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Abstract 

Use of asbestos was very common in industries for manufacturing, mining, and construction Silicates 

have 2 types including amphibole and serpentine fibers according to their morphology. The amphiboles 

are rigid, straight, needlelike fibers where crocidolite, amosite, tremolite, actinolite and anthophyllite are 

the major types Chrysotile is the only type with a commercial importance today which has curly, pliable 

fibers.5 Exposure to asbestos dust can occur via two major sources either with the primary occupations 

as a result of asbestos processing and mining or secondary occupations like shipbuilding, construction, 

manufacturing (textile, insulation, gaskets). 

Asbestos is an important public health problem which is associated with severe diseases, such as 

mesothelioma, lung cancer and fibrosis. Although it has been banned in several countries, some are still 

producing or using. Asbestos exposure has shown to have broad effects on regulatory pathways.  

The incidence of the related diseases are increasing in the recent years. Due to the very limited efficacy 

of the therapies, prognosis is unfortunately quite poor. To improve early detection and diagnosis, new 

approaches are being required. Although some of clinical prognostic factors have been identified up to 

date, novel biomarkers should be taken in consideration to predict its malignancy. 
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1.Introduction 

Use of asbestos was very common in industries for manufacturing, mining, and construction 1-3 Silicates 

have 2 types including amphibole and serpentine fibers according to their morphology. The amphiboles 

are rigid, straight, needlelike fibers where crocidolite, amosite, tremolite, actinolite and anthophyllite are 

the major types (Figure 1).4 Amphiboles accounts for only 10% of the asbestos while serpentine is the 

rest 90%. The major types of serpentine fibers are: Chrysotile, Lizardite and Antigorite (Figure 1). 

Chrysotile is the only type with a commercial importance today which has curly, pliable fibers.5 Exposure 

to asbestos dust can occur via two major sources either with the primary occupations as a result of 

asbestos processing and mining or secondary occupations like shipbuilding, construction,  manufacturing 

(textile, insulation,gaskets).3  

 

Figure 1. Asbestos fibers classification. 
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It is hypothesized that cancer development risk from asbestos exposure could be depending on fibre size, 

but there are limited epidemiological data because approaches generally used to measure asbestos 

concentrations remain incapable of determining the size distributions of all airborne fibres. Size of asbest 

fibers are variable.6 Only fibres longer than 5 μm, less than about 0.25 μm in diameter and width aspect 

ratios ≥3 are usually excluded. The majority of airborne fibres in several industries are shorter than 5 

μm.7 Asbest pathogenity is effected by the fiber diameter and length, exposure-dose and time.8 Fibres 

with fiber diameter less than 0.25 micron and length ≥8 micron are found to be more effective in 

tumourigenesis.9, 10 

All kinds of asbest are carcinogenic. Previous studies showed that the most carcinogenic type is 

crocidolite which causes malign mesothelium.11 Even the effect of crocidolite is 2-4 times more stronger 

than chrysotile all kinds of asbest have the capability of causing lung cancer.12-14 

Asbestos related pleuro-pulmonare diseases are; Diffuse Pleural plaques, Benign Asbest Pleuritis, Malign 

Pleural Mesothelium, Lung Carsinoma and Asbestosis.15, 16 Pleural effusions are generally seen in the 

first 10-20 years and the most common abnormality occured as a result of asbestos exposure. Pleural 

effusions may occur even after exposing minimal doses of asbestos. These effusions can be benign or 

malignant form and sometimes a large pleural effusion can be the first indicator of a pleural 

mesothelioma. Another indicator of asbestos exposure is pleural plaques, which generally occur more 

than 20 years later but their pathogenesis remains uncertain.3, 17, 18 

Multiple benign asbestos-related pleural effusions induce diffuse pleural thickening. Based on the 

studies, it is believed that the progress of diffuse pleural thickening is related to the asbestos exposure, 

not like to pleural plaques.17, 18 Asbestosis is defined as lung bilateral diffuse interstitial fibrosis caused 

by inhalation of asbestos fibers.19 

Malignant pleural mesothelioma (MPM) is described as the most common pleural primary neoplasm5 

which have three histologic types including ephitelioid (50-70% ), sarcomatoid (10-20%) and biphasic 

(25-35%).20 

 

Genomic Alterations As a Result of Asbestos Exposure 

Asbestos fibers have ability to promote various chromosomal aberrations including aneuploidy, 

micronucleus formation,21,22 and DNA strand breaks which were reported to be deactivated by 

antioxidants, iron chelators or free radical scavengers underlining the importance of oxidative stress in 

genotoxicity induced by asbestos exposure.23, 24,25 

Asbestos causes pleural disease, progressive pulmonary fibrosis and malignancies such as malignant 

mesothelioma and bronchogenic carcinoma. Asbestos related diseases occur after 15-40 years. The action 

mechanisms underlying mesothelioma, asbestosis and lung cancer are assumed to be different depending 

on the type of the fiber, lung clearance, and genetics. Asbestos can promote protein expression, gene 

transcription and DNA damage responsible for altering proliferation, inflammation and cell death. 

Molecular targets of asbestos include important biological macromolecules like DNA, signal 

transduction proteins and lipid membranes (Figure 2). The main signalling pathways affected by asbestos 

exposure include those involved in DNA repair, inflammation, mitochondrial activity, oxidative stress 

and apoptosis. 

A rare type of cancer, MPM, is originated from pleural and peritoneal mesothelial cells. 85% of MPM 

cases have found to be relevant to long-term asbestos exposure. Genome-wide expression results showed 

significantly greater changes in pleural mesothelial cells. Above all, in pleural mesothelial cells IL-8, 

ATF3, CXCL2, CXCL3, IL-6, GOS2 found to have a greater response compared to peritoneal 

mesothelial cells.26 

Numerous genomic alterations have been detected up to date in Malignant mesothelioma (MM) in which 

the most frequent was the existance of homozygous deletion of, p16INK4a and p14ARF. 

p16INK4a/p14ARF homozygous deletion which leads to the inactivation of pRB and p53 has been 

reported to arise at 50–70% of MM tissues and primary cells whereas 90% in stable MM cell lines. 27 
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Figure 2. Asbestos induced pulmonary toxicity mechanism.  

p53 pathway 
The transcription factor p53 regulates genes that have roles in cell cycle arrest, DNA repair, apoptosis, 

metabolism and senescence. It is called “guardian of genome” due to its role in protecting the genomic 

integrity of the cells under stressed conditions. p53 is shown to be mutated in about 50% of the human 

cancers.28 Although there is not so much information about how most of the tumor suppressor genes have 

a central role in the pathogenesis of pulmonary diseases induced by asbestos, there are increasing 

credential suggesting that changes in p53 function is important. Previous studies observed that in human 

lung carcinomas accumulation of p53 protein relates with asbestos directly but the correlation between 

p53 and mesotheliomas still remain not clear.29- 31 In rats that exposed to aerosolised chrysotyle, increased 

expression of p53 protein was demonstrated at fibre deposition site.32 

Many tumors as melanoma, colon carcinoma, Ewing’s sarcoma and retinoblastoma exhibit 

overexpressed MDM2 which acts as primary negative regulator of the p53 and MDMX protein levels 

without increased copy number.33 MPM is a very aggressive tumor which might harbour wild-type p53. 

Preliminary studies suggested that MDM2 could be a potential target for anticancer treatment of MPM.34 

And up to date only few studies focused on MDM2 in MPM. 

 

AKT pathway 

AKT is known to regulate the MDM2 localization in nucleus whereas MDM2 increases activation of 

AKT.35 The PI3K/AKT/mTOR pathway have a pivotal role in cancer development by regulating proteins 

incorporated in cell survival, cell proliferation, angiogenesis, tumor invasion, and metastasis. 65% of 

MPM tumors have shown to carry strong AKT activity right along with mTOR activation by 

Immunohistochemical analysis of phospho-AKT. Inhibition of AKT phosphorylation in MPM cells 

carrying elevated AKT activation has shown to affect cell survival and sensitivity to cisplatin treatment36 

and abnormal activity of AKT appears to occur due to either the abnormal activation of Receptor 

Tyrosine Kinases (RTKs)37 and loss of PTEN, which is determined in more than 60% of MPMs.38 MDM2 

which is a potential therapeutic target in mesothelioma, have been pointed for its antiapoptotic and pro-

mitogenic function.39 

Chrysotile asbestos which is a commercial variety of serpentine fibres is related with high mortality from 

pulmonary diseases including asbestosis, mesothelioma, and lung cancer. Due to identification of various 

mechanisms underlying how chrysotile fibers promote pulmonary disease, the act of autophagy on 

epithelial cells remain unclear. Possible mechanisms on inducing autophagy are evaluated in A549 cells 

and reported that due to asbestos exposure expression levels of microtubule-associated protein 1 light 

chain 3 (LC3-II), dephosphorylated phospho-AKT, phospho-mTOR, and phospho-p70s6k were found to 

be increased. It was also demonstrated that an antioxidant, N-acetylcysteine decreased chrysotile-induced 

dephosphorylation of p-AKT and destroyed the phosphorylation/activation of c-Jun-NH2-terminal 

protein kinases. According to these findings, AKT/mTOR and JNK2 pathways are demonstrated to be 

essential for chrysotile-induced autophagy. By targeting those signalling pathways and understanding 
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their underlying mechanisms it could be beneficial for possible future clinical applications in asbestos-

induced lung disease.38 

 

Hedgehog Signalling 

The Hedgehog (Hh) signaling pathway is known to be inactive in most adult tissues but has been shown 

to become upregulated in MPM tumors40 and it appears that this pathway is located in the most 

deregulated pathway list in MPM.41 

 

MAPK pathway 

The activation of the MAPK pathway after exposure of asbestos have been shown in many studies. 

ERK1/2, JNK, and p38 kinases are the members of MAPK pathway. ERK1 and ERK2 which   

 

are extracelular signal regulated kinases and JNK/p38 pathways could be important determinants of 

promoting apoptosis or cell survival.42,43 It is shown that phosphorylation and activation of ERK1 and 

ERK2 was proposed to be highly associated with cell proliferation which is responsible for MM 

development.26 ERK1 and ERK2 activation after exposuring to asbestos fibers have been shown in 

rodentmesothelial cells in vitro.44  Protein and phosphoprotein levels were examined to establish the 

interactive network between crocidolite-treated benign and malignant mesothelial cells and 21 

differentially expressed proteins were identified where half were found to be involved in both 

EGFR/MAPK/ERK pathway and the PI3K/AKT pathways. Despite that c-Jun and ERK1/2 proteins were 

shown to be increased in previous studies which in one study it was found to be reduced.45 The activation 

and overexpression of RTKs has been related to asbestos resulting in MAPK pathway activation.27 

 

Hippo Signalling Pathway  

AP-1 and NF-κB can be triggered by the oxidative stress related to asbestos exposure. A Japanese group 

has been reported that in Merlin deficiency Hippo signaling pathway that is interacting with the TGF-β 

pathway in order to operate the transcription of an important MM cell growth mediator, connective tissue 

growth factor (CTGF) via YAP–TEAD4–Smad3–p300 complex formation, is dysregulated.46,47 

 

Reactive Oxygene Species (ROS) 

Even though asbestos induces the production of ROS that cause pulmonary toxicity and DNA damage48-

51, Gang et al.52 focused on identifying the various mechanisms related to asbestos induced oxidative 

stress. Asbestos induced ROS production can occur from three sources including   release from 

inflammatory cells, fiber surface reactivity and mitochondria derived ROS. Even though the pathogenesis 

of asbestosis is not very well understood, ROS may mediate the progression of the disease. 53 

ROS triggers NALP3 inflammasome activation, that is essential for mediating asbestos-induced 

inflammatory response. Besides it also mediates the activation of the NALP3 inflammasome partially 

through high mobility group box 1 (HMGB1), by contributing to asbestos-related inflammatory response 

with mature IL-1β secretion.54 Additionally, Fattman et al.53 have shown that EC-SOD depletion from 

the lung increase injury and oxidative stress in response to asbestos. 

 

Role of non-coding RNAs  

MicroRNAs (miRNA) are a part of a class of short non-coding RNAs that are approximately 18-22 

nucleotides in length which involved in regulating gene expression at the post transcriptional level.55 It 

has been shown that approximately half of the known miRNAs are located in cancer-associated genomic 

regions or in fragile sites.56 They play a role as oncogenes/tumor suppressors.57- 59 Studies have shown 

that miRNA profiling can differentiate tumor from normal cells, different tumor histological subtypes 

from each other and might potentially predict clinical outcome.59-61 miRNAs have multiple targets and 

can regulate groups of genes; thus, low-level modulation from individual miRNAs could have an additive 

effect on multiple gene targets.62 miRNAs have also played important roles in the development of MM 

as well as many other types of cancer. Up to now limited studies have utilized the deregulated expression 

of miRNAs for the diagnosis and treatment of MM. Gulet et al63 reported miRNAs that was differentially 

expressed between the neoplastic and unaffected tissue. Santarelli et al.64 highlighted the significance of 

miRNAs as early prediction tools of MM and they reported that miR- 335, miR-126, and miR-32 were 

significantly down-regulated in the samples from ten freshly frozen MM biopsies whereas only miR-126 

was validated to be downregulated in the malignant tissue. 

Kirschner et al.65 evaluated 90 miRNAs in plasma/serum as diagnostic biomarkers for MM 63-69 and 

identified the novel miR-625-3p by microarray analysis. The increased expression of miR-625-3p in 

plasma/serum have led to the assumption that it could be a promising novel diagnostic marker.65 It is 
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speculated that the analysis of expression signatures for miRNAs and mRNAs in patients with MPM 

could differentiate benign pleural disease or metastatic cancer to the pleura from MPM, be useful for all 

of the histological subtypes of MPM in order to screen treatment response. Only a small number of 

studies have been done in MPM to examine miR expression63-72 and corresponding gene expression of 

these tumors we investigated the miRNA and mRNA expression levels and their integrated analysis in 

both benign asbestos-related pleural effusion and different stages and histological subtypes of MPM. 

There are multiple microRNAs discovered in malignant pleural mesothelioma such as hsa-miR-484, hsa-

miR-320, hsa-let-7a, and hsa-miR-125a-5p When compared to benign asbestos-related pleural effusion. 

These micRNAs were able to distinguish malignant from benign disease. As a result of miRNA-mRNA 

interactions analysis it is suggested there are multiple targets within the Notch signaling pathway.73 Latest 

studies revealed that miRNA-16 was directly related to prognosis of MPM patients and potential 

prognostic marker in MPM patients.74 

By the data of the reports on detection of abnormal miRNA levels, a necessity has been arisen for 

analyzing the expression of a panel of miRNAs figured in MM development and progression. 

Besides miRNAs also 13 lncRNAs in which Fendrr got the hightest levels are identified in mice 

mesothelioma and validated in patient samples suggesting that they contribute to human mesothelioma 

heterogeneity.75 

 

Conclusion 

Asbestos is an important public health problem which is associated with severe diseases, such as 

mesothelioma, lung cancer and fibrosis. Although it has been banned in several countries, some are still 

producing or using. Asbestos exposure has shown to have broad effects on regulatory pathways.  

The incidence of the related diseases are increasing in the recent years. Due to the very limited efficacy 

of the therapies, prognosis is unfortunately quite poor. To improve early detection and diagnosis, new 

approaches are being required. Although some of clinical prognostic factors have been identified up to 

date, novel biomarkers should be taken in consideration to predict its malignancy.  
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