
Summary. Background. Mesothelioma is strongly 
associated with exposure to asbestos fibers, however, 
recent studies have also linked exposure to "naturally 
occurring asbestos" fibers with this disease. Fluoro-
edenite, a silicate mineral found in the southeast of 
Biancavilla (Sicily, Italy), has been identified as a 
potential risk factor for mesothelioma. Unfortunately, 
this cancer often has a poor prognosis, and current 
diagnostic and prognostic biomarkers are inadequate. 
Histological subtype, gender, and age at diagnosis are 
the most significant parameters for mesothelioma. 
Stathmin, a cytosolic protein that regulates cell growth 
and migration and is overexpressed in many human 
malignancies, has not yet been linked to mesothelioma 
survival or clinical-pathological variables. 
      Aim. The aim of this study was to investigate the 
immunohistochemical expression of stathmin in ten 
mesothelioma tissue samples with available clinical and 
follow-up data. 
      Material and Methods. Paraffin-embedded tissue 
samples from ten mesothelioma patients were processed 
for immunohistochemical analyses to evaluate stathmin 
expression. 
      Results. Our findings suggest that stathmin 
overexpression is associated with shorter overall survival 
in patients with mesothelioma. Furthermore, stathmin 
expression was significantly correlated with the survival 
time of mesothelioma patients. 
      Conclusion. Our results suggest that stathmin 
expression may serve as a potential prognostic 
biomarker for mesothelioma. This biomarker could be 

used to promptly identify patients with poor prognosis 
and to guide clinicians in the selection of treatment 
options. 
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Introduction 
 
      Mesothelioma is a cancer caused by exposure to 
asbestos and has poor outcomes due to its low response 
rates to treatments and often late diagnosis. The lack of 
diagnostic and prognostic biomarkers has hindered early 
diagnosis of mesothelioma (Filetti et al., 2020). 
Therefore, it is important to identify new biomarkers for 
early diagnosis and to understand the molecular 
mechanisms involved in mesothelioma progression. 
Stathmin (STMN), a cytosolic protein that regulates cell 
growth and migration through microtubule dynamics, is 
overexpressed in various human malignancies (Rubin 
and Atweh, 2004). Recent studies have suggested the 
involvement of STMN in the pathogenesis of 
mesothelioma. However, to date, no studies have 
correlated the expression of STMN with the survival of 
mesothelioma patients or with the clinical-pathological 
variables of the patients.  
      The incidence of mesothelioma is high in 
populations with occupational exposure to asbestos, as 
well as those with para-occupational and environmental 
exposure (Brims, 2021). Furthermore, a population may 
be exposed to “naturally occurring asbestos” (NOA), 
which refers to a mineral as a natural component of soils 
or rocks that can be released as fibers into the air by 
human activities or natural weathering processes, 
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thereby posing a risk of human exposure (Carbone et al., 
2016; Filetti et al., 2020). Among the NOA, the most 
well-known fibers are erionite, winchite, magnesio 
riebeckite, richterite, Libby asbestos, antigorite and 
fluoro edenite (FE) fibers (Filetti et al., 2020).  Several 
studies have correlated human exposure to these fibers 
with mesothelioma (Senygit et al., 2004; Soffritti et al., 
2004; Cardile et al., 2007; Groppo and Compagnoni, 
2007; Kliment et al., 2009; FitzGerald et al., 2010; 
Döngel et al., 2013; Fitzgerald and Harty, 2014; 
Baumann et al., 2015; Baur, 2018; Konen et al., 2019; 
Loreto et al., 2020a,b). 
      In particular, FE is a silicate mineral belonging to 
the amphibole family (Ledda et al., 2020) identified in a 
quarry located in the southeast of Biancavilla (Sicily, 
Italy) where the stone material has been used in the local 
building industry for about 50 years (Ledda et al., 
2016a). FE fibers have been acknowledged as a 
mesothelial carcinogen by the International Agency for 
Research on Cancer (Grosse et al., 2014), however, 
epidemiological and pathophysiological information is 
still limited (Filetti et al., 2021, 2022). The findings of 
some environmental monitoring projects (Famoso et al., 
2012; Bruni et al., 2014) suggest that the population of 
Biancavilla has been exposed to high levels of 
amphibole fibers until mitigation measures, adopted in 
2001, gradually reduced them to about 0.1-0.4ff/l (Bruni 
et al., 2014). 
      To date, the most relevant prognostic parameters for 
mesothelioma are histological subtype, gender, and age 
at diagnosis (Delgermaa et al., 2011). Numerous studies 
have searched for specific and sensitive biomarkers for 
the early diagnosis of mesothelioma. Recently, higher 
levels of osteopontin and mesothelin have been 
associated with a worsening of prognosis. Using 
osteopontin and mesothelin levels as predictors could 
play an important role in improving the prognostic 
capacity of mesothelioma (Pass et al., 2016; Chen et al., 
2017). Finally, other molecular alterations associated 
with mesothelioma are related to the alteration of the 
expression levels of several factors, particularly 
autophagy-related (ATG) proteins, which are primarily 
implicated in different functions of the autophagic 
process (Follo et al., 2016). Among ATG proteins, the 
most involved in mesothelioma progression are ATG7 
and ATG13, whose high expression levels correlate with 
increased survival, late recurrence, and death from 
neoplasm (Follo et al., 2016; Rapisarda et al., 2021). 
      In this context, several studies have already 
demonstrated how STMN is overexpressed across a 
broad range of human malignancies (Rana et al., 2008) 
including breast cancer (Brattsand et al., 2000; Alli et 
al., 2007), leukemia (Luo et al., 1994), ovarian cancer 
(Balachandran et al., 2003), head and neck cancer 
(Kouzu et al., 2006), prostate cancer (Mistry et al., 
2005), and mesothelioma (Zhang et al., 2006; Kim et al., 
2007). In particular, in breast cancer, high STMN 
expression has been associated with a more aggressive 
phenotype and poor prognosis. Similarly, in ovarian 

cancer, STMN has been shown to promote tumor growth 
and metastasis. In non-small cell lung cancer, STMN 
overexpression has been associated with resistance to 
chemotherapy. However, these studies did not address 
the role of STMN in the pathogenesis of mesothelioma 
(Kim et al., 2007). Some authors found that STMN was 
highly expressed in mesothelioma and acted as a target 
of miR-223 that conversely was downregulated in this 
tumor (Kim et al., 2007; Birnie et al., 2017). To validate 
these findings, they showed that STMN expression and 
mesothelioma cell migration were both reduced if 
normal miR-223 expression was re-established on 
mesothelioma cell lines (Kim et al., 2007); it has been 
supposed that an aberrant activation of the c-JUN N-
terminal kinase (JNK) pathway could determine high 
STMN expression in this tumor (Kim et al., 2007; Birnie 
et al., 2017). 
      Understanding the role of STMN in tumor develop-
ment and progression may provide insights into potential 
therapeutic targets for cancer treatment. Several STMN 
inhibitors have been developed and are currently being 
evaluated in preclinical and clinical studies. For 
instance, a study by Lee et al. (2022) showed that an 
STMN inhibitor called ABT-737 enhanced the efficacy 
of radiotherapy in non-small cell lung cancer cells. 
      Based on the literature background and all the 
above-mentioned considerations, this study aimed to 
investigate the relationship between STMN expression, 
mesothelioma prognosis, and clinical-pathological 
variables of mesothelioma patients. Understanding the 
role of STMN in mesothelioma may have important 
implications for developing new therapeutic strategies 
and improving our prognostic capacity for mesothelio-
ma. 
  
Materials and methods 
 
Sampling 
 
      Since this was a non-interventional retrospective 
study, neither informed consent nor authorization by the 
ethics committee were requested and the research 
complied with the Helsinki Declaration. Mesothelioma 
samples from ten patients exposed to FE fibers were 
retrospectively selected. Formalin-fixed and paraffin-
embedded (FFPE) tissue samples were obtained from the 
biobank of the Section of Anatomic Pathology, 
Department Gian Filippo Ingrassia, University of 
Catania (Italy). The samples were collected for 
diagnostic purposes. In agreement with the World Health 
Organization (WHO) criteria, six cases were 
histologically classified as epithelioid, three were 
classified as biphasic subtypes, and one was classified as 
sarcomatoid (Galateau-Salle et al., 2016). Clinico-
pathological and follow-up data were available for all 
samples under examination. All patient information was 
transmitted by the National Registry of Mesothelioma 
(ReNaM). The selected ten patients affected by 
mesothelioma had been exposed to FE fibers and were 
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residents in the town of Biancavilla or nearby areas 
where there was environmental contamination of the 
silicate fiber. 
      The cohort of controls was made up of eight patients 
who did not live in Biancavilla. Furthermore, they did 
not show neoplastic diseases. These control pleural 
tissues were collected during surgery for pulmonary 
emphysema or pleurisy. 
 
Histopathology 
 
      After washing in phosphate-buffered saline (PBS; 
Sigma, Milan, Italy), samples were fixed in 10% 
buffered formalin (Broggi et al., 2021a) then dehydrated 
in graded ethyl alcohol, passed in xylene, and finally 
fixed in paraffin (Loreto et al., 2020a,b). Paraffin-blocks 
were cut by a microtome into 4-5 μm thick slices and 
lastly these slices were mounted on silane-coated slides 
(Dako, Glostrup, Denmark). For the morphological 
evaluation, sections were stained with Hematoxylin and 
Eosin and were observed using a Zeiss Axioplan light 
microscope (Carl Zeiss, Oberkochen, Germany). 
 
Immunohistochemistry 
 
      Histologic samples were processed, as previously 
described (Loreto et al., 2019). After being dewaxed in 
xylene, rehydrated with graded ethyl alcohol, samples 
were incubated in 0.3% hydrogen peroxide/methyl 
alcohol solution for 30 min and finally washed with PBS 
for antigen retrieval. Samples were put in a microwave 
oven (750 W) (5 min x 3 cycles) in capped poly-
propylene slide-holders with citrate buffer (10 mM citric 
acid, 0.05% Tween 20, pH 6.0; Bio-Optica, Milan, 
Italy). After dewaxing, samples were incubated at 4°C 
overnight with anti-stathmin rabbit polyclonal antibody 
(UniProt ID: P16949; Cell Signaling Technology, 
Massachusetts, USA) diluted 1:50 in PBS. 
      Immune complexes treated with a biotinylated link 
antibody were detected with peroxidase-labeled 
streptavidin (LSAB + System-HRP, K0690; Dako, 
Glostrup, Denmark), incubated at room temperature for 
10 min. The immunoreaction was visualized by 3,3’-
diaminobenzidine and 0.02% hydrogen peroxide 
solution (DAB substrate Chromogen System; Dako). 
Samples were counterstained with Mayer’s Hematoxylin 
(Histolab Products AB, Goteborg, Sweden) and mounted 
in GVA (Zymed Laboratories, San Francisco, CA, USA). 
The slides thus prepared were evaluated through an 
Axioplan Zeiss light microscope (Carl Zeiss, 
Oberkochen, Germany) and the digital images were 
taken with a Zeiss AxioCam MRc5 digital camera (Carl 
Zeiss). 
      STMN immunoexpression was considered positive 
when brown chromogen was observed at the cytoplasm 
level. Sections with known antigenic positivity were 
used as positive controls. Negative sections were 
obtained from slides treated with PBS without the 
primary antibodies. The immunohistochemical slides 

were semi-quantitatively evaluated by two pathologists 
(G.B. and R.C.) as previously detailed (Broggi et al., 
2021b). The Intensity of Staining (IS) was subclassified 
into four levels (0-3): absence of staining=0, mild 
staining=1, moderate staining=2, and strong staining=3. 
Similarly, five levels of Extent Score (ES), the 
percentage of immunoreactive cells, were identified: 
<5% (0), 5-30% (1), 31-50% (2), 51-75% (3), and >75% 
(4). ES was evaluated at magnification 40x. The 
Immunoreactivity Score (IRS) was obtained multiplying 
the IS and the ES, ranging from 0 to 12: if the IRS was ≤ 
the median value of 6, the STMN immunohistochemical 
expression was considered “low” (L-IRS), while if the 
IRS was >6, it was considered “high” (H-IRS). These 
parameters were analyzed by image acquisition software 
(Axio Vision Release 4.8.2 - SP2 Software, Carl Zeiss 
Microscopy GmbH, Jena, Germany). The digital images 
were acquired with a Zeiss AxioCam MRc5 digital 
camera (Carl Zeiss). The results are presented as mean ± 
standard deviation (SD). 
 
Statistical analysis 
 
      The data were plotted using Prism for Windows v 
7.00 (Graphpad Software; CA, USA). Considering the 
Intensity Reactivity Score (IRS) of the STMN 
expression values, the Hazard Ratio (HR) was calculated 
using the Mantel-Haenszel test. Cancer-specific survival 
analysis was performed using the Kaplan-Meier method, 
and the Gehan-Breslow-Wilcoxon test was used to 
compare the survival curves. To evaluate the correlation 
between clinico-pathological and immunohistochemical 
data the Spearman correlation was used. In particular, 
age, gender, pathological subtype, and survival time 
were correlated with the STMN IRS level. P-values less 
than 0.05 (p<0.05) were considered statistically 
significant. 
 
Results 
 
      Six men and four women made up the cohort of FE-
induced mesothelioma cases, and the average age was 
68.4±13.9 years (age range: 50-93 years). Eight men 
made up the cohort of control cases, and the average age 
was 44±25.5 years (age range: 15-76 years). The clinico-
pathological and immunohistochemical information of 
mesothelioma cases are reported in Table 1. 
      STMN was detected with a high immunoexpression 
(IRS>6), as shown in Figure 1A,B, in 50% (n=5) of 
mesothelioma FE-induced cases (n=2 epithelioid, n=2 
biphasic, n=1 sarcomatoid subtypes), while 50% (n=5) 
of cases (n=4 epithelioid, n=1 biphasic subtypes) 
showed low immunostaining (IRS≤6, Fig. 1C,D). 
Immunohistochemical sections of non-neoplastic 
mesothelial control tissue showed no staining with 
STMN (Fig. 1E). 
      Considering the median OS between high and low 
STMN expression, the Kaplan-Meier method showed a 
statistically significant association between STMN 
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expression and increased OS (p=0.0382), and the hazard 
ratio (HR) was 0.226 with a 95% confidence interval 
(CI) (0.04901 to 1.042) as shown in Figure 2. 
      A trend of shorter OS was found in FE-induced 
mesothelioma patients with STMN overexpression.  Of 
the cases that exhibited a low immunoexpression of 
STMN 50% showed better prognoses. In particular, a 

statistically significant correlation of STMN low 
expression with increased survival was observed with a 
mean OS of 18 months vs. a mean OS of only 7.5 
months for patients with STMN overexpression. 
Furthermore, there was a significant correlation between 
STMN expression and the survival time of mesothelio-
ma cases (p=0.0087), shown in Figure 3. No significant 
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Table 1. The clinico-pathological and immunohistochemical information of mesothelioma cases. 
 
Case      Age (Years)      Gender                         Pathological Subtype                   Survival Time (Months)      Stathmin IS     Stathmin ES     Stathmin IRS 
 
1                    69                  M                                      Epithelioid                                           1.5                              3                      3                        9 
2                    50                  M          Biphasic (20% Epithelioid, 80% Sarcomatoid)                16                              2                      4                        8 
3                    69                  F                                     Sarcomatoid                                           5                               2                      4                        8 
4                    74                  F                                       Epithelioid                                            13                              2                      2                        4 
5                    85                  M                                      Epithelioid                                            23                              2                      2                        4 
6                    93                  F           Biphasic (40% Epithelioid, 60% Sarcomatoid)                7.5                              3                      3                        9 
7                    58                  F                                       Epithelioid                                            18                              2                      2                        4 
8                    55                  M                                      Epithelioid                                            37                              2                      2                        4 
9                    75                  M          Biphasic (40% Epithelioid, 60% Sarcomatoid)                60                              2                      2                        4 
10                  56                  M                                      Epithelioid                                            12                              3                      4                        9 
 
IS, Intensity of staining; ES, Extent score; IRS, Immunoreactivity score.

Fig. 1. A. A case of epithelioid cell mesothelioma exhibiting high STMN immunoexpression (IRS >6). B. Strong and diffuse STMN immunoexpression 
(IRS >6) in a biphasic mesothelioma case. C. Low expression (IRS ≤6) of STMN in an epithelioid cell mesothelioma. D. Low immunoexpression (IRS 
≤6) of STMN in mesothelioma exhibiting biphasic morphology. E. No immunoreactivity for STMN is seen in normal unaffected mesothelium. Scale bars: 
200 μm.



relationship between STMN expression and other 
clinico-pathological variables (age, sex and 
mesothelioma pathological subtype) was observed. 
 
Discussion 
 
      The results of the current study have shown a 
statistically significant correlation of low STMN 
expression with increased patient survival, with a mean 
overall survival (OS) of 18 months compared to 7.5 
months in patients with STMN overexpression, 
confirming that high STMN expression correlates with 
poor prognosis. Previous studies demonstrated that 
STMN is overexpressed in mesothelioma, both at 
genetic and protein levels (Kim et al., 2007), but no 
studies, to our knowledge, have been carried out on 
patients with mesothelioma induced by exposure to FE 
fibers. A significant correlation between STMN 
immunoexpression and the survival time of 
mesothelioma cases has been shown, confirming that 
high expression of STMN correlates with poorer 
prognosis. Conversely, no STMN immunoreactivity was 
observed in non-neoplastic samples of patients without 
FE exposure. These data confirmed our previous in 
silico evaluation that STMN activation plays a relevant 
role in malignant transformation and survival rate 
(Rapisarda et al., 2015). It is worth noting that STMN 
overexpression in patients with malignant tissue 
experienced a lower 5-year survival rate than those 
without (p=0.0007) (Rana et al., 2008). Moreover, 
Rapisarda et al. already demonstrated that transcriptional 
levels of STMN were significantly higher in the group of 
lung cancer and mesothelioma derived from patients 
exposed to asbestos vs. the other group not exposed to 
asbestos (Rapisarda et al., 2015). 
      STMN, also known as oncoprotein 18, has been 
demonstrated to be upregulated in several cancers such 
as breast, lung, hepatocellular, and prostate cancers and 
seems to regulate cell-growth, proliferation, apoptosis, 

and to mediate cell migration participating in the onset 
of metastasis; in neoplasms high levels of expression 
have been associated with larger tumor size, grade and 
stage (Kim et al., 2007; Belletti and Baldassarre, 2011). 
STMN expression shows elevated levels in poorly 
differentiated lung adenocarcinoma vs. moderately and 
well differentiated tumor cells (Chen et al., 2003). 
However, in the present paper we did not reveal any 
relationship between STMN expression and other 
clinico-pathological variables (age, sex and 
mesothelioma pathological subtype). 
      STMN is an eminent cancer-associated gene and a 
potential target for cancer diagnosis and treatment 
(Suzuki et al., 2017). The tumor suppressor proteins p53 
and p27 are genes that specifically correlated with 
STMN mRNA (Watanabe et al., 2014). STMN 
overexpression is associated with the loss of p53 
function and a low level of p27, determining an 
aggressive phenotype of tumor cells (Baldassare et al., 
2005; Suzuki et al., 2017). In mesothelioma, the 
oncogenic role of STMN may be implicated in a specific 
pathway, such as the low expression of miR-223, which 
is a tumor suppressor that regulates STMN. High levels 
of STMN caused by aberrant JNK signaling may suggest 
a potential tumor-suppressive role for the JNK-miR-233-
STMN1 axis (Birnie et al., 2015). 
      At the protein level, STMN contributes to fetal 
trophoblast migration and invasion by regulating MMP-
2 and MMP-9 expression during pregnancy. This may 
explain the metalloproteinases overexpression observed 
in fixed lung tissues of an in vivo sheep model with FE 
fiber exposure (Martinez et al., 2006). Our previous 
studies already demonstrated the pulmonary and 
mesothelial inflammatory reaction, triggered by chronic 
FE exposure, and the activation of the cascade that leads 
to cellular proliferation and apoptosis disorder (Cardile 
et al., 2007; Loreto et al., 2008, 2020a,b; Ledda et al., 
2016b,c). All these events may switch to cancer onset, 
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Fig. 3. Spearman correlation between survival time (months) of 
mesothelioma patients and STMN immunoexpression (IRS). 

Fig. 2. Median OS between high and low STMN expression. Kaplan-
Meier method. 



and STMN overexpression may contribute to the 
malignant transformation of pleural tissues after FE 
exposure. Moreover, it has to be considered that another 
molecular mechanism associated with cancer onset is 
represented by the epithelial-to-mesenchymal transition 
(EMT), which is induced mainly by oxidative stress. 
EMT is associated with asbestos-related diseases and 
influences the mesothelioma tumor micro-environment 
(Ramundo et al., 2021). During tumor progression, EMT 
facilitates cell motility, invasiveness, apoptosis 
resistance and extracellular matrix production (Dongre 
and Weinberg, 2018; Katsuno and Derynck, 2021). 
Reactive oxygen species (ROS) mediate an oxidative 
stress status responsible for promoting EMT through a 
mechanism involving GSK-3ß, which in turn regulates 
SNAI1, NF-kB, ß-catenin and E-cadherin (Cannito et al., 
2010). 
      Lu et al.  postulated that STMN, destabilizing 
microtubule dynamics, promotes the malignant potential 
in cancer cells through EMT, as microtubule disruption 
leads to the break-down of the basement membrane, 
which is the first step of the EMT process (Nakaya et al., 
2008; Lu et al., 2014). EMT alteration contributes to 
fibrosis, neoplasia and cancer onset (Kang and 
Massagué, 2004; Lopez-Novoa and Nieto, 2009). To 
better understand how microtubule dynamics participate 
in oncogenic EMT, it is important to consider that 
STMN plays a significant role in regulating cellular 
functions through its microtubule-destabilizing activity. 
Microtubules are the main component of the 
cytoskeleton of eukaryotic cells and are involved in 
essential cellular processes such as cell division, 
motility, and intracellular transport (Vasiliev and 
Samoylov, 2013). 
      The role of STMN is particularly important in 
therapeutic protocols, as several anti-cancer 
chemotherapeutics act as microtubule stabilizers or 
destabilizers, resulting in mitotic arrest and apoptosis as 
well as limiting cell proliferation (Matesanz et al., 2011; 
Cortes and Vidal, 2012). STMN is a promising target for 
more effective therapeutic interventions (Dong et al., 
2012; Nemunaitis, 2012) and for personalized medicine. 
      Biaoxue et al.  investigated STMN levels in serum 
as a potential biomarker for early diagnosis and 
prognosis for lung adenocarcinoma, demonstrating the 
feasibility of this tool (Biaoxue et al., 2017). To further 
explore the potential of STMN as a biomarker, it would 
be useful to evaluate serum STMN in a Biancavilla 
cohort of mesothelioma patients exposed to FE, as blood 
is an easily accessible sample. 
      However, the weaknesses of this preliminary study 
include the small sample size due to the difficulties in 
recruiting patients exposed to FE, as the population in 
contact with this fiber is relatively small. A larger size 
would allow for greater statistical significance between 
STMN expression and other clinico-pathological 
variables. 
      In conclusion, immunohistochemical expression of 
STMN may represent a potential prognostic biomarker 

for mesothelioma derived from patients exposed to FE 
fibers, and could serve to promptly provide a better 
patient prognosis and guide clinicians in choosing 
therapeutic approaches. Further biomolecular studies on 
in vitro models and on fluid biopsies will help to 
elucidate the role of STMN as a biomarker and deepen 
our understanding of the pathogenesis of mesothelioma, 
potentially leading to new therapeutic approaches. 
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