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Abstract
Background

Fluoro-edenite (FE) is an asbestiform �ber identi�ed in the lavic products of Monte Calvario from stone
quarries located in the southeast of Biancavilla (Sicily, Italy). Environmental exposure to this silicate has
been associated with a higher incidence of Malignant Mesothelioma (MM), highly aggressive cancer that
affects the pleural tissue. Median survival for MM was 9.8 months, with 5% of patients surviving at 5
years. At present, several diagnostic biomarkers have been evaluated for MM and many studies
demonstrated that microRNAs (miRNAs) have the potential to be considered as good non-invasive
diagnostic and prognostic biomarkers for cancer.

A set of miRNAs involved in MM was previously identi�ed after a careful in silico selection. Starting from
these preliminary data, this study aimed to validate the predicted diagnostic signi�cance of hsa-miR-
323a-3p, hsa-miR-101-3p, and hsa-miR-20b-5p on a subset of MM patients exposed to FE and matched
healthy controls. For this purpose, MM tissues vs. nonmalignant pleura tissues were analyzed through
droplet digital PCR to evaluate differences in the expression levels of these miRNAs and their MM
diagnostic potential. In addition, computational analysis have been performed to establish the correlation
of these miRNAs with the online available asbestos exposure data and clinic-pathological parameters to
verify a potential role of these miRNAs as prognostic tools. The interaction between these miRNAs and
the main genes mutated and altered in MM was evaluated.

Results

Droplet digital PCR results showed that the three analyzed miRNAs were signi�cantly down-regulated in
MM cases vs. controls. ROC analysis revealed high speci�city and sensitivity rates for both hsa-miR-
323a-3p, and hsa-miR-20b-5p, which thus acquire a diagnostic value for MM. In silico results showed a
potential prognostic role of hsa-miR-101-3p due to a signi�cant association of its higher expression and
increased Overall Survivor of MM patients. Finally, the computational analysis have showed that these
miRNAs can target and modulate both oncogene and tumor suppressor genes.

Conclusions

These miRNAs should be further evaluated not only as diagnostic tools, but also as prognostic predictors.
Furthermore, the validation of their targets and regulators would clarify how miRNAs induce or repress
critical pathways involved in the carcinogenesis triggered by carcinogenic �bers exposure.

Background
The types of minerals forming �bers that have been used commercially and that are known with the term
“asbestos” include the serpentine (chrysotile) and the �brous amphiboles cummingtonite-grunerite
(amosite asbestos), actinolite, anthophyllite, riebeckite (crocidolite asbestos), anthracite, and tremolite [1,
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2]. Such �bers represent an environmental health problem as chronic exposure to these minerals has
been associated with respiratory diseases, including cancer.

Additionally, exposure to several other types of mineral particles found in the natural environment and
termed “naturally occurring asbestos” (NOA) such as �bers of the minerals erionite, winchite,
magnesio‐riebeckite, Libby asbestos, richterite, antigorite, and �uoro-edenite (FE), have also been
associated with Malignant Mesothelioma (MM) [1, 2].

FE is a calcium amphibole of transparent and intense yellow colour [3]. This silicate has several
properties similar to the asbestos group [4, 5]; in particular, it presents the same morphological and
compositional aspect of the two �brous phases tremolite and actinolite [2]. However, the peculiar feature
of Biancavilla FE is its composition characterized by high aluminum, �uorine, and sodium contents,
compared with other known oncogenic minerals [6].

The International Agency of Research on Cancer (IARC) classi�ed the FE �bers as carcinogenic to
humans [7]. FE �bers effects similar to those already reported after the exposure to asbestos �bers have
been shown by several epidemiological studies [8, 9, 10, 11, 12, 13, 14, 15]. Indeed, several studies have
reported an increased incidence of malignant neoplasms affecting the pleura, the peritoneum, and the
lung, after the chronic inhalation of FE �bers [16, 17, 18]. All data suggest that the FE �bers exposure is
caused to environmental contamination and it is not due to speci�c occupational tasks [16]. The
environmental exposure estimate is responsible for 10.8% of MM cases in Italy [19]. The material from
the quarry of Monte Calvario (Biancavilla, Italy) has been used for about 50 years for local construction
[8, 10, 20], and none of the residents diagnosed for MM had been signi�cantly exposed to asbestos
during their occupational activities [21].

The local in�ammation in the lung and pleura is among the most recognized toxic effects of FE �bers
exposure predisposing the individuals to the MM development [22, 23]. At present, MM has still
considered a lethal cancer today characterized by a considerable period of latency (≥ 30–60 years) [24],
a late diagnosis that determines poor prognosis and quality of life, and unresponsiveness to currently
available treatments [25]. To date, there are no diagnostic tools with high sensitivity and speci�city that
can be used to perform an early diagnosis of MM in asymptomatic people. Many biomarkers have been
proposed for the screening and diagnosis of MM in exposed subjects [26, 27, 28, 29, 30]. The only Food
and Drug Administration (FDA)‐approved biomarker for MM is the mesothelin [31, 32, 33], but its poor
sensitivity limits the diagnosis of MM [34]. Furthermore, recent studies demonstrated that microRNAs
(miRNAs) play an important role in MM biology and they have the potential to be considered as good
non-invasive diagnostic and prognostic biomarkers and therapeutic targets for cancer [35, 36, 37]. In
particular, Micolucci and colleagues [38] propose an early diagnosis of MM or a tool to monitor the
therapy sensitivity through the expression levels analysis of several MM-associated miRNAs designated
as “mesomiRs” [38]. The goal of this study was to evaluate the expression levels of a set of miRNAs
previously identi�ed and already validated in in vitro MM model [39] in order to validate their potential use
as diagnostic biomarkers for MM. In this study, for the �rst time, hsa-miR-323a-3p, hsa-miR-101-3p, and
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hsa-miR-20b-5p has been analyzed in “ex vivo” MM tissues vs. nonmalignant pleura tissues. Furthermore,
an in silico analysis has been performed to evaluate the prognostic and therapeutic role of these three
miRNAs. With this research work, we would contribute to basic biomarkers research, and we hope to
transfer these results to clinical practice.

Results
Evaluation of miRNA expression pro�ling using droplet digital PCR

The expression of hsa-miR-323a-3p, hsa-miR-101-3p, hsa-miR-20b-5p was examined in MM tissues and
relative controls of healthy pleural mesothelium.

Shapiro-Wilk Normality test showed that the expression levels of the three miRNAs analyzed in MM cases
and healthy controls differs signi�cantly from a normal distribution.

The comparison between tumor and normal tissues showed a different expression of the three miRNAs
analyzed in MM and healthy controls. The expression levels of hsa-miR-323a-3p, hsa-miR-101-3p and
hsa-miR-20b-5p in MM cases were signi�cantly lower compared to controls (Fig. 1). There was a
statistically signi�cant trend of down-regulation observed for the three selected miRNAs analyzed in MM
cases vs. controls.

To assess the sensitivity and speci�city of these miRNAs and their role as novel promising diagnostic
biomarkers for MM, ROC (Receiver Operating Characteristic) curves were calculated (Fig. 2). ROC analysis
revealed high speci�city and sensitivity rates for both hsa-miR-323a-3p and hsa-miR-20b-5p. In particular,
the sensitivity and speci�city for hsa-miR-323a-3p and hsa-miR-20b-5p were 100% and 100% [AUC (Area
Under the Curve) = 1]. For hsa-miR-101-3p the sensitivity was 100% and the speci�city was 40% (AUC = 
0.8625). However, the AUCs of all analyzed miRNAs were statistically signi�cant (P < 0.05).

In silico interaction between miRNAs and main genes involved in malignant mesothelioma

Gene target analysis performed by the bioinformatics tool microRNA Data Integration Portal (mirDIP)
showed the level of interaction of the three computationally identi�ed miRNAs with the main altered or
mutated gene in MM.

We take into account 20 different genes obtained from the Catalogue Of Somatic Mutation In Cancer
(COSMIC) and the mirDIP analysis revealed that the three evaluated miRNAs were able to interact with all
genes involved in MM with high levels of intensity. These genes were: BAP1 (24%), NF2 (18%), TP53
(12%), SETD2 (7%), LATS2 (5%), FBXW7 (2%), DDX3X (3%), EGFR (1%), SF3B1 (2%), PBRM1 (2%), KRAS
(1%), PIK3CA (1%), CTNNB1 (1%), CREBBP (2%), NSD1 (2%), ZFHX3 (2%), APC (1%), LATS1 (2%), LRP1B
(2%), BRAF (1%). In particular, for each miRNA were reported the intensity of interaction, from medium to
very high speci�city. All miRNAs showed very high and high interaction levels with at least 50% of the
genes analyzed suggesting a potential role of these miRNAs in the development of MM. According to this
analysis, hsa-miR-20b-5p showed very high and high interaction levels with the 85% of the genes mutated
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in MM. The genes linked with higher levels of intensity by miRNAs were found to be PBRM1 and ZFHX3,
which showed in all cases very high levels of interaction. Also, the KRAS gene showed very high levels of
interaction with hsa-miR-323a-3p, hsa-miR-20b-5p, and high levels of interaction with hsa-miR-101-3p. In
opposition, the genes associated with medium levels of intensity by all miRNAs were found to be BAP1
and BRAF. None of the genes analyzed showed low levels of interaction intensity with the miRNAs
evaluated (Fig. 3).

According to this analysis, these three miRNAs can target and modulate both tumor suppressor and
oncogene genes playing a potentially key role in tumor cell development.

In silico interaction between miRNAs and asbestos exposure, tumor stage, and patient survival

Shapiro-Wilk Normality test showed that the expression levels of the three miRNAs contained in the TCGA
- MESO database have a normal distribution.

The analysis of miRNAs expression levels according to the asbestos exposure data contained in the
TCGA - MESO database revealed that the expression levels of hsa-miR-323a-3p, hsa-miR-101-3p and hsa-
miR-20b-5p did not change signi�cantly in MM patients exposed and non exposed to asbestos �bers
(Fig. 4).

The analysis of miRNAs expression levels according to the clinical-pathological data contained in the
TCGA - MESO database showed that the expression levels of hsa-miR-323a-3p, hsa-miR-101-3p and hsa-
miR-20b-5p did not change signi�cantly in MM patients with different tumor stages (Fig. 5).

Finally, considering the median Overall Survival (OS), the Disease – Speci�c Survival (DSS) and the
Progression – Free Interval (PFI) between high and low miRNAs expression, has been showed a
signi�cance for the hsa-miR-101-3p (P < 0.0001). In particular, there was an association of high hsa-miR-
101-3p expression and increased OS Time (Fig. 6A), DSS Time (Fig. 6B), and PFI Time (Fig. 6C). On the
contrary, hsa-miR-323a-3p and hsa-miR-20b-5p did not show signi�cant results in MM patients’ survival.

Discussion
In this study, for the �rst time, hsa-miR-323a-3p, hsa-miR-101-3p, hsa-miR-20b-5p have been analyzed in
MM tissues vs. nonmalignant pleura tissues. All tested miRNAs in MM tissue showed a down-regulation
compared to controls.

These translational data about hsa-miR-101-3p obtained in the present study were totally in accordance
with our previous research work that showed a signi�cant down-regulation in MM samples compared to
controls (Filetti et al., 2020b). Furthermore, this miRNA showed a prognostic value for MM because our
new in silico results demonstrated a signi�cant association of higher hsa-miR-101-3p expression and
increased OS.
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Noteworthy, the results obtained for hsa-miR-323a-3p and hsa-miR-20b-5p were opposite to those
obtained in our previous in silico and in vitro analysis, however, for these miRNAs ROC analysis revealed
high sensitivity and speci�city in correctly distinguishing MM and normal samples.

The computational analysis performed to further establish the functional role of these three miRNAs in
MM pathogenesis have showed that these miRNAs can target and modulate both tumor suppressor and
oncogene genes playing a potentially key role in tumor cell development.

Several studies have tried to identify novel diagnostic biomarkers for the management of MM patients,
however, the currently available diagnostic strategies, mainly based on the evaluation of tumor
biomarkers such as Calretinin, Cytokeratin 5, Podoplanin, Mesothelin, Osteopontin, Hyaluronic Acid,
Fibulin-3 [26], Vascular Endothelium Growth Factor [27], Acquaporin-1 [28], High Mobility Group Box 1
[29], MacroH2A.1 [30], often fail to diagnose correctly MM due to the low rates of sensitivity and
speci�city of these biomarkers.

To date, liquid biopsy is emerging as a helpful tool for non-invasive diagnosis, screening, prognosis,
strati�cation of cancer patients [40, 41, 42], and to characterize tumor heterogeneity [43]. The literature
already proposes an early diagnosis of MM through the expression levels analysis of several “mesomiRs”
[38]. Circulating miRNA-126-3p, miRNA-625-3p, miRNA-103a-3p in blood in pairing with Mesothelin and
Fibulin-3 have been suggested as potential diagnostic biomarkers of MM [38]. This approach could avoid
the histopathological and immunohistochemistry techniques used as the standard for the late diagnosis
of pleural biopsies [19]. It could be particularly helpful to study and subsequently use a combination of
several protein and molecular markers to improve diagnostic accuracy.

For this purpose, droplet digital PCR (ddPCR) investigations as well as in silico analysis have been
performed to assess the functional role of the selected miRNAs and their predictive value for MM
patients’ diagnosis and prognosis.

Our results indicated that by increasing the number of samples these miRNAs should be further evaluated
not only as diagnostic tools, but also as prognostic predictors. Thus, their potential as therapeutic targets
could be explored by assessing their molecular role. Another key task is the validation of their targets and
regulators, which would clarify how miRNAs induce or repress critical pathways involved in the
carcinogenesis triggered by carcinogenic �bers exposure.

Conclusions
Early detection of circulating tumor biomarkers and tumor DNA represents one of the most promising
strategies to improve the survival of cancer patients by increasing treatment e�ciency [42, 43, 44]. After
this preliminary “ex vivo” data, further studies will be designed for the validation of “mesomiRs” with
diagnostic potential, alone or in combination with other protein biomarkers, to test their clinical role in
high-risk individuals. Certainly, a limitation of the work is the low number of samples available. It would
also be interesting to have available a cohort of subjects exposed to FE �bers but in the absence of
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tumors. This comparison could highlight any similarities or epigenetic differences not only between
oncological subjects and not, but also between those exposed to carcinogenic �bers and not. Moreover,
further basic research work should be aimed to investigate the molecular pathways that are regulated by
aberrantly expressed miRNAs.

A fundamental future objective is the validation of these results in a subset of patients chronically
exposed to FE using the liquid biopsy, to provide a minimally invasive screening tool for the secondary
prevention of MM.

Methods
Patients and samples collection

Tissue specimens of ten cases of malignant mesothelioma and four cases of healthy pleural
mesothelium were retrospectively analyzed. Formalin-�xed and para�n-embedded (FFPE) tissue
specimens were obtained from the biobank of the Section of Anatomic Pathology, Department Gian
Filippo Ingrassia, University of Catania. The exclusion criteria adopted in the choice of the cases were the
following: (i) it was not possible to obtain additional slides from FFPE blocks for the analysis; (ii) no
representative neoplastic tissue was contained in FFPE blocks. No written informed consent was
necessary because the retrospective nature of the study; the research protocols were conformed to the
ethical guidelines of the Helsinki Declaration.

The cohort of patients of Biancavilla with FE-mediated MM was composed of six men and four women
(mean age: 68.4 ± 13.9 years; age range: 50–93 years). According to the World Health Organization
(WHO) criteria, six cases were histologically classi�ed as epithelioid, three were classi�ed as biphasic
subtypes, and one was classi�ed as sarcomatoid [19]. The cohort of control cases was composed of
eight men (mean age: 44 ± 25.5 years; age range: 15–76 years). These patients did not live in Biancavilla,
and they did not show oncological pathologies but pulmonary emphysema (n = 3) and pleurisy (n = 5).
Data including MM cases and controls are summarized in Table 1.

Freshly cut sections of FFPE tissue, each with a thickness of 20 µm, were obtained by a rotary microtome.
Two sections for each sample have been collected and stored at room temperature.
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Table 1
Features of the �uoro-edenite (FE)-related malignant mesothelioma (MM) cases and controls.

  Age
range
(Years)

Mean
age
(Years)

Gender Pathologies Pathological
Subtype

Survival
Time
range
(Days)

Mean
Survival
Time
(Days)

Cases
(N = 10)

50–93 68.4 ± 
13.9

60%
men,
40%
women

100%
malignant
mesothelioma

60% epithelioid,
10%
sarcomatoid,
30% biphasic

45–
1800

579 ±
525

Controls
(N = 8)

15–76 44 ± 
25.5

100%
men

37.5%
pulmonary
emphysema,
62.5% pleurisy

     

RNA isolation and RT

Total RNA containing small non-coding RNA was extracted from FFPE tissue using miRNeasy FFPE Kit
(QIAGEN; Hilden, Germany) according to the manufacturer's recommended protocol (miRNeasy FFPE
Handbook 01/2020). The RNA extraction and quanti�cation were performed as previously described [39].
All samples were then stored at -80°C until use. The puri�ed RNA was reverse transcribed into cDNA as
previously described [39].

Droplet Digital PCR

As previously described, a customized ddPCR assay was used to amplify hsa-miR-323a-3p, hsa-miR-101-
3p, and hsa-miR-20b-5p [45]. The reaction mixture was prepared by adding the ddPCR Supermix for
probes (no dUTP) (cat. n. 1863010 – Bio-Rad Laboratories), the TaqMan Advanced miRNA Assays
speci�c for each miRNA (cat. n. 477863, 477804, 477853 - Thermo Fisher Scienti�c), the miR-Amp cDNA
sample and the PCR water. The cartridge was loaded with 20 microliters of PCR reaction and 70 µL of
Droplet Generation Oil (cat. n. 1863005 - Bio-Rad Laboratories) in appropriate wells, and then Droplet
Generator QX200 was used to generate droplets. Subsequently, the generated droplets were ampli�ed by
using C 1000 Touch Thermal Cycler (Bio-Rad Laboratories) at the cycling conditions previously described
[39]. A Non-Template Control (NTC) has been inserted for each probe.

After the ampli�cation, the droplets were read by QX200 Droplet Reader (Bio-Rad Laboratories). Finally,
the absolute quanti�cation of targets was calculated by using the QuantaSoft software, version 1.7.4
(QuantaSoft, Prague, Czech Republic), as previously described [39, 46].

In silico analysis

To clarify the role of hsa-miR-323a-3p, hsa-miR-101-3p and hsa-miR-20b-5p in MM, different
computational models have been used.



Page 9/18

By consulting the COSMIC (http://cancer.sanger.ac.uk/cosmic) it was possible to identify the 20 most
mutated genes that are known to be involved in MM development and therefore have a dysregulated
expression. The selection was performed using the search term “Malignant Mesothelioma” including the
terms “Pleura” in tissue selection and “Mesothelioma” in histology selection.

Subsequently, using the bioinformatics prediction tool mirDIP version 4.1.11.2, Database version 4.1.0.3,
Nov 2020) (http://ophid.utoronto.ca/mirDIP) [47, 48], the interaction between the miRNA previously
identi�ed by computational analysis and the main genes mutated and altered in MM was evaluated.

Furthermore, the clinical implication of the three analyzed miRNAs was assessed through the clinic-
pathological data and the miRNA expression pro�les analysis contained in The Cancer Genome Atlas -
Mesothelioma (TCGA - MESO) database and downloaded by using the online exploration tool UCSC Xena
Browser (https://xenabrowser.net/) [49]. In particular, the TCGA database has been used to verify if the
three miRNAs we analyzed were dysregulated in MM according to asbestos exposure, tumor stage, and
patient survival. A total of 17 MM patient-related datasets were found with a total of 87 MM samples (35
exposed to asbestos, 49 not exposed to asbestos, 3 excluded due to lack of useful information). The
datasets contained the expression levels of 1,964 different miRNAs, but we focused on the hsa-miR-323a-
3p, hsa-miR-101-3p and hsa-miR-20b-5p for further investigation.

Statistical analysis
The Shapiro-Wilk Normality test was used for the calculation of the distribution of hsa-miR-323a-3p, hsa-
miR-101-3p and hsa-miR-20b-5p expression levels observed with ddPCR and deposited on the TCGA -
MESO database. The Mann-Whitney test was used for the comparison between miRNAs expression of
MM samples and healthy controls. ROC curves were obtained to evaluate the speci�city and sensitivity of
the analyzed miRNAs. One-way ANOVA test and unpaired Student t-test were used for assessing the
statistical differences existing between the expression levels of hsa-miR-323a-3p, hsa-miR-101-3p and
hsa-miR-20b-5p reported in the TCGA - MESO database according to the MM tumor stages and the
asbestos exposure, respectively. Cancer-speci�c survival analysis was performed using the Kaplan-Meier
method, and for comparison of the survival curves, the Mantel-Cox log-rank test was used.

A value of P < 0.05 was considered statistically signi�cant. The data were plotted using Prism for
Windows version 7.00 (Graphpad Software; CA, USA).

Abbreviations
FE: Fluoro-edenite

MM: Malignant Mesothelioma

miRNAs: microRNAs

ddPCR: droplet digital PCR
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NOA: naturally occurring asbestos

IARC: International Agency of Research on Cancer

FDA: Food and Drug Administration

ROC: Receiver Operating Characteristic

AUC: Area Under the Curve

OS: Overall Survival (OS)

DSS: Disease – Speci�c Survival (DSS)

PFI: Progression – Free Interval

FFPE: Formalin-�xed and para�n-embedded

WHO: World Health Organization

NTC: Non-Template Control

COSMIC: Catalogue Of Somatic Mutation In Cancer

mirDIP: microRNA Data Integration Portal
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Figures

Figure 1

MiRNAs expression, reported as number of copies, in MM cases and healthy controls according to: A)
hsa-miR-323a-3p; B) hsa-miR-101-3p; C) hsa-miR-20b-5p.
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Figure 2

ROC curves demonstrated the diagnostic value of hsa-miR-323a-3p (100% Sensitivity and 100%
Speci�city), hsa-miR-20b-5p (100% Sensitivity and 100% Speci�city), and hsa-miR-101-3p (100%
Sensitivity and 40% Speci�city).

Figure 3
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Interaction between selected miRNAs and main altered genes in MM by mirDIP gene target analysis. For
each miRNA the level of interaction with the 20 genes involved in MM is reported. The intensity of
interaction is highlighted with a color scale ranging from yellow (medium interaction) to red (very high
interaction).

Figure 4

Normalized miRNAs expression in MM cases exposed and non exposed to asbestos according to: A) hsa-
miR-323a-3p; B) hsa-miR-101-3p; C) hsa-miR-20b-5p.

Figure 5

Normalized miRNAs expression in different MM stages according to: A) hsa-miR-323a-3p; B) hsa-miR-
101-3p; C) hsa-miR-20b-5p.
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Figure 6

Kaplan-Meier survival curve of hsa-miR-101-3p expression in MM patients according to: A) OS Time; B)
DSS Time; C) PFI Time.


