma and cancer of the lung, 
larynx, and ovary [1]. The type of tumor most frequent following 
exposure is malignant pleural mesothelioma (MPM) triggered by the 
inhalation of asbestos fibers due to environmental or occupational 
exposure [2,3]. 

The silicate mineral physique variety may be fibrous or non-fibrous 
and, among the minerals which produce the airborne particulate, the 
highly harmful ones present a fibrous-asbestiform crystal frame [4]. The 
term Naturally Occurring Asbestos (NOA) indicates to asbestos minerals 
present in rocks and soils to differentiating them from those included in 
asbestos containing materials [5]. Though amphibole minerals are 

widespread, fibrous and asbestiform amphiboles are fewer and neces-
sitate particular geologic activities that stimulate the evolution of fibers, 
in specific rock deformation throughout or successive to amphibole 
development [6]. 

Six fibrous silicate minerals fitting to the serpentine (i.e., chrysotile) 
and amphibole (i.e., tremolite, actinolite, anthophyllite, amosite, and 
crocidolite) mineral groups are classified as asbestos by law in Europe 
and in various states worldwide [4]. Nevertheless, several investigations 
establish that also these six types, others asbestiform fibers such as 
erionite, antigorite and Fluoro-edenite (FE) could also be hazardous if 
inhaled by humans, leading to several respiratory diseases [5,7,8]. 

Environmental exposure to NOA occurs as a result of a natural ac-
tivity or social actions in regular lifetime situations, such as agriculture, 
transport, construction, leisure exposures and simply living close to the 
source of exposure [5,9–11]. 
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Several investigations have also demonstrated that there is an asso-
ciation between the beginning of MPM and environmental asbestos 
(natural and not natural) exposure [8,10,12–17]. Many populations 
worldwide are exposed to NOA, in Canada has been assessed the lifetime 
mortality risk of lung cancer and MPM related wide-ranging between 1.4 
and 4.9 per 100.000 persons incessantly environmentally exposed to 
asbestos for 80 years in a mining city [18]. In Turkey, the incidence of 
MPM was higher in zones nearby NOA and associated with the prevalent 
wind direction [19]. Similarly, environmental research in Minnesota 
(US), discovered that environmental exposure to Libby fiber (vermicu-
lite) increased the incidence and mortality of Asbestos Related Diseases 
(ARD), including MPM [20]. 

In Italy in the 1990s, a cluster of deaths from MPM was reported in a 
town in eastern of Sicily: Biancavilla [10,11]. An environmental 
assessment indicated that the stone quarries located southeast of the city 
could be a source of asbestos exposure due to FE [10,11]. The raw 
material mined from the quarries was utilized, for about 50 years, 
extensively in the local construction, so the buildings contain significant 
numbers of FE. The derived material had been used locally for con-
struction purposes [10,11]. Subsequent some in vitro, in vivo and 
epidemiological studies the IARC (Lyon, France) classified FE as carci-
nogenic to humans, but only for MPM [21]. Consequently, there are 
prior surveys on health exposures due to environmental and occupa-
tional exposure to FE in people living around the source of exposure to 
FE. In fact, previous studies have shown an involvement of the inflam-
matory processes in exposed subjects [22–24]. 

Though the etiology of MPM is absolutely recognized, therapeutic 
advances have been inadequate. The effect of chemotherapy on the 
patients with MPM is even now poor, the median survival being around 
8–12 months [25]. The elevated mortality rate connected with MPM is 
principally attributable to the lack of effective screening approach for 
early detection [25]. 

Previous in vitro tests implemented on normal pleural mesothelial 
cell line (MeT-5A) and MPM cell line (JU77) carried out in order to 
examine the carcinogenetic effects and epigenetic modulation stimu-
lated by FE exposure showed that the expression levels of hsa-miR-323a- 
3p, hsa-miR-101–3p and hsa-miR-20b-5p were correlated with the 
exposure to FE [26], this results were confirmed in silico analysis carried 
out on MPM due to FE tissue [27]. 

Although genomic alterations are clearly correlated with oncogen-
esis, recent investigations suggests that modifications that are not 
instantly found in the DNA sequence as well perform an important role 
in carcinogenesis [28]. These “epigenetic” alterations involve sequential 
and spatial control of gene action necessary for homeostasis [29]. 
Moreover, epigenetics involves heritable and reversible modifications 
regulating a range of processes for instance RNA elongation, mitosis, 
DNA replication and repair and additionally plays a key role through 
carcinogenesis [28,29]. 

Furthermore, chronic exposure to NOA has been recently linked to 
distinct epigenetic shifts, with particular attention being given to the 
methylation patterns of mesothelin, a biomarker often elevated in ma-
lignant pleural mesothelioma cases [15,28,30]. Mesothelin methylation 
acts as a possible early indicator of carcinogenesis [30]. Moreover, these 
epigenetic changes are coupled with altered inflammation profiles, 
suggestive of an immune response to the inhaled fibers. Elevated levels 
of pro-inflammatory cytokines, such as IL-6 and TNF-α, have been 
consistently identified in serum samples of individuals residing in areas 
with known FE contamination [22] . Such inflammatory markers, when 
analyzed in tandem with epigenetic modifications, provide a holistic 
understanding of the underlying molecular and immunological shifts 
prompted by FE. This dual-perspective is crucial, as it underscores the 
combined genetic and environmental factors that contribute to 
FE-related health risks. Therefore, the aim of this study is to investigate 
the epigenetic alterations, specifically mesothelin methylation, and the 
inflammation profiles of workers chronically exposed to FE fibers. 

Materials and methods 

Study design and population 

In a reference to a previous study conducted in 2016 [22], the 
workers selected for the current investigation were part of a larger 
cohort. This cohort has been continuously and methodically monitored 
over the years by the research team, as documented in various publi-
cations [8,10,17,22,24,31,32]. This ongoing assessment provided a rich 
longitudinal data set, allowing for a more nuanced understanding of the 
health impacts over time. 

For this nested case-control study, which involves selecting cases and 
controls from a pre-existing larger cohort, 125 construction pro-
fessionals from Biancavilla (Sicily, Italy) were selected. Similarly, a 
control group comprising 125 construction workers, who had worked at 
least 40 km away from Biancavilla, was established. This study design is 
advantageous in leveraging existing data, allowing for a more efficient 
and in-depth analysis of the relationship between occupational exposure 
and health outcomes in a defined population. 

For the sample selection, criteria for inclusion and exclusion of 
participants were applied. Participants were required to have at least ten 
years of experience in the construction sector. For those in the control 
group, any previous employment history within the Biancavilla area was 
a criterion for exclusion. Individuals previously diagnosed with respi-
ratory disorders such as asthma, bronchopneumonia, and tuberculosis 
were not considered. Additionally, any historical asbestos exposure 
meant automatic disqualification for the control group members. Data 
gathering was facilitated by a structured questionnaire, covering areas 
like medical background, employment history, medication use, and 
lifestyle habits, encompassing smoking and alcohol consumption. 
Furthermore, each participant underwent a comprehensive medical 
evaluation, which included spirometry. 

Blood collection, soluble mesothelin related protein levels, mesothelin 
methylation and inflammation profiling analysis 

In the morning, after an overnight fast, 10 ml of venous blood was 
drawn to evaluate parameters including red and white blood cell counts, 
haematocrit, hemoglobin levels, erythrocyte sedimentation rate, C- 
reactive protein levels, and liver enzymes such as aspartate amino-
transferase and alanine aminotransferase. 

For the purpose of inflammation profiling and mesothelin levels 
assessment, blood was collected into vacuum tubes containing gel and a 
clot activator (Vacuette, Greiner Bio-One, Kremsmünster, Austria) in 
preparation for analysis. Once drawn, these samples were allowed to 
stand vertically at room temperature for a duration ranging from 30 to 
60 min . Following this, they were centrifuged at 3500 rpm for a span of 
10 min . The resultant serum was isolated and preserved at a tempera-
ture of − 20 ◦C pending further analysis. Levels of serum interleukin-1β 
(IL-1β), IL-6, IL-8, and TNF-α were determined utilizing sensitive 
quantitative sandwich enzyme-linked immunosorbent assays (Quanti-
kine ELISA Kit, R&D systems, USA) [22,33]. 

Soluble mesothelin related protein (SMRP) levels were quantified 
utilizing the MESOMARK™ ELISA kit (Fujirebio Diagnostics, Inc., Mal-
vern, PA, USA) following the manufacturer’s guidelines. SMRP values at 
or exceeding the established threshold of 2.9 nM were interpreted as 
positive outcomes. 

For mesothelin methylation (MSLN) analysis Genomic DNA was 
isolated from 200 μl of whole blood employing the QIAwave DNA Blood 
& Tissue Kit (QIAGEN, Hilden, Germania), adhering to the manufac-
turer’s guidelines. The NanoDrop 2000C (Thermo Scientific, USA) was 
utilized to ascertain the DNA’s quantity and purity. A sample of 500 ng 
of DNA underwent sodium bisulfite modification, after which it was 
purified using the EpiJET Bisulfite Conversion Kit (Thermo Scientific, 
USA). DNA was then eluted using twelve microliters of M-Elution Buffer 
and preserved at − 80 ◦C for subsequent analysis. 
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Consistency in measurements was ensured by calibrating the in-
struments and conducting internal quality checks, using control and 
calibration materials from the same lot provided by the manufacturer 
throughout the research period. 

Real-time PCR analysis of mesothelin methylation was conducted 
following the protocol delineated by Yu et al. [34]. In briefly, the spe-
cific primer sequences for MSLN methylation (M) and non-methylation 
(U) were: MSLN (M): (F) 5′-GGG GTA AAG TTT TTT ATT TAA TTG C-3′, 
(R) 5′-AAC ACC GTA AAT CCA CCG AT-3′, and the amplification length 
was 233 bp; MSLN (U): (F) 5′-GTT AGG GGT AAA GTT TTT TAT TTA 
ATT GT-3′, (R) 5′-AAA AAA CAC CAT AAA TCC ACC AAT-3′, and the 
amplification length was 241 bp. 

The Fast PCR system (Applied Biosystems, USA) was employed with 
the following parameters: 38 cycles for MSLN (M) at 95 ◦C for 3 s and 
64 ◦C for 30 s, and for MSLN (U), conditions included 95 ◦C for 3 s and 
62.5 ◦C for 30 s. The methylation percentage (M %) was derived using 
the formula: M % = 100 × (amount of methylated DNA/total of meth-
ylated and unmethylated DNA). The combined quantities of methylated 
and unmethylated DNAs represented the total DNA amount of the target 
genes. DNA methylation levels were categorized based on M % values as 
follows: 0 for M % 〈 20.0; 1 for 20.0 < M % < 40.0; 2 for 40.0 < M % <
60.0; 3 for 60.0 < M % < 80.0; and 4 for M % 〉 80.0. Categories 0, 1–3, 
and 4 were designated as unmethylated (U), partially methylated (U/ 
M), and fully methylated (M), in that order. As controls, both methylated 
and non-methylated human DNA sets (Zymo Research, USA) were 
incorporated. 

Statistical analysis and ethical issues 

Data were summarized as mean ± SD for continuous variables and 
frequencies for categorical variables. Normality was checked by the 
Kolmogorov-Smirnov test and homogeneity of variance by Levene’s test. 
The T-test was used for analyzing continuous variables, and Fischer’s 
test for categorical variables. Pearson correlation was employed to 
assess the linear relationship between two continuous variables. All 
statistical analyses were performed using jamovi. 

The workers were recruited as part of the occupational health sur-
veillance protocol mandated for all workers in Italy. 

Ethics statement. The research protocol received the approval of the 
Ethics Committee of Catania University Hospital (Catania, Italy) and the 
written informed consent of all subjects was acquired including them in 
the study. 

Results 

In Table 1, a comparison between exposed and non-exposed workers 
provides insights into the potential effects of occupational exposure. In 
terms of demographic factors, both groups had comparable ages, with 
the exposed workers averaging 54.26 years and their non-exposed 
counterparts at 54.66 years, suggesting that age did not play a 
discriminating role between the two groups. However, this marked 
difference did not achieve statistical significance, suggesting that age 
might not be a determinant factor in this context. Similarly, the Body 
Mass Index (BMI) values for both groups were closely aligned, with 
exposed workers registering 21.28 and non-exposed workers at 20.82, 
with no significant variation between them. Smoking frequencies were 
identical across both groups, each at 6 %. The duration of employment 
in their respective fields, represented as working age, was also compa-
rable between the two groups. 

Turning our attention to the inflammatory markers and other rele-
vant indicators, distinct patterns emerged. Levels of interleukin-1β (IL- 
1β) were significantly elevated in exposed workers compared to the non- 
exposed group, indicating potential inflammatory responses or other 
cellular activations specific to the exposed group. While the concen-
trations of IL-6 and IL-8 were fairly consistent between the two groups, a 
marked elevation in TNFα was observed in the exposed workers. This is 

notable as TNFα is often implicated in inflammatory processes and can 
be an indicator of heightened immune responses. Additionally, SMRP 
levels were significantly higher in the exposed group, which might be 
indicative of mesothelial cell activity or injury (Fig. 1). 

Perhaps most compelling was the data on mesothelin methylation. A 
vast majority of non-exposed workers displayed an unmethylated pro-
file, contrasting sharply with the exposed group where the distribution 
was almost evenly split between unmethylated and fully methylated 
profiles. The findings underscore the potential epigenetic modifications 
in exposed workers, potentially hinting at long-term cellular changes 
resulting from their occupational exposures. 

From the Pearson correlation analysis (Fig. 2), it is evident that there 
exists a negative correlation between IL-8 and each of IL-1β, IL-6, and 
TNFα (p Value <0.001). Conversely, a positive correlation is observed 
between IL-1β and TNFα, and similarly between SMRP and both IL-1β 
and TNFα (p Value <0.001). These findings suggest distinct in-
terrelationships among these biomarkers, underscoring the intricate 
biochemical interactions within the study population. 

Discussion 

The results of exposed and non-exposed workers revealed significant 
differences in specific inflammatory markers despite similar de-
mographics. Notably, exposed workers exhibited increased IL-1β and 
TNFα levels, and pronounced alterations in SMRP values and mesothelin 
methylation profiles. These changes suggest potential inflammatory 
responses and cellular changes due to occupational exposure. The 
Pearson correlation further highlighted distinct inter-relationships 
among the biomarkers, indicating intricate biochemical dynamics 
within the study population. The significant disparities in inflammatory 
markers between exposed and non-exposed workers, despite analogous 
demographics, raise pivotal questions about the specific physiological 
repercussions of occupational exposures. In light of existing research, 
the elevated levels of IL-1β and TNFα in exposed workers are not un-
precedented. Similar pro-inflammatory cytokine elevations have been 
observed in individuals exposed to agents like asbestos. This parallel 
suggests that FE, much like asbestos, might elicit an innate inflammatory 
response when inhaled. This inflammatory cascade is potentially the 
body’s defense mechanism, attempting to combat the intrusion of FE 
particles into the pulmonary system. In fact, the presence of FE in the 
workplace environments of exposed individuals offers a plausible 
explanation for the observed biological variations. FE could be the 
driving factor behind the heightened IL-1β and TNFα levels seen in 

Table 1 
Comparative analysis of worker characteristics and health outcomes.   

Exposed workers 
(n.125) 

Non exposed workers 
(n.125) 

p Value 

Age (years-mean  ± SD) 54.26 ± 0.42 54.66 ± 2.40 n.s. 
BMI (mean ± SD) 21.28 ± 1.39 20.82 ± 1.41 n.s. 
Smoking (frequencies) 8 (6 %) 8 (6 %) n.s. 
Working age (years- 

mean ± SD) 
24.54 ± 3.55 24.37 ± 3.34 n.s. 

IL-1β 34.128 ± 5.977 22.175 ± 2.042 <0.001 
IL-6 14.899 ± 2.666 14.630 ± 2.647 n.s. 
IL-8 17.464 ± 1.703 17.771 ± 1.556 n.s. 
TNFα 30.724 ± 3.426 10.083 ± 1.710 <0.001 
SMRP 0.679 ± 0.406 0.372 ± 0.227 <0.001 
MSLN    
U * 57 (46 %) 112 (90 %) <0.001 
U/M* 13 (10 %) 8 (6 %) <0.001 
M * 55 (44 %) 5 (4 %) <0.001  

* U: unmethylated;U/M: partially methylated; M: fully methylated. 
This table presents a detailed comparison of various characteristics and 

health markers between workers who were exposed and those who were not 
exposed to FE. The statistical significance of the differences is indicated by the p 
values. 
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exposed workers. These specific elevations are consistent with the 
body’s response to the asbestos like fiber [35]. It is important to note 
that TNF belongs to the family of pro-inflammatory mediators and has 
been previously correlated well with the degree of inflammation of the 
skin, the number of cells, and vascular changes in the inflamed area, as 
evidenced by prior studies [36]. Furthermore, elevated concentrations 
of TNF have been observed in other diseases, where it is associated with 
the formation of fibrous tissue in myelofibrosis and with carcinogenesis, 
adding to its significance in the context of FE exposure [37]. 

Interestingly, the uptick in SMRP values among the exposed group is 
a finding that bears significant clinical implications. Historically, 
heightened SMRP levels have been a hallmark in individuals diagnosed 
with mesothelioma, serving as an indirect indication of mesothelial cell 

distress or even potential malignancy [38]. Given this association, the 
elevated SMRP values among the exposed workers in our study raise 
concerns. Moreover, the conspicuous changes in SMRP values and 
mesothelin methylation profiles further imply that the cellular envi-
ronment of exposed workers is responding to the external factor, the FE. 
The very nature of this mineral fiber, when inhaled, can instigate in-
flammatory cascades, tissue damage, and epigenetic alterations, phe-
nomena that resonate with the observed changes in the aforementioned 
biomarkers [39]. The subsequent Pearson correlation analysis further 
emphasizes the complex interplay between these biomarkers, perhaps 
shedding light on the nuanced biochemical repercussions of FE exposure 
in the workplace. 

The observed disparities in mesothelin methylation between the two 

Fig. 1. Box and whisker plots illustrating the distribution of SMRP levels and inflammatory markers between exposed and non-exposed worker groups.  
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groups of workers are indeed striking and warrant closer attention. 
Methylation, as an epigenetic modification, often signals the regulation 
of gene expression without altering the underlying DNA sequence [28]. 
In the context of this study, the elevated methylation profiles in the 
exposed workers imply that their occupational environment might be 
triggering epigenetic alterations, specifically in the mesothelin gene. 

The pronounced contrast, where the vast majority of non-exposed 
workers predominantly showcased an unmethylated profile as 
opposed to the nearly balanced distribution in the exposed group, sug-
gests that the work environment of the latter has a profound influence on 
their genetic regulation. Mesothelin, being often implicated in various 
cellular pathways and notably in certain malignancies, highlights the 
importance of this epigenetic change [40]. 

The fact that methylation modifications can endure and even be 
passed down through cell divisions may be indicative of persistent and 
long-lasting cellular changes in exposed workers [41]. This can be 
especially concerning if we consider that such modifications might 
predispose individuals to health conditions or diseases in the long term. 
In essence, the stark differences in mesothelin methylation patterns 
reinforce the notion that environmental and occupational factors can 
leave lasting imprints at the cellular level, potentially impacting the 
health trajectory of exposed individuals. 

The burgeoning awareness surrounding potential hazards associated 
with asbestos exposure is pivotal, primarily due to the extended latency 
period before the onset of asbestos-related diseases (ARDs) in particular 
to MPM [42]. Previous endeavors in enhancing the methodology for 
health surveillance of asbestos-exposed populations reflect a global 
cognizance of the issue at hand [43]. Our current research effort un-
derscores three cardinal points, each contributing to the growing 
knowledge base on this matter. 

The observation of the present investigation sheds light on the SMRP 
values within healthy individuals with a history of FE exposure. This 
highlights the significant differential effects between occupational and 
non-occupational exposure scenarios. Non-occupational exposure sce-
narios, such as household contamination and neighborhood exposure, 
present unique challenges due to the inherent difficulty in accurately 
quantifying exposure durations. Given that the exposure to FE is also 
environmental, this brings forth the vital realization that while SMRP 
might serve as an indicator, its utility as a discriminating biomarker 
between exposed and unexposed subjects remains contentious, given its 
independence from estimated exposure levels [44]. 

The results suggests that factors like age, BMI, and smoking function 
may not entirely account for the surge in SMRP values among exposed 
subjects. Smoking, a common confounder in respiratory studies, also did 
not significantly influence SMRP values. Such insights further bolster the 
potential application of SMRP as a diagnostic aid, especially when 
adjusted for these confounding variables [45]. 

Lastly, our inquiry into the methylation status of the MSLN promoter 
region offers nuanced insights into the epigenetic ramifications of 
asbestos exposure. The associations between aberrant methylation 
profiles and prolonged asbestos exposure, as highlighted by prior 
studies, underscore the multifaceted impact of this hazardous material 
[46]. Our attempt to draw correlations between methylation status and 
SMRP levels has indeed provided significant revelations. Even though 
the overarching methylation profiles remained relatively unchanged 
across groups, distinct variations in SMRP levels emerged. This di-
chotomy highlights the intricate relationships between genetic and 
epigenetic landscapes in the face of external exposures. Furthermore, 
the widespread applicability and ease of procuring peripheral blood as a 
sample source, as seen in this study and others [47–49], make it an 
attractive option for future research. 

While our study contributes significantly to understanding the role of 
SMRP and methylation in the context of NOA exposure, it also empha-
sizes the complexity of the epigenetic landscape. The nuanced in-
teractions between various CpG sites, methylation status, and external 
exposures [50], as evidenced in our findings, underscore the necessity 
for a more expansive, in-depth epigenetic analysis in the future. 
Unraveling these complex interrelationships will undoubtedly bolster 
our understanding of the pathogenesis of ARDs and MPM and poten-
tially illuminate novel diagnostic and therapeutic avenues [51]. 

In the rapidly evolving field of environmental health research, 
there’s an imperative need to understand not just the immediate effects 
of specific occupational exposures, but also the broader ramifications on 
populations living in close proximity to sources of these exposures. The 
town of Biancavilla presents a unique case where the endemic presence 
of FE extends the risk not only to workers directly handling this material 
but also to the general populace residing in the area. 

FE, with its asbestos-like properties, poses a substantial health risk 
due to inhalation of airborne fibers, even at environmental levels. Past 
studies have predominantly focused on the acute effects in occupa-
tionally exposed individuals, highlighting inflammatory responses and 
other cellular alterations [23,23,26,32,32]. However, the health impli-
cations for the general population, subjected to chronic, albeit 
lower-level, environmental exposure remains under-explored. One of 
the crucial insights from previous research on occupational exposure is 
the revelation about mesothelin methylation profiles. Epigenetic modi-
fications, especially DNA methylation, have emerged as sensitive in-
dicators of environmental exposures and potential precursors to various 
health outcomes. Given that the mesothelin gene is often implicated in 
various cellular pathways and in certain malignancies, its methylation 
status could serve as an invaluable biomarker, even before the onset of 
clinical manifestations. It is, therefore, logical to hypothesize that the 
general population of Biancavilla, being continuously exposed to FE, 
might also exhibit similar epigenetic alterations. By extending the 
analysis of mesothelin methylation to the general populace, it could not 
only deepen our understanding of the broader health implications of FE 
exposure but also provide early indicators for potential adverse health 
outcomes. Furthermore, while the intensity of exposure might be 
attenuated for the general population compared to direct occupational 
exposure, the prolonged and consistent nature of their interaction with 
FE might culminate in significant epigenetic changes over time. Un-
derstanding these subtle changes can pave the way for early in-
terventions, policy modifications, and public health advisories that 
ensure the well-being of the community at large. 

The study, examining the health impacts of asbestos exposure due to 
FE in Biancavilla, Italy, has some strengths and weaknesses. Its major 
strengths include a comprehensive cohort selection of 125 construction 

Fig. 2. Heatmap of Pearson correlation coefficients for SMRP and inflamma-
tory biomarkers. 
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workers from Biancavilla and an equal number of controls from a dis-
tance, ensuring a robust comparative framework. The study’s method-
ology is rigorous, involving participants with at least ten years in 
construction and no respiratory conditions, which helps minimize con-
founding factors. It significantly contributes to the field of epigenetic 
research by focusing on mesothelin methylation, a marker for MPM, and 
highlights the importance of such research for public health. 

However, the study also has limitations. The geographical scope, 
limited to a specific region, might affect the generalizability of the 
findings to other populations. By focusing solely on construction 
workers, the study potentially overlooks the impacts of FE exposure in 
other occupations or the general population, which could have different 
risk profiles. Despite efforts to control for confounding factors, there 
may still be unaccounted variables such as lifestyle habits or genetic 
predispositions influencing the results. 

In conclusion, there is a hope that authorities will consider the idea 
of using biomarkers for screening the general population of Biancavilla. 
This advancement not only deepens our understanding of the effects of 
FE but also highlights a comprehensive approach to public health. It 
recognizes that, within the interconnected ecosystems of the modern 
world, the line between direct and indirect exposure is ever more 
indistinct. Against this backdrop, the idea of expanding occupational 
health surveillance to all workers and the broader population of Bian-
cavilla is being considered, which would facilitate an in-depth assess-
ment of the long-term health impacts from environmental exposures. In 
light of this, the possibility of expanding occupational health surveil-
lance to all workers and the general population of Biancavilla is being 
considered, which would allow for a comprehensive assessment of the 
long-term health impacts of environmental factors. 
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Prevalence of anti-nuclear autoantibodies in subjects exposed to natural 
asbestiform fibers: a cross-sectional study, J. Immunotoxicol. 15 (2018) 24–28, 
https://doi.org/10.1080/1547691X.2017.1415398. 

[25] G. Pasello, G.L. Ceresoli, A. Favaretto, An overview of neoadjuvant chemotherapy 
in the multimodality treatment of malignant pleural mesothelioma, Cancer Treat. 
Rev. 39 (2013) 10–17, https://doi.org/10.1016/j.ctrv.2012.03.001. 

[26] V. Filetti, L. Falzone, V. Rapisarda, R. Caltabiano, A.C. Eleonora Graziano, 
C. Ledda, et al., Modulation of microRNA expression levels after naturally 
occurring asbestiform fibers exposure as a diagnostic biomarker of mesothelial 
neoplastic transformation, Ecotoxicol. Environ. Saf. 198 (2020), https://doi.org/ 
10.1016/j.ecoenv.2020.110640. 

[27] V. Filetti, C. Loreto, L. Falzone, C. Lombardo, E. Cannizzaro, S. Castorina, et al., 
Diagnostic and prognostic value of three micrornas in environmental asbestiform 
fibers-associated malignant mesothelioma, J. Pers. Med. 11 (2021), https://doi. 
org/10.3390/jpm11111205. 

[28] F. Vandermeers, S. Neelature Sriramareddy, C. Costa, R. Hubaux, J.-P. Cosse, 
L Willems, The role of epigenetics in malignant pleural mesothelioma, Lung Cancer 
81 (2013) 311–318, https://doi.org/10.1016/j.lungcan.2013.05.014. 

[29] R. Holliday, T. Ho, DNA methylation and epigenetic inheritance, Methods 27 
(2002) 179–183, https://doi.org/10.1016/S1046-2023(02)00072-5. 

[30] H.H. Nelson, L.M. Almquist, J.L. LaRocca, S.L. Plaza, G.M. Lambert-Messerlian, D. 
J. Sugarbaker, et al., The relationship between tumor MSLN methylation and serum 
mesothelin (SMRP) in mesothelioma, Epigenetics 6 (2011) 1029–1034, https:// 
doi.org/10.4161/epi.6.8.16074. 

[31] V. Rapisarda, C. Ledda, M. Migliore, R. Salemi, A. Musumeci, M. Bracci, et al., 
FBLN-3 as a biomarker of pleural plaques in workers occupationally exposed to 
carcinogenic fibers: a pilot study, Fut. Oncol. 11 (2015) 35–37, https://doi.org/ 
10.2217/fon.15.271. 

[32] V. Rapisarda, C. Loreto, S. Castorina, G. Romano, S.F. Garozzo, A. Musumeci, et al., 
Occupational exposure to fluoro-edenite and prevalence of anti-nuclear 

C. Ledda et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S1936-5233(23)00258-9/sbref0001
http://refhub.elsevier.com/S1936-5233(23)00258-9/sbref0001
https://doi.org/10.1097/JTO.0000000000000506
https://doi.org/10.1016/j.yrtph.2007.10.003
https://doi.org/10.1180/EMU-notes.18
https://doi.org/10.1016/S1470-2045(13)70257-2
https://doi.org/10.1016/S1470-2045(13)70257-2
http://refhub.elsevier.com/S1936-5233(23)00258-9/sbref0006
http://refhub.elsevier.com/S1936-5233(23)00258-9/sbref0006
https://doi.org/10.3390/min8010028
https://doi.org/10.3892/ol.2015.2978
https://doi.org/10.3892/ol.2015.2978
https://doi.org/10.3390/ijerph18105225
https://doi.org/10.3390/ijerph18105225
https://doi.org/10.1016/j.envres.2016.05.024
https://doi.org/10.1016/j.envres.2016.05.024
https://doi.org/10.1016/j.envres.2016.01.043
https://doi.org/10.3390/ijerph15081741
https://doi.org/10.21037/atm.2017.03.74
https://doi.org/10.4081/jphr.2018.1519
https://doi.org/10.4081/jphr.2018.1519
https://doi.org/10.1186/s12940-018-0431-9
https://doi.org/10.1186/s12940-018-0431-9
https://doi.org/10.2217/fon-2016-0338
https://doi.org/10.2217/fon-2016-0338
https://doi.org/10.2217/fon-2016-0337
https://doi.org/10.1016/j.ijheh.2013.07.008
https://doi.org/10.1016/j.ijheh.2013.07.008
https://doi.org/10.1007/s12199-015-0501-3
https://doi.org/10.1016/j.envres.2019.04.004
https://doi.org/10.1016/j.envres.2019.04.004
https://doi.org/10.1016/S1470-2045(14)71109-X
https://doi.org/10.1016/S1470-2045(14)71109-X
https://doi.org/10.3892/mmr.2017.6384
https://doi.org/10.3892/mmr.2017.6384
https://doi.org/10.2174/1573398X16999200819151645
https://doi.org/10.2174/1573398X16999200819151645
https://doi.org/10.1080/1547691X.2017.1415398
https://doi.org/10.1016/j.ctrv.2012.03.001
https://doi.org/10.1016/j.ecoenv.2020.110640
https://doi.org/10.1016/j.ecoenv.2020.110640
https://doi.org/10.3390/jpm11111205
https://doi.org/10.3390/jpm11111205
https://doi.org/10.1016/j.lungcan.2013.05.014
https://doi.org/10.1016/S1046-2023(02)00072-5
https://doi.org/10.4161/epi.6.8.16074
https://doi.org/10.4161/epi.6.8.16074
https://doi.org/10.2217/fon.15.271
https://doi.org/10.2217/fon.15.271


Translational Oncology 40 (2024) 101872

7

autoantibodies, Fut. Oncol. 14 (2018) 59–62, https://doi.org/10.2217/fon-2017- 
0389. 

[33] V. Jurisic, Multiomic analysis of cytokines in immuno-oncology, Expert Rev. 
Proteomics 17 (2020) 663–674, https://doi.org/10.1080/ 
14789450.2020.1845654. 

[34] M. Yu, Y. Zhang, Z. Jiang, J. Chen, L. Liu, J. Lou, et al., Mesothelin (MSLN) 
methylation and soluble mesothelin-related protein levels in a Chinese asbestos- 
exposed population, Environ. Health Prev. Med. 20 (2015) 369–378, https://doi. 
org/10.1007/s12199-015-0477-z. 

[35] M. Mittal, M.R. Siddiqui, K. Tran, S.P. Reddy, A.B. Malik, Reactive oxygen species 
in inflammation and tissue injury, Antioxid. Redox Signal. 20 (2014) 1126–1167, 
https://doi.org/10.1089/ars.2012.5149. 

[36] V. Jurisic, T. Terzic, S. Colic, M. Jurisic, The concentration of TNF-α correlate with 
number of inflammatory cells and degree of vascularization in radicular cysts, Oral 
Dis. 14 (2008) 600–605, https://doi.org/10.1111/j.1601-0825.2007.01426.x. 

[37] V. Jurisic, T. Terzic, S. Pavlovic, N. Colovic, M. Colovic, Elevated TNF-α and LDH 
without parathormone disturbance is associated with diffuse osteolytic lesions in 
leukemic transformation of myelofibrosis, Pathol. - Res. Pract. 204 (2008) 
129–132, https://doi.org/10.1016/j.prp.2007.09.001. 

[38] E.-K. Park, A.R. Johnson, D. Wilson, P.S. Thomas, D.H. Yates, Follow-up of soluble 
mesothelin-related protein levels in participants with asbestos-related disorders, 
Saf. Health Work 11 (2020) 425–430, https://doi.org/10.1016/j. 
shaw.2020.07.009. 

[39] S.X.L. Huang, M.-C. Jaurand, D.W. Kamp, J. Whysner, T.K. Hei, Role of 
mutagenicity in asbestos fiber-induced carcinogenicity and other diseases, 
J. Toxicol. Environ. Health, Part B 14 (2011) 179–245, https://doi.org/10.1080/ 
10937404.2011.556051. 

[40] A. Sage, V. Martinez, B. Minatel, M. Pewarchuk, E. Marshall, G. MacAulay, et al., 
Genomics and epigenetics of malignant mesothelioma, High-Throughput 7 (2018) 
20, https://doi.org/10.3390/ht7030020. 

[41] D. Desaulniers, P. Vasseur, A. Jacobs, M.C. Aguila, N. Ertych, M.N. Jacobs, 
Integration of epigenetic mechanisms into non-genotoxic carcinogenicity hazard 
assessment: focus on DNA methylation and histone modifications, IJMS 22 (2021) 
10969, https://doi.org/10.3390/ijms222010969. 

[42] S. Prazakova, P.S. Thomas, A. Sandrini, D.H. Yates, Asbestos and the lung in the 
21st century: an update: asbestos and the lung, Clin. Respir. J. 8 (2014) 1–10, 
https://doi.org/10.1111/crj.12028. 

[43] G. Mastrangelo, G. Marangi, M.N. Ballarin, E. Bellini, N. De Marzo, M. Eder, et al., 
Post-occupational health surveillance of asbestos workers, Med. Lav. 104 (2013) 
351–358. 

[44] F. Barbosa, J.E. Tanus-Santos, R.F. Gerlach, P.J. Parsons, A critical review of 
biomarkers used for monitoring human exposure to lead: advantages, limitations, 
and future needs, Environ Health Perspect 113 (2005) 1669–1674, https://doi.org/ 
10.1289/ehp.7917. 

[45] K. Hollevoet, J. Van Cleemput, J. Thimpont, P. De Vuyst, L. Bosquée, K. Nackaerts, 
et al., Serial measurements of mesothelioma serum biomarkers in asbestos-exposed 
individuals: a prospective longitudinal cohort study, J. Thorac. Oncol. 6 (2011) 
889–895, https://doi.org/10.1097/JTO.0b013e31820db377. 

[46] M. Fujii, N. Fujimoto, A. Hiraki, K. Gemba, K. Aoe, S. Umemura, et al., Aberrant 
DNA methylation profile in pleural fluid for differential diagnosis of malignant 
pleural mesothelioma, Cancer Sci. 103 (2012) 510–514, https://doi.org/10.1111/ 
j.1349-7006.2011.02180.x. 

[47] A. Cristaudo, R. Foddis, A. Bonotti, S. Simonini, A. Vivaldi, G. Guglielmi, et al., 
Two Novel Polymorphisms in 5’ Flanking Region of the mesothelin gene are 
associated with soluble mesothelin-related peptide (SMRP) levels, Int. J. Biol. 
Markers 26 (2011) 117–123, https://doi.org/10.5301/JBM.2011.8332. 

[48] A. Cristaudo, R. Foddis, A. Bonotti, S. Simonini, A. Vivaldi, G. Guglielmi, et al., 
Polymorphisms in the putative micro-RNA-binding sites of mesothelin gene are 
associated with serum levels of mesothelin-related protein, Occup. Environ. Med. 
67 (2010) 233–236, https://doi.org/10.1136/oem.2009.049205. 

[49] S. Garritano, C. De Santi, R. Silvestri, O. Melaiu, M. Cipollini, E. Barone, et al., 
A common polymorphism within MSLN affects miR-611 binding site and soluble 
mesothelin levels in healthy people, J. Thorac. Oncol. 9 (2014) 1662–1668, 
https://doi.org/10.1097/JTO.0000000000000322. 

[50] J. Romanowska, Ø.A. Haaland, A. Jugessur, M. Gjerdevik, Z. Xu, J. Taylor, et al., 
Gene–methylation interactions: discovering region-wise DNA methylation levels 
that modify SNP-associated disease risk, Clin. Epigenet. 12 (2020) 109, https://doi. 
org/10.1186/s13148-020-00881-x. 

[51] C. Ledda, P. Senia, V. Rapisarda, Biomarkers for early diagnosis and prognosis of 
malignant pleural mesothelioma: the quest goes on, Cancers 10 (2018), https:// 
doi.org/10.3390/cancers10060203. 

C. Ledda et al.                                                                                                                                                                                                                                   

https://doi.org/10.2217/fon-2017-0389
https://doi.org/10.2217/fon-2017-0389
https://doi.org/10.1080/14789450.2020.1845654
https://doi.org/10.1080/14789450.2020.1845654
https://doi.org/10.1007/s12199-015-0477-z
https://doi.org/10.1007/s12199-015-0477-z
https://doi.org/10.1089/ars.2012.5149
https://doi.org/10.1111/j.1601-0825.2007.01426.x
https://doi.org/10.1016/j.prp.2007.09.001
https://doi.org/10.1016/j.shaw.2020.07.009
https://doi.org/10.1016/j.shaw.2020.07.009
https://doi.org/10.1080/10937404.2011.556051
https://doi.org/10.1080/10937404.2011.556051
https://doi.org/10.3390/ht7030020
https://doi.org/10.3390/ijms222010969
https://doi.org/10.1111/crj.12028
http://refhub.elsevier.com/S1936-5233(23)00258-9/sbref0043
http://refhub.elsevier.com/S1936-5233(23)00258-9/sbref0043
http://refhub.elsevier.com/S1936-5233(23)00258-9/sbref0043
https://doi.org/10.1289/ehp.7917
https://doi.org/10.1289/ehp.7917
https://doi.org/10.1097/JTO.0b013e31820db377
https://doi.org/10.1111/j.1349-7006.2011.02180.x
https://doi.org/10.1111/j.1349-7006.2011.02180.x
https://doi.org/10.5301/JBM.2011.8332
https://doi.org/10.1136/oem.2009.049205
https://doi.org/10.1097/JTO.0000000000000322
https://doi.org/10.1186/s13148-020-00881-x
https://doi.org/10.1186/s13148-020-00881-x
https://doi.org/10.3390/cancers10060203
https://doi.org/10.3390/cancers10060203

	Mesothelin methylation, soluble mesothelin related protein levels and inflammation profiling in workers chronically exposed ...
	Introduction
	Materials and methods
	Study design and population
	Blood collection, soluble mesothelin related protein levels, mesothelin methylation and inflammation profiling analysis
	Statistical analysis and ethical issues

	Results
	Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


